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Abstract

Cytochrome c oxidase subunit 1 (Cox/) is the barcode for many animal groups,
protists, and macroalgae. Previously in fungi, the efficiency of Cox/ as a genetic marker
was only analysed in Penicillium subgenus Penicillium and Leohumicola spp. In this
thesis, two species isolated from the intestinal tracts of caterpillars from Costa Rica, and
two potential speciés complexes, P sclerotiorum and P. oxalicum belonging to
Penicillium subgenus Aspergilloides and Furcatum, were studied using the Genealogical
Concordance Concept (GCC) recognition criterion and barcoding methods. Analyses
with P-tubulin (Bend), the nuclear internal transcriber spacer (ITS) region, Coxl,
translation elongation factor 1-a (7EFI-a), and calmodulin (CaM) revealed that the
Penicillium species isolated from Costa Rica are undescribed, and that P. sclerotiorum is
a complex of seven phylogenetic species (including the Costa Rican species) that fit the
prevailing morphological concept of P. sclerotiorum. The phylogenetic species were
compared and newly discovered diagnostic morphological characters were used to create
a taxonomic key to the species of the complex. The new species are formally described
as P. guanacastense, P. mallochii, P. krugii, P. cainii, P. jacksonii and P. ciebiessum.
Analyses of multiple strains of P. oxalicum revealed that it is a single phylogenetic
species, despite having a world wide distribution, an unusually high degree of
morphological variation, and a diversity of ecological roles.

Cox1 proved to be a good barcode for identifying the selected Penicillium groups,
and provided a species level resolution of 83.3%. ITS provided the same resolving

ability. Bend (91.7%), TEF1-a (100%) and CaM (100%) provided a higher species level
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resolution than Cox/, but Bend, TEFI-a, and CaM were difficult to amplify or sequence
for some Penicillium groups. A secondary barcode marker is suggested in addition to

Cox1 for Penicillium.
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Résumé

Le cytochrome oxydase c sousunité / (CoxI) est le code-barre d’ADN le plus
utilisé pour de nombreux groupes d'animaux, de protistes et des macroalgues. Chez les
champignons, l'efficacité du marqueur Cox/ n’a été avant tout investiguée que sur les
especes de Pénicillium sous-genre Pénicillium et de Leohumicola. Dans cette thése, deux
espéces isolées du tractus intestinal de chenilles provenant du Costa Rica, ainsi que deux
complexes d’espéces potentiels, P. sclerotiorum et P. oxalicum appartenant au genre
Penicillium sous-genre Aspergilloides et Furcatum, ont été étudiées en utilisant le critére
de reconnaissance du Concept de Concordance Généalogique (CCG) et les méthodes de
code-barres.  Analyses avec la B-tubuline (Bend), entretoise transcrite interne (ITS)
region, Coxl, facteur d'élongation de traduction 1-a (TEFI-a), et calmoduline (CaM) ont
révélé que les espéces de Penicillium provenant du Costa Rica n’ont pas encore été
décrites, et que P. sclerotiorum constitue un complexe de sept espéces phylogénétiques
(comprenant les espéces du Costa Rica) qui correspond au concept morphologique
prévalant de P. sclerotiorum. Les espéces phylogénétiques ont été comparées et des
caractéristiques morphologiques utilisées pour le diagnostique et récemment découvertes
ont été utilisés afin d’élaborer une clé de classification des espéces de ce complexe. Les
nouvelles espéces sont formellement décrites comme P. guanacastense, P. mallochii, P.
krugii, P. cainii, P. jacksonii et P. ciebiessum. L’ analyse de plusieurs souches de P.
oxalicum a révélé qu'il s’agit d’une seule espéce phylogénétique, en dépit de sa large
distribution a travers le monde, de son degré élevé inhabituel de variation morphologique

et de la diversité de ses roles écologiques.



XX1v

CoxI s’est avéré étre un bon code-barre pour I’identification des groupes de
Penicillium sélectionnés et a fourni une résolution au niveau de ’espéces de 83.3%. Une
résolution analogue a été obtenue avec ITS. Bend (91.7%), TEFI-a (100%) et CaM
(100%) ont affiché une résolution plus élevée que CoxI. Cependant, I’amplification et le
séquencage de Bend, TEFI-a et CaM ont été difficiles pour certains groupes de
Penicillium. Un second marqueur de code-barre a été suggéré en plus de Cox!/ pour le

Penicillium.
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Chapter 1: General Introduction

1.1 Fungi

Fungi are a major clade in the Tree of Life (Maddison et al. 2006). Their
circumscription includes eukaryotic, heterotrophic, absorptive organisms that develop
diffuse, branched, tubular bodies and reproduce by means of spores (Kendrick 2000). At
one point, fungi and fungi-like organisms were though to belong to the kingdom Plantae.
The lack of photosynthesis, nutrition mode, and microscopic features placed fungi in a
separate kingdom (Whittaker 1969). Molecular phylogenetic analyses revealed that fungi
are more closely related to animals than plants (Wainright et al. 1993; Baldauf and
Palmer 1993; Berbee and Taylor 1993; Lang et al. 2002; Lutzoni ef al. 2004; James et al.
2006).

Taxonomy is divided into eight main ranks: domain, kingdom, phylum (animals)
or divisions (plants and fungi), class, order, family, genus, and species. The major
divisions in fungi are: the Ascomycota, which produce meiospores in sac like structures
called asci (singular: ascus); the Basidiomycota, which produce meiospores externally by
the formation of specialized club-shaped cells called basidia (singular: basidium); the
Zygomycota, where the name is derived from the fusion of compatible gamatangia to
form a zygosporangium (plural: zygosporangia), which develops a thick wall for
protection against unfavourable conditions; the Glomeromycota, asexual fungi that are
characterized by the formation of arbuscular mycorrhizas; and the Chytridiomycota, the
most primitive group of fungi, which are characterized by the presence of flagella in

meiospores and mitospores. Phylogenetic analyses of DNA sequences excluded several



lineages that were considered fungi, such as the Myxomycota, which belong to the
kingdom Protista, and the QOomycota which belong to the kingdom Straminipila.
Phylogenetic analyses with DNA sequences have included Microsporidia, which was
originally thought to be a protist, but is now believed to have diverged from the
Zygomycota (Keeling et al. 2000; Keeling 2003; Keeling and Fast 2005)

Hawksworth (1993, 2001) estimated that there are 1.5 M species of fungi
worldwide. The estimate was based on a 1:6 ratio of plants to fungi in the British Isles
and an estimate of 250,000 plants worldwide. The described species represents 7%
(100,000) of the estimated number of species (Crous et al. 2006). The undescribed
species are believed to be in poorly explored habitats and niches that include plant and
animal hosts, soil, wood, and rainforest litter (Hyde 2001). Some of the undescribed
species may be morphologically cryptic, hiding in known morphologically defined
species.

1.2 Anamorphic Fungi

Fungi can reproduce through asexual and sexual means via spores, which are
produced on specialized structure or in fruiting bodies (Figure 1.1).  Asexual
reproduction is achieved by the production of vegetative spores (mitospores or conidia)
or through mycelial fragmentation. In the case of anamorphic (mitosporic) fungi, asexual
reproduction is the only known means of propagation (Figure 1.1). Sexual reproduction
has not been observed in these fungi. Sexual reproduction through meiosis is achieved
by cell fusion of vegetative hyphae of compatible individuals. Fungi that sexually

reproduce with other compatible individuals (heterothallic) or themselves (homothallic)



and are referred to as teleomorphic (meiosporic) fungi. The whole fungus (holomorph)
includes asexual and sexual states if present (Figure 1.1B).

The absence of a meiosporic state for mitotic fungi poses a problem in fungal
nomenclature and taxonomy. Fungal names and classification are based on the
morphology of the fruiting structures produced during sexual reproduction. Article 59 in
Chapter VI of the International Code of Botanical Nomenclature, which governs the
naming of fungi, allows for taxon names to be given to anamorphic fungi (Sigler and
Hawksworth 1987). For example, Aspergillus niger Tiegh. has no known sexual cycle,
thus the name Aspergillus niger is considered a valid taxon name. Its close relative,
Emericella nidulans (Eidam) Vuill., which has a sexual state, also has an Aspergillus
asexual state. Hence both names, E. nidulans and A. nidulans, are valid, but when
referring to the holomorph, the teleomorph taxon name in Emericella Berk., is used.

Hence, the fungus is referred to as E. nidulans.
1.3 The Genus Penicillium

Penicillium is classified as an anamorphic genus in the division Ascomycota
(order Eurotiales, class Eurotiomycetes, family Trichocomaceae). The genus name is
derived from the Latin word penicillus, which means little brush. Link (1809) described
the genus and three species, P. glaucum, P. candidum and P. expansum, which produced
brush like conidiophore (asexual fruiting structure) in his “Observationes in Ordines
plantarum naturales”. Penicillium expansum, the common apple rot fungus, was selected
to represent the type of the genus (Thom 1910; Raper and Thom 1949; Pitt 1979; Samson

and Pitt 1985).



The International Code of Botanical Nomenclature does not accept names
published before 1 January 1821, and the genus name ‘Penicillium Link’ cannot stand
alone. The name Penicillium was used by Gray and Fries after 1 January 1821, who
attributed the name to Link. Starting in 1980, the code gave special status to some of
Fries’ work, which included Penicillium. Thus the correct name for the genus is
“Penicillium Link:Fries”.

Penicillium colonies on media plates are fast growing, achieving typically 2040
mm in colony diam., after incubating for 7 d at 25°C in the dark. Penicillium colonies are
in shades of green, and consist of a dense felt of conidiophores. Colony texture can be
velvety, when conidiophores arise from the substrate; lanose, when conidiophores arise
from aerial hyphae in the colony; funiculose, when conidiophores arise from prostrate,
bundled hyphae; or synnematous, with conidiophores that arise from bundled hyphae.
Conidiophores are hyaline, smooth to rough-walled, and have four branching patterns
(Figure 1.2). To determine the branching pattern, the number of branch points starting
from the tip of the phialide along the main axis of the conidiophores, are counted (Figure
1.3). The simplest type of conidiophore, monoverticillate, has one whorl of phialides
(Figure 1.2). Phialides are conidiogenous cells that may be flask-shaped or lanceolote,
with a neck that can be short or long. Conidia are one-celled and hyaline, and arise in
long, dry chains from phialides. The more complex conidiophore branching patterns are
biverticillate (one-staged), terverticillate (two-staged) and quaverticillate (three-staged)
(Figure 1.2). In these conidiophore types, the cell connecting the stipe to the phialide is
referred to as the metulae (Figure 1.2). The metulae are absent in monoverticillate

conidiophores.



Penicillium belongs to an anamorphic group of fungi called Hyphomycetes,
which are sometimes referred to as moulds. Hyphomycete identification is primarily
based on microscopic morphology: conidial morphology, especially septation, shape,
size, colour and cell wall texture, conidial arrangement as they are borne from
conidiogenous cells (phialides), and the presence of sporodochia or synnemata, which are
asexual fruiting structures. Several hyphomycetes resemble Penicillium. (1) Geosmithia
Pitt, which differs from Penicillium by the formation of conidia borne as cylinders from
rough-walled phialides that lack collula (necks) in the phialides (Pitt, 1979b). (2)
Merimbla Pitt and Hocking, which differs from Penicillium by the absence of shades of
green in the colonies (Pitt and Hocking 1979). (3) Thysanophora Kendrick, which is
found on the needles of conifers and produces stout, dark brown conidiophores (Kendrick
1961). (4) Paecilomyces Bainer, which differs from Penicillium by having phialides with
long necks. (5) Trichoderma Persoon, which differs from Penicillium in that conidia are
borne in slimy heads. (6) Aspergillus, which differs from Penicillium, because its
conidiophores have an apical swelling.

Penicillin, which is produced by P. chrysogenum Thom, was first discovered by
Alexander Fleming in 1929 and found to inhibit the growth of gram negative bacteria
(Fleming 1929). Little attention was paid to penicillin until Howard Florey in the late
1930’s realized its potential as an antibiotic. Florey, along with Ernst Chain, purified and
concentrated the compound. Penicillin saved the lives of many soldiers during World
War II who were dying from infected wounds, earning Fleming, Florey and Chain the

Nobel Prize in Medicine in 1949 (Lax 2005).



The need for large scale production of penicillin for the war effort led Florey and
his colleague Norman Heatley to the USDA Northern Regional Research Laboratory
(NRRL) in Peoria, Illinois to seek the help of microbiologist Kenneth Raper. Raper and
his associates initiated a broad program of research for Penicillium to (1) develop a more
productive culture medium, (2) to find moulds capable of producing increased yields of
penicillin, and (3) to develop methods for the production of penicillin submerged culture.
This led to the publication of the monograph The Manual of the Penicillia by Raper and
Thom (1949). This monograph followed the conceptual framework of The Penicillia by
Thom (1930), but included species that were described since 1930.

Thom (1930) and Raper and Thom (1949) divided the genus Penicillium into four
groups: the Monoverticillata, which consisted of monoverticillate conidiophores; the
Asymmetrica, which consisted of irregular, one-sided or asymmetrical conidiophores
with one or more branch points; the Biverticillata-Symmetrica, which consisted of
symmetrically biverticillate conidiophores; and the Polyverticillata, which consisted of
symmetrical conidiophores with many branching points. Ramirez’s (1982) monograph,
The Manual and Atlas to the Penicillia, closely followed Thom (1930) and Raper and
Thom (1949), adding new species that were described since Raper and Thom (1949).

Thom (1930), Raper and Thom (1949), and Ramirez (1982) did not use the
taxonomic rank of subgenus to divide Penicillium, which was used in earlier work by
Dierckx (1901) and Biourge (1923). Pitt (1979a) used the taxonomic rankings of
subgenera, section and series, and broadened species concepts. Penicillium was divided
into four subgenera based on conidiophore morphology and branching pattern, subgenus

Aspergilloides Dierckx, subgenus Biverticillium Dierckx, subg. Furcatum Pitt and



subgenus Penicillium. Monoverticillate conidiophores are characteristics of Penicillium
species belonging to subgenus Aspergilloides. Some monoverticillate conidiophores are
vesiculate conidiophores, which have a small swollen head at the apex of the stipe, where
the phialides arise.  Biverticillate conidiophores are characteristic of subgenera
Biverticillium and Furcatum. The two groups can be differentiated by colony diameter
on 25% glycerol agar (G25N; Pitt 1979a) medium, phialide shape, the number of metulae
per stipe, and phialide to metula length (Pitt 2000). Subgenus Biverticillium and
Furcatum section Furcatum Pitt are characterized by ‘regular’ and ‘well-defined’
conidiophores, with a whorl of metulae. Furthermore, conidiophores tend to be more
symmetrical and phialides acerose in subgenus Biverticillium than Furcatum. Subgenus
Furcatum section Diviricatum Pitt also has biverticillate conidiophores, but, they are
irregular and ill-defined (Figure 1.4). Penicillium subgenus Penicillium is characterized
by terverticillate and quaterverticillate conidiophores that are asymmetrical, with flask-
shaped phialides.

Penicillium is associated with two meiosporic genera, Fupenicillium Ludwig and
Talaromyces Benjamin (Figure 1.5). Eupenicillium species are characterized by the
production of cleistothecial ascocarps, which are sclerotium-like (Figure 1.5). The
ascocarp initials consist of modified cells in the crotch of a tree-like network of hyphae.
The ascocarp matures from the center outwards. The asci are borne singly in the centre
of the ascocarp on short branches of the ascogenous hyphae. Occasionally asci appear
end to end, but this is an exception (Dodge 1933). The genus is further characterized by

producing ascospores with or without a well-defined furrow (Figure 1.5).



Talaromyces species are characterized by the production of cleistothecial
ascocarps, which are formed by interlacing hyphae that can be closely knit or loose, but
not fused. The ascocarp expands by intercalary growth of the hyphae that form the wall,
and is of indeterminate growth. In addition, there are multiple points within the ascocarp
at which the ascogenous hyphae and asci are initiated. The genus is further characterized
by the end to end arrangements of the asci to form chains, and spiny ascospores.

In addition to being morphologically different, Eupenicillium and Talaromyces
species have different cell wall composition and structure (Table 1.1; Gomez-Miranda et
al. 1988; Leal et al. 1991; Leal et al. 1997) and produce of different ubiquinones (Table

1.1; Kirashi et al. 1991).
1.4 Notes on Penicillium Biology

1.4.1 Commercial Uses

Soil fungi, such as Penicillium, are particularly promising in pharmaceutical
potential because their biocenotic competitiveness is often based on the production of
antibiotics and other inhibitory substances. Penicillin is not the only antibiotic
discovered from a Penicillium species. Griseofulvin, an antifungal drug (Hiddlest 1970)
and a potential chemotherapeutic agent (Panda et al. 2005; Singh et al. 2008), was
discovered in P. griseofulvum Dierckx. Six additional tumor cell inhibiting compounds
have been discovered from P. pinophilum Thom (3-O-methlfunicone; De Stefano et al.
1999), P. sizovae Baghd (oxaxine derivative; Ciavatta et al. 2006), P. canescens Sopp
(Sch 642305 and cuvulic acid; Nicoletti et al. 2008) and P. glabrum (Wehmer) Westling

(asterric acid and sulochrin; Nicoletii et al. 2008).



Penicillium species have also shown other commercial value. Some are used for
the fermentation of foods, such as the production of Camembert, Roquefort, and
Gorgonzola cheeses by P. camemberti Sopp and P. roquefortii Thom (Babel 1957).
Other species are valued for the uptake of heavy metals (P. ochrochloron Biourge and P.
arenicola Chalab), their ability to inoculate soil as biofertilizers (P. bilaiae Chalab and P.
oxalicum Currie & Thom), transformation of organic compounds (P. sclerotiorum), and
the production of organic compounds (P. simplicissimum (Oudem.) Thom) and enzymes
(P. janthinellum Biourge and P. griseoroseum Dierckx) (Pitt 1979a).

1.4.2 Habitats and Substrates

Penicillium species cause food spoilage, particularly species belonging to
Penicillium subgenus Penicillium (Samson et al. 2004). Species belonging to this
subgenus can be found in cereals, seeds, wheat, flour, rice, barley and maize (Pitt 1979a).
Consuming foods contaminated with Penicillium might be hazardous because some
species produce mycotoxins. The ability of these Penicillium species to grow on seeds
depends on their ability to grow in low humidity and to colonize rapidly by aerial
dispersion while the seeds are sufficiently moist (Pitt 1979a).

Penicillium species also affect the bulbs and fruits of plants, like P. expansum
(Malus pumila and Pyrus communis; apples and pears; Pitt 1979a), P. digitatum (Pers.)
Sacc. (Citrus sinensus and C. auratium; oranges; Pitt 1979a), P. hirsutum Dierckx
(bulbous iris; Pitt 1979a) and P. allii Vincent & Pitt (Allium sativum; garlic; Valdez et al.
2006). They are also plant pathogens, such as P. oxalicum, which causes cucumber stem
rot (van Stekelenburg 1998; Jarvis et al. 1990; O’Neill ef al. 1991; Jarvis and Ferguson

1992; Menzies et al. 1995) and blue ear rot of corn (Caldwell et al. 1981). Penicillium
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species are also animal pathogens. Penicillium marneffei Segretain, which causes death
in the Vietnamese bamboo rats (Pitt 1979a), and is a pathogen of immune suppressed
patients. Also P. corylophilum Dierckx, P. fellutanum Biourge, P. implicatum Biourge,
P. janthinellum, P. viridicatum Westling and P. waksmanii Zalessky may be potential
pathogens of mosquitos (dedes aegypti, Aedes fluviatilis, Anopheles aquasalis and Culex
quinquefasciatus) (da Costa ef al. 1999).

As it is for many fungi, soil is the primary habitat for Penicillium species. Some
species like P. lividum Westling and P. montanense Chr. & Backus have been isolated
only from woodland soil, while species like P. janthanellum have rarely been isolated
from substances other than soil (Pitt 1979a). The process governing these dependencies
is unknown (Pitt 1979a). Species belonging to Talaromyces and Eupenicillium are
primarily isolated from soil. This is most likely due to the hydrophilic nature of the
ascospores, making dispersal through soil and water preferable to air (Pitt 1979a). On the
other hand, Penicillium conidial size is smaller in comparison to ascospores, making air
dispersal effective (Pitt 1979a).

Penicillium species are also 1solated from the air and dust of indoor environments,
which includes homes, publicbuildings, and other human environments. Exposures to
Penicillium and other moulds are a major health concern. Most of these biocontaminants
are transported from outdoor sources, and can grow and amplify indoors. Building
material or accumulated soil provides nutrients for growth. Penicillium growth can still
occur indoors even if air relative humidity is low as long as there is sufficient moisture

available on a given surface (Pasanen et al. 1991). Penicillium species also grow on
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ceiling tiles as long as the relative humidity of 85% and the moisture content is greater

than 2.2% (Chang ef al. 1995).
1.5 Molecular Advances in Penicillium Taxonomy

For 200 years fungal taxonomists have relied on morphological analyses to
identify species. Advances in molecular biology in the 1980s led to the production of
gene sequences for identification and the construction of phylogenies for species
delimitation. Gene sequences are of great value for Penicillium identification because
there are 1,088 described species (www.indexfungorum.com); however, there are only
223 accepted species (Pitt and Samson 2000). The molecular identification of fungi
began when White ez al. (1990) designed PCR primers that work for most groups of fungi
for the ribosomal genes: the large subunit (LSU or 28S); the small subunit (SSU or 188S);
and the internal transcribed spacer (ITS) region, which comprises two variable spacers
ITS1 and ITS2 which bracket the conserved 5.8S region. The SSU and LSU regions are
highly conserved, and are used for higher taxonomic resolution. The variability of the
ITS1 and ITS2 spacers, have made the ITS region the default marker of choice for
species level taxonomic studies in fungi (Hibbett 1992), with the exception of yeasts,
where the LSU is the standard for identification (Linton ez al. 2006).

Since White et al. (1990), many other genes have been sequenced. The
international, multi-laboratory consortium, Assembling the Fungal Tree of Life (AFToL;
Blackwell et al. 2006), sequenced the translation elongation factor 1-a (7EFI-a),
calmodulin (CaM), B-tubulin (BenA4), ribosomal polymerase B1 and B2 (RPBI, RPB2),
the small mitochondrial ribosomal operon (mtSSU), and the ATP synthase 6 (ATP6) to

develop a phylogeny for the fungi. More than 1000 fungal species were sampled,
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representing all five fungal divisions (Lutzoni et al. 2004). AFToL sequenced ITS to
provide a reference framework for an identification database. All AFToL results were
published in the December 2007 issue of Mycologia. Several AFToL2 projects have
started that focus on fungal classes that require denser sampling and the sequencing of
additional genes to answer questions of basal fungal phylogeny.
1.5.1 Penicillium Phylogenies

Phylogenetic analyses with the nuclear ribosomal genes revealed that
Eupenicillium and Talaromyces are phylogenetically distinct (Berbee er al. 1995).
Phylogenetic analyses with the mtSSU and ITS regions revealed that Talaromyces and
Penicillium subgenus Biverticillium species form one monophyletic group (LoBuglio et
al. 1993). Eupenicillium species and Penicillium species from subgenera Penicillium,
Furcatum and Aspergilloides form another group (LoBuglio ef al. 1993, 1994; LoBuglio
and Taylor 1993). Analyses with the nuclear ITS and 28S regions revealed that subgenus
Penicillium forms one monophyletic group, while subgenera Aspergilloides and
Furcatum are paraphyletic (Peterson 2000). The monophyly of subgenus Penicillium is
also supported by the ITS region (Seifert and Levesque 2004), the BenAd gene (Samson ef
al. 2004) and CaM (Wang and Zhuang 2007). Thus the morphological groupings of
subgenera Penicillium and Biverticillium are well supported by DNA sequence
phylogenetic analyses, but are not supported for subgenera Aspergilloides and Furcatum.

Peterson (2000) constructed a phylogeny of selected Penicillium ex-type strains,
which excluded Talaromyces and Penicillium subgenus Biverticillium species based on
ITS and 28S sequence data using maximum parsimony. The study concluded that there

are six clades of ‘Eupenicillium species’, each with strong bootstrap support (= 80%).
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Wang and Zhuang (2007) constructed a phylogeny using CaM of all Penicillium groups,
including Talaromyces and Biverticillium, but did not include ex-type strains. Tree
topologies using maximum parsimony and neighbour joining methods were similar, and
revealed the same six clades described by Peterson (2000). Wang and Zhuang (2007)
observed two clades of Talaromyces species.
1.5.2 DNA Barcoding

The concept of DNA barcoding as a tool for species identification and scientific
research has been successfully applied to animals (Hebert et al. 2004; Ward et al. 2005;
Hajibabaei et al. 2004; Barrett and Hebert 2004, Smith er al. 2008; Huange et al. 2007),
oomycetes (Martin and Tooley 2003), and algae (Saunders 2008) (Table 2). The
mitochondrial gene, cytochrome c oxidase subunit 1 (Cox/), provided distinct sequences
for many studied taxa (Table 1.2).

The Cox! gene in animals is approximately 1,400—1,500 bp, but a region near the
5’ end of the gene is sufficient for species resolution (Hebert et al. 2003). The region
was chosen because of lack of introns, limited exposure to recombinations, and haploid
mode of inheritance (Saccone et al. 1999; Hebert et al. 2003). Cox1 is an ideal barcode
because there are many copies of the mitochondrial genome in a cell, and it is one of the
two protein coding genes found in all eukaryotes, the other being cytochrome b. Cox/ is
the larger of the two, and has the slowest rate of change in amino acid sequences (Lynch
and Jarrell 1993), making the gene conserved but variable enough to provide species
level resolution.

The Consortium for the Barcode of Life (CBOL) is an international initiative of

natural history museums, herbaria, government agencies and research organizations.
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CBOL promotes the development of DNA barcoding by helping to launch barcode
projects in a wide variety of taxonomic groups. A DNA barcode can be defined as a
short gene sequence (500—600 bp or less) from a standardized region from the genome
for species identification. CBOL recognizes that Cox/ might not work well for all
taxonomic groups. This is true for land plants, where families differ by only a few base
pairs (Cowen et al. 2006). Megakaryocyte-associated tyrosine kinase (matK) has been
proposed as a potential barcode for plants (Newmasters et al. 2008), followed by
secondary genes specific to taxonomic groups. Thus CBOL has set specific standards for
genes to be considered as barcodes. The gene must have low variation within a species,
with a considerable amount of interspecific variation to allow for species discrimination.
The gene must also be short enough to mitigate amplification and sequencing problems.
Furthermore, for a sequence to be considered a barcode by the Barcode of Life Database
(BOLD; www.barcodeoflife.org), the specimen sample should include an authoritative
identification, a voucher specimen (e.g. photograph, museum specimen, DNA), and
collection information. A colourful representation of DNA barcodes based on four
colours representing the four different base pairs can be obtained from the online
program FINGERPRINT (Lou and Golding 2007) hosted by McMaster University,
funded by the Barcode of Life Systems Database (BOLD) .

The ‘All Fungi Barcode of Life Planning Workshop’ held at the Smithsonian’s
Conservation and Research Centre at Front Royal, Virginia, USA in 2007, endorsed ITS
as the fungal barcode. ITS primers work well for most fungal groups, making the region

easy to sequence and amplify, making it an ideal barcode. Also there are a large number
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of reference sequences in GenBank. The use of ITS as the fungal barcode has yet to be
proposed to CBOL, however, BOLD is accepting ITS sequences in their database.

The only fungal studies to date to investigate potential of Cox/ as a fungal marker
were Seifert et al. (2007) for Penicillium subgenus Penicillium and Nguyen and Seifert
(2008) for Leohumicola. BenA, Coxl1, and ITS were tested and provided 80%, 66%, and
25% species specific barcodes for subgenus Penicillium, and resolved all Leohumicola
spp. Cox{ has been rejected as a barcode for fungi due to the presence of mobile introns
in the barcoding region in Cox/ (Hamari et al. 2002) and the presence of multiple copies
in some fungal groups (Gilmore et al. 2009). Introns were observed in only 1% of the
Penicillium species tested by Seifert et al. (2007) and in three out of the 53 Leohumicola
strains examined by Nguyen and Seifert (2008). Cox/ was found to be an adequate
fungal marker for these groups.

1.6 What is a ‘fungal species’?

Once all described Penicillium species have been barcoded, the identification and
recognition of undescribed species will be simple, but what is a species? A species can
be defined as the most basic taxonomic rank in biological classification. At least twenty-
two species concepts were developed to aid in the recognition of species. The most
widely used species concepts in fungi, which are discussed in this thesis, are the
Biological Species Concept (BSC), Morphological Species Concept (MSC), Phylogenetic
Species Concept (PSC) and the Genealogical Concordance Concept (GCC). Mayden
(1997) divided species concepts into theoretical and operational concepts. Theoretical
concepts represent events such as evolution and natural selection that are not easily seen

in the laboratory or in nature (Mayden 1997). Operational concepts are those
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representing data and observations, such as round versus square, which can be used to
delimit species (Mayden 1997). The BSC, MSC, PSC and GCC are operational concepts
that use ‘recognition’ criteria such as mating, morphological characters and gene trees
that can be used to delimit species (Taylor et al. 2000).
1.6.1 Biological Species Concept

According to the BSC, a species is a group of interbreeding natural populations
that is reproductively isolated from other such groups (Mayr and Ashlock 1991);
speciation results from reproductive isolation (Mayr 1963). The BSC is applied when
there is mating between individuals, and then mating individuals are assigned to species
(Taylor et al. 2000). The BSC is not applicable to anamorphic and homothallic fungi like
Penicillium. Another drawback of the BSC is that genetically isolated groups in nature
that retain the ancestral trait of interbreeding are considered a single species (Taylor et al.
2000). Matings in the laboratory do not necessarily reflect natural matings because of
physical, behavioural, or geographical constraints. Natural matings may also not be
observed in the laboratory because environmental cues may be missing. Natural matings
may also be difficult to detect because the fruiting bodies are microscopic and may be
rare. Thus negative matings may not provide a conclusive answer on conspecificity.
1.6.2 Morphological Species Concept

The MSC has been the dominant concept in taxonomy for 200 years. Species are
defined on the basis of their morphological distinctiveness (Mayr 1997), and are referred
to as morphological species. The majority of the described fungal species have been
distinguished based on morphological characters (Hawksworth et al. 1996), or other

phenotypic characters such as growth in different temperatures (Pitt 1973; Pitt 1979a) and
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the production of secondary metabolites (Frisvad and Filtenborg 1989; Frisvad et al.
1990; Frisvad et al. 2008). A problem with the MSC involves sibling or cryptic species,
which are difficult to distinguish using morphological analyses.

Thom (1930) introduced the standardization of media for the description and
identification of Penicillium species using Czapek’s Agar (CZ) and Malt Yeast Extract
Agar (MEA) for colony and microscopic morphological analyses Pitt (1973) introduced
the growth media Czapek’s Yeast Extract Agar (CYA), a modification of Thom’s (1930)
original CZ and 25% glycerol agar (G25N) for colony analyses. Pitt (1979a) also grew
Penicillium isolates on CYA and G25N at different temperatures (5°C, 15°C, 25°C, and
37°C) for 7 d in the dark for identification. Additional media have been introduced for
Penicillium diagnosis, such as Yeast Extract Sucrose (YES) medium (Filtenborg et al.
1990) and Creatine Ammonia (CREA) medium (Frisvad 1993). Penicillium strains are
grown in the dark for 7 days at 25°C on MEA and CYA for microscopic and colony
morphology for species descriptions. Additional media are used to differentiate among
morphologically similar species.

Secondary metabolite profiling has also been used in the description and
classification of some Penicillium species. This is performed by growing isolates on
CYA or YES for extraction for High Performance Liquid Chromatography (HPLC) and
Thin Layer Chromatography (TLC). Secondary metabolite profiles have been used to
characterize, classify and identify many members of Penicillium subgenus Penicillium
(Clemmensen et al. 2007; Dorge et al. 2000; Filterborg and Frisvad 1990; Frisvad et al.
2008; Larsen and Frisvad 1995; Smedsgaard et al. 2004, Stolk et al. 1990), Talaromyces

species and Penicillium subgenus Furcatum (Frisvad et al. 1990).
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1.6.3 The Phylogenetic Species Concepts

Cracraft (1983) defined the PSC as “a diagnosable cluster of individuals within
which there is a parental pattern of ancestry and descent”. The application of this
definition includes the need for a synapomorphy, which is a shared derived character
present among all members of a group but not present in others (Rosen 1978). This
concept can be applied to anamorphs and teleomorphs. Morphological characters can be
coded numerically and can be used for phylogenetic analyses, however, difficulties may
arise when coding for qualitative characters, eg. conidia globose or subglobose.
Sequence data have also been used in phylogenetic analyses for tree construction to
delimit species. A few examples in fungi are the P. aurantiogriseum Dierckx complex,
where BenA was used to delimit species (Seifert and Louis-Seize 2000); and P. roqueforti
and P. carneum (Frisvad) Frisvad, where ITS provided sufficient variation to resolve the
limit of the species (Boysen ef al. 1996).

The problem with the PSC is that the limit of a species is subjective (Figure 1.6).
For example if a gene is polymorphic, and has alleles A and B, individuals with the allele
A are considered one species while individuals with allele B are considered another
(Figure 1.6). Without any additional information, such as the ability to interbreed which
many fungi cannot be tested for, one would not know if the gene was polymorphic within
a species, or fixed for alternate alleles in two species (Taylor et al. 2000).
1.6.4 The Genealogical Concordance Concept

Mayden (1997) introduced the idea of multiple gene genealogies to remove the
subjectivity in determining species from the PSC. Mayden (1997) called this

modification of the PSC the GCC. A requirement of the GCC recognition criteria is that
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gene recombination does not occur within the gene (Taylor ez al. 2000). Tree topology is
the same where the different gene trees are concordant. This is due to fixation of
formerly polymorphic loci following genetic isolation; the concordant branches represent
species (Taylor et al. 2000). Recombination among individuals within a species is
represented by conflict among the gene tree branches (Figure 1.7). The transition from
concordant to incongruent branches determines species boundaries (Figure 1.7; Taylor et
al. 2000).

The transition from concordance to conflict cannot occur in a truly clonal species.
As much as one-fifth of fungi are anamorphic and are thought to be clonal (Taylor et al.
2000). Examinations of several anamorphic fungi have found that they are recombining
in nature in addition to reproducing clonally (Anderson and Kohn, 1998; Taylor et al.
1999a, b, 2000). Even a low level of recombination can lead to conflict among gene
genealogies (Taylor et al. 2000)

The GCC is widely used in fungi, and has been applied to anamorphs and
teleomorphs (Taylor et al. 2000). Studies with the teleomorphic fungus Gibberella
Sfujikuroi (Sawada) Wollenw (anamorph: Fusarium) complex suggests that species
recognized by the BSC are also recognized by the GCC (O’ Donnell et al. 1999). In
Penicillium, gene genealogies have been used to delimitate new species, such as P.
pimiteouiense Peterson (Peterson et al. 1999), P. brocae Peterson, Pérez, Vega and
Infante (Peterson et al. 2002), P. coffeae Peterson, Vega, Posada and Nagai (Peterson et
al. 2005), P. astrolabium Serra and Peterson and P. neocrassum Serra and Peterson
(Serra and Peterson 2007). The most commonly used genetic markers are CaM, Bend,

TEF-lo and ITS.
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1.7 Research Objectives and Hypothesis

Thesis Objective

The aim of this thesis was to assess the effectiveness of Cox/ as a species marker
or DNA barcode in comparison to four nuclear genes (ITS, Bend, TEFI-a and CaM)
known to provide species level resolution in Penicillium species belonging to subgenera
Aspergilloides and Furcatum. Species boundaries and phylogenetic relationships among
species were determined using morphological characters and the Genealogical
Concordance Concept (GCC) recognition criterion.

Thesis Hypothesis
1) Coxl! is an effective species marker for the selected Penicillium groups and can be
used to identify species recognized by the GCC recognition criteria.

This hypothesis is based on the previous study by Seifert ez al. (2007), where it
was determined that Cox! is an effective marker in Penicillium subgenus Penicillium.
Although the selected Penicillium groups are relatively distant to subgenus Penicillium,
similar results are expected.

Chapter 2: Penicillium mallochii and P. guanacastense, two new species isolated
from Costa Rican caterpillars.

Chapter Objective

The objective of this study was to determine if Penicillium isolates collected from
the intestinal tract of caterpillars from the Area de Conservacién Guanacaste, Costa Rica
are two undescribed species as determinedby preliminary analyses with Bend. Twenty-
five isolates of P. mallochii were isolated from Rothschildia lebeau and Citheronia

lobesis; and two strains of P. guanacastense were collected from two unidentified
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caterpillars belonging to the family Noctuideae. Species were resolved using the GCC
recognition criteria using maximum-parsimony (MP), maximum-likelihood (ML), and
Bayesian inference (BI) gene trees, and morphological characters. Species descriptions
are provided.

Chapter 3: A Taxonomic and Phylogenetic Revision of the Penicillium sclerotiorum

Chapter Objective

Genetic variation was observed in BenAd, ITS, Cox!, TEFI-a and CaM in 39
strains identified as P. sclerotiorum. The GCC recognition criterion was used to resolve
species boundaries using MP, ML, and BI gene trees for six phylogenetic species.
Morphological characters were also used to resolve species boundaries. Morphological
descriptions and a taxonomic key to the group are provided. Phylogenetic relationships
were inferred from combined gene trees using MP ML and BI analyses.

Chapter 4: Multiple gene genealogies reveal Penicillium oxalicum is a single
phylogenetic species.
Chapter Objective

The objective in this chapter was to determine the number of phylogenetic species
conforming to the morphological species concept of P. oxalicum. Preliminary analyses
of the BenA gene indicated the presence of three species. As well, P. oxalicum causes
cucumber stem rot and blue ear of corn. Some strains have been identified as potential
biocontrol agents against tomato root rot caused by Fusarium oxysporum and Verticillium
species (Pascual et al. 1997), and strawberry mildew (De Cal et al. 2003). The wide

variety of biological roles played by this species, may suggest the presence of cryptic
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species as indicated by Bend. Species were resolved using the GCC recognition criteria

using MP, ML, and BI gene trees.
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Table 1.1: Ubiquinone and cell wall composition in Eupenicillium and Talaromyces.

Character Eupenicillium Talaromyces References

Ubiquinone Q-9,Q-10 Q-9, Q-10(H2), Kirashietal 1991
Q10(H4)

Cell Wall

Glucose (%) 78 48-64 Gomez-Miranda et al. 1988

Galactose (%) 1315 25-39 Gomez-Miranda et al. 1988

Cell Wall Fraction S

% fraction S amount of 13-18 4-12 Gomez-Miranda et al. 1988

cell wall dry weight

Galactose (%) 13-15 25-26 Gomez-Miranda et al. 1988

Glucose (%) 25-27 64-67 Gomez-Miranda et al. 1988

a-glucan absorption 850 cm’ 820 cm’ Gomez-Miranda et al. 1988

Aditols  obtained by glucose glycerol Gomez-Miranda ef al. 1998

complete Smith erithrodol theritol

degradation of arabinitol

polysaccharides mannose

galactose glucose
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Table 1. 2: Percentage of species specific Cox/ sequences in 11 eukaryotic taxa.

Taxa Number of Percentage of References
Species Tested  Species Specific
Sequences
North American 521 100 Hebert et al. 2004
Birds
Korean Birds 92 100 Yoo et al. 2006
Australian Marine 207 100 Ward et al. 2005
Fish
Spiders 203 100 Barrett and Hebert 2004
Moths and 521 97.6 Hajibabaei et al. 2004
Butterflies
Amphibians 7 94 Smith et al. 2008
Earth worms 36 100 Huang et al. 2007
Crustaceans 150 95 Costa et al. 2007
Red Macroalgae 26 100 Saunders et al. 2007
Ciliates 51 96 Chantangsi et al. 2007
Phytopthora 13 100 Martin et al. 2003
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Figure 1.1: A-B) The life cycle of a typical anamorphic fungus, demonstrating the

anamorph and teleomorph relations.
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Figure 1.3: Microscopic structures of Penicillium conidiophores.



Figure 1.4: Typical conidiophore of

subgenus Furcatum section Divaricatum.
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Figure 1.5: Penicillium teleomorphs. Talaromyces. (A) Ascocarp and (B) ascospores.

Eupenicillium. (C) Ascocarps and (D) ascospores.



30

outgroup

Figure 1.6: Uncertainty in species limits using a single gene genealogy. Phylogenetic
analysis of a single gene can be used to group individuals into monophyletic groups,
which may represent species. The limit of the species is uncertain in this figure. If the
limit is at the red line, it implies that alleles A and B represent intraspecific variation. If
the species limit is at the blue line, it suggets that alleles A and B are fixed in two

genetically isolated populations.
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The letters represent one species, while the numbers represent a different species.
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Chapter 2: Penicillium mallochii and P. guanacastense, two

new species isolated from Costa Rican caterpillars

Karol G. Rivera, Joel Diaz, Felipe Diaz-Chaverria, Maria Garcia, Mirjam Urb, R. Gregg

Thorn, and Keith A. Seifert

2.1 Abstract

Twenty-five strains of Penicillium mallochii and two strains of P. guanacastense
were isolated from the intestinal tracts of leaf-eating caterpillars from the Area de
Conservacion Guanacaste, Costa Rica. Penicillium mallochii was 1isolated from
Rothschildia lebeau and Cithorenia lobesis, two large caterpillars belonging to the
Saturnidae family. Penicillium guanacastense was isolated from two unidentified
caterpillars belonging to the Noontidiae family. Phylogenetic analyses of f-tubulin
(BenA), the nuclear ribosomal internal transcribed (ITS) spacer, cytochrome c oxidase
subunit 1 (Cox1), translation elongation factor 1-a (TEF1-a) and calmodulin (CaM) using
the Genealogical Concordance Concept (GCC) recognition criterion revealed that the two
species are distinct, and are closely related to P. sclerotiorum, which they resemble
morphologically, differing in vesicle width. Cox/ resolved the two species, but did not
provide the strong statistical support as did Bend, TEFI-a and CaM, but had a higher
statistical support than ITS. Morphological analyses placed the two species in

Penicillium subgenus Aspergilloides series Glabra.
2.2 Introduction

In 2005, Penicillium strains isolated from the intestinal tracts of caterpillars from

the Area de Conservacién Guanacaste, Costa Rica, were received at the Eastern Cereal
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and Oilseed Research Centre (ECORC) in Ottawa from Dr. R. Gregg Thorn from the
University of Western Ontario. The fungi were compared with previously described
species using cultural characters, microscopy and DNA sequence data from [B-tubulin
(BenA), cytochrome ¢ oxidase subunit 1 (Cox1), translation elongation factor 1-o (TEFI-
a), calmodulin (CaM), and the nuclear internal transcribed spacer (ITS) region. In this
chapter, the isolates are described as two new species belonging to Penicillium subgenus

Aspergilloides, P. mallochii and P. guanacastense.
2.3 Materials and Methods

Rothschildia lebeau, Cithorenia lobesis and unidentified caterpillars feeding on
Spondias mombis and Cochlospermum vitifolium were collected by Joel Diaz, Felipe
Djaz-Chaverria, and Maria Garcia from the Area de Conservacién Guanacaste, Costa
Rica. Caterpillars were surface sterilized with ddH20 and ethanol to minimize
contamination. The intestinal tracts of the caterpillars were then removed and dissected
into three parts; the foregut, midgut and hindgut. Faeces were collected for fungal
isolation from caterpillars kept in sterile Petri dishes before dissection. Gut contents and
faeces were dispersed in sterile distilled water and serially diluted in sterile distilled water
prior to plating onto rose bengal agar. Fungal colonies were plated onto Malt Extract
Agar (MEA,; Pitt 1979a; refer to Appendix 1 for medium recipe) until a pure culture was
obtained. Cultures were brought to Canada by Dr. Thorn, where Mirjam Urb with the aid
of Dr. Seifert from Agriculture and Agri-Food Canada, Ottawa identified the strains as
undescribed Penicillium species using morphological analyses and preliminary BenA

phylogenetic data.
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Penicillium mallochii was isolated twenty-five times from the intestinal tract and
frass from two caterpillar species, Rothschildia lebeau or Cithorenia lobesis (Table 2.1).
Penicillium guanacastense was isolated two times from unidentified caterpillars
belonging to the family Noontidae (Table 2.1). Cultures were preserved in 4°C and -80°C
in water and 10% glycerol. Both strains of P. guanacastense and 12 strains of P.
mallochii were submitted to the Canadian Collection of Fungal Cultures (CCFC or
DAOM) for preservation (Table 2.1). Cultures not deposited in the CCFC are currently
being held in the personal research collection of Keith A. Seifert (KAS).

2.3.1 Morphological Analyses

Isolates were grown in the dark at 25°C for 7 d on malt extract (MEA) and
Czapek’s agar (CYA; Pitt 1979a; refer to Appendix 1 for medium recipe). All strains
were 3-point inoculated twice on all media. Colony descriptions and measurements were
made for all colonies. Colony diameters were measured, and colony colours determined
using Korrnerup and Wanscher (1978) colour references. Colony photographs were
taken with a Nikon Coolpix E 5000 camera under incandescent lighting conditions using
a copy stand.

Microscopic examinations were performed using an Olympus BX 50 light
microscope on colonies grown on MEA mounted in 85% lactic acid. Microscopic
photographs and character measurements were taken with an Evolution MP Media
Cybernetics Camera with the aid of the camera digital analyzing software Image-Pro Plus
v. 6 (Media Cybernetics, MD, U.S.A.). Using Image-Pro Plus, 10 manual measurements
were made for phialides, stipe, metulae and vesicle, and 25 automated measurements for

conidia. Length to width conidia ratios were plotted using Excel from the Microsoft
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2003 Home Edition for P. mallochii, P. guanacastense, and P. sclerotiorum. Twenty-
five spore measurements were used for each strain.
2.3.2 DNA Isolation, PCR Amplification and Sequencing

DNA was extracted from strains grown on MEA and CYA using the
UltraClean™ Microbial DNA Isolation Kit (MO BIO Laboratories, Inc., Montreal, CA)
following the manufacturer’s protocol. BenAd was amplified with primers Bt2a and Bt2b
(Glass & Donaldson 1995), ITS with primers ITS1 and ITS4 (White ef al. 1990), Cox!
with primers PF and AR (Seifert et al. 2007), TEFI-a with primers EFlc and EF6
(Peterson et al. 2004), and CaM was amplified with primers CMD5 and CMD6 (Hong et
al. 2006).

PCR reactions were performed in 10 pl reaction mixtures containing 1 pl genomic
DNA, 1X PCR Buffer, 0.1 mm of dNTPs, 0.08 uM of each primer, and 0.5X Taq
polymerase. Amplifications were performed in a TGradient (Biometra, Montreal,
Canada) or a Genius (Techne, Duxford, Cambridge) thermocycler. The temperature
cycling parameters for ITS, Cox! , BenA were 95°C for 1 min for denaturation followed
by primer annealing at 56°C for 45 s and primer extension at 72°C for 1:30 min for a total
of 35 cycles, plus a final 10 min elongation step at 72°C. The temperature cycling
parameters for TEF-I/a and CaM were 94°C for 1 min for denaturation, 62°C for 30 s for
annealing, 72°C for 1:30 min for primer extension for 42 cycles, plus a final elongation
step 72°C for 10 min. PCR products were visually examined by gel electrophoresis in a
1% agarose gel containing ethidium bromide (0.05pg/mL).

Two strains of P. herquei, CBS 336.48 and CBS 110644, produced two bands

(approximately 360 bp and 470 bp in length) for Bend. The PCR products with multiple
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bands were cloned using Promega’s pGEM®-T Vector Kit and JM109 High Efficiency
Competent Cells (Madison, WI, U.S.A) following the manufacturer’s protocol. Fifteen
transformed colonies were selected for PCR and sequencing.

Sequencing reactions were performed directly from PCR products in both
directions with the forward and reverse primers. The sequencing reaction total volume of
10 pl contained 1 pl of amplicon, 0.5 ul of ready-made BigDye terminator mix v. 7
(Applied Biosystems, Foster City, CA, USA), 0.161 pM of primer, and 0.125X BigDye
buffer v. 7 (Applied Biosystems, Foster City, CA, USA). Reactions were performed in a
TGradient (Biometra, Montreal, QC, Canada) or in a Genius (Techne, Duxford,
Cambridge) thermocycler, programmed for 95°C for 1 min for denaturation, followed by
primer annealing at 56°C for 30 s and primer extension at 72°C for 1 min for a total of 30
cycles, plus a final 10 min elongation step at 72°C. Sequence reaction mixtures were then
sent to the ECORC Mycology Sequencing Facility (Ottawa, ON, Canada) for analyses.
Sequence reaction mixtures were precipitated using ethanol/EDTA/sodium acetate
precipitation. Samples were analyzed on an ABI 30XL Genetic Analyzer (Applied
Biosystems, Foster City, California, USA).

Penicillium mallochii and P. guanacastense 1TS and BenA sequences were
compared with sequences in GenBank using the Basic Local Assignment Systems Tool
(BLAST). Both P. mallochii and P. guanacastense sequences had 99% sequence
similarity to P. sclerotiorum and an E-value of zero. Penicillium sclerotiorum is part of
Group 3 of the six Penicillium groups described by Peterson (2000). Five strains per
species for Group 3 (P. sclerotiorum van Beyma, Eupenicillium hirayamae Udagawa, P.

bilaiae Chaleb., P. adametzii Zalesky, and P. herquei Bainier & Sartory), were obtained
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from the Centraalbureau voor Schimmelcultures (CBS) in Utrecht, Netherlands, and the
Agriculture Research Service Culture Collection (NRRL) in Peoria, IL. USA as freeze-
dried cultures (Table 2.1). Freeze-dried cultures were resuspended on ddH20 for two
hours and then plated on MEA for revival.

2.3.3 Phylogenetic Analyses

Consensus sequences were assembled using the DNA sequence assembly
software Sequencher v. 4.8 (Genes Codes Corporation, MI, U.S.A.). Alignments were
constructed using the online version of MAFFT v. 6 (http://align.bmr kyushu—
u.ac.jp/mafft/software/), and manual adjustments were made to optimize homology in
BioEdit 7.0.9 (Hall, 1999). Alignments were subjected to maximum parsimony (MP),
maximum likelihood (ML), and Bayesian inference (BI) analyses.

MP analyses were performed using heuristic searches in PAUP v. 4 (Swofford
2002) with the tree bisection-reconnection (TBR) branch swapping algorithm.
Uninformative characters were removed for all analyses, gaps were treated as missing
data, and maxtrees were set to 5000. Consensus trees were calculated, and the robustness
of the gene trees was tested using a full heuristic search, saving 10 trees per replicate
(1000 replicates were performed). Bootstrap values are represented in per cent.

ML analyses were performed using the computer program Phylogenies for
Maximum Likelihood (PhyML) v. 2.4.4 (Guidon and Gascuel 2003). Tree searches for
each alignment were run under the nucleotide substitution model obtained from
ModelTest 3.7, using the Alkaine Information Criteria (AIC) (Posada and Crandall 1998),
and starting from a tree obtained for branch swapping using the modified neighbor

joining algorithm BIONJ (Gascuel 1997) as implemented by PhyML. Gaps are treated
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as missing data by the programs. The robustness for each tree was tested by performing
1000 bootstrap replicates. Bootstrap values are represented as frequencies. BI analyses
for each alignment were performed using MrBayes v. 3.1.2 (Huelsenbeck and Ronquist
2001), under the same model conditions as those selected for ML. All Bayesian analyses
were performed using random starting trees, and were run for four chains with one
million generations for all genes (burnin chains = 250). Gaps were treated as missing

data

2.4 Results

DNA sequences were obtained for all genes and strains, except for CaM
sequences for P. adametzii strains, because amplification was not observed after PCR.
PCR reactions for P. adametzii were performed with denaturation temperatures as low as
40°C for 1 min with primers CF4 and CF5 (Peterson et al. 2004), CF4 and CMD6, and
CMD5 and CF5, however, amplification was not observed (see Appendix 2 for primer
sequences). Not all strains of E. hirayamae (CBS 478.66, CBS 247.67 and CBS 277.70)
and P. herquei (CBS 167019) were used in the construction of the sequence alignments.
Sequence analyses revealed that these strain were misidentified or contaminated. Two
strains of P. herquei, CBS 336.48 and CBS 110644, revealed multiple bands in gel
electrophoresis in amplicons of the Bend gene. Two copies of the Bend gene were
obtained; similar nucleotide sequences to the P. herquei ex-type strain were selected for
the construction of sequence alignments.

The length of the alignments for Bend, ITS, CoxI, TEFI-a, and CaM in bp were
565, 574, 604, 1009, and 620 respectively. The sequence lengths of P. mallochii for

BenA, 1TS, Coxl, TEF1-a, and CaM in bp were 565, 566, 604, 989, and 610 respectively.
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The nucleotide sequence lengths of P. guanacastense for BenA, 1TS, Cox1, TEFI-a, and
CaM in bp were 477, 545, 576, 725, and 522 respectively.

For BenA, the MP and BI trees yielded strong statistical support for P. mallochii
and P. guanacastense with 100% bootstrap support (Figure 2.1) and posterior
probabilities of 1.00 (Figure 2.3). The ML also provided strong bootstrap support, 0.998
and 1.00, for P. mallochii and P. guanacastense (Figure 2.2). BenA trees revealed two
groups of P. mallochii strains that are not present in the other gene trees. In the MP tree,
the groups had 86% and 70% bootstrap support (Figure 2.1); in the ML tree the groups
had 0.866 and 0.814 bootstrap support (Figure 2.2); and in the BI trees, the groups had
posterior probabilities of 0.74 and 0.66 (Figure 2.3).

The ITS trees did not provide resolution for P. mallochii strains (Figure 2.4-2.6).
For P. guanacastense, the ITS trees provided strong statistical support. The MP tree
provided 100% bootstrap support (Figure 2.4), the ML tree provided 1.00 bootstrap
support (Figure 2.5), and the BI tree provided a posterior probability of 1.00 (Figure 2.6).

For Cox1, the MP and ML tree yielded strong bootstrap support for P. mallochii
and P. guanacastense (MP-85% and 100%; ML—0.986 and 0.996) (Figure 2.7-2.8). The
posterior probability was strong for P. guanacastense, 1.00, and low for P. mallochii,
0.53 (Figure 2.9).

The TEF1-a MP and ML revealed strong bootstrap values for P. mallochii and P.
guanacastense (MP-91% and 100%; ML-0.975 and 1.00) (Figure 2.10-2.11). The
posterior probability in the BI tree were strong for P. mallochii and P. guanacastense,
0.87 and 1.00 (Figure 2.12). The CaM MP, ML and BI trees also had strong statistical

support (100%, 1.00, and 1.00) for both species (Figure 2.-2.15).
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Combined gene data analyses results are presented in Chapter 3 of this thesis
because the two species form part of the P. sclerotiorum complex. The placement of P.
mallochii and P. guanacastense in Peterson’s Penicillium Group 3 and the P.
sclerotiorum complex phylogeny are also discussed. The morphological species
description for P. mallochii and P. guanacastense are included in the Taxonomy section
of this chapter. Strain KAS 2597 was not included in the morphological species
description for P. mallochii because it was sterile and precluded morphological
examination.

To differentiate between conidial size in P. mallochii and P. guanacastense, and
its closest relative P. sclerotiorum, the average length to width ratio for conidia for each
strain was plotted (Figure 2.16). The conidia measurements for P. mallochii and P.
guanacastense overlapped with one another, except for five strains of P. mallochii. The
length and width for these five strains is greater than the rest of the P. mallochii strains,
and all P. guanacastense and P. sclerotiorum strains. The two P. guanacastense strains
did not overlap with strains from other species; however, this is probably due to a limited
sample size. More strains are needed to determine if conidial size is a useful character to
distinguish between the three species.

2.5 Taxonomy
Penicillium mallochii Rivera, Urb & Seifert, prov. sp. nov. ' Figures 2.17-2.21

Colonies on CYA after 7 days at 25°C: typically 29-39 mm in diam.; dense and

velutinous, sometimes with aerial mycelium in the centre; moderately sulcate with 4-7

sulcations, often with 2—5 wrinkles in the centre; approximately 1 mm deep; conidia

! The name does not constitute a valid publication of the new species name according to the regulations of
the International Code of Botanical Nomenclature, which requires that new species be published in the
formal scientific literature, accompanied by a Latin diagnosis.
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turquoise grey to greenish grey (24-25D2-3), concentric rings of different shades of
these colours present; clear yellow exudate droplets produced in moderate amounts by
some strains, absent in others; vivid orange clear soluble pigment present in some strains,
absent in others; 2-3 mm of white mycelia at the margin, margin entire; reverse deep
yellow (4A8), reddish orange (4A6-7) or golden yellow to orange (5—-6A-B6-8) in the
centre, light to pastel yellow (3—4A4 -5) at the margins.

Colonies on MEA after 7 days at 25°C: 24-35 mm in diam., less commonly 19—
26 mm in diam.; planar, velutinous, no aerial mycelia; conidia grayish green to dull green
(25-30B-E3-7), no exudates or soluble pigments present; reverse grayish green (30C5),
grayish yellow (1-2B-C3-8), yellow (2-3A6-7), deep yellow (4A8) and orange (6A—
B6-8), near the margins paler shades of these colours; margin entire.

Individual monoverticillate conidiophores on MEA borne from agar surface,
smooth to finely roughened, septate stipes 53-380 um long, 2-4 pm wide; most strains
unbranched; in branched strains, 10% of the conidiophores are branched, branches 14-44
x 1.5-2 pm; vesiculate, 46 pm in diam (x for different strains = 4.5-6.0 £ 0.71 um, n =
25). Conidiogenous cells phialidic, in whorls of 12-22, ampulliform with a collula, 7-10
(-16) x 2-3 (4) um. Conidia globose to subglobose, finely roughened, 2.5-3.5 x 2-2.5
um,; range of x for different strains = 2.6-3.4 + 0.01 x 2.3-2.4 + 0.01, n = 25; L/W mean
ratio 1.15:1.

Cultures examined: DAOM 239917 (ex-type), DAOM 239918, DAOM 239919,
DAOM 239920, DAOM 239921, DAOM 239922, DAOM 229924, DAOM 229926,
DAOM 229925, DAOM 229926, DAOM 229927, DAOM 229928, DAOM 229929,

KAS 2601, KAS 2606, KAS 2612, KAS 2615, KAS 2630, KAS 3183, KAS 3186, KAS
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3187, DAOM 239925, KAS 3190, KAS 3191, KAS 3193. Refer to Table 2 .1 for more
details.

Etymology: The species was named after David Malloch, who was a faculty
member of the University of Toronto and is currently at the Natural History Museum in
Newfoundland. He is a great teacher of mycology, and has immensely influenced the
field. I consider myself fortunate to have been in his undergraduate classes while at the
University of Toronto.

Substrate: Rothschildia lebeau and Cithorenia lobesis intestinal tracts and feces.

Geographical distribution: Area de Conservacién Guanacaste, Santa Rosa, Costa
Rica.

Penicillium guanacastense Rivera, Urb & Seifert prov. sp. nov. ' Figures 2.22-2.24

Colonies on CYA after 7 days at 25°C: 25-33 in diam., dense and velutinous,
with 5-8 sulcations, sectors with poor sporulation, moderately sulcate especially at the
margins, 2-3 radial wrinkles present in one strain; conidia greenish grey (25-30B-E2),
yellow concentric ring near the margins, followed by a bluish grey concentric ring
towards the centre, clear exudate droplets produced in moderate amounts and soluble
pigments by one strain, absent in the other; 2-3 mm of white mycelium at the margin,
margin entire; reverse orange yellow to orange (4-6B7-8).

Colonies on MEA after 7 days at 25°C: 29-33 mm in diam., planar and
velutinous, no aerial mycelia observed; conidia greenish grey (25-30B-E2), with no
exudates or soluble pigments present; reverse yellowish white (2—4B2), orange (6B7-8)

and light brown (6— 7D4-8), near the margin lighter shades of these colours.



43

Individual monoverticillate conidiophores on MEA borne directly from agar
surface; finely roughed, septate stipes, 86—97 um long, 2.5-3 pm wide; strains branched
or unbranched, 90% of conidiophores unbranched; vesiculate, 4-5.5 um (x for different
strains = 4.5-4.65 + 0.5 pm). Conidiogenous cells phialidic, in whorls of 14-18,
ampulliform with distinguishable collula, 8.5-12 x 2— 3.5 pm. Conidia globose, finely
roughened, 2.5-3 pm in diam (x for different strains 2.7-2.8 + 0.01 x 2.5-2.6 = 0.01 pm,
n =25), L/W mean ratio 1.1:1.

Cultures Examined: DAOM 239912, DAOM 2399. Refer to Table 2.1 for more
details.

Etymology: The species was named after the Area de Conservacién Guanacaste,
a World Heritage Site in the northwestern part of Costa Rica, where the species was
isolated.

Substrate: intestinal tracts of wild caterpillars belonging to the family Noontidae.

Geographical distribution: Area de Conservacion Guanacaste, Santa Rosa, Costa

Rica.
2.6 Discussion

Penicillium mallochii and P. guanacastense are phylogenetically related and
morphologically resemble P. sclerotiorum.  All three species have vesiculate
monoverticillate conidiophores and vivid orange to red colony colours. Morphological
analyses placed the two species in Penicillium subgenus Aspergilloides Dierckx series
Glabra Pitt.  All species in this series produce long, vesiculate stipes bearing
monoverticillate conidiophores. On closer inspection, P. sclerotiorum is vesiculate while

P. mallochii and P. guanacastense are moderately vesiculate, with P. mallochii being
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more conspicuously vesiculate than P. guanacastense. Furthermore, P. sclerotiorum has
ellipsoidal conidia, while P. mallochii and P. guanacastense have subglobose conidia.
Also some strains of P. sclerotiorum produce sclerotia, which were not observed in any
P. mallochii and P. guanacastense strains. However, sclerotia production is not a good
distinguishing characteristic.

To differentiate further amongst the species, the average conidia length to width
measurements were plotted (Figure 2.16). The conidial measurements for the species
overlapped, and did not help to differentiate the species. There are, however, ecological
differences. Penicillium mallochii strains were isolated from caterpillars belonging to the
family Satrunidae, while P. guanacastense strains were isolated from caterpillars
belonging to the family Noontidae. On the other hand, P. sclerotiorum strains were
isolated from the soil and the air.

Overall the gene trees suggested that P. mallochii and P. guanacastense are
distinct species that formed coherent monophyletic groups. The ITS MP and BI trees did
not resolve P. mallochii from the branch that grouped P. guanacastense and P.
sclerotiorum. The ML tree resolved the three species, but with low bootstrap support.
BenA, TEFI-a, and CaM resolved the species using all three phylogenetic methods, with
strong statistical support. CoxI resolved all the species with strong statistical support,
with the exception of the BI tree, where P. mallochii had a posterior probability of 0.53.

Penicillium mallochii and P. guanacastense conformed to the Genealogical
Concordénce Concept recognition criterion. As mentioned previously, Cox! resolved P.

mallochii and P. guanacastense, as well as the rest of the Penicillium species belonging
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to Peterson’s (2000) Penicillium Group 3. Thus Cox! is an effective DNA marker for

this group.
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Figure 2.1: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of the new species P. mallochii and P.
guanacastense, based on aligned BenAd sequences. One out one most parsimonious trees
(L=357, CI=0.723, RI=0.933, RC=0.674, and HI=0.277). A heuristic search and 1000
bootstrap replicates were performed; bootstrap values above 70% are presented. The number

in parenthesis represents the number of strains; T represents the ex-type strain.
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Figure 2.2: Maximum likelihood gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of the new species P. mallochii and P.
guanacastense, based on aligned Bend sequences. The tree was constructed using the
HKY+I+G nucleotide substitution model, 1000 bootstrap replicates were performed. The

number in parenthesis represents the number of strains; T represents the ex-type strain.
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Figure 2.3: Bayesian inference gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of the new species P. mallochii and P.
guanacastense, based on aligned BenA sequences. The tree was constructed using the
HKY+I+G nucleotide substitution model. Posterior probabilities are shown, the number in

parenthesis represents the number of strains; T represents the ex-type strain.
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Figure 2.4: Maximum parsimony gene tree for species of Peterson’s (2000) Group 3 of
Penicillium, showing the position of the new species P. mallochii and P. guanacastense,
based on aligned ITS sequences. One out of 500 most parsimonious trees (L=105, CI=0.75,
RI=0.93, RC=0.706, HI=0.248). A heuristic search and 1000 bootstrap replicates were
performed; bootstrap values above 70% are presented. Thickened lines represent strict

consensus branches. The number in parenthesis represents the number of strains; T

represents the ex-type strain.
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Figure 2.5: Maximum likelihood gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of the new species P. mallochii and P.
guanacastense, based on aligned ITS sequences. The tree was constructed using the GTR+G
nucleotide substitution model; 1000 bootstrap replicates were performed. The number in

parenthesis represents the number of strains; T represents the ex-type strain.
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guanacastense, based on aligned ITS sequences. Tree was constructed using the GTR+G
nucleotide substitution model. Posterior probabilities are shown, the number in parenthesis
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Figure 2.10: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of
Penicillium,  demonstrating the position of the new species P. mallochii and P.
guanacastense, based on aligned TEFI-a sequences. One out of 5000 most parsimonious
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lines represent strict consensus branches. The number in parenthesis represents the number

of strains; T represents the ex-type strain.
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Penicillium, demonstrating the position of the new species P. mallochii and P.

guanacastense, based on aligned TEFI-a sequences. The tree was constructed using the

GTR+G nucleotide substitution model; 1000 bootstrap replicates were performed. The

number in parenthesis represents the number of strains; T represents the ex-type strain.
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Figure 2.17: Colony obverse of P. mallochii strains grown on CYA in the dark at 25°C for
7 d. Rows left to rightt DAOM 239918, DAOM 239919, KAS 2606, DAOM 239920,
DAOM 239921, KAS 2612, KAS 2615, DAOM 239924, KAS 2630, KAS 3183, DAOM
239917 (ex—type), DAOM 239924, KAS 3186, KAS 3187, DAOM 239925, DAOM 239925,
KAS 3190, KAS 3191, DAOM 239926, KAS 3193, DAOM 239927, DAOM 239928,

DAOM 239929, KAS 2601. Scale bar = 10 mm.
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Figure 2.18: Colony reverse of P. mallochii strains grown on CYA in the dark at 25°C for 7
d. Rows left to right: DAOM 239918, DAOM 239919, KAS 2606, DAOM 239920, DAOM
239921, KAS 2612, KAS 2615, DAOM 239924, KAS 2630, KAS 3183, DAOM 239917
(ex—type), DAOM 239924, KAS 3186, KAS 3187, DAOM 239925, DAOM 239925, KAS
3190, KAS 3191, DAOM 239926, KAS 3193, DAOM 239927, DAOM 239928, DAOM

239929, KAS 2601. Scale bar = 10 mm.
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Figure 2.19: Colony obverse of P. mallochii strains grown on MEA in the dark at 25°C
for 7 d. Rows left to right: DAOM 239918, DAOM 239919, KAS 2606, DACM
239920, DAOM 239921, KAS 2612, KAS 2615, DAOM 239924, KAS 2630, KAS 3183,
DAOM 239917 (ex—type), DACM 239924, KAS 3186, KAS 3187, DAOM 239925,
DAOM 239925, KAS 3190, KAS 3191, DAOM 239926, KAS 3193, DAOM 239927,

DAOM 239928, DAOM 239929, KAS 2601. Scale bar = 10 mm.



Figure 2.20: Colony reverse of the P. mallochii strains grown on MEA in the dark at
25°C for 7 d. Rows left to right: DAOM 239918, DAOM 239919, KAS 2606, DAOM
239920, DAOM 239921, KAS 2612, KAS 2615, DAOM 239924, KAS 2630, KAS 3183,
DAOM 239917 (ex-type), DAOM 239924, KAS 3186, KAS 3187, DAOM 239925,
DAOM 239925, KAS 3190, KAS 3191, DAOM 239926, KAS 3193, DAOM 239927,

DAOM 239928, DAOM 239929, KAS 2601. Scale bar = 10 mm.



Figure 2.21: Differential interference contrast microscopic photographs

conidiophores (A—E) and conidia (F) of P. mallochii ex-type strain. Scale = 10 um.
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Figure 2.22: Penicillium guanacastense strains on CYA grown for 7 d at 25°C in the

dark. A-B) Left to right: DAOM 239912 (ex-type) and DAOM 2399 obverse. C-D)

Left to right: DAOM 239912 and DAOM 2399 reverse. Scale bar = 10 mm.
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Figure 2.23: Penicillium guanacastense strains on MEA grown for 7 d at 25°C in the

dark. A-B) Left to right: DAOM 239912 (ex-type) and DAOM 2399 obverse. C-D)

Left to right: DAOM 239912 and DAOM 2399 reverse. Scale bar = 10 mm.



72

Figure 2.24: Differential interference contrast microscopic photographs of conidiophores

(A-B) and conidia (D) of P. guanacastense ex-type strain. Scale = 10 um.
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Chapter 3: A Taxonomic and Phylogenetic Revision of the

Penicillium sclerotiorum complex

Karol G. Rivera and Keith A. Seifert

3.1 Abstract

Penicillium sclerotiorum 1s a monoverticillate Penicillium with vivid orange to
red colony colours and vesiculate conidiophores, which is characterized by the
production of sclerotia by some strains. Strains are also known to produce antimicrobial
compounds and endothelin antagonists. Multigene phylogenetic analyses with B-tubulin
(BenA), the nuclear ribosomal internal transcribed spacer (ITS) region, cytochrome c
oxidase subunit 1 (Coxl), translation elongation factor 1-a (TEFI-a) and calmodulin
(CaM) of 29 strains revealed the presence of four previously unidentified phylogenetic
species closely related to P. sclerotiorum. The new species are described and named P.
krugii, P. jacksonii, P. cainii, and P. ciebiessum. Penicillium mallochii and P.
guanacastense, described in Chapter 2, also form part of this group. All seven species
are morphologically similar, but on closer examination, morphological differences are
observed in conidial shape, vesicle size and colony colour on different media. The
species resolving ability of Cox! was compared to the Genealogical Concordance
Concept (GCC) recognition criterion. TEFI-o and CaM resolved all species in this
group. Cox! did not resolve P. mallochii, P. krugii and P. jacksonii. According to Stolk
and Samson (1983), P. adametzioides and P. multicolor are synonyms of P. sclerotiorum,
but multigene phylogenetic analyses, along with morphological examinations, determined

that they are distinct species outside of the P. sclerotiorum complex.
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3.2 Introduction

Penicillium sclerotiorum van Beyma was first isolated from the air in Java,
Indonesia, and described by J.F.H. Beyma in 1937. The species epithet reflects the
production of sclerotia (singular sclerotium; Figure 3.1), which is originally derived from
the Greek word sklérotés, which means hardness. Sclerotia are round, compact masses of
hardened cells that can remain dormant for long periods until conditions are favourable
for survival.  Sclerotia are considered immature or vestigial ascomata, and may not be
produced in all strains of a species. The development of ascospores can be medium
dependant; usually sclerotia producing strains are grown on Qatmeal Agar (OA), and
ascoma development may take months. Penicillium sclerotiorum has monoverticillate
conidiophores, placing it in Penicillium subgenus Aspergilloides (Pitt 1979a).

In subgenus Aspergilloides, Penicillium sclerotiorum was placed into section
Aspergilloides Dierckx series Glabra Pitt by Pitt (1979a). Section Aspergilloides is
characterized by the presence of vesiculate conidiophores. Series Glabra is characterized
by colony diameters greater than 30 mm in CYA after 7 d at 25°C in the dark.
Penicillium sclerotiorum is the only member in series Glabra that has vivid orange to red
colony colours, and is one out of three species in this series to produce sclerotia. The
other two species are P. thomii K.M. Maire and P. macrosclerotiorum L. Wang, X.M.
Zhang, W.Y. Zhuang. Stolk and Samson (1983) placed P. adametzioides S. Abe ex G.
Sm., P. multicolor Grigorieva-Manoilova and Poradielova, and P. implicatum var.
aureomarginatum Thom as synonyms of P. sclerotiorum.

Secondary metabolites with antibacterial and antifungal activities were reported

for some strains of P. sclerotiorum; sclerotin (MacCurtin and Reilly 1940),
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isochromphilone VI (De Lucca et al. 2008), and pencolide (De Lucca et al. 2008).
Pairet et al. (1995) reported that two azapholines produced by P. sclerotiorum are
endothelin antagonists of endothelin-A and endothelin-B receptors. Endothelins are
vasoconstriction peptides that have been implicated in hypertension, heart failure, renal
failure, pulmonary hypertension, ischemia, and cerebral vasospasms.

Penicillium sclerotiorum strains have been isolated from many parts of the world,
such as Indonesia, China, Florida, USA, India, Puerto Rico, South Africa, Mexico,
Vietnam and Canada. Apparently it has a world wide distribution, but it has been
reported infrequently (Pitt 1979a; Ramirez 1980). Isolates are commonly found in soil,
and occasionally in fabrics (Pitt 1979a). Air sampling revealed higher concentrations of
P. sclerotiorum in outdoors than indoor environments (Sawane and Saoji 2004).
Furthermore, the species has been isolated from dust samples from homes (Vesper et al.
2005), diseased grape berries and stems (De Lucca et al. 2008), and is believed to be a
coffee berry endophyte of Coffea arabica (Vega et al. 2006).

Penicillium sclerotiorum 1is part of Peterson’s (2000) Group 3 of Penicillium,
which include species from subgenus Aspergilloides and Furcatum Pitt: P. herquei
Bainer and Sartory, P. adametzii Zalesky, P. sclerotiorum, P. bilaiae Chaleb., and E.
hirayamae Udagawa. Group 3 species also includes the newly described species, P.
mallochii Rivera, Urb and Seifert and P. guanacastense Rivera, Urb and Seifert, from
Chapter 2. All species, except P. herquei, have monoverticillate conidiophores and are
part of Penicillium subgenus Aspergilloides. Penicillium herquei has biverticillate
conidiophores and is part of Penicillium subgenus Furcatum ser. Furcatum Pitt (Pitt

1979a).



76

Penicillium mallochii Rivera, Urb and Seifert and P. guanacastense Rivera, Urb
and Seifert, two species isolated from caterpillars from Costa Rica, conformed to the
morphological species concept of P. sclerotiorum. The two species are distinct according
to the GCC recognition criterion as demonstrated by gene genealogies with p—tubulin
(BenA), cytochrome c¢ oxidase subunit 1 (Cox/), the internal transcriber spacer (ITS)
region, translation elongation factor 1-o (TEFI-a), and calmodulin (CaM). In this study,
29 strains identified as P. sclerotiorum were obtained to determine the existence of more
phylogenetic species. Four additional phylogenetic species conforming to the GCC
recognition criterion were identified and are described as new species in this chapter; P.
krugii, P. jacksonii, P. cainii and P. ciebiessum. In this thesis P. krugii, P. jacksonii, P.
cainii, P. ciebiessum, P. mallochii, P. guanacastense, and P. sclerotiorum will be referred
to as the P. sclerotiorum complex. The species resolving ability of Cox/ was compared
to the GCC recognition criterion, and a taxonomic and phylogenetic revision of the P.

sclerotiorum complex is provided.
3.3 Materials and Methods

Strains identified as P. sclerotiorum were obtained from several sources including
the Centraalbureau voor Schimmelcultures (CBS), the Northern Regional Research
Laboratory (NRRL), and the personal research collections of Keith Seifert (Ottawa, ON,
Canada), David Malloch (Toronto, ON, Canada), and Robert A. Samson (Utrecht,
Netherlands). Some of the strains studied in this chapter were deposited in Canadian
Collection of Fungal Cultures (CCFC). Strains not deposited in the CCFC were
deposited in the personal research collection of Keith A. Seifert. Refer to Table 3.1 for a

list of all strains used in this study.
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Strains from CBS and NRRL were revived from freeze dried vials by
resuspending in ddH20 for two hours and then plating onto Malt Extract Agar (MEA; Pitt
1979a; refer to Appendix 1 for medium recipe). Strains from the David Malloch
collection were revived from slants preserved in mineral oil by plating on MEA. Strains
from the Robert A. Samson collection were obtained as living slants on MEA medium.
All strains were stored at 4°C and —80°C for future use, except for the strains from the
Keith A. Seifert Collection which were already stored in water and 10% glycerol at 4°C
and —80°C.

Several attempts were made to isolate strains of the P. sclerotiorum complex by
treating soil with ethanol and heat (65°C) to select for sclerotia producing fungi. Soils
were also sprinkled and diluted with ddH20 on MEA and Dichloran 18% Glycerol Agar
(DG-18). DG-18 is a selective medium that slows the growth of fast growing fungi like
Rhizopus species (Samson et al. 2004). Soil samples originated from the Agriculture and
Agri-Food Canada Central Experimental Farm, Ottawa, Ontario, Canada. Some P.
sclerotiorum strains (DAOM 239931 and DAOM 239932) and all P. krugii strains were
isolated from ethanol treated soils from Australia (Houbraken, pers. comm.). I sampled
20 homes, in addition to the K.W. Neatby Building in Agriculture and Agri-Food Canada
building, in Ottawa with a volumetric portable air sampler using MEA or DG-18 plates
for P. sclerotiorum isolates. No strains of P. sclerotiorum were isolated.

3.3.1 Morphological Analayses

All strains were 3-point inoculated onto MEA, Czapek’s Yeast Agar (CYA; Pitt,

1973), Czapek’s Agar (CZ; Raper and Thom, 1949), Yeast Extract Sucrose Agar (YES;

Filtenborg et al. 1990), Oatmeal Agar (OA) and Creatine Ammonia Agar (CREA;
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Frisvad 1993) (refer to Appendix 1 for media recipes). Plates were then incubated in the
dark at 25°C for 7 days. Strains were grown on MEA and CYA for colony species
characterization, but only colonies grown on MEA were used for microscopic species
characterization. CZ was used to determine sporulation and growth in the absence of
ammonia. YES was used to stimulate colony pigmentation by enhancing secondary
metabolite production. OA was used to stimulate the development of sclerotia and
ascomata. CREA was used to determine organic acid production. Colony measurements
and descriptions were taken in all media for P. sclerotiorum, P. krugii, P. jacksoni, P.
cainii, and P. ciebiessum. Colony photographs were taken using a copy stand and a
Nikon Coolpix P5000 camera under incandescence lighting conditions.

Microscopic examinations were performed on an Olympus BX 50 light
microscope on colonies grown on MEA mounted in lactic acid. Microscopic
photographs and character measurements (conidia, phialide, stipe, branch, vesicle,
sclerotia, sclerotia cells) were taken with an Evolution MP Media Cybernetics Camera
with the aid of the digital analyzing software Image-Pro Plus v6 (Media Cybernetics,
MD, U.S.A)). Ten manual measurements for all characters were made, with the
exception of conidia where 25 automated measurements were made for each strain.

2.3.2. Molecular and Phylogenetic Analyses

Genomic DNA was extracted for all 29 strains using the MoBio DNA Extraction kit
(Montreal, Canada) following manufacturer’s protocol from strains grown on MEA or
CYA. BenA was amplified and sequenced with primers Bt2a and Bt2b (Glass and
Donaldson 1995), ITS with primers ITS1 and ITS4 (White ef al. 1990), Cox! with

primers PF and AR (Seifert et al. 2007), TEFI-a with primers EFlc and EF6 (Peterson
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et al. 2004), and CaM was amplified with primers CMD5 and CMD6 (Hong ef al.
2006). Refer to Appendix 2 for primer sequences. PCR and sequencing reactions were
performed in a Genius (Techne, Duxford, Cambridge), TGradient (MBI, Montreal
Canada) or TGradient 3000 (MBI, Montreal, Canada) following the thermocycler
parameters described in Chapter 2. Consensus sequences were assembled using the DNA
sequence assembly software Sequencher v 4.8 (Genes Codes Corporation, MI, USA) and
SeqMan in the LASERGENE package v. § (DNASTAR Inc., Madison, WI, USA).

As previously mentioned in Chapter 2, P. sclerotiorum is part of Group 3 of the
six Penicillium groups described by Peterson (2000). Gene sequences obtained for
Group 3 species, along with sequences obtained from six strains of P. mallochii and two
strains of P. guanacastense, were included in the phylogenetic analyses. Alignments and
maximum parsimony (MP), maximum likelthood (ML) and Bayesian inference (BI)
analyses were performed following the procedures described in chapter two.

A partition homogeneity test (PHT) was performed in PAUP v. 4 (Swofford
2002) using all genes. Missing CaM sequences for P. adamatzii strains and missing
TEFI-a sequences for strains DAOM 239916 and CBS 426.65 were replaced by N’s.
Parsimony parameters were set to TBR, 1000 replicates, 10 trees saved per replicate, and

maxtrees were set to 5000.
3.4 Results

Multigene phylogenetic analyses with Bend, ITS, Coxl, TEFI-a and CaM
revealed that strains previously identified as P. sclerotiorum by other researchers
comprise a species complex. The results were used to determine the monophyly and the

phylogenetic relationships of the species in the complex. The complex includes P.
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sclerotiorum, the newly described species in this chapter, P. krugii, P. jacksonii, P. cainii
and P. ciebiessum, and the newly described species from Chapter 2, P. mallochii and P.
guanacastense. The morphological species descriptions for P. krugii, P. jacksonii, P.
cainii, P. ciebiessum and the revised species description for P. sclerotiorum are provided
in the Taxonomy section. Comparative colony and microscopic characters of all P.
sclerotiorum complex species were provided (Table 3.2). Sclerotia and ascoma
development were examined in MEA, CYA, CZ, YES, CREA and OA. The
morphology of phylogenetically isolated strains that are part of the P. sclerotiorum
complex, such as CBS 248.65, was also examined. As well, P. sclerotiorum strains
previously named or identified as P. adamatzioides and P. multicolor were also
examined.

The length of the BenA alignment was 565 bp. The nucleotide sequence lengths
for the ex-type strains for P. sclerotiorum, P. krugii, P. jacksoni, P. cainii and P.
ciebiessum were 489, 491, 565, 481, and 485 bp. Strong statistical support was observed
for P. jacksonii, P. cainii and P. ciebiessum in the MP, ML and BI BenA gene trees
(Figure 3.2-3.4) with 100% bootstrap support, 1.00 bootstrap support, and a posterior
probability of 1.00 for all three species. Penicillium krugii strains did not form a
coherent monophyletic group, with the exception of four strains, DAOM 239939, DAOM
239940, DAOM 239943, and DAOM 239946. Strong statistical support was observed in
the ML and BI trees with 0.89 bootstrap support and a posterior probability of 1.00 for
these strains; strong statistical support was not observed in the MP tree. Penicillium
sclerotiorum strains formed a coherent monophyletic group without strong statistical

support in any of the trees.
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The length of the ITS alignment was 574 bp. The nucleotide sequence lengths for
the ex-type strains of P. sclerotiorum, P. krugii, P. jacksoni, P. cainii and P. ciebiessum
were 573, 531, 569, 577 and 564 bp. In the MP and ML ITS trees (Figure 3.5-3.7), P.
krugii, P. jacksonii and P. mallochii strains formed coherent monophyletic groups
without strong bootstrap support, but were not resolved in the BI tree (Figure 3.8).
Penicillium sclerotiorum, P. cainii and P. ciebiessum strains form coherent monophyletic
groups without strong bootstrap support in the MP tree, with statistical support greater
than 0.8 in the ML and BI trees, with the exception of P. cainii in the BI tree, which had a
posterior probability of 0.63.

The length of the CoxI alignment was 604 bp. The nucleotide sequence lengths
for the ex-type strains of P. sclerotiorum, P. krugii, P. jacksoni, P. cainii and P.
ciebiessum were 599, 573, 604, 582 and 597 bp. The MP, ML, and BI trees (Figure 3.8—
3.10) did not resolve P. krugii and P. mallochii strains. Strong statistical support was
observed for all trees in P. sclerotiorum, P. jacksonii, P. cainii and P. ciebiessum.

The length of the TEFI-a alignment was 1009 bp. The nucleotide sequence
lengths for the ex-type strains of P. sclerotiorum, P. krugii, P. jacksoni, P. cainii and P.
ciebiessum were 786, 573, 725, 800 and 806 bp. In the TEFI-a MP tree (Figure 3.11), P.
krugii formed a cohesive monophyletic group with no strong bootstrap support. The ML
(Figure 3.12) and BI (Figure 3.13) trees did not yield strong statistical support either,
with 0.666 bootstrap support and a posterior probability of 0.55. Statistical support for
the MP, ML and BI trees was observed for P. sclerotiorum, P. jacksonii, P. cainii, and P.

ciebiessum (Figures 3.11-3.13) with bootstrap values greater than 80% for the MP tree
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(Figure 3.11) and 0.8 for the ML tree (Figure 3.12), and posterior probabilities of 1.00 for
the BI tree (Figure 3.13).

The length of the CaM alignment was 620 bp. The nucleotide sequence length in
bp for the ex-type strains of for P. sclerotiorum, P. krugii, P. jacksoni, P. cainii and P.
ciebiessum were 517, 521, 521, and 520. The CaM MP tree (Figure 3.14) shows that P.
krugii forms a cohesive monophyletic group, with-the exception of KAS 3479 and
DAOM 239922, without strong bootstrap support. This was not observed in the ML
(Figure 3.15) and BI (Figure 3.16) trees, where P. krugii strains formed cohesive
monophyletic groupings, with a bootstrap support of 0.675 and a posterior probability
0.92. For P. sclerotiorum, a coherent monophyletic group is observed without strong
bootstrap support. In the ML and BI trees, strong statistical support is observed for P.
sclerotiorum, 0.933 and 0.92. Strong statistical support was observed for P. jacksonii, P.
cainii and P. ciebiessum in the MP, ML and BI trees.

The PHT value for the combined data set was 0.0001, suggesting that the data sets
are incongruent. PHT values for gene pairs are depicted in Table 3.3. Gene
combinations that were congruent were Bend and TEFI-a, ITS and TEFI-a, and Cox/
and ITS (Table 3.3). All CaM combinations with other genes were not congruent, except
for ITS. CaM sequences were excluded from the construction of the phylogeny using
MP, ML and BI analyses (Figure 3.17 —-3.19). In all trees, P. mallochii and P. krugii
were closely related. In the MP and BI trees, P. sclerotiorum and P. guanacastense were
closely related, without strong statistical support (Figures 3.17 and 3.19). In the ML tree
P. sclerotiorum grouped with P. cainii, P. ciebiessum, and P. jacksonii, but strong

statistical support was not observed (Figure 3.18). In the MP and BI trees, P. cainii and
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P. ciebiessum were grouped together, in turn grouping with P. jacksonii, all had strong
statistical support (Figures 3.17 and 3.19).

In all trees, P. sclerotiorum strains formed two distinct monophyletic groups, A
and B (Figure 3.2-3.16). Strong statistical support was observed in all genes trees,
except for Cox/ which only yielded a strong posterior probably (0.99) for group B in the
BI gene tree. In the combined gene trees, strong statistical values were observed for both
groups. Group B strains were not treated as a separate species in this chapter. Cultures
were sterile and precluded examination of microscopic and colony characters.
Morphological variation was observed in group A strains (Figure 3.21), which may
correlate with geographic origin (Table 3.1).

All P. krugii strains produced sclerotia on all media. Only four P. sclerotiorum
strains, NRRL 2074, DAOM 239930, DAOM 239931 and DAOM 239932 produced
sclerotia on all media. Penicillium cainii, P. ciebiessum, P. mallochii and P.
guanacastense strains did not produce sclerotia on any medium, including OA. All
strains were left for eight months in the dark at 25°C in OA; ascomata were not produced.

Strain CBS 248.65 was also identified as P. sclerotiorum. The strain did not
group with P. sclerotiorum ex-type group or any of the newly described species, but it is
part of the P. sclerotiorum complex. The strain produced the typical vivid orange to red
reverse colony colours described for P. sclerotiorum on MEA, CYA, CZ and YES
(Figure 3.22). The strain conformed to the GCC recognition criterion and represents a
phylogenetic species that is part of the P. sclerotiorum complex. The name P.
sclerotiorum is not accepted for this strain, and the name Pericillium sp. was used in this

thesis.
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Strains CBS 313.59 and DAOM 239916 were initially identified as P.
sclerotiorum, but individual gene trees (Figures 3.2-3.16) and combined gene trees
(Figures 3.17-3.19) revealed that they represent a different species. CBS 313.59, which
is sterile, is the ex-type strain of P. adametzioides, a synonym of P. sclerotiorum
according to Stolk and Samson (1983). Combined LSU and ITS data placed the ex-type
strain P. adametzioides in Peterson’s (2000) Penicillium Group 3 (Peterson, 2000).
Penicillium adametzioides strain DAOM 239916 produced an extensive amount of red
soluble pigment, yellow aerial mycelium towards the colony centre in CYA and YES,
and stipe lengths ranging from 60-90pm (Figure 3.20). Stipe length for the Penicillium
sclerotiorum ex-type group ranged from 193-393 um. Penicillium adametzioides as a
synonym for P. sclerotiorum is not accepted in this thesis.

CBS 501.73 is the ex-type strain of P. multicolor, which is also a synonym of P.
sclerotiorum according to Stolk and Samson (1983). Preliminary phylogenetic analyses
with BenA, ITS, CoxI, TEFI-a, and CaM determined that the strain CBS 501.73 falls
outside Peterson’s (2000), with the outgroup. BLAST results from BenA, ITS, TEFI-a
and CaM sequences had 100% sequence similarity to P. fellutanum. Penicillium
fellutanum was not placed in any of Peterson’s (2000) six Penicillium group, but is the
sister taxon, along with P. charlesii, to Group 2 of Penicillium. The CBS strain did not
produce the vivid red to orange colony colours or vesiculate conidiophores usually
observed in P. sclerotiorum (Figure 3.21). Soluble pigments and exudates were not
observed (Figure 3.21). The growth rate was 13—-15 mm in CYA, MEA and CZ in
comparison to 18-40 mm in P. sclerotiorum strains (Figure 3.22), except in YES.

Penicillium multicolor is not accepted as a synonym for P. sclerotiorum in this thesis.
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3.5 Taxonomy

Penicillium sclerotiorum van Beyma Figures 3.23-3.27

Colonies on CYA after 7 days at 25°C: 1840 mm diam., low and velutinous,
sporulation when present dense, when sporulation absent sclerotia present, sclerotia
orange, aerial mycelium absent, 8—11 sulcations and 2-3 wrinkles present in some
strains, approximately 1 mm deep, conidia when present greenish grey (25-27E2), clear
light yellow exudate droplets present in some strains in moderate amounts, soluble
pigments present in some strains; reverse orange to reddish yellow (3A7— 4A6), brown
(7E4-8) or pale, some strains with darker colours turning orange towards the centre;
margin entire.

Colonies on MEA after 7 days at 25°C: 15-32 mm diam., planar, when
sporulating strictly velutinous, aerial mycelium absent, conidia grey (25-28D-F1) or
greyish green (25-28C2), exudates and soluble pigments not produced; sclerotia present
in some strains, orange, in some strains yellow towards the centre; reverse orange (6B7-
8), reddish orange (7A-B7- 8), reddish yellow (4A6) or pale (1A2); margin entire.

Colonies on CZ after 7 days at 25°C: resembling CYA, but differing in 15-30
mm diam., sclerotia dark or reddish orange, sulcations when present 3-7, exudate
droplets when present light yellow to red, reverse colour in some strains yellowish white
(1- 4A2-3).

Colonies on YES after 7 days at 25°C: (20-) 33-38 (—44) mm diam., with a raised
concentric ring of mycelium; conidia turquoise grey (24B-F2), grey (27B1), greenish
grey (25-27C-D2); 16-20 sulcations and 6—8 wrinkles present in some strains; light

orange and orange sclerotia present in some strains; exudates and soluble pigments not
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produced; reverse reddish yellow (4A6-7), orange (7C8) turning pastel yellow (3A4)
near the margins or pale yellow (4A3); margin entire.

Colonies on CREA after 7 days at 25°C: (13-) 20-28 mm diam., moderate
growth, good yellow acid production, sporulation sparse, aerial mycelium present,
sclerotia present in some strains; entire medium yellow after two and three week; no base
production.

Individual conidiophores on MEA borne directly from agar surface, with smooth
to finely roughened, septate stipes (88—) 193—393 um long, 2-3 pm wide, branching not
present, vesiculate (width: range 4-7 um, x for different strains = 4.6-5.9 + 0.6).
Phialides in whorls of (10-) 1629, ampulliform to cylindrical, 8-11 x 2.5-3 pm, short to
long necks, periclinal thickenings not obvious. Conidia produced in columns, ellipsoidal,
2-3 um diam (x for different strains = 2.5-3.0 £ 0.1 x 2-2.5 £ 0.1 um, n = 25) L/W ratio
1.3:1, finely roughened. Sclerotia on MEA subglobose to ellipsoidal, 180-320 um;
sclerotial cells 7-11 x 5-8 pm.

Specimens examined: NRRL 2087 (ex-type)*, NRRL 32583, DAOM 239930,

DAOM 239931*, DAOM 239932*. Refer to Table 3.1.

* indicates sclerotia producing strains.

Substrate: air, forest soil, coffee berry (Coffea arabica).

Geographical distribution: Indonesia, Australia, Hawaii (USA).

Commentary: Penicillium sclerotiorum is morphologically similar to P. thomii, if
colony pigmentation is disregarded, and is the only species within the P. sclerotiorum
complex with ellipsoidal conidia. It can be further distinguished by the white and orange
colonies on CZ, along with orange and greenish grey colonies on CYA. The species

conformed to the GCC concept recognition criterion and is resolved by CoxI. Two
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possible phylogenetic species are observed in all gene trees, one comprised of the ex-type
group (A), and the other comprised of sterile strains (B; CBS 138.64, CBS 258.55, and
CBS 118889) that are not included in the morphological description of P. sclerotiorum
presented above. Strains identified in the production of azapholines (Pairet ez al. 1995)
and antimicrobial compounds (MacCurtin and Riley 1940; De Lucca et al. 2008) were
not available for this study because they were not deposited in a culture collection. Thus
it is unclear which of the phylogenetic species in this thesis actually produce these
potentially useful compounds.

Penicillium krugii Rivera and Seifert, prov. sp. nov." Figure 3.22, 3.28-3.30

Colonies on CYA after 7 days at 25°C: 30-38 mm diam., sporulation absent, 5-9
sulcations, with 2—3 radial wrinkles, one strain with 7-9 radial wrinkles, approximately 1
mm deep, mycelia white (1-3A1), sclerotia white, aerial mycelium not present, clear light
yellow exudate droplets produced in low to moderate amounts, soluble pigments absent;
reverse reddish yellow to orange (4-6AB7-8) and yellowish grey (3—4B2) towards the
edges, stellate with radial wrinkles; margin entire.

Colonies on MEA after 7 days at 25°C: 26-36 mm diam., planar, low and
velutinous, aerial mycelium not present; conidia greenish grey (24-27DE 3-5); sclerotia
orange, yellow towards the centre, and white towards the edges; conidia and sclerotia
sectoring in some strains; reverse orange (5-6B8), vivid yellow (3A8), yellowish grey
(3—4B2) towards the centre; margin entire.

Colonies on CZ after 7 days at 25°C: 15-23 mm diam., occasionally 10—19 mm

diam., velutinous and dense, sparse to negligible sporulation, conidia greenish grey (25—

! The name does not constitute a valid publication of the new species name according to the regulations of
the International Code of Botanical Nomenclature, which requires that new species be published in the
formal scientific literature, accompanied by a Latin diagnosis.
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27D2), clear light yellow exudates droplets in low amounts produced, soluble pigments
absent, 4-6 sulcations and 1-2 radial wrinkles present in some strains; sclerotia white;
reverse yellow to deep yellow (3A6—8) and orange (5-6B8), some strains yellowish white
(3A3-3) and pastel yellow (3A4) towards the centre; margin entire.

Colonies on YES after 7 days at 25°C: 28-38 mm diam., sporulation poor,
velutinous, conidia greenish grey (25D2), 11-17 sulcations and 610 radial wrinkles,
clear yellow exudates droplets produced in low amounts by some strains, soluble
pigments not produced, sclerotia white; white mycelia at the margins 1 mm; reverse
yellow and (3A3—4) and orange (5-6B8), some strains pastel yellow towards the edges
(3A3-4), stellate with radial wrinkles or wrinkled; margin entire.

Colonies on CREA after 7 days at 25°C: 14-22 (-27) diam., sparse sporulation,
weak growth and good yellow acid production, aerial mycelium present in some sfrains,
sclerotia present; entire medium turned yellow after two weeks, no base production.

Individual monoverticillate conidiophores on MEA borne from agar surface;
smooth to finely roughened, septate stipes, 88—229 um long, 2-2.5 pm wide, branching
not present, vesiculate (width: range 4-6 um, x for different strains = 4.6-5.4 = 0.3 pm).
Phialides in whorls of 14-35, ampulliform to cylindrical, 7-11 x 2-3 (-5) um, short to
distinguishable necks, periclinal thickenings not obvious. Conidia borne in chains,
globose to subglobose, 2-3 um diam (x for different strains = 2.7-2.9 + 0.01 x 2.3-2.5 £+
0.0lum, n = 25), L/W ratio 1.1:1, finely roughened. Sclerotia examined on MEA,
subglobose to ellipsoidal, 136-552 x 131433 pm; sclerotial cell length 3.5-8 x 3—6 um.

Sclerotia were produced on all media examined.



&9

Specimens Examined: DAOM 239939, DAOM 239940, DAOM 239941, DAOM
239942, DAOM 239943 (ex-type), DAOM 239944, DAOM 239945, DAOM 239946,
DAOM 239946, KAS 3479.

Etymology: The species was named after John Krug, who was a faculty member
at the University of Toronto and a research associate at the Royal Ontario Museum
(ROM). For three years I had the privilege of working for him at the Mycology
Herbarium part-time during my undergraduate studies. He introduced me to the world of
fungal taxonomy, and made me appreciate the diversity within the fungi. Like his PhD
supervisor, R.F. Cain, he was a specialist on coprophilous fungi, but was an avid lichen
collector. His lichen collection was deposited at the Mycology Herbarium at the ROM,
which included specimens from all over the world.

Substrate: forest soil.

Geographical distribution: Kedah, Malaysia.

Commentary: Penicillium krugii differs from all species in the P. sclerotiorum
complex in the production of white colonies and sclerotia in CYA and CZ. All strains
produced organic acids in CREA, except for strain DAOM 239944, Penicillium krugii is
morphologically similar to P. sclerotiorum; both have vivid yellow to orange reverse
colony colours; P. krugii differs by its subglobose conidia and conspicuously vesiculate
conidiophores. Multigene phylogenetic analyses revealed that P. krugii is closely
phylogenetically related to P. mallochii. Penicillium krugii strains were not resolved by
Bend or Coxl. TEFI-a provided species resolution in all phylogenetic analyses; ITS for

MP and ML trees; and CaM for ML and BI trees.
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Penicillium jacksonii Rivera and Seifert prov. sp. nov.' Figures 3.22,3.31-3.33

Colonies on CYA after 7 days at 25°C:  26-30 (-36) mm diam., dense and
velutinous, white aerial mycelium in the centre (2-3 mm diam); 6—13 sulcations, 16-17
sulcations near the margin in some strains some strains, 2-3 radial wrinkles,
approximately 1 mm deep; conidia greenish grey (25-27E2), with bluish grey (22D-F2)
concentric rings; clear light yellow exudates droplets produced in low amounts in some
strains; soluble pigments not produced, 2-3 mm of white mycellium at the margin;
sclerotia not observed; reverse light yellow (5C8), yellowish grey (3—4B2), orange grey
(6B7-8), some near the edges yellowish grey (3—4B2) and yellowish white (1A2-3),
stellate with some radial wrinkles; margin entire.

Colonies on MEA after 7 days at 25°C: 23-35 (—40) mm diam., planar and
moderately dense, velutinous, sclerotia not observed; conidia greenish grey (25-27E2);
exudates and soluble pigments not produced; reverse orange yellow to orange (4-6B7-8),
brownish orange (7C7-8), pastel yellow or reddish yellow (4A6-7) near the edges;
margin entire.

Colonies on CZ after 7 days at 25°C: resembling CYA, 17-25 mm diam., some
strains floccose at the centre, 5-6 sulcations and 2-3 wrinkles in some strains, mycelia 1—-
2 mm; reverse reddish yellow (4A7) and brownish yellow (5C8) in some strains.

Colonies on YES after 7 days at 25°C: 29-33 mm diam., less commonly 34-36
mm diam., dense and velutinous; densely sulcate, especially near the edges (15-21), 7-9
radial wrinkles; clear vivid yellow exudate droplets produced in low amounts in some
strains; conidia greenish grey (25-26D-E2) and turquoise grey (24D2), concentric rings

of different shades of turquoise grey present in some strains; mycelia 2-3 mm,; sclerotia
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not produced; reverse reddish yellow (7B8), orange (6B8), greyish yellow (2-4B3), some
strains yellowish grey (2B—C3) or dull yellow (3B3—4) towards the edges, wrinkled
towards the centre with visible sulcations and radial wrinkles towards the edges; margin
entire.

Colonies on CREA after 7 days at 25°C: 23-29 mm diam., sporulation sparse,
aerial mycelium not observed, moderate growth and good yellow acid production; entire
medium yellow after two and three week; no base production.

Individual conidiophores on MEA borne from agar surface, rough septate stipes,
31-134 um long, 2-3 pm wide, 90% unbranched, moderately vesiculate (width: range 4—
6, x for different strains = 4.6-5.0 + 0.3); metulae when present 22—55 um long, 2-3 um
wide. Phialides in whorls of 15-23 (- 28), ampulliform, 7-10 x 2-3 pm, distinguishable
collarette. Conidia borne in columns, globose, smooth, 2-3 pm diam (x for different
strains 2.6-2.7 x 2.3-2.6 £ 0.01 um), L/W mean ratio 1.1:1.

Specimens Examined: DAOM 239933, DAOM 239934, DAOM 239935 (ex-
type), DAOM 239936.

Etymology: The species was named after H.S. Jackson, a faculty member of the
University of Toronto. H.S. Jackson worked mostly on rusts, but was an avid collector of
fungi of all groups, especially of the Basidiomycota, that were deposited at the ROM.
While working at the ROM I came across his drawings, fungal specimens and
handwriting many times. He was R.F. Cain’s PhD supervisor.

Substrate: rainforest soil.

Geographic distribution: Queensland, Australia.
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Commentary: Penicillium jacksonii colony morphology resembles P. mallochii,
P. guanacastense, P. cainii, and P. sclerotiorum in CYA and MEA. In CZ it resembles
P. mallochii and P. guanacastense. Microscopically it does not have the conspicuous
vesiculate stipes observed in P. mallochii, P. guanacastense and P. cainii. Penicillium
Jjacksonii conformed to the GCC recognition criterion and is resolved by Cox/. Strong
statistical support is observed for all gene trees, except ITS where strains form a coherent
monophyletic group in all phylogenetic analyses.

Penicillium cainii Rivera and Seifert sp. nov.! Figures 3.22, 3.36-3.37

Colonies on CYA after 7 days at 25°C: 23-29 mm diam., dense and velutinous,
1418 sulcations, 1-2 radial wrinkles in some strains, approximately 1 mm deep; conidia
deep blue to deep green (23-27E2); 1-2 mm of white mycelia at the margin; clear yellow
exudates produced in moderate amounts in some strains, soluble pigments not produced;
sclerotia absent; reverse golden yellow (5B7) and brownish yellow (5C8-9), yellowish
white (2-3A2) towards the edges; margin entire.

Colonies on MEA after 7 days at 25°C: 28-35 mm diam., planar, dense and
velutinous, aerial mycelium not present; conidia greenish grey (28E2) and dull green
(27C-D2-4), exudate and soluble pigments not produced; sclerotia not produced; reverse
orange to dark orange (5A-BS), yellowish white (2-3A2) towards the edges, margin
entire.

Colonies on CZ after 7 days at 25°C: 18-21 mm diam., dense and velutinous; no
visible sulcations and radial wrinkles; conidia turquoise grey (24B—F2), with a concentric
ring of paler shades of this colour towards the centre, 2 mm of white mycelia at the

margin; vivid clear yellow exudate droplets produced in moderate amounts in the centre
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of the colony, soluble pigments not observed; sclerotia not produced; reverse brownish
yellow (5-6C8), turning yellowish grey (3—4B2) towards the edges, margin entire.

Colonies on YES after 7 days at 25°C: 31-34 mm diam., dense and velutinous,
21-23 sulcations and 8-10 radial wrinkles; conidia greenish grey (27D-F2); clear dark
orange exudates droplets produced in negligible amounts in some strains, soluble
pigments not produced; 2 mm of white mycelia at the margin; reverse brownish orange to
reddish orange (7BDS), greyish brown (2B3) towards the edges, wrinkled towards the
centre; margin entire.

Colonies on CREA after 7 days at 25°C: 25-31 mm diam., sporulation sparse,
aerial mycelium not observed, weak growth and good yellow acid production; entire
medium yellow after two weeks, base production not observed.

Individual conidiophores on MEA borne from agar surface, rough septate stipes,
vesiculate, 69-79 pm length, 2.5-3 um wide, conidiophores branched and unbranched
strains; in branched strains, 10% of conidiophores branched, metulae 31-34 um in length.
Phialides in whorls of (13-) 18-29, ampulliform, 7.5-10 x 2-3 um, with a
distinguishable neck and with inconspicuous periclinal thickening. Conidia globose, 2.0~
2.5 um diam (x for different strains = 2.3-2.4 + 2.1-2.2 £ 0.035 pm), L/W mean ratio
2.1:1, finely roughened.

Specimens Examined: DAOM 239914 (ex-type), DAOM 239915.

Etymology: This species was named after Roy F. Cain, a faculty member of the
University of Toronto. He was a world authority on coprophilous Ascomycota, and was
an avid collector of fungi of all groups. His collection was deposited at the Mycology

Herbarium at the ROM. Cain was David Malloch’s and John Krug’s PhD supervisor.
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Substrate: soil, forest rich in Jungladaceae.

Geographical distribution: Niagara Falls, ON., Canada.

Commentary: Penicillium cainii colony morphology resembles P. sclerotiorum,
P. mallochii, P. guanacastense, and P. jacksonii on CYA, MEA, and YES. Colony
morphology on CZ differs from the rest of the species in P. sclerotiorum complex by a
concentric ring of a light shade of turquoise grey and clear yellow exudate droplets in the
centre of the colony. Microscopic characters resemble P. mallochii, P. guanacastense,
and P. krugii. Each species had a similar number of phialides and had vesiculate
conidiophores. Penicillium cainii differs by having clavate vesicles and conspicuously
roughened stipe. The species conformed to the GCC recognition criterion and is resolved
by CoxI. All genes provided strong statistical support for all phylogenetic analyses.
Penicillium ciebiessum Rivera and Seifert prov. sp. nov.! Figures 3.22, 3.34-3.35

Colonies on CYA after 7 day at 25°C: 30-33 mm diam., dense and velutinous

sporulation dense, aerial mycelium present towards the centre, 1011 sulcations, radial
wrinkles not visible, approximately 1 mm deep; conidia deep green (25-26E2),
concentric rings of paler shades of these colours; clear yellow exudate droplets produced
in low amounts in some strains, soluble pigments not produced; margin 1-3 mm of white
mycelia; reverse yellow (3A6-7), vivid yellow (2-3A8), near the edges yellowish white
(2A2); margin entire.

Colonies on MEA after 7 days at 25°C: 31-37 mm diam., planar and velutinous,
moderately dense, sporulation good; conidia dull green (26-27E3), concentric ring near

the edges of a paler shade of this colour; reverse pale, margin entire.
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Colonies on CZ after 7 days at 25°C: 19-23 (-30) mm diam., dense and
velutinous, sporulation good, aerial mycelium present throughout the colony, one strain
floccose near the centre, sulcations and radial wrinkles not present; vivid clear yellow
exudates droplets in low amounts produced in some strains; soluble pigments observed;
margin 1-2 mm of white mycelia near the margin; conidia greenish grey (26-27E2);
reverse brownish yellow (5C8-9), deep yellow (4A8), yellowish white towards the edges
(1A2); margin entire.

Colonies on YES after 7 days at 25°C: 30-32 mm diam., dense, sporulation good,
velutinous, aerial mycelia absent; 8—10 sulcations, 19-23 sulcations towards the edges,
6-9 radial wrinkles; conidia greenish grey (25E2), concentric rings of paler shades of this
colour present in some strains, white patches present occasionally; exudate droplets and
soluble pigments not produced; reverse yellowish white (3A2) or reddish yellow (4A6);
margin entire.

Colonies on CREA after 7 days at 25°C: 26-33 mm diam., sporulation poor,
aerial mycelium not produced, weak growth and good yellow acid production; entire
medium yellow after two weeks, base production not observed.

Individual conidiophores on MEA borne from agar surface, smooth to rough,
septate stipes, 83—134 pm in lenght, 2-3 um wide, branched and unbranched strains,
vesiculate (width: range 3—6 pm, x for different strains = 4.4-4.7 + 0.4 pm); 65% of
conidiophores branched, when branched metulae 28-48 pum in length. Conidiogenous
cells phialidic in whorls of 11-19, ampulliform, 6-5 (-13) um length, 2-3 pm wide,

distinguishable collarette and inconspicuous periclinal thickening. Conidia globose, 2.5—
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3 pm diam (x for different strains = 2.8 x 2.5-2.6 = 0.035 um), L/W mean ratio 1.1:1,
finely roughened.

Specimens examined: DAOM 239937 (ex-type), DAOM 239938.

Etymology: This species was named after the Centraalbureau voor
Schimmelcultures (CBS). [ am extremely grateful to everyone there for their help and
support, and for sending me the strains. Without them this chapter of my thesis would
not exist.

Substrate: forest soil.

Geographical distribution: Queensland, Australia.

Commentary: Penicillium ciebiessum colonies were morphologically similar to
P. mallochii, P. guanacastense, P. jacksonii and P. cainii in CYA, MEA and YES.
Colony morphology on CZ and microscopic characters on MEA were similar to P.
Jjacksonii, differing in weak growth on CREA. The species conformed to the GCC
recognition criterion and was resolved by CoxI. All genes provided strong statistical

support for all phylogenetic analyses.
3.6 Discussion

In this chapter, four additional species conforming to Pitt’s (1979a)
morphological species concept of P. sclerotiorum were identified. Phylogenetic analyses
of BenA, ITS, Cox1, TEF1-a and CaM determined that all species conformed to the GCC
recognition criterion. Cox/ provided species resolution for all species except for P.
krugii and P. mallochii. 1TS did not provide species level resolution for P. mallochii and
P. krugii. Gene tree analyses also indicated the presence of two coherent monophyletic

groups with strong statistical support for Bend, TEFI-a, and CaM within P. sclerotiorum.
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One group consisted of strains NRRL 2074 (ex-type), NRRL 31583, DAOM 239930,
DAOM 239931, and DAOM 239932. The other consisted of strains CBS 258.55, CBS
128.64, and CBS 11889. The latter group was not described as a distinct species in this
thesis because the strains were sterile, preventing morphological descriptions.

The homogeneity partition test (HPT) indicated that CaM was not congruent with
the other genes (Table 3.3).  Thus CaM was not included in combined phylogenetic
analyses by maximum parsimony, maximum likelihood, and Bayesian inference.
Although the phylogeny differed among the genes, the species groupings remained
constant. All species conformed to the GCC species recognition criterion.

Careful examination of colony and microscopic characters revealed subtle
morphological differences among the species. The diagnostic characters were used to
construct an identification key at the end of the chapter. Penicillium sclerotiorum was
characterized by orange and white colony colours on CZ; P. krugii strains produced
sclerotia on all examined media and white colonies on CYA and CZ; P. jacksonii
produced a small vesicle on the conidiophore, roughened stipes, concentric rings and
exudate droplets in the centre of the colony on CZ; P. cainii had a clavate vesicle and
roughened stipes; and P. ciebiessum had moderately vesiculate stipes and roughened
stipes. Penicillium mallochii and P. guanacastense are similar in colony and microscopic
character morphology, but conidiophores of P. mallochii were more conspicuously
vesiculate and P. guanacastense had a mycelial margin of approximately 3 mm on CZ.

Some species indicated potentially informative geographical distribution patterns.
Penicillium krugii was collected from Kadah, Malaysia; P. jacksonii and P. ciebiessum

were collected from Queensland, Australia; and P. cainii was collected from Niagara
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Falls, Ontario. Penicillium mallochii and P. guanacastense were collected from the Area
de Conservacion Guanacaste, Costa Rica, but from hosts that belonged to different insect
families. Our knowledge of these newly recognized species is preliminary, and their
actual geographical distributions may or may not eventually overlap with the distribution
of other species. Penicillium sclerotiorum strains had a broader geographical distribution
(Table 3.1) and demonstrated greater morphological variation than the other species
(Figure 3.25-3.26). Not all strains of P. sclerotiorum produced sclerotia, but all sclerotia
producing strains produced sclerotia on all media (NRRL 2087, DAOM 239931 and
DAOM 239932).

Sclerotia formation depends not only on the strain and the species as observed in
P. sclerotiorum and P. krugii, but on medium and growth conditions. Experiments with
other species, such as Aspergillus caelatus, have shown that a pH of 6-10 and
temperatures of 28—30°C are optimal for sclerotia formation (McAlpin 2004). Carbon
and nitrogen concentration may also be important because sclerotia production peaked at
a C:N ratio of 8.6 (McAlpin 2004). Sucrose was found to suppress sclerotia formation by
12% (McAlpin 2004). Similar results were observed in other Aspergillus species
(Rudolph 1962), Sclerotinia rolfsii (Wheeler and Sharan 1965), and Verticillium species
(Wyllie and de Vay 1970).

The use of secondary metabolite profiles to distinguish between Penicillium
species is a common practice. It has proven useful in Penicillium subgenus Penicillium,
where it distinguished the species comprising the P. roquefortii complex (P. paneum, P.
cameum, and P. roquefortii), all having similar morphologies (Nielsen et al. 2006).

Secondary metabolite profiling, which was not performed for this thesis, may or may not
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further distinguish the species in the P. sclerotiorum complex. Furthermore, the
pharmaceutical potential within the P. sclerotiorum complex should also be investigated.

The designation of P. adametzioides and P. multicolor as synonyms of P.
sclerotiorum according to Stolk and Samson (1983) was not accepted in this thesis.
Penicillium adametzioides is a distinct phylogenetic species, which was also noted by
Peterson (2000) using ITS and LSU combined phylogenetic data. Morphologically, P.
adametzioides, does not resemble P. sclerotiorum or any of the species studied in this
chapter. Morphological analyses were not performed for the ex-type of P. multicolor,
CBS 501.73, because it was sterile (no production of sexual or asexual structures). Pitt
(1979a) did not address P. multicolor in his monograph because the original description
of Grigorieva-Manoilova and Poradielova (1915) described it as producing colonies with
a purple reverse, 3—5 phialides, and short nonvesiculate conidiophores. The isolates
examined by Thom and Raper (1949) had long vesiculate conidiophores, up to 16
phialides, and yellow to orange-red colony reverse; resembling the morphological species
concept of P. sclerotiorum. BLAST results of Bend and ITS sequences of the ex-type
strain of P. multicolor suggested similarity to P. fellutanum. Thus, P. adamatzioides and
P. multicolor are not accepted as synonyms of P. sclerotiorum in this thesis.

The strain CBS 248.65 was identified as P. sclerotiorum but did not group with
the P. sclerotiorum strains or any of the other species studied in this chapter. The gene
trees indicated that the strain is another species within the P. sclerotiorum complex, but a
second strain is needed to make a species description. The presence of a phylogenetically
isolated strain may indicate the presence of more species fitting the morphological

species concept of P. sclerotiorum.
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3.7 Taxonomic Key

la.

1b.

2a.

2b.

3a.

3b.

4a.

4b.

5a.

5a.

6a.

6b

Colonies on CYA white, with orange and grey sclerotia. . ............ P. krugii
Colonies on CYA in shades of greenororangered ... ..................... 2
Colony reverse colours on CYA and MEA pale. . ............... P. ciebiessum
Colony reverse colours yellow tored vividcolours . .. .................... 3

Colonies on CYA sulcate, exudates present; on CZ exudate droplets concentrated
in the centre of colony, a concentric ring turning darker shades towards the edges,
stipes clearlyroughened . . .. .. ... . ... P. cainii
Colonies on CYA sulcate, exudate droplets present or absent; on CZ exudate
droplets dispersed throughout the colony; stipes smooth to finely roughened . . . 4
Sporulation on CREA Sparse . . .. ......covuviinnnenennn .. . P. jacksonii
Sporulation moderate on CREA . .. .. ... ... . ... . . . 5
Colonies on CZ white or orange, sclerotia present or absent, conidia ellipsoidal . .
.................................................... P. sclerotiorum
Colony on CZ green, sclerotia usually absent, conidia globose . . ............ 6
Conidiophores moderately vesiculate; colony on YES more wrinkled then sulcate

....................................................... P. mallochii

................................................... P. guanacastense

Note: P. mallochii and P. guanacastense colony photographs of CYA, MEA, CZ, YES

and CREA are depicted in Figure 3.11.
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Table 3.3: Gene to gene partition homogeneity test (PHT) values using PAUP v. 4

BenA ITS Coxl1 TEF1-a CaM
BenA 0.12 0.16 0.51 0.001
ITS 0.72 0.85 0.349
Cox! | 0.225 0.031
TEF!-a 0.002

CaM

Note: values greater than 0.05 indicate congruence.
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Figure 3.1: Original microscopic drawing of conidiophores (A), sclerotia (B), sclerotia

cells (C), and conidia (D) of P. sclerotiorum by van Beyma (1937).
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Figure 3.2: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
BenA sequences. One out of 720 most parsimonious trees (L=537, CI=0.646, RI=0.895,
RC=0.578, HI=0.354). A heuristic search with 185 informative characters and 1000
bootstrap replicates were performed; bootstrap values above 70% are presented.
Thickened lines represent strict consensus branches. The number in parenthesis

represents the number of strains; T represents the ex-type strain.
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Figure 3.3: Maximum likelihood gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
BenA sequences. The tree was constructed using the GTR+G nucleotide substitution
model; 1000 bootstrap replicates were performed. The number in parenthesis represents

the number of strains; the T represents the ex-type strain.
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substitution model.

Posterior probabilities are presented. The number in parenthesis

represents the number of strains; the T represents the ex-type strain.
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Figure 3.5: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on ITS
sequences. One out of 5000 most parsimonious trees (L=156, CI=0.667, RI=0.909,
RC=0.606, HI=0.333). A heuristic search with 85 parsimony informative characters and
1000 bootstrap replicates were performed; bootstrap values above 70% are presented.
Thickened lines represent strict consensus branches. The number in parenthesis

represents the number of strains; the T represents the ex-type strain.
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Figure 3.6: Maximum likelihood gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on ITS
sequences. The tree was constructed using the GTR+G nucleotide substitution model,
1000 bootstrap replicates were performed. The number in parenthesis represents the

number of strains; T represents the ex-type strain.
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Figure 3.7: Bayesian inference gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex based on ITS
sequences. The tree was constructed using the GTR+G nucleotide substitution model.
Posterior probabilities are presented. The number in parenthesis represents the number of

strains; T represents the ex-type strain.
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Figure 3.8: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
CoxI sequences. One out of 244 most parsimonious trees (L=164, CI=0.579, R1=0.905,
RC=0.524, HI=0.421). A heuristic search with 84 parsimony informative characters and
1000 bootstrap replicates were performed; bootstrap values above 70% are presented.
Thickened lines represent strict consensus branches. The number in parenthesis

represents the number of strains; T represents the ex-type strain.
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Figure 3.9: Maximum likelihood gene tree of species in Peterson’s (2000) Group 3 of

Penicillium, demonstrating the position of P. sclerotiorum complex species based on

CoxI sequences.

The tree was constructed using the GTR+G nucleotide substitution

model, 1000 bootstrap replicates were performed. The number in parenthesis represents

the number of strains; T represents the ex-type strain.
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Figure 3.10: Bayesian inference gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
Coxl sequences. The tree was constructed using the GTR+G nucleotide substitution
model. Posterior probabilities are presented. The number in parenthesis represents the

number of strains; T represents the ex-type strains.
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Figure 3.11: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of

Penicillium, demonstrating the position of P. sclerotiorum complex species based on

TEFI-a sequences. One out of 6 most parsimonious trees (L=244, CI=0.689, RI=0.898,

RC=0.619, HI=0.311). A heuristic search with 244 parsimony informative characters and

1000 bootstrap replicates were performed; bootstrap values above 70% are presented.

Thickened lines represent strict consensus branches.

represents the number of strains; T represents the ex-type strain.
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Figure 3.12: Maximum likelihood gene tree of species in Peterson’s (2000) Group 3 of

Penicillium, demonstrating the position of P. sclerotiorum complex species based on

TEFI-a sequences.

The tree was constructed using the GTR+G+I nucleotide

substitutionmodel, 1000 bootstrap replicates were performed. The number in parenthesis

represents the number of strains; T represents the ex-type strain.
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Figure 3.13: Bayesian inference gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
TEFI-a sequences. The tree was constructed using the GTR+G+I nucleotide substitution

model. Posterior probabilities are demonstrated, the number in parenthesis represents the

number of strains; T represents the ex-type strain.
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Figure 3.14: Maximum parsimony gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
CaM sequences. One out of 500 most parsimonious trees (L=639, CI=0.604, RI1=0.855,
RC=0.516, HI=0.396). A heuristic search with 244 parsimony informative characters and
1000 bootstrap replicates were performed; bootstrap values above 70% are presented.
Thickened lines represent strict consensus branches. The number in parenthesis

represents the number of strains; T represents the ex-type strain.
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Figure 3.16: Bayesian inference gene tree of species in Peterson’s (2000) Group 3 of
Penicillium, demonstrating the position of P. sclerotiorum complex species based on
CaM sequences. The tree was constructed using the GTR+G nucleotide substitution
model. Posterior probabilities are demonstrated, the number in parenthesis represents the

number of strains; T represents the ex-type strains.
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Figure 3.17: Maximum parsimony combined gene tree of species in Peterson’s (2000)
Group 3 of Penicillium, demonstrating the position of P. sclerotiorum complex species
based on Bend, ITS, Coxl, and TEFI-o sequences. One out of one most parsimonious
tree (L=2047, CI1 = 0.616, RI = 0.878, RC = 0.541, HI = 0.384). A heuristic search with
819 parsimony informative characters and 1000 bootstrap replicates were performed;
bootstrap values above 70% are presented. Thickened lines represent strict consensus
branches. The number in parenthesis represents the number of strains; T represents the

ex-type strain.
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Figure 3.18: Maximum likelihood combined gene tree of species in Peterson’s (2000)

Group 3 of Penicillium, demonstrating the position of P. sclerotiorum complex species

based on Bend, ITS, Coxl, and TEF1-a sequences. The tree was constructed using the

GTR+G nucleotide substitution model, 1000 bootstrap replicates were performed. The

number in parenthesis represents the number of strains; T represents the ex-type strain.
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Figure 3.19: Bayesian inference combined gene tree of species in Peterson’s (2000)

Group 3 of Penicillium, demonstrating the position of P. sclerotiorum complex species

based on BenA, ITS, Coxl, and TEFI-a sequences. The tree was constructed using the

GTR+G nucleotide substitution model, except for TEFI-a where the GTR+G+l was

implemented.

represents the number of strains; T represents the ex-type strain.

Posterior probabilities are demonstrated, the number in parenthesis
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Figure 3.20: Colony (A-B) and microscopic (C—D) photographs of P. adametzioides
strain DAOM 239916. Obverse (A) and (B) reverse colony photographs of CYA, MEA,
CZ, YES and CREA, scale bar = 20 mm. Microscopic photographs of conidiophores (C)

and contdia (D), scale bar = 10 pm.
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Figure 3.21: Colony (A-B) and microscopic (C-D) photographs of P. multicolor ex-
type strain. Obverse (A) and (B) reverse colony photographs of CYA, MEA, CZ, YES
and CREA, scale bar = 20 mm. Microscopic photographs of conidiophores (C) and

conidia (D), scale bar = 10 um.
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Figure 3.22: Penicillium sp. strain CBS 248.65 obverse (A) and reverse (B) colony

photographs. Rows left to right: CYA, MEA, CZ, YES and CREA. Scale bar = 10 mm.
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Figure 3.23: Colony obverse of the ex-type strains in the P. sclerotiorum complex
grown at 25°C in the dark for 7 d. Columns top to bottom: P. sclerotiorum, P. krugii, P.
Jacksonii, P. cainii, P. ciebiessum, P. mallochii and P. guanacastense. Rows left to right:

CYA, MEA, CZ, YES and CREA. Scale bar = 10 mm.
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Figure 3.24: Colony reverse of the ex-type strains in the P. sclerotiorum complex grown
at 25°C in the dark for 7 d. Columns top to bottom: P. sclerotiorum, P. krugii, P.
Jjacksonii, P. cainii, P. ciebiessum, P. mallochii and P. guanacastense. Rows left to right:

CYA, MEA, CZ, YES and CREA. Scale bar = 10 mm.
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Figure 3.25: Colony obverse of P. sclerotiorum strains grown at 25°C in the dark for 7

d. Columns top to bottom: NRRL 2087 (ex-type), NRRL 32583, DAOM 239930,
DAOM 239931 and DAOM 239932. Rows left to right: CYA, MEA, CZ, YES and

CREA. Scale bar = 10 mm.
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Figure 3.26: Colony reverse of P. sclerotiorum strains grown at 25°C in the dark for 7

d. Columns top to bottom: NRRL 2087 (ex-type), NRRL 32583, DAOM 239930,
DAOM 239931 and DAOM 239932. Rows left to right: CYA, MEA, CZ, YES and

CREA. Scale bar = 10 mm.
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Figure 3.27: Penicillium sclerotiorum. Microscopic differential interference contrast
photographs of the ex-type strain (NRRL 2087) of conidiophores (A-C), conidia (D),

sclerotia (E) and sclerotial cells (F).
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Figure 3.28: Colony obverse of P. krugii strains grown at 25°C in the dark for 7 d.
Columns top to bottom: DAOM 239942, DAOM 239943, DAOM 239944, KAS 3479,
DAOM 239939 (ex-type), DAOM 239940, DAOM 239941, DAOM 239945, DAOM

239946. Rows left to right: CYA, MEA, CZ, YES and CREA. Scale bar = 10 mm.
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Figure 3.29: Colony reverse of P. krugii strains grown at 25°C in the dark for 7 d.
Columns top to bottom: DAOM 239942, DAOM 239943, DAOM 239944, KAS 3479,
DAOM 239939 (ex-type), DAOM 239940, DAOM 239941, DAOM 239945, DAOM

239946. Rows left to right: CYA, MEA, CZ, YES and CREA. Scale bar = 10 mm.
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Figure 3.30:  Penicillium krugii. Microscopic differential interference contrast
photographs of the ex-type strain (DAOM 239943) of conidiophores (A—C), conidia (D),

sclerotia (E) and sclerotial cells (F).
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Figure 3.31: Colony obverse of P. jacksonii strains grown at 25°C in the dark for 7 d.

Columns top to bottom: DAOM 239933, DAOM 239934, DAOM 239935 (ex-type) and
DAOM 239936. Rows left to right: CYA, MEA, CZ, YES and CREA. Scale bar = 10

mm.
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Figure 3.32: Colony reverse of P. jacksonii strains grown at 25°C in the dark for 7 d.

Columns top to bottom: DAOM 239933, DAOM 239934, DAOM 239935 (ex-type) and
DAOM 239936. Rows left to right: CYA, MEA, CZ, YES and CREA. Scale bar = 10

mm.



139

Figure 3.33: Penicillium jacksonii. Microscopic differential interference contrast

photographs of ex-type strain (DAOM 239935) of conidiophores (A—G) and conidia (D).
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Figure 3.34: Penicillium cainii strains grown at 25°C in the dark for 7 d, obverse (A)

and reverse (B) colony photographs. First and second rows: DAOM 239914 (ex-type)
and DAOM 239915. Columns left to right: CYA, MEA, CZ, YES, and CREA. Scale =

10 mm.
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Figure 3.35: Penicillium cainii. Microscopic differential interference contrast
photographs of the ex-type strain (DAOM 239914) of conidiophores (A—G) and conidia

(H).
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Figure 3.36: Penicillium ciebiessum strains grown at 25°C in the dark for 7 d, obverse

(A) and reverse (B) photographs. First and second rows: DAOM 239937 (ex-type) and
DAOM 239937. Columns left to right: CYA, MEA, CZ, YES, and CREA. Scale = 10

mm.
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Figure 3.37: Penicillium ciebiessum. Microscopic differential interference contrast

photographs of ex-type strain (DAOM 239939) of conidiophores (A—C) and conidia (D).
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Chapter 4: Multiple gene genealogies reveal that Penicillium

oxalicum is a single phylogenetic species

Karo! G. Rivera and Keith A. Seifert

4.1 Abstract

Penicillium oxalicum is a cosmopolitan fungus that plays many ecological roles,
ranging from a pathogen to a biocontrol agent. The species has been noted for
morphological variation, especially in conidiophore morphology, where the presence of
mono-, bi- and terverticillate conidiophores has been reported. Preliminary phylogenetic
analyses with B-tubulin (Bend) revealed the presence of four possible phylogenetic
species. The nuclear ribosomal internal transcribed spacer (ITS) region, cytochrome c
oxidase subunit 1 (Cox!), translation elongation factor 1-o (TEFI-a) and calmodulin
(CaM) gene genealogies were constructed using maximum parsimony (MP), maximum
likelihood (ML) and Bayesian inference (BI) for 38 strains. The three groups observed in
BenA were not present in the rest of the genes. Two groups were observed in the ITS,
TEFI-a and CaM gene trees, but did not have strong statistical support in all analyses.
Only one group was observed for CoxI. The lack of congruency in tree topologies across
the gene genealogies suggested that P. oxalicum is a single phylogenetic species, with
great morphological variability. Further investigation of BenA in four strains led to the
detection of paralogs that were retrieved by cloning, which may represent functional
genes or pseudogenes. The DNA sequence of the paralogs did not resemble any of the
previous sequences identified as P. oxalicum. It is suggested that the groupings observed

in the BenA may represent different allelic morphs or additional paralogs.
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4.2 Introduction

Penicillium oxalicum was first described by James N. Currie and Charles Thom
(1915). The species epithet reflects the production of oxalic acid. Thom (1930) and
Raper and Thom (1949) placed the species in section Asymmetrica subsection Velutina.
They described and keyed out P. oxalicum as a terverticillate species, but did not mention
rami. Currie and Thom (1915) observed only biverticillate conidiophores (Figure 4.1).
Careful examination of the species by Pitt (1979a) determined that it has biverticillate
conidiophores and roughened, ellipsoidal conidia. Pitt (1979a) classified this species in
subgenus Furcatum Pitt series Furcatum Pitt section Oxalica Pitt.

Penicillium oxalicum has been isolated from many parts of the world, such as
Africa, Australia, Canada, China, Denmark, Egypt, India, Korea, Netherlands, Norway,
Taiwan, Iran, Pakistan, Puerto Rico, Slovenia, South Africa, Sweden and USA. It is
most commonly found in soil (Pitt 1979a), decaying vegetation (Pitt 1979a) and indoor
air from homes (Vesper et al. 2005; Sawane and Saoji 2004). It has also been isolated
from air in Indian grain shops (Sawane and Saoji 2005) and hospitals (Sing et al. 1994),
sweet corn kernels (Baird et al. 1996), poultry feeds (Magnoli 1998), luncheon meat
(Ismail and Zaky 1999), sausages (Iacumin et al. 2009) and stored yams (Ikotum 1984).
Penicillium oxalicum has also been isolated from and is believed to be an endophyte of
Coffea arabica leaves, where its role remains unknown (Vega et al. 2006); and from
growth medium used for greenhouse cultivation of English cucumbers (Cucumis sativus
L), where its presence is correlated with increase root growth (Menzies et al. 2005).

Penicillium oxalicum is a reported pathogen of the sugarcane aphid pest

Ceratovacuna lanigera Zehntner (Fang and Tang 1986). It is also a plant pathogen. In
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maize, it causes ear rot that can be seen as a blue-green powder that grows between the
kernel and the cob surface. Infected kernels become bleached, streaked and have reduced
germinability (Caldwell ef al. 1981). It also causes cucumber stem rot, which was first
reported in the Leamington area of southwestern Ontario, Canada in 1988 (Jarvis and
Ferguson 1992). The disease has also been reported in British Columbia, Canada (Jarvis
et al. 1990; Menzies et al. 1995), England (O’Neill et al. 1991), and Scandinavia (van
Steekelenburg 1988). A lesions starts as a white powdery sporulation on stubs left after
fruit picking, leaf trimming and side-shoot trimming, which then turn into a blue green
powdery sporulation (O’Neill ef al. 1991). Not all strains of P. oxalicum cause the
disease (Menzies et al. 1995).

Although P. oxalicum is a plant pathogen, it has potential beneficial uses. The
conidia of Penicillium oxalicum are an effective biocontrol against wilt of tomato caused
by Fusarium oxysporum f. sp. lycopersici (Sacc.) Snyder & H.N. Hansen (De Cal et al.
1997, 2000) and Verticillium dahliae Kleb., (Larena et al. 2003; Sabugillo et al. 2005).
Greenhouse and field experiments revealed 22—64 % reduction in wilt of tomato in P.
oxalicum treated plants (Sabuquillo et al. 2005). There was no significant difference
between biological and pesticide chemical treatments (Sabuquillo er al.  2005).
Penicillium oxalicum may also be an effective biocontrol treatment for strawberry
powdery mildew (De Cal et al. 2008). Strawberry cultivars and lines treated with P.
oxalicum conidia have shown a significant reduction in the amount of powdery mildew in
growth chambers and open-field nurseries of strawberries (De Cal et al. 2008).

Penicillium oxalicum also produces antifungal substances that suppress the

mycelial growth of plant pathogenic fungi such as Sclerotinia sclerotiorum (Lib.) de
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Bary, S. minor Jagger, S. nivalis 1. Saito, Alternaria alternata (Fr.) Keissl., Gibberella
zeae (Schwein.) Petch, Fusarium oxysporum f.sp. vasifectum W.C. Snyder and H.N.
Hansen, Sclerotium rolfsii Sacc., Botrytis cinera Pers., Bipolaris maydis (Y. Nisik. and C.
Miyake) Shoemaker and Monilinia laxa (Aderh. and Ruhland) Honey (Yang ef al. 2008).
It also inhibits the growth of Colletotrichum gloeosporioides (Penz.) Penz., and Sacc., a
pathogen of guava (Psidium guajava L.), where P. oxalicum is considered a phylloplane
fungus (Pandey ef al. 1993).

Ochrotoxin A (OTA) is a toxin produced by some Aspergillus and Penicillium
species, including P. oxalicum (lacumin et al. 2009; Vega et al. 2006). Human
exposure to this toxin occurs mainly through conéumption of cereals, grapes, coffee and
cocoa (Amézqueta et al. 2009). Factors that affect fungal growth and OTA production
are temperature, nutrient availability, moisture content and the amount of time the
product remains under adverse conditions (Amézqueta et al. 2009). It is nephrotoxic,
hepatotoxic, genotoxic, teratogenic and immunotoxic to animals (Mateo et al. 2007). Its
carcinogenicity in rats and mice is well-established (Castegnaro et al. 1998; Pfohl-
Leszkowicz et al. 1998).

Combined DNA sequence data analyses of the ITS and LSU regions by maximum
parsimony (MP) revealed that P. oxalicum falls in Petersons’ (2000) Group 5 of
Penicillium, where it is a phylogenetically isolated species. Group 5 species are
classified in Penicillium subgenera Aspergilloides Dierckx and Furcatum.

Preliminary analyses of the p-tubulin (Bend) gene suggested a moderate amount
of genetic variation in P. oxalicum, indicating the existence of at least three

phylogenetically distinct genotypes that may have different ecological or pathological
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behaviours (Seifert, unpublished data). BenAd has been used to analyze the phylogeny of
Penicillium subgenus Penicillium (Samson et al. 2004) and has been useful in
identifying species complexes in P. roquefortii Thom (Samson et al. 2004), and P.
aurantiogriseum Dierckx groups (Seifert and Louis-Seize 2000), which correlated with
groups identified using secondary metabolite profiles (Nielsen ef al. 2007; Lund and
Frisvad 1992). In this study, four additional genes were sequenced, cytochrome c
oxidase subunit 1 (CoxI), the ribosomal internal transcribed spacer (ITS) region,
translation elongation factor 1-a (TEFI-a), and calmodulin (CaM) to confirm the
existence of three phylogenetic species using the Genealogical Concordance Concept

(GCC) recognition criterion.
4.3 Materials and Methods

Thirty-eight strains identified as P. oxalicum were obtained from the Canadian
Collection of Fungal Cultures (CCFC), the Centraalbureau voor Schimmelcultures
(CBS), Northern Regional Research Lavoratory (NRRL), Food Science Australia Culture
Collection (FRR), and the personal research collections of David Malloch, Robert A.
Samson and Jim Menzies. Strains from CBS and NRRL were received as freeze dried
cultures and resuspended in ddH20 for two hours, then plated onto Malt Yeast Extract
Agar (MEA,; Pitt 1979a). Strains from the David Malloch collection were revived from
slants preserved in mineral oil by plating onto MEA. Strains from Australia, Robert A.
Samson and Jim Menzies were obtained as living slants on MEA media. All strains were
stored at 4°C and —80°C in ddH20 and 10% glycerol for future use. Cultures from the
David Malloch and Jim Menzies collections were deposited into the Canadian Collection

of Fungal Cultures (CCFC).
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4.3.1 Morphological Analyses

Three-point inoculations were made for all strains onto MEA and Czpeck’s Yeast
Agar (CYA; Pitt 1973) (refer to Appendix 1 for media recipe). Plates were then
incubated in the dark at 25°C for 7 d. Gross morphological characterization for all strains
was observed on MEA and CYA, while microscopic characterization was observed only
on MEA. All morphological analyses and photographs were taken following the
procedures described in Chapter 2.

4.3.2 Molecular and Phylogenetic Analyses

Genomic DNA extraction for target gene amplification, Bend, ITS, CoxI, TEFI-o
and CaM for all strains was performed following the procedures described in Chapter 2.
BenA was amplified with primers Bt2a and Bt2b; for strains that did not amplify, primers
T10 and T222 were used (Glass and Donaldson 1995). The ITS region was amplified
with ITS1 and ITS4 (White et al. 1990). CoxI was amplified with PF and AR (Seifert e?
al. 2007). TEFI-a was amplified with EFlc and EF6 (Peterson et al. 2004). CaM with
CF1 and CF4 (Peterson ef al. 2004). See Appendix 2 for primer sequences.

PCR mixture reactions and thermocycling parameters were performed following
the procedures described in Chapter 2 with the exception of the thermocycling parameters
for CaM. The PCR profile for CaM was modified to 95°C for 1 min for denaturation,
50°C for 1 min for primer annealing, 72°C for 1:30 min for primer extension for 40
cycles, and a final elongation step for 10 min at 72°C. Multiple amplification bands were
observed during gel electrophoresis for Bend with Bt2a and Bt2b for strains CBS 347.68,
CBS 460.67, FRR 1268 and FRR 1391. The PCR products were cloned following the

procedures described in Chapter 2.
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Successful PCR products were sequenced directly in both directions with the
forward and reversed primers for BenAd, CoxI, TEFI-a, and ITS. Primer CMDS5 (Hong
et al. 2006) and PoxalCMD2R (5-GGG GAA ATR AAG CCG TTG TTA-3") were
used as internal sequencing primers because multiple peaks were observed in sequence
chromatograms. Primer Poxal CMD2R was designed using the sequences obtained from
the forward primer CMDS5, with the aid of the online primer designing tool in the
Integrated Technologies DNA website (www.idtdna.com).  Sequence reactions were
analyzed and assembled as described in Chapter 2. Sequence alignments were
constructed and subjected to maximum parsimony (MP), maximum likelihood (ML), and
Bayesian inference (BI) analyses (see Chapter 2).

4.3.3 BLAST and Phylogenetic Analyses for BenA Clone Sequences

Basic local alignment system tools (BLAST) nucleotide searches were conducted
using the nblast tool on sequences obtained from the cloning of BenA products that
yielded multiple bands during gel electerophoresis. The DNA sequences were translated
using the computer program BioEdit v. 7 (Hall 1999) to search the translated nucleotide
sequence and protein databases from GenBank using the tblastx and blastx tools for top
matches. Distinct nucleotide sequences obtained from cloning were used to construct an
alignment for MP, ML and BI phylogenetic analyses as described in Chapter 2.
4.4 Results
4.4.1 Morphological Results

Branching patterns on strains grown on MEA were examined. Approximately
94%, 60%, and 8% of the strains examined in this study had bi-, mono- and terverticillate

conidiophores (Table 4.2). Currie and Thom (1915), Pitt (1979a) and Ramirez (1980)
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observed that the ex-type strain produced mono- and biverticillate conidiophores.
Biverticillate conidiophores were predominant in all strains, approximately 20% and 80%
of the conidiophores were mono- and biverticillate, with two exceptions, NRRL 787 (ex-
type) and CBS 336.50. In the terverticillate strains, CBS 300.97, CBS 358.48 and CBS
114222, approximately 5% of the conidiophores were terverticillate. In this study the
strain NRRL 787 (ex-type) produced monoverticillate conidiophores only (Figure 4.2C).
This is probably a symptom of cultural degradation, which was evidenced by the sparse
sporulation compared with other strains (Figure 4.5). The only other strain to produce
monoverticillate conidiophores only was CBS 336.50.

In biverticillate conidiophores, metulae were in whorls of 2—6 ranging in 16-22 x
3-5 pm and phialides in whorls of 7-12 (-14) ranging from 8.5-12.5 x 2.5-3.5 pm. The
observations did not differ greatly from Pitt’s (1979a) species description, with metulae
in whorls of 2—-6 ranging in 15-25 (-30) x 3.5-4.5 pm and phialides in whorls of 10-15
(—20) x 3.0-3.5 pm. Conidia were ellipsoidal (x = 3.5-6 x 2.5-3.5 pm), smooth to finely
roughened; similar observations were made by Pitt (1979a). Stipes ranged from 200-400
x 2.5-3.5 um, however, Pitt (1979a) observed stipes of 3.5-5 pm in width.

Colony morphology was also examined in strains grown on CYA and MEA in the
dark at 25°C for 7 days. Colony diameter for strains grown on CYA ranged from 20-62
mm, compared with 35-60 mm (Pitt 1979a). The number of sulcations per colony ranged
from 0-30 (Figure 4.2); sulcations have not been previously reported. Colony diameters
on MEA ranged from 19-61 mm (Figure 4.3—4.6), compared with 20-50 mm (Pitt

1979a). Colony colours for obverse (greyish green, 25-26C3) and reverse (pale to
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yellow, brown, orange or pinkish) views match those previously described (Figure 4.4,
4.6).
4.4.2 Multigene Phylogenetic Results

BenA sequences were obtained for all strains. The mean sequence length was 495
bp. There are at least three groupings observed in the MP, ML and BI trees (Figures 4.7~
4.9). In the MP tree, groups 1 and 2 formed coherent monophyletic groups without
strong bootstrap support, while group 3 had 100% bootstrap support. In the ML tree,
strong bootstrap support is observed for groups 2 and 3, 0.813 and 1.00, while strains in
group 1 did not form a monophyletic group (Figure 4.8). In the BI tree, group 2 and 3
formed monophyletic groups with posterior probabilities of 0.99 and 1.00. Group 1 was
not resolved (Figure 4.9). In all Bend trees, the sequence for CBS 219.30 was
genetically isolated from all other sequences.

The ITS mean sequence length was 561 bp. Two groups of strains, A and B, were
observed in the MP, ML and BI trees (Figures 4.10-4.12) with weak statistical support.
Group A strains formed a coherent monophyletic group in all trees; group B strains were
not resolved.

The Cox! mean sequence length was 591 bp. The MP and ML trees formed a
coherent monophyletic of all P. oxalicum strains, except for DAOM 239956 and DAOM
230057, without strong bootstrap support (Figures 4.13—4.14). In the BI tree, the strains
did not form a monophyletic group (Figure 4.15).

TEFI-a sequences were obtained for 36 strains. The chromatogram quality was
poor for FRR 1268, CBS 114222 and DAOM 178627, and thus they were not included in

the sequence alignments. The TEFI-a mean sequence length was 651 bp. The MP and
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ML trees yielded two groups of strains, as observed in the ITS trees, that formed two
coherent monophyletic groups without strong bootstrap support (Figure 4.16-4.18). Only
group A in the ML tree had strong bootstrap support with 0.996 (Figure 4.17). In the BI
tree, only the strains in group A formed a coherent monophyletic group with a moderate
posterior probability of 0.86 (Figure 4.18).

CaM sequences were obtained for 36 strains. Sequences were not obtained for
CBS 118872 and DAOM 239955 strains because there was no PCR amplification. The
CaM mean sequence length was 809 bp. In the CaM MP tree, the two groups observed in
the ITS and TEFI-a gene trees, A and B, were also observed (Figure 4.19). Only group
A had strong bootstrap support, 100%. In the ML and BI trees, only strains in group A
formed a coherent monophyletic group with strong statistical support, 0.998 and 1.00
(Figure 4.20-4.21). Group B strains formed a coherent monophyletic group without
strong bootstrap support, except for strains FRR 1058, CBS 218.30 and DAOM 239950
(Figure 4. 20-4.21).
4.4.3. BLAST and Phylogenetic Results for Ben4 Clone Sequences

The BenA amplification products for FRR 1268, FRR 1391, CBS 347.68 and CBS
460.67 yielded multiple bands during gel electrophoresis. The amplification products
were cloned, and four different nucleotide sequence copies were recovered (Table 4.3).
Only nucleotide sequence 1 was similar to previously obtained P. oxalicum BenA
sequences, and was used for the construction of the alignment in section 4.4.3.

BLAST searches for sequences 2 (468 bp), 3 (372 bp) and 4 (440 bp) determined
that they were fungal Bend (Table 4.4). The top five nucleotide, translated nucleotide

and protein BLAST results for each sequence are given Table 4.4, Table 4.5 and Table
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4.6. The sequences were also aligned with at least three representatives from the three
BenA groupings observed in section 4.4.3 for MP, ML and BI analyses. The alignment
was 491 bp in length. Sequences 2, 3 and 4 aligned at positions 90-140, 220-330, and
340-591. Sequences 4 and 2 were phylogenetically isolated, while sequence 3 grouped

with strain CBS 219.30 (Figure 4.22).
4.5 Discussion

Penicillium oxalicum is a morphologically distinctive fungus that can be easily
identified by roughened ellipsoidal conidia, the predominance of biverticillate
conidiophores, and its pale to yellow, orange, or pinkish colony reverse colours on CYA.
As mentioned previously, P. oxalicum, is cosmopolitan, and has been isolated from a
variety of substrates. The variety of ecological roles, the morphological variation
described in the literature, and the preliminary BenA study by Seifert (unpublished) using
neighbour joining (NJ) analyses suggested the existence of more than one phylogenetic
species fitting the morphospecies concept of P. oxalicum.

The increased number of strains sampled in this study confirmed the initial results
that at least three distinct groups exist in the Bend gene tree. The groupings, however,
were not observed in the other gene trees. The ITS, TEFI-a and CaM gene trees revealed
two groups, A and B, that differed from those observed in Bend.  Group A strains
formed a coherent monophyletic groups in all trees, with strong statistical support in the
TEFI-a BI and all CaM trees. Group B strains did not form coherent monophyletic
groups in all trees, except for the TEFI-a MP and ML trees and the CaM MP tree.

Geographical distributions and morphological characters do not correlate with any of the
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groupings observed in BenA or in ITS, TEF1-a, and CaM. No clear groupings of strains
were observed in the Cox/ gene trees.

Comparison of phylogenetic tree topologies of multiple genes has been promoted
as a method of fungal species recognition, termed the Genealogical Concordance Concept
(GCC; Taylor et al. 2000). In the GCC, congruent tree topologies over multiple loci
indicate reproductive isolation, which indicates phylogenetic species (Scott and
Chakraborty 2006). The incongruence observed for the five genes analyzed here
indicates a single phylogenetic species. The groupings observed in the ITS, TEF/-a and
CaM trees were not present in the other genes trees, nor was strong statistical support
observed in any of the phylogenetic analyses.

Although P. oxalicum is one phylogenetic species following the GCC recognition
criterion, it demonstrated greater morphological variation than previously described.
Colony sulcations on CYA and a wider range of colony diameters were observed. The
presence of mono- and terverticillate conidiophores previously described in the literature
was confirmed. Penicillium oxalicum strains can either produce mono- or biverticillate
conidiophores only, mono- and biverticillate conidiophores, or all three conidiophore
types. In Penicillium taxonomy, the most differentiated branching pattern determines the
conidiophore type. Terverticillate conidiophores were only present in three out of 38
strains, and made up 8% of the conidiophores in those strains. Biverticillate
conidiophores were prevalent in most strains and were found in greater abundance than
monoverticillate conidiophores, making the placement of P. oxalicum in subgenus
Furcatum by Pitt (1979a) rather than subgenera Aspergilloides and Penicillium,

appropriate.
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Currie and Thom (1915) reported monoverticillate and biverticillate
conidiophores, with roughened, ellipsoidal conidia for the ex-type strain of P. oxalicum.
Raper and Thom (1949) examined the ex-type strain, NRRL 787, along with NRRL 790,
NRRL 1836 and NRRL 2139. Their studied demonstrated that P. oxalicum also has
terverticillate conidiophores. Pitt (1979a) examined nine strains, including the ex-type
strain, IMI 39750, IMI 93376, IMI 15255, FRR 669, FRR 670, FRR 1058, FRR 1195,
and FRR 1218. Only strains FRR 1058, FRR 1195 and FRR 1218 were examined in this
study. Monoverticillate and biverticillate conidiophores were seen by Pitt (1979a) and
Ramirez (1980), but the latter author only examined the ex-type strain.

Penicillium oxalicum plays a variety of ecological roles, ranging from a pathogen
to a biological control agent. The species has been isolated from all over the world from
a wide variety of substrates and habitats (Table 4.1). Correlations between geographical
localities, ecological roles and phylogenetic species are often observed in fungal species.
For example, Fusarium graminearum Schwabe (teleomorph = Gibberella zeae Schwein),
which causes wheat scab, was thought to be pandemic. BenA, TEFI-a, ammonia ligase,
reductase, 3-O-acetyltransferase and phosphate permase gene genealogies recovered
seven geographically structured lineages representing phylogenetically distinct species
(O’Donnell et al. 2000). This was not the case for P. oxalicum. Botrytis cinera Persoon
has also been isolated from many parts of the world and different substrates, and is a grey
mold on over 200 hosts (Fournier ez al. 2005). Gene genealogies of five nuclear genes,
BenA, 1TS, the Bc—hch locus (a homolog of the vegetative incompatibility locus of
Neurospora crassa Shear and B.O. Dodge), CYP51 (C-140 demethylase, the target gene

for DMIs fungicides), and the 63R locus (a noncoding region) determined that it is one
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phylogenetic species conforming to the GCC recognition criterion (Fournier ef al. 2005)
like P. oxalicum.

BenA has proven to be a useful genetic marker in fungi. It has been used in the
construction of multiple gene phylogenies of the family Botryosphaeriaceae (Taylor et
al. 2009); the order the order Orbiliales (Li et al. 2005); and the genera Alternaria Nees.
(Peever et al. 2004), Colletotrichum Corda (Lubbe et al. 2004), Hypoxylon Bull., (Hsieh
et al. 2005), Trichoderma Pers., (Kullnig-Gradnger et al. 2002), and Penicillium
subgenus Penicillium Pitt (Samson ef al. 2004). It has been used to delimit cryptic
species in Botryosphaeria dothidea (Moug.) Ces and Not., (Slippers et al. 2004),
Chrysoporthe cubensis (Bruner) Gryzenh. and Wingf., (Gryzenhout et al. 2006), Paxillus
involutus (Batsch) Fr. (Hedh et al. 2008), Tuber indicum Cooke and Massee (Wang et al.
2006) and Fusarium graminearum (O’Donnell et al. 2000).

As mentioned previously, Bend has proven to be a useful marker in the study of
Penicillium. Seifert et al. (2007) reported that BenA has a higher species resolving ability
than ITS and Cox! in Penicillium subgenus Penicillium. In this chapter, it was
demonstrated that the topology of the BenA trees was inconsistent with that suggested by
other genes. It is possible that Bend is polymorphic in P. oxalicum, with each group in
the gene trees representing a different allele. Different Bend alleles have been reported
in other fungal groups, such as Erysiphe necator Schwein. (Amrani and Corio-Costet
2005) and Septoria nodorum (Berk.) Berk. (Colley et al. 1991).

Four different nucleotide sequences were obtained from the cloning of Ben4 PCR
products for CBS 347.68, CBS 460.67, FRR 1268 and FRR 1511 strains. Sequence 1

was similar to previously obtained Bend sequences; sequence 2, 3, and 4 were not.
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Sequences 2, 3, and 4 yielded different BLAST results for nucleotide sequence (Table
4.4), translated nucleotide sequence (Table 4.5) and protein (Table 4.6) searches, and are
probably pseudogenes, i.e. non-functional copies. Sequences 2, 3, and 4 aligned at three
different regions with the other P. oxalicum sequences. Phylogenetic analyses revealed
that sequence 3 grouped with CBS 219.30 strain, but the sequences differ by four
nucleotides, suggesting that a paralog sequence was recovered. This may suggest that the
groups observed in the BenA gene trees may not be different alleles as previously
suggested in this chapter, but different paralogs. Cloning of Bend PCR products for all
P. oxalicum strains is needed to recover all the paralogs present, as well as increasing the
number of colonies selected for cloning. Overall, the results suggested the presence of at
least four BenA homologs in P. oxalicum.

Only a few homologs of Bend are known from fungi (Begerow et al. 2004).
Paralogs have been reported from Colletotrichum spp., Emericella nidulans (Eidam)
Vuil., Galactomyces geotrichum (E.E. Butler and L.J. Petersen) Redhead and Malloch,
Saccharomyces cerevisiae Gasp, Trichoderma viride Pers., (Ayliffe et al. 2001). More
then one transcribed copy of Bend has been reported in fungi, including Schizophyllum
commune Fr. (Russo et al. 1992) and Microsporidia (Keeling 2003; Keeling and Fast
2005). In S. commune, the two BenA copies were transcribed, however, one copy was
transcribed only during the active growth of young mycelia. To determine if sequences
2, 3 and 4 are pseudogenes as suggested in this chapter, gene expression analyses would

have to be performed to determine functionality.
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Table 4.2: Conidiophore types present in examined strains of P. oxalicum.

Collection No. Conidiophore Type

Monoverticillate Biverticillate Terverticillate

NRRL 787* X
NRRL 35183
DAOM 178627
DAOM 213171
DAOM 213268
DAOM 214729
DAOM 226577
DAOM 226606
DAOM 239948
DAOM 239949
DAOM 239950
DAOM 239951
DAOM 239952
DAOM 239953
DAOM 239954
DAOM 239955
DAOM 239956
DAOM 239957
96111148

CBS 219.30
CBS 300.97
CBS 301.97
CBS 336.50
CBS 347.68
CBS 358.48
CBS 460.67
CBS 708.88
CBS 838.96
CBS 102405
CBS 114222
CBS 118872
FRR 1058
FRR 1391

FRR 1511

FRR 2695
KAS 3458
KAS 3459
KAS 3460

P XX

o le]

T M XX XM
e R e R e Ro R e R o e R oo Ra o R oo lia TR T T Sl i B i i e e i e e i S e B i Sl i

el el

* indicate the ex-type strain.
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Table 4.3: Penicillium oxalicum sequences obtained with primers Bt2A and Bt2B after

the cloning of PCR products from four strains with multiple bands.

Sequences Length (bp) Strains
1* 495 CBS 347.68, FRR 1391, CBS 460.67
2 468 CBS 347.68, FRR 1268
3 372 CBS 347.68, FRR 1391, CBS 460.67
4 440 FRR 1268

* indicates sequences similar to previously obtained P. oxalicum BenA sequences from

other strains.
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Table 4.4: Top five nucleotide BLAST results for P. oxalicum DNA sequences obtained

from the cloning of Ben4 PCR products with multiple bands.

GenBank Similarity
Sequences BLAST results No. (%) E -value

2 Hypoxylon crocopeplum AY951710 92 5e-53
Pestalotiopsis lespedezae EF055243 92 6e-52
Claviceps sp. CRNO3 EU274647 90 le-49
Claviceps sp. CRN 502 EU274646 90 1e—49
Claviceps sp. CRN501 EU274645 90 le-49

3 Fusarium phaseoli DQ092469 99 0
Cercospora piaropi AF146117 99 9e-179
Acremonium strictum AY435441 90 2e-121
Acremonium strictum AY435440 90 2e—-121
Cylindrocarpon sp. FM865808 85 3e-99

4 Talaromyces wortmannii AY533533 94 0
Talaromyces trachyspermus ~ AY753371 87 2e-102
Talaromyces bacillisporus AY753367 82 3e-100
Talaromyces bacillisporus AY753368 81 5e-97
Talaromyces trachyspermus FJ515300 86 4e-78

Note: Sequence 1 was not included because its nucleotide sequence resembled that of

previously obtained P. oxalicum strains.
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Table 4.5: Top five translated BLAST results for P. oxalicum DNA sequences obtained

from the cloning of BenA PCR products with multiple bands.

Sequences BLAST results GenBank No. E -value
2 Penicillium polonicum EU128556 le-33
Spencermartinsia viticola EU673103 3e-33
Spencermartinsia sp. EU673143 4e-33
Spencermartinsia sp. EU673142 4e-33
Diplodia corticola EU673117 le-32
3 Fusarium phaseoli DQ092469 4e-74
Cercospora piaropi AF146117 3e-69
Metarhizium flavoviride EU248827 5e-58
Acremonium chrysogenum X72789 7e-58
Metarhizium anisoplial EU248837 2e-57
4 Talaromyces wortmannii AY533533 le-72
Talaromyces trachyspermus AY753371 3e-55
Talaromyces bacillisporus AY753367 4e-55
Talaromyces bacillisporus AY753368 5e-54
Talaromyces trachyspermus FJ515300 le-53

previously obtained P. oxalicum strains.

Note: Sequence 1 was not included because its nucleotide sequence resembled that of
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Table 4.6: Top five protein BLAST results for P. oxalicum DNA sequences obtained

from the cloning of Ben4 PCR products with multiple bands.

Sequences BLAST results GenBank No. E -value
2 Coniothyrium zuluense AAQ24279 le-33
Cladosporium langeronii ABQ53021 3e-33
Coniothyrium zuluense AAQ24280 4e-33
Coniothyrium zuluense AAQ24270 4e-33
Taphrina virginica AAF98250 le-32
3 Acremonium chrysogenum P41741 2e-46
Metarhizium anisopliae Q52NY7 4e—46
Epichloe typhina P17938 4e—46
Neotyphodium coenophialum P33127 4e—46
Neotyphodium coenophialum ABO28929 4e-46
4 Aspergillus flavus EEDS50040 5e-35
Aspergillus terreus XP001210373 Te-28
Cladosporium sp. PZ-2007g ABQ53020 le-27
Cladosporium sp. PZ-2007f ABQ52990 le-27
Phymatotrichopsis omnivora ABU88907 le-27

Note: Sequence 1 was not included because its nucleotide sequence resembled that of

previously obtained P. oxalicum strains.
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Figure 4.1: Original microscopic drawings of the Penicillium oxalicum ex-type strain by
Currie and Thom (1915). A) Metulae; B) phialides and conidia; C) conidia; D-E)

conidiophores.
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Figure 4.2: Microscopic photographs of P. oxalicum using differential interference
contrast. Typical biverticillate conidiophores (A) and conidia (B) observed in P.
oxalicum, CBS 301.97. C) Monoverticillate conidiophore of the ex-type strain, NRRL
787.  Conidiophore morphology observed in CBS 114222; monoverticillate (D),

biverticillate (E-F), and terverticillate (D) conidiophores. Scale bar = 10 pm.
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Figure 4.3: Colony obverse of P. oxalicum strains grown on CYA at 25°C in the dark for
7 d. Rows left to right: NRRL 787 (ex-type), DAOM 239952, DAOM 239948, DAOM
239953, DAOM 239953, DAOM 239949, DAOM 239950, DAOM 239951, 96111148,
CBS 219.30, CBS 300.97, CBS 301.97, CBS 336.5, CBS 341.68, CBS 358.48, CBS
460.67, CBS 708.88, CBS 838.96, CBS 102405, CBS 114222, CBS 118832, DAOM
239955, DAOM 239956, DAOM 239957, DAOM 178627, DAOM 213171, DAOM
213265, DAOM 214729, DAOM 226577, DAOM 226606, FRR 1058, FRR 1391, FRR

1511, FRR 2695, KAS 3458, KAS 3459, KAS 3460, NRRL 32583. Scale bar = 10 mm.
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Figure 4.4: Colony reverse of P. oxalicum strains grown on CY A at 25°C in the dark for
7 d. Rows left to right: NRRL 787 (ex-type), DAOM 239952, DAOM 239948, DAOM
239953, DAOM 239953, DAOM 239949, DAOM 239950, DAOM 239951, 96111148,
CBS 219.30, CBS 300.97, CBS 301.97, CBS 336.5, CBS 341.68, CBS 358.48, CBS
460.67, CBS 708.88, CBS 838.96, CBS 102405, CBS 114222, CBS 118832, DAOM
239955, DAOM 239956, DAOM 239957, DAOM 178627, DAOM 213171, DAOM
213265, DAOM214729, DAOM 226577, DAOM 226606, FRR 1058, FRR 1391, FRR

1511, FRR 2695, KAS 3458, KAS 3459, KAS 3460, NRRL 32583. Scale bar = 10 mm.
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Figure 4.5: Colony obverse of P. oxalicum strains grown on MEA at 25°C in the dark
for 7 d. Rows left to right: NRRL 787 (ex-type), DAOM 239952, DAOM 2399438,
DAOM 239953, DAOM 239953, DAOM 239949, DAOM 239950, DAOM 239951,
96111148, CBS 219.30, CBS 300.97, CBS 301.97, CBS 336.5, CBS 341.68, CBS
358.48, CBS 460.67, CBS 708.88, CBS 838.96, CBS 102405, CBS 114222, CBS
118832, DAOM 239955, DAOM 239956, DAOM 239957, DAOM 178627, DAOM
213171, DAOM 213265, DAOM 214729, DAOM 226577, DAOM 226606, FRR 1058,
FRR 1391, FRR 1511, FRR 2695, KAS 3458, KAS 3459, KAS 3460, NRRL 32583.

Scale bar = 10 mm.
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Figure 4.6: Colony reverse of P. oxalicum strains grown on MEA at 25°C in the dark for -
7 d. Rows left to right: NRRL 787 (ex-type), DAOM 239952, DAOM 239948, DAOM
239953, DAOM 239953, DAOM 239949, DAOM 239950, DAOM 239951, 96111148,
CBS 219.30, CBS 300.97, CBS 301.97, CBS 336.5, CBS 341.68, CBS 358.48, CBS
460.67, CBS 708.88, CBS 838.96, CBS 102405, CBS 114222, CBS 118832, DAOM
239955, DAOM 239956, DAOM 239957, DAOM 178627, DAOM 213171, DAOM
213265, DAOM 214729, DAOM 226577, DAOM 226606, FRR 1058, FRR 1391, FRR

1511, FRR 2695, KAS 3458, KAS 3459, KAS 3460, NRRL 32583. Scale bar = 10 mm.
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Figure 4.7: Maximum parsimony gene tree for P. oxalicum strains based on BenA

sequences. One out 5000 most parsimonious rooted trees (L=229, CI=0.856, RI=0.918,

RC=0.785, HI=0.144), all characters included. A heuristic search and 1000 bootstrap

replicates were performed; bootstrap values of 70% above are presented. Thickened lines

represent consensus branches. The strain in red is the ex—type.
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Figure 4.8: Maximum likelihood gene tree for P. oxalicum strains based on BenA

sequences. The tree was constructed using the GTR+G nucleotide substitution model,

with 1000 bootstrap replicates. The ex-type strain is depicted in red.
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Bayesian inference gene tree for P. oxalicum strains based on BenA

sequences. The tree was constructed using the GTR+G nucleotide substitution model.

The ex-type strain is depicted in red.
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Figure 4.10: Maximum parsimony gene tree for P. oxalicum strains based on ITS
sequences. One out 5000 most parsimonious trees (L=2, CI=2, RI=1, RC=1, HI=0.),‘ all
characters included. A heuristic search and 1000 bpotstrap replicates were performed;
bootstrap values above 70% were not present. Thickened lines represent consensus

branches. The ex-type strain is depicted in red. A and B represent two groups of strains.
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E. reticulisporum

Maximum likelithood gene tree for P. oxalicum strains based on ITS

sequences. The tree was constructed using the GTR+G nucleotide substitution model,

with 1000 bootstrap replicates. The ex-type strain is depicted in red. A and B represent

two groups of strains.
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Figure 4.12: Bayesian inference gene tree for P. oxalicum strains based on ITS

sequences. The tree was constructed using the GTR+G nucleotide substitution model.

The ex-type strain is depicted in red. A and B represent two group of strains.
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Figure 4.13: Maximum parsimony gene tree for P. oxalicum strains based on Cox/
sequences. One out 5000 most parsimonious rooted trees (L=28, CI=1, RI=1, RC=1,
HI=0.), all characters included, using a heuristic search. One thousand bootstrap
replicates were performed, bootstrap values above 70% were not present. Thickened
lines represent consensus branches. The ex-type strain is depicted in red. A and B

represent two groups of strains.
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Figure 4.14: Maximum likelihood gene tree for P. oxalicum strains based on Cox!

sequences. The tree was constructed using the GTR+G nucleotide substitution model,

with 1000 bootstrap replicates. The ex-type strain is depicted in red.
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Figure 4.15: Bayesian inference gene tree for P. oxalicum strains based on CoxI
sequences. The tree was constructed using the GTR+G nucleotide substitution model.

The ex-type strain is depicted in red.
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Figure 4.16: Maximum parsimony gene tree for P. oxalicum strains based on TEF-a
sequences. One out 5000 most parsimontious trees (L=334, CI=0.904, RI=0.920,
RC=0.832, HI=0.096), all characters included, using a heuristic search. One thousand
bootstrap replicates were performed, values above 70% were not present. Thickened
lines represent consensus branches. The strain in red is the ex—type. A and B are two

groups of strains.
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Figure 4.17: Maximum likelihood tree for P. oxalicum strains based on TEFI-o

sequences. The tree was constructed using the GTR+G nucleotide substitution model,

with 1000 bootstrap replicates. The ex-type strain is depicted in red. A and B are two

groups of strains.
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Figure 4.18: Bayesian inference tree for P. oxalicum strains based on TEFI-a. The tree

was constructed using the GTR+G nucleotide substitution model. The ex—type strain is
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Figure 4.19: Maximum parsimony gene tree for P. oxalicum strains based on CaM
sequences. One out 5000 most parsimonious trees (L=23, CI=0.971, RI=0.967,
RC=0.940, HI=0.029), all characters included, using a heuristic search. One thousand
bootstrap replicates were performed, bootstrap values above 70% were not present.
Thickened lines represent consensus branches. The strain in red is the ex—type. A and B

are two groups of strains.
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E. reticulisporum

Maximum likelihood gene tree for P. oxalicum strains based on CaM

sequences. The tree was constructed using the SYM+G nucleotide substitution model,

with 1000 replicates. The ex-type strain is depicted in red. A and B are two groups of

strains.
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Bayesian inference gene tree for P. oxalicum strains based on CaM

sequences. The tree was constructed using the SYM+G nucleotide substitution model.

The ex-type strain is depicted in red. A and B represent two groups of strains.
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Figure 4.22: Maximum parsimony (A), maximum likelihood (B), and Bayesian
inference (C) gene trees for P. oxalium based on Bend demonstrating the position of
sequences 2, 3 and 4 within the three Bend groups. A) One out of 21 most parsimonious
trees (L=186, CI=0.81, RI=0.89, CI=0.75, HI=0.25). One thousand bootstrap replicates
were performed; bootstrap values above 70% are demonstrated. The ML (B) and BI (C)
trees were constructed using the GTR+G nucleotide substitution model; one thousand and
1 M generations were performed. The ex-type strain sequence is depicted in red. The

asteric (*) indicates sequences obtained from cloning.
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Chapter 5: Discussion of DNA Barcodes for Penicillium

species in subgenera Aspergilloides and Furcatum

The primary goal of this thesis was to discover undescribed, unknown and cryptic
Penicillium species belonging to subgenera Aspergilloides and Furcatum using
phylogenetic and barcoding methods. The B-tubulin (Bend), the nuclear ribosomal
internal transcriber space (ITS) region, cytochrome c oxidase subunit 1 (CoxI),
translation elongation factor 1-o (TEFI-a) and calmodulin (CaM) gene genealogies,
along with morphological analyses, were used to determine species limits. The potential
of the five genes as genetic barcode markers for Peterson’s (2000) Group 3 of Penicillium
was examined, with special attention to Cox! and ITS, using the Genealogical

Concordance Concept (GCC) recognition criterion.
5.1 Barcoding Penicillium

DNA barcoding is a taxonomic method that uses a short region of DNA to
identify organisms to the species level. A DNA barcode should be easily accessible
(universally amplified/sequenced by standardized primers from a wide set of organisms),
relatively short (~ 500-600 bp), simple to sequence, and easily alignable. The idea of a
standardized molecular identification system emerged in the 1990s with the development
of PCR-based approaches for species identification. The Barcode of Life project was the
first attempt to create a universal system for a eukaryotic species inventory based on
standardized molecular approaches, which then turned into the international initiative
‘Consortium for the Barcode of Life’ (CBOL). To achieve the CBOL objectives, species

have to be taxonomically described and species limits resolved.
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In fungi, the GCC determines species limits by comparing phylogenetic tree
topologies of multiple genes (Figure 1.7). Under the GCC recognition criterion,
congruent topologies across multiple gene genealogies indicate lineages that have
developed under reproductive isolation, and are thus recognized as phylogenetic species
(Scott and Chakraborty 2006). Incongruence indicates a geneticially recombining, single
phylogenetic species, with limited lineage development (Scott and Chakraborty 2006).

The GCC recognised P. mallochii and P. guanacastense, two species collected
from the intestinal tract of caterpillars from Costa Rica, as undescribed, which were
originally detected by preliminary Bend sequence data. All genes resolved the two
species using maximum parsimony (MP), maximum likelihood (ML), and Bayesian
inference (BI). The isolation of P. mallochii and P. guanacastense from different
caterpillars may imply ecological preferences or roles. Penicillium mallochii was
isolated from caterpillars belonging to the family Saturnidae, while P. guanacastense
strains were isolated from caterpillars belonging to the family Noontidae. This may
suggest substrate preference by the species, but more than two strains are needed for P.
guanacastense to determine ecological relationships.

The GCC also recognized the species in the P. sclerotiorum complex, which also
include P. mallochii and P. guanacastense: P. krugii, P. jacksonii, P. cainii and P.
ciebiessum. All species within the complex are phylogenetically related and are
morphologically similar in having yellow to orange vivid colony colours, and
monoverticillate conidiophores. Closer inspection, however, revealed morphological

differences that are useful in distinguishing the species (Table 3.2). Geographical
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correlations for the groups exist, with the exception of P. sclerotiorum, which was
isolated from all over the world (Table 3.1).

In Penicillium, BenA has been useful in identifying the P. roquefortii Thom
(Samson et al. 2004), and P. aurantiogriseum Dierckx (Seifert and Louis-Seize 2000)
complexes. It has been used in the construction many gene genealogies and phylogenies
of many fungal groups (Serra and Peterson 2007; Peterson and Sigler e al. 2002, Wang
et al. 2004). Preliminary DNA sequences analyses of Bend suggested the presence of
three phylogenetic species for P. oxalicum Currie and Thom. In this thesis, analyses with
multiple strains of P. oxalicum confirmed the preliminary results, but were not supported
in ITS, Coxl, TEF1-a and CaM gene genealogies. The ITS, TEFI-a and CaM indicated
two groups of strains, while Cox/ yielded one group. Furthermore, geographical
distribution and substrate isolation did not correlate with any of the groups observed in
BenA or in the ITS, TEFI-a and CaM. The incongruence in gene tree topologies
indicated that P. oxalicum is a single phylogenetic species that is cosmopolitan, plays
many ecological roles and has great morphological variation.

In Penicillium subgenus Penicillium, BenA provided species level resolution for
80.1% of the species tested, while Cox/ and ITS provided 67.1% and 24.5% (Seifert et
al.  2007). Out of the three genes tested, Bend had the highest intraspecific and
interspecific divergence, 0.83% and 14.4% (Seifert et al. 2007). CoxI had the lowest
intraspecific and the second highest interspecific divergence, 0.06% and 5.6% (Seifert et
al. 2007). ITS had an intraspecific and interspecific divergence of 0.51% and 24.5%

(Seifert et al. 2007). Cox! provided good species level resolution, and the lack of introns



195

and gaps, make it a good barcode for Penicillium subgenus Penicillium. Seifert et al.
(2007), however, suggested a second barcode gene is needed.

The potential of Bend, Coxl, ITS, TEFI-a and CaM as barcodes for Peterson’s
(2000) Group 3 of Penicillium, including the newly described species in this thesis, is
analysed here. The species level resolution using MP, ML and BI were calculated using
the gene trees from Chapter 3. The intraspecific and interspecific divergences, and the
genetic distance (species level resolution) for all species were calculated using the
alignments from Chapter 3 with MEGA (Molecular Evolutionary Genetic Analyses;
Tamura et al. 2007) v. 8 using p-distances. The results are summarized in Table 5.1.

CaM and TEFI-o provide 100% species level resolution, while Bend provides
91.7% species level resolution. ITS and Cox/ had a species level resolution of 83.3%.
CaM had the highest intraspecific variation while Cox/ had the lowest (Table 5.1). Cox!
also had no gaps and no introns, while CaM had the highest number of gaps, interspecific
divergence, and along with TEF I-a, the highest number of introns (Table 5.1). Cox/ had
the third highest interspecific variation, while ITS had the lowest.

From the five genes tested, TEFI-a and CaM had the highest species resolving
ability. However, they had the greatest number of gaps and introns, making manual
adjustments of sequences difficult. Thus they are not ideal barcodes, but are still good
genetic markers nonetheless. CoxI and ITS had the lowest species resolving ability, but
unlike ITS, Cox! had no gaps or introns. The results obtained by Seifert et al. (2007)
suggested that Cox] had a better resolving ability than ITS, but this was not observed in
this thesis. The species resolving ability of CoxI and ITS is approximately the same for

Peterson’s (2000) Penicillium Group 3, 83.3%; differing from the 67.1% and 24.5%
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observed for Cox! and ITS for Penicillium subgenus Penicillium (Seifert et al. 2007).
BenA resolved 91.7% of the species in Penicillium Group 3, and provided a species
resolution of 80.1% for Seifert et al. (2007). The difference between results may be
attributed to the different sampling sizes. The number of species used in this thesis was
11-12, while Seifert et al. (2007) used 49-70 species. Seifert e al. (2007) used five
representatives for each species, whereas two to six representative strains were used in
this thesis. Mobile introns, which are typically present in the fungal mitochondrial
genome (Hamari et al. 2002) were not observed in the strains examined in this thesis and
appeared in two strains examined by Seifert ez al. (2007) identified as P. arenicola and
P. pinophilum. The introns observed by Seifert et al. (2007) ranged from 1,100-1,200
bp. The introns in the two species were at the same sites, and aligned with one another.
Coxl is also a good genetic barcode marker for Leohumicola, a slow growing,
heat resistant genus (Hambleton ez al. 2005; Nguyen and Seifert 2008). In Leohumicola,
only threé strains out of 53 examined by Nguyen and Seifert (2008) had mobile introns (~
850 bp) in the barcoding region of CoxI. Overall, CoxI is a good barcode for Penicillium
and Leouimicola spp. A second barcode marker, however, is needed to provide better
species resolution for Penicillium. CaM and TEFI-a provided the highest species
resolution, but had shortcomings. For CaM two different primers sets (CF4 and CFS;
CMDS5 and CMD6) were used to amplify and sequence P. oxalicum strains. Penicillium
adametzii strains were not amplified using the primers for CaM. For TEFI-a, two strains
of P. oxalicum had poor sequence signal and primers EFlc and EF6 did not amplify P.

adametzioides during PCR. Furthermore, CaM and TEFI-o sequences had the highest
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number of introns and gaps, making sequence alignment difficult. More gene regions

need to be tested to find a second genetic barcode marker.

5.2 Future Research

DNA sequence data, along with morphological analyses and secondary metabolite
profiling, are useful in Penicillium research. In Penicillium subgenus Penicillium
species, species-specific secondary metabolite profiles were produced (Frisvad 1981;
Frisvad & Fitenborg 1983, 1989; Lund & Frisvad ef al. 1992; Smedsgaard et al. 2004).
Secondary metabolite profiling may aid in delimiting the species in the Penicillium
sclerotiorum complex, and may identify compounds unique to each species.

Penicillium sclerotiorum has been noted for the production of secondary
metabolites with antibacterial and antifungal properties (MacCurtin and Reilly 1940; De
Lucca et al. 2008); and for the production of a wide range of azapholine production, two
of which are endothelin antagonists (Pairet ef al. 1995). Species in the P. sclerotiorum
complex maybe tested for novel anti-microbial substances or other molecular uses. A
Penicillium species, P. chrysogenum, was the first organism known to produce an
antimicrobial substance. This discovery was then later followed by the discovery of
antifungal griseofulvum, which is produced by P. griseofulvum.

As discussed in Chapter 4, there have been many reports of Bend paralogs in
fungi, some of which may be functional because they are transcribed. In this thesis,
paralogs are reported in Penicillium for P. oxalicum, and were also observed in two
strains of P. herquei, CBS 336.48 and CBS 110644, as noted in chapter two. One of the
paralogs was approximately 470 bp long and was homologous to previously obtained

BenA P. herquei sequences. The other paralog is approximately 360 bp long, the
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nucleotide sequence was different from previously obtained Bend P. herquei sequences
(Table 5.2) and resembled sequence 2 in chapter four, and is most likely a pseudogene as
suggested in chapter four. The presence of the 360 bp paralog in two Penicillium species
may suggest a duplication event in the ancestor of Penicillium, which was retained by

these two species.
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Appendix 1: Media Recipes. All media were autoclaved for at least 20 mins at 15 psi. The

media was then poured onto 9 cm Petri plates under a laminar hood. Media was left at room

temperature until it solidified. It was then stored at 4°C for future use.

Medium Ingredients L
CYA (Czapek Yeast Extract Agar; Pitt  KoHPO4 05g
1979) Czapek concentrate' 5mL
Yeast Extract 25¢g
Sucrose 15¢g
Agar 75¢
Trace elements’ 0.5mL
dH20 05L
MEA (Malt Extract Agar 2%; Pitt Malt Extract 10g
1979a) Agar 75g
Trace elements® 0.5 mL
dH20 05L
CZ (Czapek Agar; Raper and Thom K2HPO4 05g
1949) Czapek concentrate' SmL
Sucrose I5g
Agar 75¢g
Trace elements’ 0.5 mL
dH20 05L
YES (Yeast Extract Sucrose Agar; Sucrose 75 g
Filtenborg et al. 1990) Yeast extract 10g
Note: Volume was brought up to 500 mL. MgS04.7H20 0.25
The pH was adjusted to 6.4 — 6.6 before Trace elements 0.5mL
autoclaving by adding NaOH or HCL Agar 10g
dH20 425 mL
OA (Oatmeal Agar) Oats 15¢
Note: Oats were simmered for 1 h then Agar 75¢g
poured using a cheese cloth. dH20 bring to 0.5 L
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Medium Ingredients %L
CREA (Creatine Sucrose Agar; Frisvad  Creatine 15g
1993) Sucrose 15g
Note: The pH was adjusted to 8.0 using KCl 025¢g
NaOH or HCI. MgS04.7H20 025¢g
FeS04.7H20 0.005
K2HPO4 0.65¢g
Bromocresol purple 0.025 g
Agar 75¢g
dH20 05L
DG-18 (Dichloran 18% Glycerol Agar; Peptone 25¢g
Samson et al. 2004) Glucose 5g
KoHPO4 05g
MgS04.7H20 025g
Dichloran (2% in ethanol) 0.5 mL
Glycerol 110 g
Chloramphenicol 005¢g
Agar 75¢g
dH20 05L

! Czapek concentrate for 50 mL solution (Pitt 1979a): NaNOsz — 15 g; KCL - 2.5 g;

MgS04.7H20 — 2.5 g; FeS04.7H20 — 0.05 mg; and dH20 — 50 mL. A magnetic stirrer was used

to dissolve the ingredients. The solution was then stored at 4°C.

? Trace elements for 50 mL solution (Pitt 1979a): ZnS04 7H20 — 0.5 g; CuSO4.5H20 — 0.23;

and dH20 — 50 mL. A magnetic stirrer was used to dissolve the ingredients. The solution was

then stored at 4°C.
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Gene Forward Primer Reverse Primers

BenA Bt2A: 5’—ggtaaccaaatcggtgctgcetttc—3° Bt2B: 5’—aacctcagtgtagtgaccgttgge—3’
(Glass and Donaldson 1995) (Glass and Donaldson 1995)
T10: 5’—acgataggttcacctccatgact-3> T222: 5’-gaccggggaaacggagacagg—3’
(O’ Donnell and Cigelnik 1997) (O’ Donnell and Cigelnik 1997)

ITS ITS1: 5’—tccgtaggtgaacctgecg—3’ ITS4: 5’—tcctecgetattgatatge—3°
(White et al. 1990) (White ef al. 1990)

Coxl PF: 5’—gacaagaaaggtgattttatcttc—3°  AR: 5’—ggtaatgataataataataatacagctg—3’
(Seifert et al. 2007) (Seifert et al. 2007)

TEFl-a  EFlc: 5’—tcgtcgttatcggccacgte—3’ EF6: 5’—cttstyccarccettgtcca—3’
(Peterson et al. 2004) (Peterson et al. 2004)

CaM CMDS: 5’—ccgagtacaaggargecttc—3° CMDG6: 5°—ccgatrgaggtcatracgtgg—3’

(Hong et al. 2006)

CF1: 5’—gccgactctttgacygargar—3’
(Peterson et al. 2004)

(Hong et al. 2006)

CF4: 5’tttytgcatcatragytggac—3’
(Peterson et al. 2004)

Poxal CMD2R:
5’—ggcggaaatraagecgttgtta—3’
(Rivera and Seifert 2009; sequence)
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Appendix 3: Chapter 2 Multiple Sequence Alignments

Multiple BenA Sequence Alignment

[ 1 11 21 31 41 51 61 71 ]
[ I | | I | ! I | ]
DAOM239918 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC~~-CCGGGGTCAAAT——~—-~~-——~— CTTC
KAS2615 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT—-~~—--——~ CTTC
DAOM239922 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC~--CCGGGGTCARAT-~--~————~= CTTC
KAS2630 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT---~————~ CTTC
KAS2596 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCARAT--——-————— CTTC
KAS3189 W -—=------mmmm—- GGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCARAT~-—---——— CTTC
DAOM239927 ---—---——————— GGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~CCGGGGTCAAAT - ~————-—~~— CTTC
DAOM239919 ---—-—-—~-~——— GGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT —-——=~~~~ CTTC
KAS2606 GGTAA-CC-AAATCGGTGCTGCTTITCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT - --——-———— CTIC
DAOM239921 ------------- CGGTGCTGCTTTCTGGTACGTGTTGCTA~-CCTGACCTCAC--CCGGGGTCAAAT-————-~——— CTTC
KAS3190 W ———-—mmmmmme- CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCARAT ———~———-~— CTTC
DAOM239917 -——===-=-==--- CGGTGCTGCTTTCTGGTACGTGTTGCTA~-CCTGACCTCAC--CCGGGGTCAAAT~—~—--———— CTTC
KAS3191  —-----—---—--— CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACGTCAC-~-CCGGGGTCAAAT - -~ —— ===~ CTTC
KAS3183  —-----mmmm——— CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCARAT ~———-~——-= CTTC
DAOM239928 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC~--CCGGGGTCAAAT—~~~—=-=-= CTTC
KAS3193  -------——--—-- GGTGCTGCTTTCTGGTACGTGTTGCTA~CCTGACCTCAC--CCGGGGTCAAAT--——-————— CTTC
DAOM239926 ---—-——-——-—--- CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~CCGGGGTCAAAT - —-~~—~~~ CTTC
KAS3186  -~—-—==--—---- CGGTGCTGCTTTCTGGTACGTGTTGCTA~GCTGACCTCAC--CCGGGGTCAAAT-—-—-—— - -~ CTTC
DAOM239929 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA~CCTGACCTCAC--CCGGGGTCAAAT--————---~- CTTC
KAS3187  --=—---=—-- A-CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT ~~~~—-—=—~ CTIC
DAOM239925 ---—~—~===- A-CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT--——-——-——~— CTTC
KAS2601  ----—-—-—-mmmmmmem oo GCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT —-—~——~-=~ CTTC
DAOM239924 ---—-—-——-~-=m—mmm—— GCTTTCTGGTACGTGTTGCTACCCTGACCTCAC--CCGGGGTCAAAT ~———==-—-— CTTC
KAS2612 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGCTA~-CCTGACCTCAC--CCGGGGTCAAAT - - —-———— CTTC
DAOM239920 ~---—--—-————-——- GAGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT——-——~——— CTTC
NRRL2074  —---=-—-—---- ATCGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT——--——-——— CATC
NRRL32583 GGTAA-CC-AAATCGGTGCTGCTTT-TGGTACGTGTTGCTA~-CCTGACCTCAC--CTTCGGTCAGAT-—-—————— CATC
DAOM239930 ----------—- ACGGTIGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAGAT-~—-~~-~-~-~ CATC
DAOM239931 GGTAA-CC-AAATTGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT-~-—~-—-—-= CATC
DAOM239932 GGTAA-CC-AAATTGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT---—-———~~ CATC
DAOM239912 GGTAA-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTGATA-CCTGACCTCAC--CTTGGGTCAAAT--~———~~~ TATC
DAOM239913 ------- C--ARACGGTGCTGCTTTCTGGTACGTGTTGATA-CCTGACCTCAC--CTTGGGTCAAAT---——-—-——— TATC
CBS229.60 GGTAA-CC-AARATCGGTGCTGCTITTCTGGTACGTGTTGCTA-CCCGACTTTAC--CTTGCCTCAGGT-—---—---— AGTC
CBS23865 -GTAA-CC-AAATCGGTGCTGCTITTCTGGTACGTGTTGCTA-CCCGACTTTAC--CTTGCCTCAGGT~~~~~~---- AGTC
KAS3463 GTAA--CCAAAATCGGTGCTGCTITCTGGTACGTGTTTCCA-CCCAC~~=—————————— CTCAACC-~—=-===-= CATC
CBS238.68 GIAA--CCAAARATCGGTGCTIGCITTCTGGTACGTGTITTCCA~-CCCAC--—-—-~—=~—--—— CTCAACC-—---—--—- CATC
KAS3464  ------——--- ATCGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC-——-——~~=—=——— CTCAACC-—---—--—- CATC
KAS3466  -—-—-—-———-- ATCGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC-~~-——-—=-———-—~ CTCAACC----—--—- CATC
KAS3465  -—-—-—-—-—- AATCGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCTC--——————-————— CTCAAAC----—-——- CATC
NRRL3391 GTAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG-—-~—-———=————~— ATGAACC----—-——--- CATC
AL1878 GTAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG—-———=—=———=—~ ATGAACC--—-—-———— CATC
ALl644 GTAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTCCC~-GCTG—-——~=——=————~ ATGAACC~----———— CATC
AL1642 GTAA-~-CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG—-———————————~ ATGAACC-—--——--- CATC
AL1643 GTAA~--CCAAAATCGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG~~~-—-———=————= ATGAACC-—--——--- CATC
CBS136.22 -TAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACACCATCCCAAGT---——-—~~- CATC
CBS347.51 ---——-==-—---- CGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACACCACCCCAAGT-—-—-—--~ CATC
CBS336.48 -TAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACAC--~CCCAAGT-~--~~~---- CATC
CBS110644 GTAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGTTTTCC~GCTGGGGGACAACGAC--CCCAAGT~~~-———==~ CATC
NRRL705 GTAA--CC-AAATCGGTGCTGCTTTCTGGTACGTGCCACGCCCGCC--AARACTTCCCCAGCACAACAAAGCARA-CCCC
[ 81 91 101 111 121 131 141 151 ]

[ | | I [ | | [ |

DAOM239918 AATTG-GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
KAS2615 AATTG~GTGAACTCAGGAACC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
DAOM239922 AATTG-GTGAACTCAGGAACC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
KAS2630 AATTG-GTGAACTCAGGAACC-~---TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
KAS2596 AATTG-GTGAACTCAGGAACC---~TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
KAS3189 AATTG-GTGAACTCAGGAACC—---TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
DAOM239927 AATTG-GTGAACTCAGGAACC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG



DAOM239919
KAS2606
DAOM239921
KAS3190
DAOM239917
KAS3191
KAS3183
DACM239928
KAS3193
DAOM239926
KAS3186
DAOM239929
KAS3187
DAOM239925
KAS2601
DAOM239924
KAS2612
DACM239920
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
NRRL705

[

[
DACM239918
KAS2615
DAOM239922
KAS2630
KAS2596
KAS3189
DAOM239927
DAOM239919
KAS2606
DAOM239921
KAS3190
DAOM239917
KAS3191
KAS3183
DAOM239928
KAS3193
DAOM239926
KAS3186
DAOM239929
KAS3187
DAOM239925
KAS2601
DAOM239924
KAS2612
DAOM239920
NRRL2074

AATTG-GTGAACTCAGGAACC---~-TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG

AATTG-GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGARACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC--—-~-TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC---~TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG~GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG~GTGAACTCAGGAACC--~--TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG

AATTG-GTGAACTCAGGAACC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC--~--TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG

AATTG-GTGAACTCAGGAACC---—-TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACGTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT~CGATGG
AATTG-GTGAACTCAGGAACC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCT~CGATGG
AATTG-GTGAACTCAGGARACC--—-—-TTTGACTGACGTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-GTGAACTCAGGAACC--—--TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGATGG
AATTG-TTGAACCCAGGACCC----TTTTACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCT-CGACGG

AATTG-TTGAACCCAGGACCC----TTTTACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGACGG
AATTG-TTGAACCCAGGACCC~-~--TTTTACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCT-CGACGG
AATTG-TTGAACCCAGGACCC----TTTAACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCT-CGACGG
AATTG-TTGAACCCAGGACCC-~---TTTAACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCT-CGACGG
AATTG-TTGAGCACAGGACCT-~---TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGTCT-CGACGG
AATTG-TTGAGCACAGGACCT----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGTCT-CGACGG
AATTG-TTGAACCCAGGAGCC----TTATGCTAACCT-ACTTCCAGGCAGAACATTGCTAGTGAGCATGGCCT-TGATGG
AATTG-TTGAACCCAGGAGCC----TTATGCTAACCT-ACTTCCAGGCAGAACATTGCTAGTGAGCATGGCCT-TGATGG
AATTG-TTGGCCTCTTCAAGCTTTCTTTTACTAACTA~-CCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCT~CGATGG
AATTG-TTGGCCTCTTCAAGCTTTCTTTTACTTACTA-CCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCT-CGATGG
AATTG-TTGGCCTCTTCAAGCTTTCTTTTACTTACTA-CCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCT-CGATGG
AATTG-TTGGCCTCTTCAAGCTTTCTTTTACTTACTA-CCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCT-CGATGG
AATTG-TTAGCCTCTTCAAGCTTTCTTTTACTAACTA-CCTCTTAGGCAGAATATTGCCAGTGAGCACGGCCT-CGATGG

AATTG-TTGATTCAAACC----TTTTTTTACTGACTA-CCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCT~CGATGG
AATTG-TTGATTCAAACC----TTTTTTTACTGACTA-CCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCT-CGATGG
AATTG-TTGATTCAAACC—~—-TTTTTTTACTGACTA-CCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCT-CGATGG
AATTG-TTGATTCAAACC~---TTTTTTTACTGACTA-CCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCT-CGATGG

AATTG-TTGATTCAAACC~---TTTTTTTACTGACTA-CCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCT-CGATGG
AATTG-TTGAACCCTTGAGACA-~-TTTTACTGACTA-CTTTCCAGGCAGAACATTGCTTCCGAGCACGGCCT-CGATGG
AATTG-TTGAACCATTGAGACA~--TTTTACTGACTA-CTTTCCAGGCAGRACATTGCTTCCGAGCACGGCCT-CGATGG
AATTG-TTGAACCCTTGGAACA---ATTTACTGACTA-CTTTCCAGGCAGAACATTGCTTCCGAGCATGGCCT-CGATGG
AATTG-TTGAACCCTTGAGACA~---TTTTACTGACTA-CTTTCCAGGCAGAACATTGCTTCCGAGCACGGCCT-CGATGG

AATTG-CGAGT---—~-—---— CAACAGATACTGACTCGAACTACAGGCAGACCATTGCTGGTGAGCACGGCCT-TGATGG
161 171 181 191 201 211 221 231

| [ | ! I ! | [
CGAGGGCCAGTAAGT-—-———————————————===——-—— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—-———————=———————=——==—-—— ATCAATT-TACGGGGAATTGGGTGATA-~--TGAGAAT-GG
CGAGGGCCAGTAAGT ~~~--—=—--——-———————————=~-— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—~-—-————————————————=~-— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT--———-————~————=———=———==—— ATCAATT-TACGGGGAATTGGGTGATA--~-TGAGAAT-GG
CGAGGGCCAGTAAGT-—-—-—~=-~—==-———————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT--—-—-——-—-——————————+=—===-— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT--—-—-—--————————————==~=-= ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—-—-—~————=—==—==—====—— ATCAATT-TACGGGGAATTGGGTGATA--~TGAGAAT-GG
CGAGGGCCAGTAAGT-—-—-—————~———————=====-— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—--—=—-————————————-~=-—— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—~--—~—-——————————————==—— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—-————-——————————=——=—-—— ATCAATT-TACGGGGAATTGGGTGATA-~--TGAGAAT-GG
CGAGGGCCAGTAAGT-———————————————————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT—~~———————=~—————————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—-———-—-~——==—-——-———————— ATCAATT-TACGGGGAATTGGGTGATA~-~TGAGAAT-GG
CGAGGGCCAGTAAGT-—-——————————=———————-—-—-— ATCAATT-TACGGGGAATTGGGTGATA-~--TGAGARAT-GG
CGAGGGCCAGTAAGT~—--~—==-~—-——-=—~———————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGARAT-GG
CGAGGGCCAGTAAGT ~~—=~—=—-=—=—=——————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-----—--——-—————————==--- ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—-——~-—-——————————-————==—— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—--————————————————==———n—— ATCAATT-TACGGGGAATTGGGTGATA~--TGAGAAT-GG
CGAGGGCCAGTAAGT - -~~~ ——=—==~——=—————=————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT - —-~~———-=~~———————————=—— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—-———-—~——=———— = — - — ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT-—~——~——=—~—————m————— = ATCCATT-CGGTTGGAATTGAGTGATA---TGAGAAT-GG
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NRRL32583
DACM233930
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
NRRL705

l

l
DAOM239918
KAS2615
DAOM239922
KAS2630
KAS2596
KAS3189
DAOM239927
DAOM239919
KAS2606
DAOM239921
KAS3190
DAOM239917
KAS3191
KAS3183
DAOM239928
KAS3193
DAOM239926
KAS3186
DAOM239929
KAS3187
DAOM239925
KAS2601
DAOM239924
KAS2612
DAOM239920
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl644
ALl642
AL1643
CBS136.22

CGAGGGCCAGTAAGT————————==—==————————— - ATCCATT-CAGTTGGAATTGAGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT--—-————————=—————————===—= ATCCATT-CAGTTGGAATTGAGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT--———-~—~————————————==—=- ATCCATT-CGGTTGGAATTGAGTGATA-~~-TGAGAAT-GG
CGAGGGCCAGTAAGT ————=~——=—=——————————— - ATCCATT-CGGTTGGAATTGAGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT ~——~—~—=—————=———————————— ATCAATT-TGGTTGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT - ===~ ~——==——— === ————————— ATCAATT-TGGTTGGAATTGGGTGATA---TGAGAAT-GG
CGAGGGCCAGTAAGT - ——=——=—————————————————— ATCAATA-CGAGTGGGATTGGGTGATG-~--TGAGAAC-GG
CGAGGGCCAGTAAGT - ===~ ~——==— === === ————— ATCAATA-CGAGTGGGATTGGGTGATG-~--TGAGAAC-GG
CGATGGCCAGTAAGT - ====—=——r— == === ——=—=———= TTICTCGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT -GG
CGATGGCCAGTAAGT - ~—~~———=~=——————————————— TTCTCGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT -GG
CGATGGCCAGTAAGT - ———=~——==————=—————————— TTCTCGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT -GG
CGATGGCCAGTAAGT~————————m === == — TTCTTGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT -GG
CGATGGCCAGTAAGT - == === =—— === m o TTCTCGA-TCAA-TCGATTGGGTTATGTGGTGGGGAT-GG
CGATGGACAGTAAGT-—=—=—=——==—r~==m—m— o ——— = CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT-GG
CGATGGACAGTAAGT —~———====—-==—-—————————— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT -GG
CGATGGACAGTAAGT—~——===——=——--—-—————————— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT -GG
CGATGGACAGTAAGT——=—=—r=—————mmr—m - ——— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT-GG
CGATGGACAGTAAGT——=—===rm === = mm—m e~ —— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT -GG
CGAAGGACAGTGAGT-———==———-———————————————— ATCAATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GG
CGAAGGACAGTGAGT ——~—====———==———————————— ATCGATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GG
CGAAGGACAGTGAGT——==—=======—===——————————— ATCGATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GG
CGAAGGACAGTGAGT - =————=——==——————————-———— ATCAATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GG
CGATGGCCAGTAAGTCTCTTCGATACCACTTGATACCTCT-———-————————————————————— C-GACACGGAA-TGG
241 251 261 271 281 291 301 311

| | | | ! | [ |

CGGTCTGATA-—--TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA-——-TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTICAACCA
CGGTCTGATA--—-TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTICAACCA
CGGTCTGATA~~~-TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--—--TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--—--TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--~-~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA-~~-~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA-—--TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTICAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-GGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA---~-TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--~~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--~--TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA~-~-TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGACATTTTITTTTCCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA-TTTTTTTCCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTICAACCA
CGGTCTGATA-TTTTITTTCCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA-TTTTTTTTCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA-TTTTTTTTCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA

CGGTCTGATA--—-- TTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--—-- TTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA----- TTTTTC-TAGCTTTAC-TGGCCAGTCTGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATA--—-- TTTTTC-TAGCTTTAC-TGGCCAGTCTGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCA
CGGTCTGATG-~—~~—~ TTTTC~-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATG---~--- TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATG------ TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATG--~~~- TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATG--—--- TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAATGTCTACTTCAACCA
CGGTCTGATA----- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATA--—--- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATA--~~~ TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATA-~-~-- TTTTTC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATA----- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATA----- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA

222



CBS347.51
CBS336.48
CBS110644
NRRL705

[

[
DAOM239918
KAS2615
DAOM239922
KAS2630
KAS2596
KAS318%S
DAOM239927
DAOM239819
KAS2606
DAOM239921
KAS3190
DAOM239917
KAS3191
KAS3183
DACM233928
KAS3193
DAOM239926
KAS3186
DAOM239929
KAS3187
DAOM238925
KAS2601
DACM239924
KAS2612
DAOM239920
NRRL2074
NRRL32583
DAOM239330
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl644
ALl1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
NRRL705

l

[
DAOM239918
KAS2615
DAOM239922
KAS2630
KAS2596
KAS3189
DAOM239927
DAOM239919
KAS2606
DAOM239921
KAS3190
DAOM239917

CGGTCTGATA----- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCIGATA~———— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA
CGGTCTGATA---——- TTTTCC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCA

CGGTCTGATA----TTTTTGGTTAGCTACAA-TGGTACCTCCGACCTTCAGCTCGAGCGCCTGAACGTCTACTTCACCCA

321 331 341 351 361 371 381 391

| | | | | | I |
CGTAAG--———————==~——=—— TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGT-TTT
CGTAAG-—--———-—————~-—=--— TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGG-TTT
CGTAAG-————===—=———-————— TGTGG-AATCAACACTCCAA-ACTCGTCA--~--ACCACATCTAATACAATGGG-TTT
CGTAAG-———=—=—————-—-———~ TGTGG-AATCAACACTCCAA-ACTCGTCA--—-ACCACATCTAATACAATGGG-TTT
CGTAAG-—-—-—-—~—~—~=—----— TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGG-TTT
CGTAAG-——-————~———=—=—— TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGG-TTT
CGTRAAG-—-———————=——=——=— TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGG-TTT
CGTAAG-—-—————~===-——-—- TGTGG-AATCAACACTCCAA-ACTCGTCA--—--ACCACATCTAATACAATGGG-TTT
CGTAAG-————=——=———-————— TGTGG-AATCAACACTCCAA-ACTCGTCA-~-~--ACCACATCTAATACAATGGT-TTT
CGTAAG--—-—————~—— ===~ TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGT-TTT
CGTAAG--——————~————==—= TGTGG-AATCAACACTCCAA-ACTCGTCA-~—--ACCACATCTAATACAATGGT-TTT
CGTAAG-—~~—==~————-—-———~ TGTGG-AATCAACACTCCAA-ACTCGTCA--—-ACCACATCTAATACAATGGT-TTT
CGTAAG-———=—=====————-~— TGTGG-AATCAACACTCCAA-ACTCGTCA--—-ACCACATCTAATACAATGGT-TTT
CGTAAG-——~~=———===-————— TGTGG-AATCAACACTCCAA-ACTCGTCA--——-ACCACATCTAATACAATGGT-TTT
CGTAAG-—===———=—==——=——— TGTGG-AATCAACACTCCAA-ACTCGTCA--—-ACCACATCTAATACAATGGT-TTT
CGTAAG-——~————=~=—-—-——-—— TGTGG-AATCAACACTCCAA-ACTCGTCA---~ACCACATCTAATACAATGGT-TTT
CGTAAG--—————~—=—=-—-———— TGTGG-AATCAACACTCCAA-ACTCGTICA--~--ACCACATCTAATACAATGGG-TTT
CGTAAG--——-———————=~=—— TGTGG-AATCAACACTCCAA-ACTCGTCA--—-ACCACATCTAATACAATGGG-TTT
CGTAAG--—-—————~——~-——-—— TGTGG-AATCAACACTCCAA~-ACTCGTCA----ACCACATCTAATACAATGGT-TTT
CGTAAG-—==————————————~ TGTGG-AATCAACACTCCAA-ACTCGTCA--~-ACCACATCTAATACAATGGT-TITT
CGTAAG———————=—=———-—==~- TGTGG-AATCAACACTCCAA-ACTCGTCA-~~-ACCACATCTAATACAATGGT-TTT
CGTAAG-—~~———====——=—-—— TGTGG-AATCAACACTCCAA-ACTCGTCA---—ACCACATCTAATACAATGGG-TTT
CGTAAG-—-=~—==—————————~— TGTGG-AATCAACACTCCAA-ACTCGTCA--—--ACCACATCTAATACAATGGG-TTT
CGTAAG-—-—-—————~————-———— TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACBATGGG-TTT
CGTAAG--—-——————==—————— TGTGG-AATCAACACTCCAA~-ACTCGTCA----ACCACATCTAATACAATGGT-TTT
CGTAAG-~-——————=——-—=—= TGTGG-AATCGATACTCGAT-ACCTGCCA----ACCCCGTCTAATATAATGGA-TTT
CGTAAG-——~—=~—————————~ TGTGG-AATCGATACTCCAT-ACCTGCCA--~-ACCCCGTCTAATATAATGGA-TTT
CGTAAG---—————————-——-—-— TGTGG-AATCGATACTCCAT-ACCTGCCA--—-ACCCCGTCTAATATAATGGA~TTT
CGTAAG--————————=——-———-— TGTGG-AATCGATACTCGAT-ACCTGCCA----ACCACGTCTAATATAATGGA-TTT
CGTAAG-———————==——————- TGTGG-AATCGATACTCGAT~ACCTGCCA----ACCACGTCTAATATAATGGA-TTT
CGTAAG-——-—-————————~—=-— TGTGGAAACCGACACTCGAT-ACCTTTCA----AACACGTCTAACATGATGCA-TCT
CGTAAG-—-—————————————— TGTGGAAACCGACACTCGAT-ACCTTTCA----AACACGTCTAACATGATGCA-TCT
CGTAAG-~—===-==—=—=———-—= TGTGG-AATCGATACCCGTA-ACGTTTAA-——~-ACCTCGTCTAATACAATTGA-TTT
CGTAAG-~=-——=———=—=——~== TGTGG-AATCGATACCCGTA-ACGTTTAA-—~--ACCTCGTCTAATACAATTGA-TTT
CGTAAG-—-—-———————===-————— TATGA-CATTGATATATTGA-ATAATTCG----ACCCTGTCTAATATTTTTGATT-T
CGTAAG-—-——————~=~—————-—— TATGA-CATTGATATATIGA-ATAATTCG----ACCCTGTCTAATATTITTGATT-T
CGTAAG-—--——————————~-—— TATGA-CATTGATATATIGA-ATAATTCG----ACCCTGTCTAATATTITTGATT-T
CGTAAG-—-———————————--—-— TATGA-CATTGATATATTGA~ATAATTCG----ACCCTGTCTAATATTTTTGATT-T
CGTAAG—~~~=======—————— TATGA-CATTGATATATTGA-ATAATTCG--~~ACCCTGTCTAATATTCTGGATT-C
CGTAAG-—~~==—===——————= TGTGG-CATTGATATCCCGA-GTCACTCG--~-AACACGGCTAATATGTCGGGTTTT
CGTAAG-~--=~-=-==—===—=——=~= TGTGG-CATTGATATCCCGA-GTCACTCG-~~-AACACGGCTAATATGTCGGGTTTT
CGTAAG--—=—=-=====—=——==- TGTGG-CATTGATATCCCGA-GTCACTCG~~--AACACGGCTAATATGTCGGGTTTT
CGTAAG---————-———-————— TGTGG-CATTGATATCCCGA-GTCACTCG----AACACGGCTAATATGTCGGGTTTT
CGTAAG-—-—-————————~————— TGTGG-CATTGATATCCCGA~-GTCACTCG--—--AACACGGCTAATATGTCGGGTTTT
CGTAAG-~=——=———————=——— TGTGG-AATCAATACTCACAATACATTCG----ACTCCGCCTAATATGATGGAAA-~-
CGTAAG-~==——-——————————— TGTGG-AATCAATTCTCACAATACATTCG----ACTCCGCCTAATATGATGGAAA--
CGTAAG---————-———~—=——-—— TGTGG-AATCCATACTCACAATACATTCG----AATTCACCTAATAGGATTGAAA -~
CGTAAG---————-—-——--——-—— TGTGG-AATCATTACTCACAATACATTCG---~-ACTCCGCCTAATATGCTTGAAA-T
CGTAAGTTGCGTGTCCATCCAACGAA-————=—~—— GAAACACCAGAATTA----- AGTCTAACCCATGGATGTTTTGTT
401 411 421 431 441 451 461 471

| | | I | | | |

TCA---—-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA--—--— TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA--——-= TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-~—--= TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-----—- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA--~--- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA~---—-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA---—--- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT

TCA-~-—-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
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KAS3191
KAS3183
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[
DACM239918
KAS2615
DAOM239922
KAS2630
KAS2596
KAS3189
DAOM239927
DAOM238919
KAS2606
DAOM239921
KAS3190
DAOM239917
KAS3191
KAS3183
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KAS3193
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KAS3186
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DAOM239912

TCA---——- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-~--—-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-—-—-—- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA----—- TAGGCCTCTGGTGACCGTTACGTTCCCCGTIGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA----—- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-———-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA---——-— TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-———~- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-————- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA---——-— TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA--—-——— TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA--~——— TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA--~-——- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA---——- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATGGACGCTGT
TCA-—~—-—-- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACTATGGACGCTGT
TCA------ TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA---———- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATGGACGCTGT
TCA---—-—- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATGGACGCTGT
TCA------ TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TCA--=-——- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TCA----—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA----—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TCA-~——=~ CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TCA-——~-~ CAGGCCAGCGGTGACCGCTATGTTICCCCGTGCCGTCCTGGTCGACTTIGGAGCCCGGTACCATGGACGCTGT
TCA---—-- CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TCA---——- CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TCA---—-- TAGGCCAGCGGTGACCGCTACGTTCCTCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TTA---—-- TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGT
TTA------ TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGT
TTA--~--- TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGT
TTA---——~ TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGT
TTA---——- TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGT
TTA----——- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TTA-~-——-- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TTA----—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATGGACGCTGT
TCG-—-—-——- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCTGGTACCATGGACGCTGT
TAT---—-- CAGGCCAGCGGTGACAAGTACGTTCCCCGTGCCGTTCTGGTCGATCTGGAGCCCGGTACCATGGACGCTGT
481 491 501 511 521 531 541 551 ]

I | [ i | | | !
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCCTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTICGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTITTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC~-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTICGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTICGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC~AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGICTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC~GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTICTTCGGTCAGTCCGG~-TGCTGGTAACAACTGGG
CCGTGCC~-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTICCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGGCTGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGTCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGTCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGTCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGTCCCGAC-AACTTCGTCTTTGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTTTTCCGTCCCGAC-AACTTCGTCTTTGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCT-GGTCCTTTCGGCAAGCTTTTCCGTCCCGAC-AACTTCGTCTTCGGTCAGTCTGG-TGCTGGTAACAACTGGG

224



DAOM239913
CBS5225.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl644
ALl642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
NRRL705
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[
DAOM239918
KAS2615
DAOM239922
KAS2630
KAS2596
KAS3189
DAOM239927
DAOM239919
KAS2606
DAOM239921
KAS3190
DAOM239917
KAS3191
KAS3183
DAOM239928
KAS3193
DAOM239526
KAS3186
DAOM239929
KAS3187
DAOM239925
KAS2601
DAOM239924
KAS2612
DAOM239920
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl644
ALl642
ALl643
CBS136.22
CBS347.51
CBS336.48
CBS110644
NRRL705

CCGTGCT-GGTCCTTTCGGCAAGCTTTICCGTCCCGAC-AACTTCGTCTTCGGTCAGTCTGG-TGCTGGTAACRACTGGG
CCGTGCC-GGTCCCTTTGGAAAGCTTTTCCGTCCCGAC-AACTTTGTTTTCGGTCAGTCCGG-TGCCGGTAACAACTGGG
CCGTGCC-GGTCCCTTTGGARAGCTTTTCCGTCCCGAC-AACTTTGTTTTCGGTCAGTCCGG-TGCCGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTCTTCCGTCCCGAC-AACTTTGTTTTCGGTCAGTCTGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTCTTCCGTCCCGAC-AACTTTGTTTTCGGTCAGTCTGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTCTTCCGTCCCGAC~-AACTTTGTTTTCGGTCAGTCTGG-TGCTGGTAACAACTGGG
CCGTGCC~GGTCCTTTCGGCAAGCTCTTCCGTCCCGAC-AACTITGTTTTCGGTCAGTCTGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCTTTCGGCAAGCTCTTCCGTCCCGAC-AACTTTGTTTTCGGTCAGTCTGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGTICCCGAC-AACTTCGTTTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGTCCCGAC-AACTTCGTTTICGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGTCCCGAC-AACTTCGTTTICGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGTCCCGAC-AACTTCGTTTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGTCCCGAC-AACTTCGTTTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAACTCTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGCCCCGAC-AACTTCGTCTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGCCCTGAC-AACTTCGTTTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTCGGCAAGCTCTTCCGCCCTGAC-AACTTCGTTTTCGGTCAGTCCGG-TGCTGGTAACAACTGGG
CCGTGCC-GGTCCCTTTGGCAAGCTCTTCCGTCCCGAC-AACTTCGTCTTCGGCCAGTCCGG-TGCCGGTAACAACTGGG

561 571 ]
I ! ]
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCRAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCRAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACCC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
CCAAGGGTCACTACAC
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l f | | | | | I | ]
DAOM239918 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—

KAS3190 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—-
DAOM239928 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA~TTGTACCTTGTTGCTTCGGCAGGCCCGCC—
KAS2612 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—
KAS2596 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS3187 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-

DAOM239925 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTITA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—
DAOM239920 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC

KAS3191 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTIGTACCTTGTIGCTTCGGCAGGCCCGCC-
DAOM239917 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS3183 CATTACTG--AGTGAGGGCCCTCTGGGT-CAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS2606 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS3193 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-

DAOM239929 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS3186 CATTACTG-~-AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACTTIGTTGCTTCGGCAGGCCCGCC—
DAOM239921 -----—-—--——-———— == TCTGGGTTCCACCTTCCACCGGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS2601 CATTACTG--AGTGAGGGCCCTCTGGGTCCACCCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—
DAOM239919 CATTACTG--AGTGAGGGCCCTCTGGGTCCACCCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS2615 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
DAOM239927 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC
DAOM239922 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
DAOM239924 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-

KAS3189 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTITTA-TIGTACCTTGTTGCTTCGGCAGGCCCGCC-
DAOM239926 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—
KAS2630 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTIGTACCTTGTTIGCTTCGGCAGGCCCGCC-

DAOM239913 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC~
DAOM239912 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC—-
NRRL32583 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
NRRL2074 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTIGTTGCTTCGGCAGGCCCGCC~
DAOM239930 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
DAOM239931 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
DAOM239932 CATTACTG--AGTGAGGGCCCTCTGG-TC--ACCTCCCACCCGTGTTTA~-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
CBS23865 CATTACTG--AGTGAGGGCCCTCCGGGTCCAACCTCCCACCCGTGTTTATTCGTACCTTGTTGCTTCGGCAGGCCCGCC~

CBS229.60 ~—----—--——————————— CTCCGG~TC--ACCTCCCACCCGTGTTTATTCGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS3463 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS3466 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTTATTGTACCTITGTTGCTTCGGCAGGCCCGLCC-

CBS238.68 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS34641 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGGCCCGCC-
KAS34653 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGGCCCGLC-
CBS136.22 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
CBS347.51 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
CBS110644 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TIGTACCTTGTTGCTTCGGCAGGCCCGCC-
CBS336.48 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTITTA-TTGTACCTTGTTGCTTCGGCAGGCCCGCC-
NRRL3391 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTCTC~-TTGTACCATGTTGCTTCGGCGAGCCCGLCC-

AL1878 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAGCCCGCC-
ALl1642 CATTACTG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAGCCCGCC-
ALl644 CATTACTG--AGTGAGGGCC-TCTGG-T-CAACCTCCCACCCGTGTCTC~-TTGTACCATGTTGCTTCGGCGAGCCCGCC-
AL1643 —---m-mmmmm—mmm e ——— e ACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAGCCCGCC-
NRRL705 CATTACCG--AGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTA-TCGTACCTTGTTGCTTCGGCGGGCCCGCCG
[ 81 91 101 111 121 131 141 151

[ [ | | | I | I I
DACM239918 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT

KAS3190 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
DAOM239928 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
KAS2612 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
KAS2596 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
KAS3187 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT

DAOM239925 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
DAOM239920 TCACGGCCGCC-GGGGGGCTTC~TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT

KAS3191 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
DAOM239917 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
KAS3183 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
KAS2606 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
KAS3193 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT

DAOM239929 TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT



KAS3186
DAOM239921
KAS2601
DAOM239919
KAS2615
DAOCM239927
DAOM239922
DAOM239924
KAS3189
DAOM239926
KAS2630
DAOM239913
DAOM239912
NRRL32583
NRRL2074
DAOM239930
DAOM239931
DAOM238932
CBS23865
CBS228.60
KAS3463
KAS3466
CBS238.68
KAS34641
KAS34653
CBS136.22
CBS347.51
CBS110644
CBS336.48
NRRL3391
AL1878
AL1642
AL1644
AL1643
NRRL705
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DAOM239918
KAS3190
DAOM233928
KAS2612
KAS2596
KAS3187
DAOM239925
DAOM239920
KAS3191
DAOM239917
KAS3183
KAS2606
KAS3193
DACM239929
KAS3186
DAOM239921
KAS2601
DAOM239919
KAS2615
DAOM239927
DAOM239922
DAOM239924
KAS3189
DAOM239926
KAS2630
DAOM239913
DAOM239912
NRRL32583
NRRL2074
DAOM239930
DAOM239931
DAOM239932
CBS23865

TCACGGCCGCC~-GGGGGGECTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGEGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC~-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC~GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC~GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCCGGGGGGCTTTC-CGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCCGGGGGGLCTTTC-CGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TTACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TTACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCCTC-CGCCCCCGGGCCCGCGCCTGCCGGAGACAAT-CTGAACGCTGTCTGAAGAATGCAGT
TCACGGCCGCC-GGGGGGCCTC-CGCCCCCGGGCCCGCGCCTGCCGGAGACAAT-CTGAACGCTGTCTGAAGARATGCAGT
TCACGGCCGCC-GGGGGGCCTC-TGCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCCTC-TGCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCCTC-TGCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGEGCCTC-TGCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCCTC-TGCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCATTGAACGCTGTCTGAAGTTTIGCAGT
TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGTTTGCAGT
TCACGGCCGCC-GGGGGGCATC-TGCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGATTGCAGT
TCACGGCCGCC-GGGGGGCATC-TGCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGATTGCAGT
TCACGGCCGCC-GGGGGGCATC-TGCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGATTGCAGT
TCACGGCCGCC-GGGGGGCATC-TGCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGATTGCAGT
TCACGGCCGCC-GGGGGGCATC-TGCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGATTGCAGT
TCATGGCCGCC-GGGGGGCACC-CGCCCCCGEGGCCCGCGCCCGCCGAAGACACCATTGAACGCTGTCTGAAGATTGCAGT

161 171 181 191 201 211 221 231
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CTGAGCGATTAAGCAAAATTAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGATTAAGCARAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAARAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAARATTAGTTAABRACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA~-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAAGCGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA~-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARAA
CTGAGCGATT-AGCTAAATTAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
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CBS229.60
KAS3463
KAS3466
CBS238.68
KAS34641
KAS34653
CBS136.22
CBS347.51
CBS110644
CBS336.48
NRRL3391
AL1878
AL1642
AL1644
AL1643
NRRL705
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l
DAOM239918
KAS3190
DACM239928
KAS2612
KAS2596
KAS3187
DAOM239925
DAOM239920
KAS3191
DAOM239917
KAS3183
KAS2606
KAS3193
DAOM239929
KAS3186
DAOM239921
KAS2601
DAOM239919
KAS2615
DAOM239%827
DAOM239922
DACM239924
KAS3189
DAOM239926
KAS2630
DAOM239913
DAOM239912
NRRL32583
NRRL2074
DAOM239930
DAOM239931
DAOM239932
CBS23865
CBS229.60
KAS3463
KAS3466
CBS238.68
KAS34641
KAS34653
CBS136.22
CBS347.51
CBS110644
CBS336.48
NRRL3391
AL1878
AL1642
AL1644
AL1643
NRRL705

CTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARAA
CTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGAAT-AGCAARAATTTGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA
CTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATT-AGCTAAATTAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATT-AGCTAAATTAGTTAAAACTITCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATAAGCAAAAATTATTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATAAGCAAAAATTATTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGAAA
CTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGARGAA-CGCAGCGARA
CTGAGC-GATTAGCTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAA-CGCAGCGARA

241 251 261 271 281 291 301 311
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TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTICCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC~TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC~TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTIGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC~TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC~-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
TGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGG

321 331 341 351 361 371 381 391
| I | | | | I |
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GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GTCCCCCCCCC—~~GGGGGAC
GGGCATGCCTIGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GTCCCCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GTCCCCCCCCC--~-GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT--CCCCCCC~~-~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTIGGGTCTT-GT-CCCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT~CCCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC---GGGGGAC
GGGCATGCCIGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC-~--GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT~GT-CCCCCCCC--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-CCCCCCCC--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT~-GT-CCCCCCCC-~-GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT~CCCCCCCC--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT~CCCCCCCC--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT--CCCCCCC--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-~CCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT~-GT-CCCCCCCC—--GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT~GT--CCCCCCC---GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT-~CCCCCCC-—--GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT~GT--CCCCCCC~--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT~GT--CCCCCCC~--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTT-GT--CCCCCCC~--~GGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCT~GT----TCCCCC~-~GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCT~GT----TCCCCC---GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTT~GT--—-TCCCCC--~GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTT~GT~-~-TCCCCC---GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTT~GT~-~~TCCCCC---GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTT~GT--~--TCCCCC~~-~-GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTT~GT----TCCCCC---GGGAAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT--CCCCCC———~— GGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT-~-CCCCCC--—-~ GGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT--CCCCCACC-CGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT--CCCCCACC-CGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT--CCCCCACC-CGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT--CCCCCACC-CGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCGT--CCCCCACC-CGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTC~GT-CCCCCCTCTGCGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTC~GT-CCCCCCTCTGCGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTC~GT~CCCCCCTCCGCGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTC~GT~CCCCCCTCCGCGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCCGGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCCGGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTIGGGCCTCCG--TCCTCCCCCCGGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCCGGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG-~-TCCTCCCCCCGGGGGGAC
GGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCCG-CCCCCCGGTTTCGGGGGGC

401 411 421 431 441 451 461 471
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AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGARAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTITGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
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AGGCCCGARAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCITTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTITGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CCTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
AGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTITGTCACCCGCTCTGTAGGCCCGGCLGG
GGGCCCGAAAGGCAGCGGCGGCACCGAGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGARAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGG
GGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGTCGG
GGGCCCGARAGGCAGCGGCGGCATCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGG

481 491 501 511 521 531 541 551 ]
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CTGCTT--GCCGACCCCC~ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT-~GCCGACCCCC-ATCAATC-~~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC~---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT-~GCCGACCCCC-ATCAATC~-~~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC-~--TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC-TTTTTTITCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT-~GCCGACCCCC-ATCAATC~~~-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC~-TTTTITTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC-TTTTTTTTCAGG-—————— -~~~ ==~ == — == - - ——————————————— =
CTGCTT--GCCGACCCCC-ATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATTAATC~--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCC-~———————==-=—~
CTGCTT--GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT-~GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT--GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
CTGCTT-~-GCCGACCCCC-ATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTT--GCC--CCCC-~ATCAATC-TTGTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTT--GCC~-CCCC--ATCAATC-TTGTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C~-GCTT--GCCGACCCC-AATCAATC~-~-TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTT--GCCGACCCC-AATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTT--GCCGACCCC-AATCAATC--—--TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTT--GCCGACCCC~-AATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTT-~GCCGACCCC-AATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C~GCCT--GCCGACACCC-ATCAACC---CTTCTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCT~-GCCGACACCC-ATCAACC--~-CTTCTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCT--GCCGACCC-TCATCATCC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCT--GCCGACCC~-TCATCATCC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCT--GCCGACCC-TCATCATCC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCT--GCCGACCC-TCATCATCC---TTTITTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
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KAS34653
CBS136.22
CBS347.51
CBS110644
CBS336.48
NRRL3391
AL1878
AL1642
ALl644
AL1643
NRRL705

[

[
DAOM239918
KAS3190
DAOM239928
KAS2612
KAS2596
KAS3187
DAOM239925
DAOM239920
KAS3191
DAOM239917
KAS3183
KAS2606
KAS3193
DAOM239929
KAS3186
DAOM2398921
KAS2601
DACOM239919
KAS2615
DAOM239927
DACOM239922
DACM239924
KAS3189
DAOM239926
KAS2630
DAOM239913
DAOM239912
NRRL32583
NRRL2074
DAOM239930
DAOM239931
DAOM239932
CBS23865
CBS229.60
KAS3463
KAS3466
CBsS238.68
KAS34641
KAS34653
CBS136.22
CBS347.51
CBS110644
CBS336.48
NRRL3391
AL1878
AL1642
AL1644
ALl643
NRRL705

C-GCCT-~GCCGACCC-TCATCATCC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCTTAGCCGACG---ACACAATCTTTTTTTTTCAGGTTGACCTCGGATCAGGTAGG- ===~ ~————=—-——-=——-—-
C-GCCTTAGCCGACG---ACACAATC-TTTTITTTCAGGTTGACCTCGGATCAGGTAGG-—-—~—=—————=—-——=——-—~-
C-GCCTTAGCCGACG--—-ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCTTAGCCGACG--~ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTG~-GCCGACCCTCCAACCCCA--~-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTG--GCCGACCCTCCAACCCCA---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C~GCTG~-GCCGACCCTCCAACCCCA-~-~-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCTG~~GCCGACCCTCCAACCCCA----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTA- -~
C-GCTG--GCCGACCCTCCAACCCCA~--—--TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA
C-GCCC--GCCGGCG-~-ACCCCCATCAATCTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCA

561 ]
| ]
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA

TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
TATCAA

TATCAA
TATCAA
TATCAA
TATCAA
TATCAA
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Multiple CoxI Sequence Alignment

t

{
DAOM239918
KAS3190
DAOM239919
DAOM239928
DAOM239926
KAS2630
DAOM239924
DAOMZ239925
KAS2606
KAS2601
KAS3183
KAS3183
DAOM239920
KAS2596
KAS3189
DAOM239927
KAS2612
KAS3191
DAOM239922
KAS2615
DAOM239917
KAS3186
KAS3187
DAOM239921
DAOM239929
NRRL2074
NRRL32583
DAOM239931
DAOM239930
DAOM239932
DAOM239912
DAOM239913
CBS229.
CBS238.
CBS347.
CBS136.
CBS336.48
CBS110644
NRRL3391
AL1643
ALl644
AL1878
ALl642
KAS3463
KAS3466
KAS3464
KAS3465
CBS238.68
NRRL705

[

[
DAOM239918
KAS3190
DAOM239919
DAOM239928
DAOM239926
KAS2630
DAOM239924
DAOM239925
KAS2606
KAS2601
KAS3183
KAS3193
DAOM239920

11 21 31 41 51 61

| | [ I J [ | |
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTITTTATC~-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA~-TAGGTAC-ACTATATTTAATGTTTITCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTITTCATTATTITCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
~-GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTITCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTITCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAARATGCT-AAAGATA-TAGGTACAACTATATTTAATGTTTITCATTATTTTCAGGATTAATAGGA
~-GATTTTTATC-TTCARATGCT-ABRAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
~-GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
~TGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
~-GATTTTTATC-TTCAAATGCT-AARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTITCATTATTTTCAGGATTAATAGGA
~TGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
~TGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTI TTCAGGATTAATAGGA
~TGATTTTTATC-TTCAAATGCT-AAAGATA~TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC~-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA~TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
~-GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
—~GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTITTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA~TAGGTAC-ACTATATTTAATGTTIGCATTATTTTCAGGGTTAATAGGG
GTGATTTTTATC-TTCAAATGCT~AAAGATA-TAGGTAC-ACTATATTTAATGTTTGCATTATTTTCAGGGTTAATAGGG
GTGATTTTTATC-TTCAAATGCG-AAAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCAAATGCG-AAAGATATTAGGTAC-TCTTTATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCAARATGCG-AAAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCARATGCG-AAAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCA~-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCA~-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTITTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCAAAAAGATATTTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GIGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTIGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC-TTCTAATGCA~AAAGATA-TTGGTAC-ACTATATTTAATGTTTGCATTATTTTCAGGATTATTGGGT
--—--TTTTT-T--TT-TTATGCA-AAAGAAA-TTGGTAC-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC-TTCTAATGCT-AAAGATA-TTGGTAC-TCTATACTTAATGTTTTCATTATTTTCAGGGTTAATAGGA

71

81 91 101 111 121 131 141 151

| | | | | | | I
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACRAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACRATATATATCAGATAATCAATTATATAAT

]
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KAS2596
KAS3189
DAOM239927
KAS2612
KAS3191
DAOM239922
KAS2615
DAOM239917
KAS3186
KAS3187
DACM239921
DAOM239929
NRRL2074
NRRL32583
DAOM239931
DAOM239930
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS238.68
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
AL1643
ALl1644
AL1878
AL1642
KAS3463
KAS3466
KAS3464
KAS3465
CBS238.68
NRRL705

[

[
DAOM239918
KAS3190
DAOM239919
DAOM239928
DAOM239926
KAS2630
DAOM239924
DAOM239925
KAS2606
KAS2601
KAS3183
KAS3193
DAOM239920
KAS2596
KAS3189
DAOM239927
KAS2612
KAS3191
DAOM239922
KAS2615
DAOM239917
KAS3186
KAS3187
DAOM239921
DAOCM239929
NRRL2074
NRRL32583
DAOM239931
DAOM239930
DAOM239932
DAOM239912
DAOM239913

ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT~AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTICAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT~AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT~AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTAAAAAT-AAGATTAGAGT-TATCTGGTCCAGGAGTACAATATATATCTGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAGT-TATCTGGTCCAGGAGTACAATATATATCTGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTCTICTGTATTAAT-AAGATTAGAGT~-TATCTGGACCAGGAGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCICTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGAGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCICTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCTCTGTATTAATARAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGITTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCATTTTCAGTACTTAT-AAGATTAGAGC-TTTCAGGACCAGGAGTACAATATATTTCAGATAACCAATTATATAAT

161 171 181 191 201 211 221 231 ]
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AGTATAATAACAGCA~~-CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA~-~CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCITCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCITCATGGTAATG~-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA-~CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA~--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTIT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA~~CACGCTATATTAATGATATTICTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA~--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTITCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA-~CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATAGGAGGTTTTGGTAATTT
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CBS229.60
CBS238.68
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
AL1643
AL1644
AL1878
AL1642
KAS3463
KAS3466
KAS3464
KAS3465
CBS238.68
NRRL705
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[
DAOM239918
KAS3190
DAOM239919
DAOM239928
DAOM239926
KAS2630
DAOM239924
DAOM239925
KAS2606
KAS2601
KAS3183
KAS3193
DAOM239920
KAS2596
KAS3189
DAOM239927
KAS2612
KAS3191
DAOM239922
KAS2615
DAOM2395917
KAS3186
KAS3187
DAOM239921
DAOM239929
NRRL2074
NRRL32583
DAOM239931
DAOM239930
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS238.68
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
AL1643
AL1644
AL1878
ALl1642
KAS3463
KAS3466
KAS3464
KAS3465
CBS238.68
NRRL705

AGTATAATTACAGCC--CACGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATTACAGCC--CACGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT~--CATGCTATATTAATGATTTTITTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATIT
AGTATAATAACAGCT--CATGCTATATTAATGATITTITTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATGCCCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG~CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTITTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTITTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG~CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATAATGATGATTTTCTTTATGGTTATG-CCAGCTTTAATAGGTGGTTTTGGTAATTT

241 251 261 271 281 291 301 311
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CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTARATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC~AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTITATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTITTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC~AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC~-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTTCCA
CTTATTACCATTIATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTTCCA
CTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTTCC-TAGATTAAATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTTCC-TAGATTARATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTCCC-TAGATTAARATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGACCAGATATGGCATTTCC-TAGATTAAATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
TTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGTGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCT

321 331 341 351 361 371 381 391
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AGTITATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT~-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCICAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAARATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT -~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT-~GCTGGAACAGGATGAACATTATATCCACCITTAT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGT-~GCTGGTACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGT -~GCTGGTACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-CTTATTCATATTCGCATCTAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATACCCACCATTAT
AGTTTATT-CTTATTCATATTCGCATCTAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATACCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGARAATGGT -~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT-~-GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT-~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT-~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA~~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA~~GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~-GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA-~GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA-~GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA-~GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT~CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA-~GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT~CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA-~GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT-TTTATTTATATTCTCAGCAAC-AATAGAGAATGGA-~GCAGGTACAGGATGAACATTATACCCACCATTAG

401 411 421 431 441 451 461 471 ]
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CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC~-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATITAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC~-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGAT TACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT~CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT~-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
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CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTITTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA~CACAGTGGACC-TAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA~CACAGTGGACC-TAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTITGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT~CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC~-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT~CACAGTGGACC-AAGTGTTGATTTAGCTATTTTTGGTTTACACTTGAGTGGTATAAGTAGTATGT

481 491 501 511 521 531 541 551
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TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAR-~-ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAAR---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA~GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA~GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTITAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA~---ATATGAGAAGTCCAGGTATACGTITACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTITACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTITAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAGTTAGCTTITAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA~-~-ATATGAGAAGTCCAGGTATACGTTTACATAAGTTAGCTTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCATTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCATTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCGTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCGTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCGTTAT
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CBS110644
NRRL3391
AL1643
AL1644
AL1878
AL1642
KAS3463
KAS3466
KAS3464
KAS3465
CBS238.68
NRRL705

l

[
DAOM239918
KAS3190
DAOM239919
DAOM239928
DAOM239926
KAS2630
DAOM239924
DAOM239925
KAS2606
KAS2601
KAS3183
KAS3193
DAOM239920
KAS2596
KAS3189
DAOM239927
KAS2612
KAS3191
DAOM239922
KAS2615
DAOM239917
KAS3186
KAS3187
DAOM239921
DAOM239929
NRRL2074
NRRL32583
DAOM239931
DAOM239930
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS238.68
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
AL1643
AL1644
AL1878
ALl642
KAS3463
KAS3466
KAS3464
KAS3465
CBS238.68
NRRL705

TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAARATTAGCGTTAT
TA-GGAGCTATGAATTTT~ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA-—-ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT~ATAACAACTATATTAA-—-ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGTGCTATGAATTTC-ATAACAACAATATTAA---ATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCTTTAT

561 571 581 591 601 ]
| | | [ | ]
TTG-G-ATGA~-GCTGT-TATTA-TAACAGCTG--TATT~—--—-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATT----—-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT~-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATT---
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~-TATTATT---
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTAT--—-
TTG-G-ATGA-GCTGT-TATTA~TAACAGCTG-~-TATTATTATT
TTG~G-ATGA-GCTGT-TATTA-TAACAGCTG-~TATTATTATT
TTG-G~-ATGA-GCTGT-TATTA-TAACAGCTIG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTAT-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATT------
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTAT----
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~-TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG~G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG-—-TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAARCAGCTG--TATTATTATT
TTG-G-ATGA~-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATT---
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~~-TATTATTAT-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~-TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG~-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA~GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATATT-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG~-G~ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTA--TATTATTATT
TTG-G-ATGA-GCTGT~AATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT~AATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT
TTG-G~-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT~AATAA-TTACAGCTG--TATTATTATT
TTG-G-TTGA~-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-T-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTAT~
TTG-G-ATGA-GCTGT~TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT~TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATIT
TTG-G-ATGA-GCTGT~AGTTA-TTACAGCTG--TATTATTATT
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Multiple TEFI-a Sequence Alignment

[ 1 11 21 31 41 51 61 71 ]
[ ! | | | [ | [ J ]
DAOMZ239824 TCG--CACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~——— ==~ -mm o mm o ACTCCAACGCTCC
DAOM239918 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-=~———=—=—=———————— ACTCCATCGCTCC
KAS2596 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~————=—————mm—m ACTCCATCGCTCC
KAS2606 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~———~——————~——=== ACTCCATCGCTCC
KAS3193 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~-——-—-——————————— ACTCCATCGCTCC
DAOM239920 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-=~—=-—=—=————=————— ACTCCATCGCTCC
KAS3183 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~-—~——————— === === ACTCCATCGCTCC
DAOM239917 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~—=~——————~——=—== ACTCCATCGCTCC
DAOM239928 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCIC~=~—=-—==—————=———— ACTCCATCGCTCC
DAOM239921 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTA-~~—~-————————————— ACTCCATCGCTCC
DAOM239925 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-=~-—-~————~——m————— ACTCCATCGCTCC
KAS3190 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~——~——————-=—————~ ACTCCATCGCTCC
DAOM239919 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-~~=~-—————————————— ACTCCAACGCTCC
DAOM239926 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC--~-~-————=—==—————— ACTCCAACGCTCC
KAS2612 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC~~~--———-—-——-—-——————— ACTCCAACGCTCC
DAOM239922 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC--~-—————=————————— ACTCCAACGCTCC
DAOM239927 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~~—~==mm—mmmmmmm— ACTCCATCGCTCC
DAOM239929 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-~~~==—==—=———————— ACTCCATCGCTCC
KAS3191 TCGG-CACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-=-~—--——~~~—m———— == ACTCCATCGCTCC
KAS3186 T--GCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~-——————— === —mmm ACTCCATCGCTCC
KAS2630 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~——————=——mmmm - ACTCCAACGCTCC
KAS3189 TC-GCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-=-~-—— === ——————— ACT-CAACGCTCC
KAS2601 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~—-———=-—~—————m— = ACTCCATCGCTCC
KAS3187 T--GGCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC~~~—-~—--———————————— ACTCCATCGCTCC
KAS2615 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~-—— === ————————— ACTCCA-CGCTCC
NRRL32583 TCG-CCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCCC——~———=——===—~ AC-CAATCCCCTCGCTCC
DAOM239930 TCGG-CACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCCC~—~——~=—====-~ AC-CAATCCCCTICGCTCC
NRRL2074 TCG~CCACGTCGATT-CCGGCAAGTCCACCACCACTGGT-AAGCTCCC-—~—————— -~~~ AC-CAATCCCATCGCTCC
DAOM239931 TCGG-CACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-=~-——=—=—=——— AC-CAATCCCATCGCTCC
DAOM239932 ~-~~~-~ CGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~——————=~~-~ AC-CAATCCCATCGCTCC
DAOM239912 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~—=—======—= ACCCAATTCCATCGATCC
DAOM239913 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~————-———~~—~ ACCCAATTCCATCGATCC
CBS229.60 TAGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCCCGC-—~—————————=~-—= CAATCCCATCGATCC
CBS238.68 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT~AAGCTCTC--=~-—=—=—===——————— ACTCCATCGCTCC
CBS238.68 TCGGCCACGTCGATTCCCGGCAAGTCCACCACCACTGGT———— === == —— - - ——— e m—m——m——— -
KAS3463 ACGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-—-—- CCCCCCCA-—-~CCTTTC
KAS3464 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC--—-- CCCCCCCA~-~CCTTTC
KAS3466 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-—-—~~ CCCCCCCA---CCTTTC
KAS3465 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTTCAATCCCCCCAA-——=—==——=———=-~— CCTTCC
CBS347.51 ~---CCACGICGATT-CCGGCAAGTCCACCACCACTGGTAAAGTTTCAACC--TTAACACCTTCCCGATTAGGTAGCCAT

CBS136.22 TCGGCCACGICGATT-CCGGCAAGTCCACCACCACTGGT-AAGTTTCAACC--TTCACACCTTCCTGATTAGGTAGCCAT
CBS336.48 TCGGCCACGTICGATT-CCGGCAAGTCCACCACCACTGGT-AAGTTATTCAATCTTCACACCTTCCCGATTAGTTAGCCAT
CBS110644 TCGGCCACGICGATT~CCGGCAAGTCCACCACCACTGGT-AAGTTATTAAATCTTCACACCTTCCCGTTTAGGTAGTCAT

NRRL3391 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCCT -~ -~ ~~~—————————— -~~~ ACATCCCTCT
ALl1642 TCGGCCACGTCGATT-CCGGCARGTCCACCACCACCGGT-AAGCTCCT - -~ - -~~~ ——————————— =~~~ ACATCCCTCT
AL1878 TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACCGGT-AAGCTCTT -~ ——-—~=—-———————————==~- ACATCCCTCT
ALl644 ~C-GCCACGTCGATT~CCGGCAAGTCCACCACCACCGGT-AAGCTCCT-—~—~—=—————==—=———=—— ACATCCCTCT
AL1643 ~==-= CACGTCGATT~CCGGCAAGTCCACCACCACCGGT-AAGCTCCT-————— === - ———~———————— ACATCCCTCT
NRRL705 TCGGCCTICGTCGATT-CCGGCAAGTCCACCACCACTGGT-AAGCACCCCCTCCTCCATCCGTCCCTCGCCTCGCCCATCG
[ 81 91 101 111 121 131 141 151 ]
[ I | | I | | I [ ]
DAOM239924 ~-TTCCTCACTTCCATCGAACAACAT----- GACAGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
DAOM239918 ~TTCCTCACTTCCATCGAACAACAT--—-—- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
KAS2596 ~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
KAS2606 ~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
KAS3193 ~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
DAOM239920 ~TTCCTCACTTCCATCGAACAACAT----~ GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
KAS3183 ~TTCCTCACTTCCATCGAACAACAT~-—--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
DAOM239917 -TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
DAOM239928 ~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTITGATCTACAAGTGCGGTGGTATCGA
DAOM239921 ~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
DAOM239925 ~TTCCTCACTTCCATCGAACAACAT----~ GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
KAS3190 ~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA

DAOM239919 -TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA



DAOM239926
KAS2612
DAOM239922
DAOM239927
DAOM239929
KAS3191
KAS3186
KAS2630
KAS3189
KAS2601
KAS3187
KAS2615
NRRL32583
DAOM239930
NRRL2074
DACOM239931
DAOM239932
DAOM239912
DACOM239913
CBS229.60
CBS238.68
CBS238.68
KAS3463
KAS3464
KAS3466
KAS3465
CBS347.51
CBS136.22
CBS336.438
CBS110644
NRRL3391
ALl1642
AL1878
ALl644
AL1643
NRRL705

[

[
DAOM239924
DAOM239918
KAS2596
KAS2606
KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928
DAOM238921
DAOM239925
KAS31930
DAOM239919
DACOM239926
KAS2612
DACM239922
DAOM239927
DAOM239929
KAS3191
KAS3186
KAS2630
KAS3189
KAS2601
KAS3187
KAS2615
NRRL32583
DACM235930
NRRL2074
DAOM239931
DAOM239932
DACM239912
DACM239913

~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT--—--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
—-TTCCTCACTTCCATCGAACAACAT--—--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
~TTCCTCACTTCCATCGAACAACAT-——-— GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
~TTCCTCACTTCCATCGAACAACAT-~-~- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT--—-~-- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT--—--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
TTTCCTCACTTCCATCGAACAACAT-~--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
—~TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT---~-- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT~~-~-- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TGCCTCACATCCATCGAACAACAT-~~~-~ GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGA
-TGCCTCACATCCATCGAACAACAT -~~~ GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGA
-TGCCTCACATCTATCGAACAACAT-—--—- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGA
-TGCCTCACATCCATCGAACAACGT-—--- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGA
—TGCCTCACATCCATCGAACAACGT-——-— GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGA
—TTCCT-ATTTCCATCGAACAACGT-——-~~ GACTGATTCATCAACACAGGACACTTGATCTACAAGTGTGGTGGTATCGA
-TTCCT-ATTTCCATCGAACAACGT---—-- GACTGATTCATCAACACAGGACACTTGATCTACAAGTGTGGTGGTATCGA
--~TCTCTCTCATACCGAACAACCC----AAACTGATTCATGAATATAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
-TTCCTCACTTCCATCGAACAACAT----- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGA
——————————————————————————————————————————————————— CACATGATCTACAAGTGTGGTGGTATTGA
CATT------- CCATCGAACAACAG—---— AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
CATT--—-——- CCATCGAACAACAG----- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
CATT-—=~--- CCATCGAACAACAG----- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
CATC—=~——--- CCATCGAACAAC-—-—~——— AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
GET-——-——m—m———— - mm——m AACTAACAAAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGA
GGT-—-——=—— - mm AACTAAC~-AAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGA
GGT-—==————————— - m AACTAAC-CAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGA
GGT-—==———————— - — - AACTAAC-AAGCATAATAGGTCACCTGATCTACAAGTGTGGTGGTATTGA
ACCTTCCCATTCCATCGAATAATAT-~-—~ AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
ACCTTCCCATTCCATCGAATAATAT-—--- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
ACCTTCCCATTCCATCGAATAATAT-—--- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
ACCTTCCCATTCCATCGAATAATAT-—--- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA
ACCTTCCCATTCCATCGAATAATAT-—--- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGA

AGGTTTCATCCTTCATCCGCAATGACAAAATACTGATTCTCCCGA-CAGGTCACCTGATCTACAAGTGCGGTGGTATCGA

161 171 181 191 201 211 221 231

| [ | [ | ! | |
CTCTCGTACCATCGAGARG T TCGAGA~ == = m = = == = — e
CTCTCETACCATCGAGARGTTCGAGA - == = == == = = = = o
CTCTCGTACCATCGAGAAGTTCGAGA — = = = = = = = = = = o e o e e
CTCTCGTACCATCGAGAAGT TCGAGA = = = == = = = = o o o o o e e e
CTCTCGTACCATCGAGAAGTTCGAGA ~ — = = = === = = = = o e e
CTCTCGTACCATCGAGARGTTCGAGA = = = = == == = = = o e o
CTCTCGTACCATCGAGARGTTCGEAGA === = === = = = m e e
CTCTCETACCATCGAGARGTTCGAGA - — == === = = = = o e e
CTCTCGTACCATCGAGARGTTCGAGA - = = = = = = o o ot e o e
CTCTCGTACCATCGAGAAGTTCGAGA - = = = = === = o e om o e
CTCTCGTACCATCGAGAAGT T GAGA = = = = = == = = = = = — e e
CTCTCGTACCATCGAGAAGT T GAGA — = = = = = = == = = = — e e
CTCTCGTACCATCGAGAAG T TCGAGA - = = = = = = === = = = m e
CTCTCGTACCATCGAGAAG T T GAGA - = = = = = = = = = = = m e e e
CTCTCGTACCATCGAGAAG T T GAGA — = = = = = = == = = = — e e
CTCTCOTACCATCGAGARG T T GAGA - — = = == = = == = = = = e e
CTCTCGTACCATCGAGARAGT T GAGA = = = = = = = = = = m o e e e
CTCTCGTACCATCGAGARAGT T GAGA = = = == = = = = = o e e e
CTCTCGTACCATCGAGARG T TCGAGA = = === === = = = = — o o o o o e o e e
CTCTCGTACCATCGAGARGTTCGAGA - === === = = = = m oo o o o o o o e oo
CTCTCETACCATCGAGARGTTCGAGA = = = === = = = = o e e e
CTCTCGTACCATCGAGAAGTTCGAGA === = === = = = = m o o e e o
CTCTCGTACCATCGAGAAGTTCGAGA - === = === == = = —m o oo o o e e
CTCTCGTACCATCGAGARGTTCGAGA - = = = — = = = = o o e e e e
CTCTCGTACCATCGAGARGT TCGAGA == = = = = = m o e e e
CTCTCGTACCATCGAGARGT TCGAGA~ = = = = = = == = = = o oo o e e e
CTCTCGTACCATCGAGAAGT TCGAGA~ == === = = = = m o o o
CTCTCGTACCATCGAGAAG T TCGAGA == = == === = = = m o o e e
CTCTCGTACCATCGAGAAG T TCGAGA — = = == = = === = = = o e o e e
CTCTCGTACCATCGAGARG T TCGAGA = = == = = === = = = — o o o o o e e
CTCTCETACCATCGAGARG T TCGAGA = = == = = === = = = m e e oo
CTCTCETACCATCGAGARGT TCGAGA - === === = = = =~ o o e e e
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CBS229.60 CTCTCGTACCATCGAGAAGTTCGAGA~— == === == = = = = m e e
CBS238.68 CTCTCGTACCATCGAGAAGTTCGAGA == — === === == = = = = o o e e
CBS238.68 CCAGCGTACCATCGAGARGTTCGAGA == == === = == = = = o o e

KAS3463 CTCTCGTACCATCGAGAAGTTCGAGA === = = === = = = = = = =
KAS3464 CTCTCGTACCATCGAGAAGTTCGAGA === == = === = = = = = = = o e e
KAS3466 CTCTCGTACCATCGAGARGTTCGAGA - == = = = = = = = e e o
KAS3465 CTCTCGTACCATCGAGAAGTTCGAGA === = = = = — == = = = m = = e

CBS347.51 CTCTCGTACCATCGAGAAGTTCGAGA = === == = = = — s o
CBS136.22 CTCTCGTACCATCGAGAAGTTCGAGA = — === === = = = = o e e oo
CBS336.48 CTCTCGTACCATCGAGAAGTTCGAGA === == = == = = = = = o o e oo
CBS110644 CTCTCGTACCATCGAGAAGTTCGAGA - = == == = = = = = = = = = o e e
NRRL3391  CTCTCGTACCATCGAGAAGTTCGAGA -~ —— = === = = o e e

ALl642 CTCTCGTACCATCGAGAAGT TCGAGA -~~~ ~ = - - - - —— - —m - —
AL1878 CTCTCGTACCATCGAGAAG T TCGAGA -~~~ —~—— = - ——— - oo — e
ALl644 CTCTCGTACCATCGAGAAGT TCGAGA~———————— o — o e e e e
AL1643 CTCTCGTACCATCGAGAAG T TCGAGA~ —— ——— —— o o e e e e e e
NRRL705 CTCTCGTACCATCGAGAAGTTCGAGAAGGTACGGAATCACAATTTTCACTGCCCCCTCCTTGAGTGGGGTGGGGTCGTTC
[ 241 251 261 271 281 291 301 311

l | ! | | I I | |
DAOM239924 -----—-—-—---mom o m e m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239918 ---———-—-—-——-- e m s m e m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS2596  —~-——-—-—-mmmmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS2606  ——————————mmm oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS3193  —=——---mmmm e e o e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239920 -——=——--—mmmm oo e oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS3183  —-—-—---mmomm oo mm e m e m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239917 —-—-—~---——m— s m—————— e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239928 ~---————————-——m—— - m AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM23992]1 ~---———————— - -~ ——— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCG-C
DAOM239925 —----=—---—-—-mmm oo m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCG-C
KAS3190  -—-~=--------mmm oo o e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCG-C
DAOM239919 -----—-—-—-— - mmmmmmm— o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA~-C
DAOM239926 —----——-—-—————-—— - m—— e ———— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS2612  —--—-=~-=--—--o—mmo—————m—mme—mm o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239922 ----+-—---—-——-mmmmmm oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239927 —-=—-=--—-—-————-— s mmm e — e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
DAOM239929 ---—-—-—-—-m—ommmmmmmmmmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS3191 = —-—---—-—-m-mmm oo m oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS3186  ~=----—-—-mm—m— e m—m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS2630  =-—-—-—-—---mme e mmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS3189  —---—---m-mmm oo oo m s AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS2601  —=m-----m-mmmmm s mm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS3187  ———-—-—-mmmmmom oo e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
KAS2615  ———-—-—-em-mmmmm oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
NRRL32583 =—-—=—-—-————omm oo mmmmm oo AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA~—
DAOM239930 -~~--—-—=———-—-——-—-——— - AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA——
NRRL2074  —-—=—---—-———memmmm o oo AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA-~
DAOM239931 ~—=—-—-—-———-mom——m——————— AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA-~
DAOM239932 ---—--—-—-—-—-—-——- o mmmm o AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAWGTACGGTCGCA--
DAOM239912 -—--—=-—-=-—-—-————— - ——— oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACC
DAOM239913 -—-—----—-—-—=---—-——— oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACC
CBS229.60 —————-———-—-—eoo———— oo AGGAGGCCGCTGAGCTCGGTAAGGGTTCCTTCAAGGTATGAGCCCA-T
CBS238.68 ——————--—----—-————mm—— o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-C
CBS238.68 ———————-=——-mm—mmm e AGGAGGCCGCCGAGCTCGGLCAAGGGTICCTTCA-— -~ - = - ——————
KAS3463  =—=——---—m-—m-o—mm oo AGGAGGCTGCTGAGCTCGGTAAGGGTTICCTTCA-~—————=——=====
KAS3464  ——==---m-—-o—omm oo AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-~~———————===-=-~
KAS3466  ~-—-—-—-—=-----———oemmmm o AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA--—-—~--———-—=———
KAS3465  -~----—-—---mommmm oo AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-—~=-—=-=~-—-—=--—-
CBS347.51 =—=—-———=m—mm—mommo o —— o AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA- -~ == ————~—~——
CBS136.22 =—===—~—=———--————— e —mm————m AGGAGGCCGCCGAGCTCGGTAAGGGTITCCTTCA- - - - - == - == —————
CBS336.48 —=———-———-—--—mommmmm— oo AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA-~~~~=—=——=====
CBS110644 —~-—-—~——-—————— e —m—m——— oo AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA--—-—=-==-=—-——-=-——
NRRL3391  —==--=--—-——o————o—mm o m e AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA--——=~=~-—==—-—
AL1642 —mmmmmmmmmmmm—mm—m———————— o AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-~————————~————
AL1878 W  ~mmmm—mm—mmmmm——mmmm——————mm—— AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA- - - ——-—-——————
ALl1644 —-mmmmmmmmm—mm—o oo AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-~-~————=——===-—=
AL1643 ——-—m—mmmmmmmm————mmmmm— o AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA--—-——~—-=—==——=
NRRL705 TCTCGCCTTGGAACATTGTGCTAACCCCTCACAGGAAGCCGCTGAGCTCGGCAAGGGTTCCTTCA- -~ -~ =~~=—==-—~

[ 321 331 341 351 361 371 381 391
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[
DAOM239924
DAOM239918
KAS2596
KAS2606
KAS3193
DACM239%920
KAS3183
DAOM239917
DAOM239928
DAOM239921
DAOM239925
KAS3190
DAOM239919
DAOM239926
KAS2612
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DAOM239927
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KAS2630
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KAS2601
KAS3187
KAS2615
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CBS238.68
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KAS3464
KAS3466
KAS3465
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
AL1642
AL1878
ALl644
AL1643
NRRL705
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{
DAOM239924
DAOM239918
KAS2596
KAS2606
KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928
DAOM239921
DAOM23%925
KAS3190
DAOM239919
DAOM239926
KAS2612
DAOM239922
DAOM239927
DAOM239929
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CCCACAACCCATGTG------- AAAATTCTGAAGTGGGTC~~---AACTAACATCTGTCTTATAGTACGCTIGGGTTCTTG
CCCACAACCCATGTG------- AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG-~--—-—-- AARATTCTGAAGTGGGTC----AACTAACATCTGTICTTGTAGTACGCTTGGGTITCTTG
CCCACAACCCATGTG----—-- AAAATTCTIGAAGTGGGTC--~--AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG--~----- AAAATTCTGAAGTGGGTC-~---AACTAARCATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG--~---—- AAAATTCTGAAGTGGGTC-~~-AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG------~ AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTIGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG----—-- AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG~------ AAAATTCTGAAGTGGGTC-~---AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG-~----- AAAATTCTGAAGTGGGTC~---AACTAACATCTGICTTATAGTACGCTTGGGTTCITG
CCCACAACCCATGTG--~-—-~ ARAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTITGGGTTCTITG
CCCACAACCCATGTG-—-—-—--—- ARAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG------- AARAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG-—~--~—- AARAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG-~------ AAAATTCTGAAGTGGGTC--—--AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG-----—— AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG--—-——- AAAATTCTGAAGTGGGTC----AARCTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG~------ AAAATTCTGAAGTGGGTC~-~-AACTAACATCTGICTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG---——--- AAAATTCTGAAGTGGGTC—----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCITG
CCCACAACCCATGIG-~———-~--— AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGIG-———~---— AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTG
CCCACAACCCATGTIG------- AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTATAGTACGCTTGGGITCTTG
CCCACAACCCATGTG--—-——~ AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG--—---- AAAATTCTGAAGTGGGTC-~-~-AACTAACATCTGTCTTIGTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG--—-—-- AAAATTCTGAAGTGGGTC-~---AACTAACATCTGTCTTATAGTACGCTTIGGGTTCTTG

CCACAACACTCCAAGTG-—-AAAAAATTTTCAAAGTGGATCAGCGAACTAACATCC--ACAATAGTACGCTTGGGTTCTTG
CCACAACACTCCAAGTG--AAAAAATTTTCAAAGTGGATCAGCGAACTAACATCC~-ACAATAGTACGCTTGGGTTCITG
CCACAACACTCAAAGTG-~AAAAATTTTTCAAAGTGGATCAGCGAACTAACATCT--ACAATAGTACGCTTGGGTTCTTG
CCACAACACCCCAAGTGAAAAAAAATTTTCAAAGTGGATCAGTCAACTAACATCT--ACAATAGTACGCTTGGGTTICTTG
CCACAACACCCCAAGTGAAAAAAAATTTTCAAAGTGGATCAGTCAACTAACATCT--ACAATAGTACGCTTGGGTTCTTG
ATTACAAATTTTCAC-—---- AAGTCTCTTAAAGTGGATC----AACTAACATCT--CCAATAGTACGCTTGGGTTCTTG
ATTACAAATTITCAC---—--- AAGTCTCTTAAAGTGGATC-~---AACTAACATCT~~CCAATAGTACGCTTGGGTTCTTG
GAACTATATCCTACACACTCAATATGAAGCAACTAACATT—-——-——————————~ CGCATTAGTACGCTTGGGTTCTTG
CCCACAACCCATGTG-~~--—- AAAATTCTGAAGTGGGTC----AACTAACATCTGICGTATAGTACGCTTGGGTTCTTG
————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCTTGGGTACTTG
—————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTICTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTICTTG
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG

401 411 421 431 441 451 461 471
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ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTICTGGAAGTTCCAGACTGCCARGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
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KAS3191
KAS3186
KAS2630
KAS3189
KAS2601
KAS3187
KAS2615
NRRL32583
DAOM239930
NRRL2(074
DAOM239931
DAOM239932
DAOM239912
DACM239913
CBS229.60
CBS238.68
CBS238.68
KAS3463
KAS3464
KAS3466
KAS3465
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
AL1642
AL1878
AL1644
AL1643
NRRL705
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[
DACM239924
DACOM239918
KAS2596
KAS2606
KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928
DAOM239921
DAOM239925
KAS3190
DACM239919
DAOM239926
KAS2612
DAOM239922
DAOM239927
DAOM239929
KAS3191
KAS3186
KAS2630
KAS3189
KAS2601
KAS3187
KAS2615
NRRL32583
DAOM239930
NRRL2074
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS238.68
CBS238.68
KAS3463
KAS3464

ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTIGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTTCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTTCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATIGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATTGACATTGCCCTCTGGAAGTTCCAGACCTCCAAGTATGAGGTT
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTC
ACAAACTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCCATATCGCCCTCTGGAAGTT-CAGACCGCCAAGTATGAGGTC
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCAGCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCTCCAAGTATGAGGTIC
ACAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAACTTAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTT
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTT
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTT
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTT
ACAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTT
ACAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC

481 491 501 511 521 531 541 551
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ACCGT AT Tmmmm e m e e e e e e e e mm
ACC G T AT T mmm mm o e e e e e
ACCG T AT T m mm mm = e e e e e e
ACCGT AT T——m——————m—mm e e
ACCGE T C AT T mm—mm e e e e e e e
ACCG T AT T~ mmm m o o e e
ACCG T AT T~ mmmm e e e e
ACCG T A T T mmmmmm e o m e e
ACCG T AT T m — = m e e e e e e e e
ACCGT AT T mmmmmm e e e e e e e e e
ACCGTCAT T——mm = — mm e e e e e
ACC G T AT T~ — e e e e e e e e e
ACCG T A T T mmmm mmmm o m e -
ACCG T CA T T mm = mmmm m o m m e -
ACCGT C AT T —m—mmmmm o e o e e -
ACC G T AT Tm = m = m e o e e e
ACCGT AT T m~ = m == m m o e e e e e e
ACCGT AT Tmmmmm m e e e e
ACCGT AT Tmmmmm e e e e e e e e e e
ACCG T AT T m e e o e e e
ACCGTCAT T~ =~ == e e e e e e e e e e e e —
ACCGT AT Tmmmmm e e e e e -
ACCGT A T T m = m m m e e e e e e e e -
ACC G T A T T e mm mmm mm e
ACC G T A T T — —m—m e e e
ACCGT AT T — = = = = e e e e e e e e
BCCGT CAT T m o m m — m o
ACC G T C A T T == m = m e e e e e e e
ACC G T C AT T~ = m m e
ACCG T AT T m = m m m e e e e
ACCG T AT Tmmm e — = m m e e e e e
ACCB T AT T mm—m m e e e e
ACC G T C AT T m == m = e e e e e e e e e e e e e e
ACC G T A T T~ mm e e e e e
ACCGTCATCGGTAAGAGAC-TTTCCCGTTCAACATATCGGTCATAC-~—=—-=-======— ACACGCTAATATCTTCCATT
ACCGTCATTGGTAAGCTTTATCCCTGAGCCCTCTTTATTCTCTTTCAGCC——————~—~———==— ATTAASCCTTTTATC
ACCGTCATTGGTAAGCTTTATCCCTGAGCCCTCTTTATTCTCTTTCAGCC---———-==~——~=—~ ATTAACCCTTTTATC
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KAS3466 ACCGTCATTGGTAAGCTTTATCCCTGAGCCCTCTTTATTCTCTTTCAGCC-—-———=~—=———-—— ATTAACCCTTTTATC
KAS3465 ACCGTCATTGGTAAGCTTTATCCCTGAGCCCTCTTTATTCTCTTTCAGCC-—————=~——=—~——~ ATTAACCCTTTTATT
CBS347.51 ACCGTCA T ===~ —mmm o o e e e e e
CBS136.22 ACCGTC AT C -~ ———mm— o m oo o o e e e
CBS336.48 ACCGTC AT = — o m— o oo o e e e
CBS110644 ACCGTCAT C === e e e e e e e e
NRRL3391 ACCG T A T =~ = = — e e

AL1642 ACCG T AT Cm — m mmm oo m m e
AL1878 ACCGTC AT Cm — ——mmmmm m o -
ALl1644 ACCG T AT Cmm —m — e e e e
AL1643 ACCG T CAT Cm— —m = — e

NRRL705 ACCGTCATTGGTAAGAATTATCCC-ACCCACCATCTTCTCCCATCCATCATGGACTCTCTGACTGACTCTTC-—--CTCCT

[ 561 571 581 591 601 611 621 631 ]
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DAOM239924 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239918 —---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS2596 ——-=GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS2606 —--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3193 —--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239920 ---GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3183 —--—GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239917 ---GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239928 ---GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239921 ~~-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239925 ~--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3190 ~-—-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT

DAOM239919 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239926 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT

KAS2612 —--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239922 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239927 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
DAOM239929 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3191 —---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3186 —-~-GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS2630 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTIGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3189 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS2601 ~--GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3187 ~--GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS2615 —--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
NRRL32583 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT
DAOM239930 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT
NRRL2074 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT
DAOM239931 ~-~-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT

DAOM239932 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT
DAOM239912 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT
DAOM239913 ---GATGCCCCCGGTCACCGIGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTAT

CBS229.60 ---GATGCCCCTGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGTGCGATCCTGATCAT
CBS238.68 ---GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
CBS238.68 ACAGATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
KAS3463 TCAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCAT
KAS3464 TCAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCAT
KAS3466 TCAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCAT
KAS3465 TCAGATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCAT
CBS347.51 ---GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
CBS136.22 ---GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
CBS336.48 ---GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
CBS110644 ---GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
NRRL3391 ~--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCAT
AL1642 ---GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCAT
AL1878 ~--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCAT
ALl644 ~--—-GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCAT
AL1643 --~GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCAT
NRRL705 CTAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGCGCTATCCTCATCAT
[ 641 651 661 671 681 691 701 711 ]
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DAOM239924 CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
DAOM239918 CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
KAS2596 CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
KAS2606 CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC



KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928
DACM239921
DAOM239925
KAS3190
DAOM239919
DAOM239926
KAS2612
DAOM239922
DAOM239927
DAOM239929
KAS3191
KAS3186
KAS2630
KAS3189
KAS2601
KAS3187
KAS2615
NRRL32583
DACOM239930
NRRL2074
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS238.68
CBS238.68
KAS3463
KAS3464
KAS3466
KAS3465
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
ALl642
AL1878
ALl1644
AL1643
NRRL705

l

l
DAOM239924
DAOM239918
KAS2596
KAS2606
KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928
DAOM239921
DAOM239925
KAS3190
DAOM239919
DAOM239926
KAS2612
DAOM235922
DAOM239927
DAOM239929
KAS3191
KAS3186
KAS2630
KAS3189
KAS2601

CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTICACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCARGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTICACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCARGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTICACCC
CGCCTCCGGCACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGTCAGACTCGCGAGCACGCTCTGCTTGCCTTCACCC
CGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCC
CGCCTCCGGCACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCCAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCCAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCC
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCC
TGCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACCGGTGAGTICGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
TGCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCC
CGCCTCCGGCACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACTCGTGAGCACGCTCTGCTCGCTTTCACCC
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TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAG T~~~ —————m e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAG T ——— ==~ — e e e e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT —~— =~~~ — = mm e e e e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT —————————————mmm e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT —————————————mmm e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~ =~~~ m e m e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACAC T TGCAAG T — ——————mmem e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT —~ === === mm e e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - ——— =~ ——————————— e~
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT —————— ==~ m e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT ———— === —~— e mm e e m e e e mm e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGTT ~ == === mm e e e —
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~~~ —— =
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT — = === === ———mmm e e —
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - — =~~~ —~mmmmm e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT ————— ==~ —— e mmmm e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT ~——~————————————m e ——
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACAC T TGCAAGT ———~~—————mm e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT ———————————— -~ m e —
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT ————————~ e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT—~—————— e e m e e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACAC T TGCAAGT -~~~ —mmm e e
TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~~~ — = —mm e e
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KAS3187 TCGGTGTCCGCCAGCTICATCGITGCCCTGAACARGATGGACACTTGCAAGT —————————————————==——-————————
KAS2615 TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~ -~ - ===~ == —————————————————
NRRL32583 TCGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTATAACCTGCCTGACTACATGA
DAOM239930 TCGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTATAACCTGCCTGACTACATGA
NRRL2074 TCGGIGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTCGTAACCTGTCTGACTACATGA
DAOM239931 TCGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTGTAACCTGCCTGACTACATGA
DAOM239932 TCGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTGTAACCTGCCTGACTACATGA
DAOM239912 TCGGTGTCCGTCAGCTGATCGTTGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTCTAATCCATGGCTACTTGAC
DAOM239913 TCGGTGTCCGTCAGCTGATCGTTGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTCTAATCCATGGCTACTTGAC
CBS229.60 TTGGTGTCCGCCAGCTGATCGTCGCCCTCAACAAGATGGATACTTGCAAGT~—~——————————————————————————
CBS238.68 TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~~~ ~———————=————————————————
CBS238.68 TCGGTGTTAAGCAGCTCATCGTTGCCCTCAACAAGATGGACACCTGCAAGT - ~~———————=———————————————————

KAS3463 TTGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGACGGACACCTGCAAGT - -~~~ ~———— === ———mm———— e m e
KAS3464 TTGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACCTGCAAGT -~ ~ -~~~ ——— == - ——— - ————— o
KAS3466 TTGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACCTGCAAGT - -~ ~—=~~———————~—————————————
KAS3465 TTGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACCTGCAAGT ~~~~——=————————=~—————————————

CBS347.51 TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~~~ ——~——— == ———————————— e
CBS136.22 TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGT - -~~~ -~~~ —=——————————————————
CBS336.48 TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT—~~————————————=—————————————
CBS110644 TCGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT——~————————~—————————————————
NRRL3391 TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT - - - - - -~~~ ————————=————————=

AL1642 TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT - - - —— - -~~~ —~————————————~—————
AL1878 TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT —~ =~ -~ ~————————— === ———————
ALl1644 TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT~~———-————————~———————————————
AL1643 TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT -~~~ ———— === === ——m——————— o
NRRL705 TCGGTGTCCGTCAGCTCATTGTTGCCCTCAACAAGATGGACACCTGCAAGT ~——— =~~~ —=——————-—=——————————
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DAOM239924 ~————==—--—m- oo m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239918 —-—-—————--—m e m e m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS2596 W ———---—-m e m e m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS2606 W ==—-—-—--—mmm e m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3193 W —-—-————-—m-mm oo mm o m e mm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239920 --------—--————-—--——— - GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3183 W —-----—mmmrommmo oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239917 —-------—-—-——mm - m— e m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239928 ———--————————mm e m GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM238921 —-=---———————m—mmmm oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239925 -----——=-=--—-—mmm e mmm—m GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3190 W ----=-----mmmmmm e m oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239919 ---—-—-—--=-—mmm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTIC
DAOM239926 -—-———=————-—-— o e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS2612  -—--=--—mmmmm s o mmmmm e mmm GGAGCGAGGACCGTTACAACGAGATTGTCAAGGGGACCTCCAACTTC
DAOM239922 ——=-——-———- s oo m o GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239927 -—-—-—-=—-—-—-—m— e mm—mm—m GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239928 -----——=—-—-—---— o mmmm——m———m GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3191  ——----=--mmmm oo m o m GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3186  -———-—=-—-—----—oomeem—m—————— - GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS2630  —=—----—-momm oo m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3189  -—--—---—mmmmmom e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS2601  —-—---=---mmmmme oo m oo m o m e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3187  —==---m-mmmmmm e memm oo mmm——mm—m GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS2615 2 -—--—-mmmommmoo oo e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC

NRRL32583 CATCCCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTIC
DAOM239930 CATCCCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
NRRL2074 CATCCCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239931 CATCCCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239932 CATCCCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239912 C---TCAACCAACAAATACTAATTACCTAAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
DAOM239913 C---TCAACCAACAAATACTAATTACCTAAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC

CBS229.60 —=———--m----—m oo —m——— GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
CBS238.68 ~————-=--—--moomm— e — o GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
CBS238.68 ~—————=———-—-memm——— e — GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3463 2 ——--—-m—o-mmmoo oo GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3464  -——--------mmmommoo— o m GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3466  -—--—--——---mm— oo m e m e m e GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
KAS3465  ——--—-—mmomommm oo m—— e m GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
CBS347.51 =---—-—-----mmmmo o ————— GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
CBS136.22 ~=———=-——-mommmm s m GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC

CBS336.48 —~—————-—-rmmom oo GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
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CBS110644
NRRL3391
AL1642
AL1878
AL1644
AL1643
NRRL705

[

[
DAOM239924
DAOM239918
KAS2596
KAS2606
KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928
DAOCM239921
DAOM239925
KAS3190
DAOM239919
DAOM239926
KAS2612
DAOM239922
DAOM239927
DAOM239929
KAS3191
KAS3186
KAS2630
KAS3189
KAS2601
KAS3187
KAS2615
NRRL32583
DAOM239930
NRRL2074
DAOM239931
DAOM239932
DAOM239912
DAOM239913
CBS229.60
CBS238.68
CBS238.68
KAS3463
KAS3464
KAS3466
KAS3465
CBS347.51
CBS136.22
CBS336.48
CBS110644
NRRL3391
ALl642
AL1878
ALl644
ALl1643
NRRL705

[

[
DAOM239924
DAOM239918
KAS2596
KAS2606
KAS3193
DAOM239920
KAS3183
DAOM239917
DAOM239928

————————————————————————————————— GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————— GGTCTGAGGACCGCTACAACGAGATCGTCAAGGAGACCTCCAACTTC

881 891 901 911 921 931 941 951 ]
| | I | | I I !

ATCAAGAAGGTCGGCTACARACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAACGGGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTITCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTITCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTITCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTICCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTITCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACTACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACRACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTICGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGG-TTCAAC-GGAGACAACATGCT-GAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTITCGTCCCCATCTCCGG-TTCAAC-GGTGACTTGTAGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTGTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGG-TTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGCCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGG-TTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGG-TTCAAC-GGTGACAACATGC-TGAGT
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGGCTTCAAC-GGTGACAACATGCTTGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCCCATCTCCGG-TTCAAC-GGTGACAACATGCTTGAGG
ATCAAGAAGGTCGGCTACAACCCCAAGTCCGTTCCCTTCGTCCCCATCTCCGGATTCAAC-GGCGACAACATGCTCGAGG
ATCAAGAAGGTCGGCTACACCCCAARGGGTGTCCCCTTCGTTCCCATCTCCGGTTTCAAC-GGTGACAACATGCTTGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGGGTGTCCCCTTCGTTCCCATCTCCGG-TTCAAC-GGTGACAACATGCTTGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGGGT~TCCCCTTCGTTCCCATCTCCGG-TTCAAC-GGTGACAACATGCT-GAGC
ATCAAGAAGGTCGGCTACAACCCCAAGGGTGTCCCCTTCGTCCCCATCTCCGG-TTCAAC-GGTGACAACATGCTTGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTCCTATCTCCGGTTTCAAC-GGTGACAACATGCTCGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTCCTATCTCCGGTTTCAAC~-GGTGACAACATGCTCGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTITTCGTTCCTATCTCCGGTTTCAAC-GGTGACAARCATGCTCGAGC
ATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTCCTATCTCCGGTTTCAAC-GGTGACAACATGCTCGAGC
ATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCCCCATCTCCGGTTTCAAC~GGTGACAACATGCTGGAGC
ATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCCCCATCTCCGGTTTCAAC~GGTGACAACATGCTGGAGC
ATCAAGAAGGTICGGATTCAACCCCAAGACTGTCCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTGGAGC
ATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTGGAGC
ATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCCCCATCTCCGGTTTCAAC-GGTGACAACATGCTGGAGC
ATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAAC-GGTGACAACATGCTCGAGC

961 971 981 ]
\ | | ]
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
CCTCCCCC-AARCTGCCCCTGGTACAAGG
CCTCCCCC-AACTGCCCCTGGTACAAGG
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DAOM239921 CCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239925 CCTCCCCC-AACTGCCCCTGGTACAAGG
KAS3180 CCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239918 CCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239926 CCTCCCCC-AACTGCCCCTGGTACAAGG
KAS2612 CCTCCCCC-AACTGCCCCTGGTACAAGG
DACM239922 CCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239927 CCTCCCCC-AACTGCCCCTGGTACA-GG
DAOM239929 CCTCCCCC-AACTGCCCCTGGTACAAGG

KAS3191 CCTCCCCC-AACTGCCCCTGGTACAAGG
KAS3186 CCTCCCCC-AACTGCCCCTGGTACAAGG
KAS2630 CAACCCC--AACTG-CCCTGGTACAAGG
KAS3189 CCTCCCCC-AACTGCCCCTGG-ACA-GG
KAS2601 CCTCCCCC-AACTGCCCCTGGTACAAGG
KAS3187 CCTCCCCC-AACTGCCCCTGGTACA-GG

KAS2615 CCTCCCCC-AACTGCCCCTGGTACAAGG
NRRL32583 CCTCCCCC-AACTGCCCCTGGTACA--G
DAOM239930 CCTCCCCC-AACTGCCCCTGGTACA-GG
NRRL2074 CCCCCCCC-AACTGCCCC-=========
DAOM239931 CCTCCCCC-AACTG-CCCTGGTACA-GG
DAOM239932 CCCCCC--====—~——=—=———————-—
DAOM239912 CCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239913 CCTCCCCC-AACTGCCCCTGGTACAAGG
CBS229.60 CCTCCACC-AACTGCCCCTGGTACAAGG
CBS238.68 CCTCCCCCCAACTGCCCCTGGTACAAGG
CBS238.68 TTTCCACC-BAACTGCCCCTGGTACAAGG
KAS3463 CCTCCCCC-AACTGCCCCTGG----—-~
KAS3464 CCTCCCCC-AACTGCCCCTGGTACA-GG
KAS3466 CCTCCCCC-AACTGCCCCTGG-ACAAG-
KAS3465 CCTCCCCC-AACTGCCCCTGGTACAAGG
CBS347.51 CCTCCCCT-AACTGCCCCTGGTACAAGG
CBS136.22 CCTCCCCT-AACTGCCCCTGGTACAAGG
CBS336.48 CCTCCCCT-AACTGCCCCTGGTACAAGG
CBS110644 CCTCCCCT-BACTGCCCCTGGTACAAGG
NRRL3391 CCTCCTCC-AACTGCCCCTGGTACAAG—

AL1642 CCTCCTCC-AACTGCCCCTGGTACAAG—-
AL1878 CCTCCTCC-AACTGCCCCTGGTACAAG-
AL1644 CCTCCTCC-AACTGCCCCTGGTACAAGG
AL1643 CCTCCTCC-AACTGCCCCTGGTACAAGG

NRRL705 CCTCCCCC-AACTGCCCCTGGTACA--G

Multiple CaM Sequence Alignment

11 21 31 41 51
I I ! | I
-GGAGGCCTTGTCCCTCTTT--GT-AAGT~--ACTCCAA--CACGTCGATTGG----~—

(
l
DAOM239918

-

DAOM239919 == === = e e e o

KAS2601 A-GGAGGCCTTCTCCCTCTTT-~-GT-AAGT--ACTCCAA--CACGTCGATTGG- -~~~
KAS3183 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG--—---
DAOM239917 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG—-—--—
DAOM239927 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG-~~-~
DAOM239920 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG-—~--~
DAOM239928 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG---—--
DAOM239925 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG-----
KAS3186 A-GGAGGCCTTCTCCCTCTTT--GT~AAGT--ACTCCAA--CACGTCGATTGG- -~~~
KAS3193 A-GGAGGCCITCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG—-———
KAS2630 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG-~-~--~
DAOM239924 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG-----
DAOM239929 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA-~CACGTCGATTGG-----
KAS3189 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCTA--CACGTCGATAGG--—~~
KAs3187 A-GGAGGCCTTCTCCCTCTTT--GT~AAGT--ACTCCAA--CACGTCGATTGG-——-~~
KAS3190 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CAC-TCGATTGG-~~--~
DAOM239926 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG——~-—

DAOM239921 -—------ CCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACGTCGATTGG~---—
DAOM239922 A-GGAGGCCTTCTCCCTCTTC--GT-AAGT--ACTCCAA--CACGTCGATTGG—--~—
KAS2612 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCAA--CACCTCGATTGG-----—
KAS2615 A-GGAGGCCTTCTCCCTCTTT--GT-AAGT-~ACTCCAA--CACGTCGATTGG~~~-~—

71
I

AAGATCTGTA-ACTGGGATTT-
AGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT~
AAGATCTGTA-ACT-GGATTT-
ARGATCTGTA~ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
ARGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT~
AAGATCTGTA-ACT-GGTTTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-
KAS2606 === == o o e o
AAGATCTGTA-ACT-GGATTT-
AAGATCTGTA-GCT-GGATTTC
ARGATCTGTA-ACT-GGATTT-
AAGATCTGTA-ACT-GGATTT-

1
1
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KAS3191
KAS2596
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
DAOM239913
DAOM239912
CBS229.60
CBS238.68
AL1642
AL1644
AL1878
NRRL3447
AL1643
CBS347.51
CBS336.48
CBS110644
CBS136.22
NRRL705

DAOM239918
DAOM239919
KAS2601
KAS3183
DAOM239917
DAOM239927
DAOM239920
DAOM239928
DAOM239925
KAS3186
KAS3193
KAS2630
DAOM239924
DAOM239929
KAS3189
KAs3187
KAS3190
DAOM239926
KAS2606
DAOM239921
DAOM239922
KAS2612
KAS2615
KAS3191
KAS2596
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
DAOM239913
DAOM239912
CBS229.60
CBS238.68
AL1642
ALl644
AL1878
NRRL3447
AL1643
CBS347.51
CBS336.48
CBS110644
CBS136.22
NRRL705

(
[
DAOM239918
DAOM239919

A~GGAGGCCTTCTCCCTCTTT--GT-AAGT~-ACTCCAA-~CACGTCGATTGG~--~-~ AAGATCTGTA-ACT-GGATTT-
A-GGAGGCATTCTCCCTCTTT--GTAAAGT~-ACTCCAA--CACGTCGAATGG~~—~~~ AAGTACTGTA-ACT-GGATTTA
———————————————————— C--GT-AAGT~--ACTTCCA--CGCGTCGATTGA--—-——-AACCCTCGTG-ACT-GGATTT-
A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCCA--CGCGTCGATTGA----~ AACCCTCGTG-ACT-GGATTT-
A-GGAGGCCTTCTCCCTCTTT--GT-AAGT--ACTCCCA--CGCGTCGATTGA----~ AACCCTCGTG-ACT-GGATTT~
A-GGAGGCCTTCTCCCCTCTTTGTA-AAGT~--ACTCTCA--CGCGTCGATTGA-~~~~ AACCCTCGTG-ACT-GGATTT-
——————————— TCCCTCTTTT--GT-AAGTAAATTCTCA--CGCGTCGATGGA---—-ACCCTCGGTG-TCT-GGATTT-
--—-AGAGCCTTCTCCCTCTTT--GT-AAGT--GCCCCCA--CGCATCGATTGG~~-~~-~ AAGACTCGTG-ACT-GGATTT-
———————— CTTCTCCCTCTTT--GT-AAGT-~-GCCCCCA--CGCATCGATTGA-~---AAGACTCGTG-ACT-GGATTIT-
A-GGAGGCCTTCTCCCTTTTC--GT~AAGT--GTCCCGA--CCTGTCGATIG------ AAGACCCATG-ACT-GGATTIT-
———————— CTTCTCCCTTTTC--GT~AAGT--GTCCCGA--CCTGTCGATTG------AAGACCCATG-ACT-GGATTT-
A-GGAGGCATTCTCCCTTTGT------ GGT--GCCCGAT--TTCGTTGATTGG-AAAAAAAAGCGTCG-CCT-GGAATC-

A-GGAGGCATTCTCCCTGTTT--GT-GAGT~-GCCCGAT--TTCGTTGATTGG~-AARAAARAAGCGTCG-CCT-GGAATC-
A-GGAGGCATTCTCCCTGTTT--GT-GAGT--GCCCGAT--TTCGTTGATTGG-AAAAAAAAGCGTCG-CCT-GGAATC-
AGGAAGGCATTCTCCCCTGTTTTGT-GAGT--GCCCCGA-TTTCGTTGATTGGAAAARAAARAGCGTCG-CCT-GGAATC
A-GGAGGCATTCTCCCCTGTTTTGT-GAGT--GCCCCGATTTTCGTTGATTGGAAAAAAAAAGCGTCGCCCT-GGAATC~

--AGGAGCCTTCTCCTTGTTT--GT-AAGT--TCTTCGA--TCCTTCCATTGA~~—~~ ATGCCGTGGTTT---AAATTC-
A-AGAGGCCTTCTCCTTGTTT--GT-AAGT--TTATAGA--TCCTTTCATTGC-—-~-~ ATACTGIGTTTTTC-AAATTC-
A~GGAGGCATTCTCCTTGTTT--GT~-AAGT--TCATAGA--TCCTTCCATTGG----- ATACTGTGTTTT---AAATTIC-
A-G-——-— oo s TCTTCGA--TCTTTC--ATTA----- ATGCCGTGGTTC-A-AAATTC-
~~AGGAGCCTTCTCCTGTTGT~---- GAGT--GCCTCAG-ACGCGTGCATTGAC---~AATCTCCGATCGGG-AARAACAG

AATGCTGAT---GGATATGTTCTCC-~GGAAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC~-GGCGATTT
GATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA-~CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT~--GGATATGTTCTCC-~GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTICTCC--GGCAA~-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTITCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGITCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC-~-GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT--~-GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC~GGCGATTT
GATGCTGAT---GGATATGTTCTICC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT---GGATATGTTCTCC-~GGCARA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC~-GGCGATTT
GATGCTGAT---GGATATGTTCTCC-~GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT~---GGATATGTTCTCC-~GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC~-GGCGATTT
AATGCTGAT~~~GGATATGTTCTCC-~-GTCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
—————————————————————— TCC--GGCAA-TAG-GA--CAAGGGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA-~-CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTIT
GATGCTGAT--~GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
GATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC-~GGCAA~TAG-GA--CAA-GGATGGCGATGGTTAGTGCGACCGTC~GGCGATTT
AATGCTGAT---GGATATGTTCTCC-~GGCAA-TAG-GA--CAA-GGATGGTGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT---GGATATGTTCTCC~-~GGCAA-TAG-GA--CAA-GGATGGTGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT~--GGATATGTTCTCC--GGCAA-TAG-GA-—-CAA-GGATGGTGATGGTTAGTGCGACCGTC-GGCGA-TT
AATGCTGAT---GGATATGTTCTCC--GGCAA-TAG-GA--CAA-GGATGGTGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAA---GGATATGTTCTCC--GGCAA-TAGAGA--CAA-GGATGGTGATGGTTAGTGCGACCGTCTGGCGATTT
AATGCTGAT---GGATATGTTCTCC--GGCGA-TAG-GA--CAA-GGATGGTGATGGTTAGTGCGACCGTC-GGCGATTT
AATGCTGAT--~-GGATATGTTCTCC--GGCGA-TAG~GA--CAA-GGATGGTGATGGTTAGTGCGACCGTC-GGCGATTT
~-ATACTGAT-~~AAATACGTTCTGC--TTCAA-TAG-GA--CAA-GGACGGCGATGGTGAGTGCGACCGTC~-TGCGATTA
-ATACTGAT---AAATACGTTCTGC--TTCAA-TAG-GA--CAA-GGACGGCGATGGTGAGTGCGACCGTC-TGCGATTA
AACACTAAT---GGATGCTTTTTCCCGGGAAA-TAG-GA--CAA-GGATGGCGATGGTGAGTGCGATCGTA-CTCGGGCT
AACACTAAT---GGATGCTTTTTCCCGGGAAA~-TAG-GA--CAA-GGATGGCGATGGTGAGTGCGATCGTA-CTCGGGCT
AACACTAAT---GGATGCTTTTTCCCGGGAAA-TAG-GA--CAA-GGATGGCGATGGTGAGTGCGATCGTA-CTCGGGCT
AACACTAAT---GGATGCTTTTTCCCGGGAAAATAG-GA~-CAA-GGATGGCGATGGTGAGTGCGATCGTA-CTCGGGCT
AACACTAAT---GGATGCTTTTTCCCGGGAAA-TAG-GA--CARAGGATGGCGATGGTGAGTGCGATCGTA-CTCGGGCT

AATACTAAT---GGATATTCGT----- CATAA-TAG-GA--CAA-GGATGGCGATGGTGAGTGCGACCGTT-ACCGAGAT
AATACTGAT---GCATATTCGT----- CATAA-TAG-GA--CAA-GGATGGCGATGGTGAGTGCGACCGTT-ACCGAGAT
AATACTAAT---GCGTATTCGT----- CATAA-TAG-GA--CAA-GGATGGCGATGGTGAGTGCGACCGTT-ACCGAGAT
AATACTAAT---GGATATTCGT----- CATAA-TAA~GGACAAA-GGATGGCGATGGTGAGTGCGACCGTT-ACCGAGAT

TAGACTGACCAAGGCCGTTTTCCCGCTTGTGAACAG-GA--CAA-GGATGGCGATGGTGCGTGCAGTCTTT-CCCGGTAG

161 171 181 191 201 211 221 231 ]
[ | I | | | | | ]
TTT~-AAATTCCCATG--CCGACTGGAGTAAACCCACTGAG-——~=——————~===—==————— AGAACCGAATAACTGA
TTT--AAATT-CCATG-~-CCGACTGGAGTAAACCCACTGAG-———===—==—=—-——===-———— AGAACCGAATAACTGA
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KAS2601
KAS3183
DAOM239917
DAOM239927
DAOM239920
DAOM239928
DAOM23%925
KAS3186
KAS3193
KAS2630
DACM239924
DACM239929
KAS3189
KAs3187
KAS3190
DAOM239926
KAS2606
DAOM239921
DAOM239922
KAS2612
KAS2615
KAS3191
KAS2596
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
DAOM239913
DAOM239912
CBS229.60
CBS238.68
AL1642
ALl644
AL1878
NRRL3447
AL1643
CBS347.51
CBS336.48
CBS110644
CBS136.22
NRRL705

{

{
DAOM239918
DAOM239919
KAS2601
KAS3183
DAOM239917
DAOM239927
DACM239920
DAOM239928
DAOM239925
KAS3186
KAS3193
KAS2630
DAOM239%924
DAOM235929
KAS3189
KAs3187
KAS3180
DAOM239926
KAS2606
DAOM239921
DAOM239922
KAS2612
KAS2615
KAS3191
KAS2596
NRRL2074

TTT--AARATT-CCATG-~CCGACTGGAGTAAACCCACTGAG-~~——————————————-————=— AGAACCGAATAACTGA
TTT--AAATT-CCATG-~-CCGACTGGAGTAARACCCACTGAG--————=—-=~————————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG--———=—=~=-=—=—-————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG-~CCGACTGGAGTAAACCCACTGAG--~~~—~——————~——~—====—— AGAACCGAATAACTGA
TTT--AAATT-CCATG-~CCGACTGGAGTAAACCCACTGAG-~—~~~—~———~=——~———=———-——— AGARACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTARACCCACTGAG-~-—~-——~—-———~———————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTABRACCCACTGAG-~-~-—-~-—-—————————-—————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-—-————~~————————===—==—=—— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-——~—————~——————=====—— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG--—~-==-~———-———————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-———~——=-———-——————————-——— AGAACCGAATAACTGA
TTT--AAATT-CCATG-—-CCGACTGGAGTAAACCCACTGAG---——————m——————===—=—=— AGAACCGAATAACTGA
TTT--AATTT-CCATG-~-CCGACTGGAGTAAACCCACTGAG-———~————=——~———=—=—=—=— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG--———————~=——~—~————=—==— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-———~———=—~=—-—————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-——~~~~~===—=—————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG-~CCGACTGGAGTAAACCCACTGAG-—-=-—————-————~—~—————=—==— AGAACCGAATAACTGA
TTT--AAATT-CCATG-~-CCGACTGGAGTAAACCCACTGAG-—=-——~—~———=~—————=——==— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTARACCCACTGAG—~—-—-——-—-———-———————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAARACCCAATGAG-~~-—-—~—-——————————————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-——~~———~=———=——=—-—————— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTGAG-~————————————=———————-— AGAACCGAATAACTGA
TTT--AAATT-CCATG--CCGACTGGAGTAAACCCACTAAG-——-————————————————==== AGAACCGAATAAATGA
TTT--AAATT-CCATA--CCGACTGGAGTATACTCGCTGAG-——-—————-———————~=—==—=— GGAACCGAATAACTGA
TTT--AAATT-CCATA--CCGACTGGAGTATACCCGCTGAG-~————~=———————————————— AGAACCGAATAACTGA
TTG--AAATT-CCATA--CCGACTGGAGTATACCCGCTGAG--—————————————~————=== AGAACCGAATAACTGA
TTTTAAAATT-CCATA--CCGACTGGAGTATACCCGCTGAG-~——~————~==—-—————————— AGAACCGAATAACTGA
TTT--AAATT-CCATA--CCGACTGGAGTATACCCGCTGAG-~————~~=—=———————————— AGAACCGAATAACTGA
TTTTAAAACT-CCATG--CCGACTGGAGTATTCCCACTGAG-—=-=—————-—~~—————=====—=—— AGGACCGAATAACTGA
TTTTAAAACT-CCATG--CCGACTGGAGTATTCCCACTGAG--—~—-~—~—————=———————-——— AGGACCGAATAACTGA
TTT-====——- CCAGG--CCGACTGTATCACCCCTATTGAG-—————-———————————=—===- AGGACCGAATAACTGA
TTT--===—-- CCAGG--CCGACTGTATCACCCCTATTGAG--———————————-—===—=—=--— AGGACCGAATAACTGA
CGA~-TAATTT-CAAGATCCGATTATGTCCTCTTGACCGAG-—~—~=—=——-—————————————~— TGAA-CAAATCACTGA
CGA--TAATTT-CAAGATCCGATTATGTCCTCTTGACCGAG—~~—————————————~=——=== TGAA-CAAATCACTGA
CGA--TAATTT-CAAGATCCGATTATGTCCTCTTGACCGAG-—-——~—————=———————————— TGAA-CAAATCACTGA
CGA--TAATTT-CAAGATCCGATTATGTCCTCITGACCGAG--————===—————————————— TGAA-CAAATCACTGA
CGA--TAATTTCCAAGATCCGATTATGTCCTCTTGACCGAG-—~~~=~——-——————————————— TGAA-CAAATCACTGA
CTG--————~—- CGGA--CCAACTATTACGCCC--ATTGAA-——————~——=—=—=———————— AGGA-TAAATAACTGA
CTG——————~~— CGGA--CCGAC-ATCACGCCC--ATTGAG-—--———~~=-———-——-———————— AGGA-TAAATAACTGA
CTG-=====——- CGGA~-CCGAC-ATCACGCCC--ATTGAA~—--——--—————————====—=— AGAA-TAAATAACTGA
CTG-——-————- CGGA--CCGACTATCACGCCCCATTGAAA-————=—————~——~—-—=———————— AGGA-TAAATTACTGA
CTCGGACGCTC-—----- TTTCTTAGGAAGCAGTCCTTGGGCCACTGGCACCCGCGAAGGTTTTAARACAGAATGACTGA
241 251 261 271 281 291 301 311
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GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA~-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT~-ATAGGA-C-ARATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA~C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT~-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C~ARATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-ARATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C~-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCCGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AARATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C~-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGCTCT-ATAGGG-CAAAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GATCGATTAATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACCGTCATGCGCTCCCTCGGCCAGAACCCCTCC
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NRRL32583
DAOM239930
DAOM239931
DAOM23%8932
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CBS229.60
CBS238.68
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AL1644
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DAOM239918
DAOM239919
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(
DAOM239918
DAOM239919
KAS2601

GACCGATTAATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACCGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATTAATCT-ATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACCGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATTAATCT-ATAGGG-C-AGATCACCACCAAGGAGCT-GGGCACCGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATTAATCT-ATAGGGCC-AGATCACCACCAAGGAGCT-GGGCACCGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATTT-ATAGGA-C-AARATCACCACCAAGGAGTT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GACCGATCGATTT-ATAGGA-C-AAATCACCACCAAGGAGTT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCCTCC
GATCAATCAATAT-ATAGGC-C-ARATCACTACCAAGGAGCT~-GGGCACTGTCATGCGCTCCCTCGGCCAAAACCCCTCC
GATCAATCAATAT-ATAGGC-C-AAATCACTACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAAAACCCCTCC
GATGAATARATTCGATAGGA-C-AAATCACCACCAAGGAGCT~GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCTTCC
GATGAATAAATTCGATAGGA-C-AAACCACCACCAAGGAGCT~-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCTTCC
GATGAATAAATTCGATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCTTCC
GATGAATAAATTCGATAGGA-C-AAATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCTTCC
GATGAATAAATTCGATAGGA-C-AARATCACCACCAAGGAGCT-GGGCACTGTCATGCGCTCCCTCGGCCAGAACCCTTCC
GTTGGATGAATT--ATAGGC-C~AGATCACCACCAAGGAGCT-GGGTACCGTTATGCGTTCTCTCGGCCAGAACCCCTCC
GTTGGATGAATT~-ATAGGC-C-AGATCACCACCAAGGAGCT-GGGTACCGTCATGCGTTCCCTCGGCCAGAACCCTTCC
GTTGGATGAATT~--ATAGGC-C-AGATCACCACCAAGGAGCT-GGGTACCGTCATGCGTTCCCTCGGCCAGAACCCTTCC
GTTTGGATGAATT-ATAGGGCC-AGATCACTACCAAGGAGCTGGGGTACCGTTATGCGTTCTCTCGGCCAGAACCCTTCC
GTTATATATCATCGTTAGGC—-C~AAATCACCACCAAGGAGCT-CGGCACCGTCATGCGCTCGCTCGGCCAGAACCCCTCC

321 331 341 351 361 371 381 391 ]
| I I I I | | | ]
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~~--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—-~— T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~——— T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—-—--- T
GAGTCCGAGC~-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA--—-~ T
GAGTCCGAGC~-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTICCCTGGTACGA-~~-~- T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~-~--~- T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-——~- T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~-—~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-——-~-~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-———— T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA~~~--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTIGGTACGA-~---~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTICCCTGGTACGA-—--—~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~—~--— T
GAGTCCGAGC-TTCAGGACATGAGCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~-—-~ T
GAGTCCGAGCTTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—-~~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGGACGA-— - -~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-——--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-——-—- T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~~--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA~—~--~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~——~~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—~~~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—-—--- T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTTCCTGGTACGA--—--- T
GAGTCCGAGCTTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~~-~~ T
GAGTCCGAGC-TTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA--~-—~— T
GAGTCCGAGC-TCCAGGACATGATTAACGAAGTCGATGCCGACAACAACCGTACCATTGACTTCCCTGGTACGA-~--—~— T
GAGTCCGAGC-TCCAGGACATGATTAACGAAGTCGATGCCGACAACAACGGTACCATTGACTTCCCTGGTACGA-~-——— T

GAGTCTGAGC-TTCAGGATATGATTAACGAGGTCGATGCCGACAACAACGGTACCATTGACTTCCCTGGTACGAGTTTCT
GAGTCTGAGC-TTCAGGATATGATTAACGAGGTCGATGCCGACAACAACGGTACCATTGACTTCCCTGGTACGAGTTTCT

GAGTCTGAGC-TGCAGGATATGATCAACGAGGTCGCCGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC-—-——~ T
GAGTCTGAGC-TGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC-—-——~— T
GAGTCTGAGC-TGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC--~--~ T
GAGTCTGAGC-TGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTTCCTGGTACGC-~~-—~ T
GAGTCTGAGC-TGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC----- T
GAGTCTGAGC-TGCAGGACATGATTAACGAGGT TGACGCTGACAACAACGGCACCATTGATTTCCCTGGTACGG-——--~ T
GAGTCTGAGC-TGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTTCCCTGGTACGA-—-—--~ C
GAGTCTGAGC-TGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTTTCCCGGTACGA-—-—~ C
GAGTCTGAGC-TGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTICCCTGGTACGG-—-—-—~ T
GAGTCCGAGC-TGCAGGATATGATCAACGAGGTCGATGCCGACAACAACGGCACCATCGACTICCCCGGTATGT- -~~~ A
401 411 421 431 441 451 461 471 ]
| | | I | | | | ]
TTCCCTTCCGATCG--~GACCCCCTGCTC-——-~———— CCTCCGGATAGATGTTAA-—--————-— CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC--———-~~ CCTCCGGATAGATGTTAA-~——=~~~~~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC~-=——=~~ CCTCCGGATAGATGTTAA~~—~~—~—~— CG-TGCGG--CACAGA

250



KAS3183
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DAOM239918
DAOM239919
KAS2601
KAS3183
DAOM239917
DAOM239927
DAOM239920
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TTCCCTTCCGATCG--~-GACCCCCTGCTC-----—-- CCTCCGGATAGATGTTAA-—~—-—-—-—— CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-——-—-——=~ CCTCCGGATAGATGTTAA-—~————~~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC--——-——~= CCTCCGGATAGATGTTAA--~~———~~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC--------— CCTCCGGATAGATGTTAA-~----——--- CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—---——— CCTCCGGATAGATGTTAA-~---——--- CG-TGCGG-~CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-————~—-~ CCTCCGGATAGATGTTAA-~—————=—~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—---—-- CCTCCGGATAGATGTTAA-~-—--———— CG-TGCGG~-~-CACAGA
TTCCCTTCCGATCG-—--GACCCCCTGCTC-————-—-- CCTCCGGATAGATGTTAA-—~———-——~ CG-TGCGG--CACAGA
TTCCCITCCGATCG---GACCCCCTGCTC-~——-—-—-~ CCTCCGGATAGATGTTAA-—~~———~—= CG-TGCGG—-CACAGA
TTCCCTTCCGATCG—--GACCCCCTGCTC--—-—-——— CCTCCGGATAGATGTTAA-~--——-——— CG-TGCGG~--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—--——-—- CCTCCGGATAGATGTGAA-—--——-—-—- CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-——-———— CCTCCGGATAGATGTTAA-——————-~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC--—-—~—— CCTCCGGATAGATGTTAA---—-——-- CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC—~—-~—-—— CCTCCGGATAGATGTTAA--————~—— CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-——-—-—-— CCTCCGTATAGATGTITAA-—~~——--—- CG-TGCGG-—-CACAGA
TTCCCTTCCGATCG~-—-GACCCCCTGCTC--—---—--- CCTCCGGATAGATGITAA-~~-—-———- CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—~~--~—~ CCTCCGGATAGATGTTAA-—-~————~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—~~~-——~ CCTCCGGATAGATGTTAA-—-~————~ CG-TGCGG--CACAGA
TTCCCTTCCGATCG--~-GACCCCCTGCTC----—--- CCTCCGGATAGATGTTAA-—--——-—--— CG-TGCGG--CACAGA
TTCCCTTCCGATCG-~-GACCCCCTGCTC--—-—--—-— CCTCCGGATAGATGTTAA-~--—-—~—-— CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—-—-———— CCTCCGGATAGATGTTAA-~---—-—-- CG-TGCGG--CACAGA
TTCCCTTCCGATCG---GACCCCCTGCTC-—---—-- CCTCCGGATAGATGTTAA--—--—-—- CG-TGCGG--CACAGA
TTCCCTTCCACTCGAATGACCCCGTGCTTCGTACTCGCTTCCGGACATATGTTAA-—~——-——~ CA-TGCGG--CACAGA
TCCCCTTCCACTCGAATGACCCCGTGCTTCGTACTCGCTTCCGGACATATGITAA-—~-~——-——~ CA-TGCGG--CACAGA
TTCCCTTCCACTCGAATGACCCCGTGCTTCGTACTCGCTTCCGGACATATGTTAA--—-—-~—~= CA-TGCGG--CACAGA
TTCCCTCCCACTCGAATGACCCCGTGCTTCGTACTCGCTTCCGGGCATATGTTAAG- -~ ——~== CA-TGCGG--CACAGA
TTCCCTCCCACTCGAATGACCCCGTGCTTCGTACTCGCTTCCGGGCATATGTTAA--—-——-———— CA-TGCGG--CACAGA
TTCCCTCCCACTCGAATCATCC——~~-—- CGTCCTAGTCTCCGGACATATGTTAA--——-————— CA-TGCGA--CACAGA
TTCCCTCCCACTCGAATCATCC-——~—~~ CGTCCTAGTCTCCGGACATATGTTAA-~——-—-——-— CA-TGCGA--CACAGA
CTTTCTTCCACCCGAA-—---—- ATGCCCCATACTCGCCATTCGCCATATATTGA-—~-————— CA-GACGGCACACAGA
CTTTCTTCCACCCGAA-—-—=-— ATGCCCCATACTCGCCATTCGCCATATATTGA- -~ ~—=~=~~ CA-GACGGCACACAGA
CTCCCTCCCCTCCGAATGA~-—-— TGATCTCAAGCCCCGAGAAGACTGATATTGA-—~——~-—-—— CATTGCGA-~CACAGA
CTCCCICCCCTCCGAATGA--~-—— TGATCTCAAGCCCCGAGAAGACTGATATTGA---———~——~ CATTGCGA--CACAGA
CTCCCTCCCCTCCGAATGA-—-——— TGATCTCAAGCCCCGAGAAGACTGATATTGA-—~-———-——— CATTGCGA--CACAGA
CTCCCTCCCCTCCGAATGA-—=-—— TGATCTCARAGCCCGAGAAGACTGATATTGA-——-————~=~ CATTGCGA--CACAGA
CTCCCTCCCCTCCGAATGA—~-—— TGATCTCAAGCCCCGAGAAGACTGATATTGA-—-~———~—~ CATTGCGA--CACAGA
CCCTATGTCCTCGACGGAC~---TCGACTTTATTTTTCTTTCGGACCAGTATTGA-—~~———-—— CA-CCCTT--CGCAGA
CTCTATGTCCTCGACGAAC--~--TCGATTTTATCTCCTTTTCGGATCAGTATTGA----——--—~ CA-CCITT--TGCAGA
CCCTATGTCCTCGACGAGC---~-TCGATTGTATCTTCCTTTCGGATCAGTATTGA--—-—-—-—~~ CA-CCITT--TGCAGA
CCCTATGTCCTCGACGGAC--—-TCGACTTTATATTCCTTTCGGACCAGTATTGA~-~-----—— TA-CCTTT--TGCAGA

TTGAATCGCTTGGCAGTCTGCTGTGGCTCTTTTTCTCCCTTTAGACCAAGACTGATTGCTTTTCTG-TGCGCC-TGCAGA

481 491 501 511 521 531 541
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GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCA--—-~—--~-——==
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGGCCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTITCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGACCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGCCGAGTTCCAGGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGAACGTAAGATGAAGGACACCGACTCCGAGGCCGAGTTCCAGGAGGCCTTCAAGGTTTTCGATC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCAAGGAGGCCTTCAAGG-TTTCGATC
GTTCCTGACCATGATGGCCCGTAARAATGAAGGACACCGACTC-—— =~ == === - - - -~ oo — e m—m e
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
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DAOM239930
DAOM239931
DAOM239932
DAOM239913
DAOM239912
CBS229.60
CBS238.68
AL1642
AL1644
AL1878
NRRL3447
AL1643
CBS347.51
CBS336.48
CBS110644
CBS136.22
NRRL705

[

[
DAOM239918
DAOM239919
KAS2601
KAS3183
DAOM239917
DAOM239927
DAOM239920
DAOM239928
DACM239925
KAS3186
KAS3193
KAS2630
DAOM239924
DAOM239929
KAS3189
KAs3187
KAS3150
DAOM239926
KAS2606
DAOM239921
DAOM239922
KAS2612
KAS2615
KAs3191
KAS2596
NRRL2074
NRRL32583
DACM239930
DAOM239931
DAOM239932
DAOM239913
DAOM239912
CBS229.60
CBS238.68
ALl642
ALl644
AL1878
NRRL3447
AL1643
CBS347.51
CBS336.48
CBS110644
CBS136.22
NRRL705

GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTTAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGACCAGATCCGTGAGGCCTTCAAGGTTTTCGACC
GTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAGGTTTTCGACC
GTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAGGTTTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAAGTCTTCGACC
GTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAAGTCTTCGACC
GTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGTGTTCGACC
GTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGTGTTCGACC
GTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGTGTTCGACC
GTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGTGTTCGACC
GTTCCTITACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGTGTTCGACC
GTTTCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAGATCCGCGAGGCATTCAAGGTGTTCGATC
GTTTCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAAATCCGCGAGGCATTCAAGGTGTTCGATC
GTTCCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAGATCCGCGAGGCATTCAAGGTGTTCGATC
GTTCCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAGATCCGCGAGGCATTCAAGGTGTTCGATC
GTTCCTTACCATGATGGCCCGCAAGATGAAGGACACCGACTCAGAGGAGGAGATCCGGGAGGCGTTCAAGGTGTTTGACC

GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCC-——~=—=~===
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATITCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTRATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTICATTTCCGCCGCCGAGCTGCGCCACGTCATG—~—
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACG--———-——~
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGAC-ACAACGGTTTCATTTCCGCCGCCGAGCTGC-~-————========
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGT--—-—-—~
GCGACAACAACGGTTTCATTTCCG-———————=~——————————————~~
GCGACAACAACGT--———=——————— - - = — e~ ————————— - —
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACG-——-——-——
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAATAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC
GTGACAACAACGGTTTCATTTCCGCCGCTGAGCTGCGCCACGTCATGACC
GTGACAACAACGGTTTCATTTCCGCCGCTGAGCTGCGCCACGTGATGACC
GCGACAACAACGGTTTCATCTCCGCTGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGTTTCATCTCCGCTGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGATAACAACGGATTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGATAACAACGGATTCATCTCCGCCGCCGAACTACGCCACGTCATGACC
GCGATAACAACGGATTTATCTCCGCCGCCGAACTGCGCCATGTCATGACC
GCGATAACAACGGATTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
GCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACC
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Appendix 4: Chapter 3 Multiple Sequence Alignments

Multiple BenA Sequence Alignment

[ 1 11 21 31 41 51 61 71 ]
l | [ | I | | | ! ]
KAS3191 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACGTCAC-~CCGGGGTCAAAT -~~~ ~———— CTTCAATTG-GTGAACT
DAOM239926 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~-CCGGGGTCAAAT ~——-—-———~ CTTCAATTG-GTGAACT
DAOM239819 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT—~~~~~~~— CTTCAATTG-GTGAACT
DAOM239917 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT -~ ~—~~~——— CTTCAATTG-GTGAACT
DAOM239922 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT—~~———~~— CTTCAATTG-GTGAACT
DAOM239925 CGGTGCTGCTTTCTGGTACGTGTITGCTA-CCTGACCTCAC--CCGGGGTCARAT----—--——~ CTTCAATTG-GTGAACT
DAOM239943 CGGTGCTGCTTTCTGGTACGTGITGCTA-CCTGACCTCAC--CCGGGGTCAAAT--~—-————— CTTCAATTG-GTGAATC
KAS347953 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT-——-————-~- CTTCAATTG-GTGAACC
DAOM239941 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC~-CCGGGGTCARAT----—-—-—~ CTTCAATTG-GTGAACC
DAOM239942 CGGTGCTGCTTTCTGGTACGIGTTGCTA-CCTGACCTCAC--CCGGGGTCARAT--—--~—-—— CTTCAATTG-GTGAACT
DAOM239944 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT—--——-—-—~ CTTCAATTG-GTGAACC
DAOM239940 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT-——————-—— CTTCAATTG-GTGAATC
DAOM239945 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT——————~~= CTTCAATTG-GTGAACT
DAOM239946 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT———~~~--=— CTTCAATTG-GTGAATC
DAOM239939 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT-—————~—— CTTCAATTG-GTGAATC
NRRL2074 CGGTGCTGCTTTCTGGTACGTGTTGCTA~-CCTGACCTCAC--CTTCGGTCAAAT ~——~~———— CATCAATTG-TTGAACC
NRRL32583 CGGTGCTGCTTT-TGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAGAT----—---—- CATCAATTG-TTGAACC
DAOM239930 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAGAT-—-—-——-—~ CATCAATTG-TTGAACC
DAOM239931 TGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT-—-—~———— CATCAATTG-TTGAACC
DAOM239932 TGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT~—~—~——=~= CATCAATTG-TTGAACC
CBS25855 GGGTGCTGCTTTCTGGTACGTGTTGCTA~-CCTGACCTCAC--CTTGGGTCAAAC—-—-——=~—-~ CATCAATTG-TTGAACC
CBS12865 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~CTTGGGTCARAC--———-—-—~ CATCAATTG-TTGAACC
CBS11889 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTGGGTCAAAC--—-—~——~—~ CATCAATTG-TTGAACC
DAOM239912 CGGTGCTGCTTTCTGGTACGTGTTGATA-CCTGACCTCAC--CTTGGGTCAARAT---——-——--— TATCAATTG-TTGAGCA
DAOM239913 CGGTGCTGCTTTCTGGTACGTGTTGATA-CCTGACCTCAC--CTTGGGTCAAAT——-——-—-~— TATCAATTG-TTGAGCA
CBS24865 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAAAT - —~~~-—~-— CTTCAATTG-TTGAGCA
DAOM239934 CGGTGCTGCTTTCTGGTACGTGTTGCTA~CCTGACCTCAC--TTTGGGTCAACTCA-~~-—-—- CATCAATTG~TTAAACC
DAOM239935 TGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAACTCA--—-~~—= CATCAATTG-TTAAACC
DAOM239936 TGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAACTCA-~~—~~- CATCAATTG-TTAAACC
DAOM239933 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAACTCA-——--——- CATCAATTG-TCAAACC
DAOM239914 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCAAAT-—-—————~— CATCAATTG-TTGAACC
DAOM239915 CGGIGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCAAAT——~=—-——-—~ CATCAATTG-TTGAACC
DAOM239838 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCAACT——~——-——~ CATCAGTTG-TTGAACC
DAOM239937 CGGTGCTGCTTTCTGGTACGTGTTGCTA~CCTGACCTCAC--CTGGGGTCAACT---——-—-—~ CATCAGTTG-TTGAACC
KAS3469 CGGTGCTGCTTTTTGGTACGTGTTGCTC-CCTGACCTIGAC--CTTGGGTCGAAT~-——--——— CATCAATTG-TTGAACC
CBS229.60 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCCGACTTTAC~-CTTGCCTCAGGT---~—~~--— AGTCAATTG-TTGAACC
CBS238.68 CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCCGACTTTAC-~-CTTGCCTCAGGT---~—-~—--— AGTCAATTG-TTGAACC
KAS3463 CGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC—~—-—======-—— CTCAACC---————-—- CATCAATTG-TTGGCCT
CBS238.68 CGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC--~—————————— CTCAACC--—-—-—--—— CATCAATTG-TTGGCCT
KAS3464 CGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC-——=—====-~——~ CTCAACC--——=~——— CATCAATTG-TTGGCCT
KAS3466 CGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC-—=-—=~~—~—-—~~ CTCAACC--——==-——— CATCAATTG-TTGGCCT
KAS3465 CGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCTC--~=-=======--~ CTCAAAC---—————- CATCAATTG-TTAGCCT
NRRL3391 CGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG-———=-—======—- ATGAACC---—-——---- CATCAATTG-TTGATTC
AL1878 CGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG---=—===—====— ATGAACC-----—---- CATCAATTG-TTGATTC
ALl1644 CGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG~—==~——-———-———— ATGAACC-—-————~~~— CATCAATTG-TTGATTC
ALl642 CGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG-=~~=-—=—=—=—— ATGAACC-—--—-—-—- CATCAATTG-TTGATTC
ALl1643 CGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG--—===-==—=—-—— ATGAACC----————~ CATCAATTG-TTGATTC
CBS136.22 CGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACACCATCCCAAGT--—-——-—~ CATCAATTG-TTGAACC
CBS347.51 CGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACACCACCCCAAGT-——-——-~~—~ CATCAATTG-TTGAACC
CBS336.48 CGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACAC---CCCAAGT-—~--—--~=~ CATCAATTG-TTGAACC
CBS110644 CGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGGACAACGAC-~CCCAAGT~-——~--—-- CATCAATTG-TTGAACC
CBS42665 CGGTGCTGCTTTCTGGTACGTGTTTCC~~—— ===~ —==————————————— ACC-————=——= CATCAAATG-TTGACAC
KAS2818 CGGTGCTGCTTTCTGGTACGTGTTTCC-—— === == === == ————————— ACC-—=-————— CATCAAATG-TTGACAC
NRRL705 CGGTGCTGCTTTCTGGTACGTGCCACGCCCGCC--AAAACTTCCCCAGCACAACAAAGCAAA-CCCCAATTG-CGAG--~

l 81 91 101 111 121 131 141 151 ]
! I ! | | I | | | ]



KAS3191
DAOM239926
DAOM239919
DAOM239917
DACM239922
DAOM239925
DAOM239943
KAS347953
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOMZ239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239930
DACOM239931
DAOM239932
CBS25855
CBS12865
CBS11889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239914
DAOM239915
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS238.68
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
ALl643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
KAS2818
NRRL705

[

[
KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS347953
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946

CAGGAA—-—==~——— CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGC
CAGGAA------- CC--—--TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGC
CAGGAA----—-- CC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGC
CAGGAA-———-——— CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGC
CAGGAA-————-——— CC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGC
CAGGAA----—-- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGAGGGC
CAGGAA-—————— CC---~TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGRA-—---—-—- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCTAGGCCTCGACGGCGAGGGC
CAGGAA------- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAA~--—~—— CC-—---TTTGACTGACTIGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAA--—--——=- CC--—-TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGTGAGCATGGCCTCGACGGCGAGGGC
CAGGAA-~-—----- CC--—--TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGG~-CTCGACGGCGAGGGC
CAGGAA-~-—----- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGT
CAGGAA-~—---= CC----TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAA-—--——— CC--—-TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGG-CTCGACGGCGAGGGC
CAGGAC-----—- CC----TTTTACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAC-=~~~-— CC----TTTTACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAC--~~--- CC-—---TTTTACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAC----—-—- CC~-—--TTTAACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAC—--————— CC~--~~-TTTAACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGL
CAAGAG-~—-———— CC----TTATACTGACTTCAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAAGAG—-—————— CC-~--TTATACTGACTTCAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAAGAG-----—-- CC--—-TTATACTGACTTCAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAC--—--—-- CT--—-TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGTCTCGACGGCGAGGGC
CAGGAC-~----- CT----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGTCTCGACGGCGAGGGC
AAGAAC-—-——--- CC----TTATACTGACTTGGATCATAGGCAGAACATTGCTAGCGAGCATGGTCTCGACGGCGAGGGC
CACGAG~~~———— CC----TTATACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CACGAG-———=—=~ CC--—--TTATACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGTCTCGACGGCGAGGGC
CACGAG-—----—- CC----TTATACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGTCTCGACGGCGAGGGC
CACGAG-------— CC----TTATACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
TAGGAG------- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
TAGGAG------- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAAGAG--—~==~-- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGT
CAAGAG------- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGC
CAGGAA-—-—-—-- CC----ATATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCCTCGATGGCGGGGGT
CAGGAG------- CC----TTATGCTAACCT-ACTTCCAGGCAGAACATTGCTAGTGAGCATGGCCTTGATGGCGAGGGC
CAGGAG----—--—- CC-~--TTATGCTAACCT-ACTTCCAGGCAGAACATTGCTAGTGAGCATGGCCTTGATGGCGAGGGC
CTTCAA-~—~——— GCTTTCTTTTACTAAC-TACCTCTTAGGCAGAACATTGCCAGTIGAGCACGGCCTCGATGGCGATGGC
CTTCAA-—=—=-——— GCTTTCTTTTACTTAC-TACCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCTCGATGGCGATGGC
CTTCAA-——-——- GCTTTCTTTTACTTAC-TACCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCTCGATGGCGATGGC
CTTCAA-—--——- GCTTTCTTTTACTTAC-TACCTCTTAGGCAGAACATTGCCAGTGAGCACGGCCTCGATGGCGATGGC
CTTCAA-—-———-—— GCTTTCTTTTACTAAC-TACCTCTTAGGCAGAATATTGCCAGTGAGCACGGCCTCGATGGCGATGGC
~~A-AA-—-—-—-—-— CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCTCGATGGCGATGGA
-—A-AA--——---— CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCTCGATGGCGATGGA
--A-AA-------— CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCTCGATGGCGATGGA
-~-A-AA--———-- CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCTCGATGGCGATGGA
--A-AA----—--- CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTCTCGATGGCGATGGA
CTTGAG---—=~-— ACA---TTTTACTGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCACGGCCTCGATGGCGAAGGA
ATTGAG---~---- ACA---TTTTACTGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCACGGCCTCGATGGCGAAGGA
CTTGGA-====—— ACA---ATTTACTIGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCATGGCCTCGATGGCGAAGGA
CTTGAG-—==——~— ACA---TTTTACTGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCACGGCCTCGATGGCGAAGGA
CCATTG-—-=-—— AAACTTTTTTACTAAC-TACCCTCTAGGCAGAACATTGCCTCCGAGCACGGTCTTGATGGCGATGGA
CCATTG-—-—-—— AAACTTTTTTACTAAC-TACCTTATAGGCAGAACATTGCCTCCGAGCACGGTCTCGATGGTGATGGA
—---TCAACAGATACTGACTCG--—-~-————— AACTACAGGCAGACCATTGCTGGTGAGCACGGCCTTGATGGCGATGGC
161 171 181 191 201 211 221 231
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CAGTAAGT-=—==—=—=—=————————————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT~-——=—==—————————————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--———————————~——=—mm—m ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT~-GGCGGTCT
CAGTAAGT-—~——=—~——-r==—————————— - ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT——-—=——-=—==—————————————— ATCAATT-TACGGGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--————=——-————————-—-——————— ATCAATT-TACGGGGAATTGGGTGATA~~--TGAGAAT-GGCGGTCT
CAGTAAGT-—————=-——--—————————————— ATCAATT-TACGCGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT-=——==—==———m = m—— ATCAATT-TGCGTGGAATTGGGTGATA-~--GGAGAAT-GGCGGTCT
CAGTAAGT-————==——=—————————=—~————— ATCAATT-TACGCGGAATTGGGTGATA~~~-TGAGAAT-GGCGGTCT
CAGTAAGT-==—=—-—————m—=———————————— ATCAATT-TACGCGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT-———=—=——=——=——————m——————— ATCAATT-TACGCGGAATTGGGTGATA-~~TGAGAAT-GGCGGTCT
CAGTAAGT--————=——=———————————————— ATCAATT-TACGCGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--~——=——————=-~——-—-—m—— ATCAATT-TACGCGGAATTGGGTGATA---TGAGAAT~GGCGGTCT

CAGTAAGT-———~=————-—m—mo oo ATCAATT-TACGCGGAATTGGGTGATA-~-TGAGAAT-GGCGGTCT
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CAGTAAGT-——~-—~--=————————~=———————— ATCAATT-TACGCGGAATTGGGTGATA--—TGAGAAT-GGCGGTCT
CAGTAAGT—————-—————=—=———m—————— = ATCCATT-CGGTTGGAATTGAGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT-————-—————=——=——~————— ATCCATT-CAGTTGGAATTGAGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT-—--=—=—=-————-———————————— ATCCATT-CAGTTGGAATTGAGTGATA-—-TGAGAAT-GGCGGTCT
CAGTAAGT--—-~~==——-—-—— -~ m————— ATCCATT-CGGTTGGAATTGAGTGATA-—-TGAGAAT-GGCGGTCT
CAGTAAGT—~—-—-~=—————=—==——~———————— ATCCATT-CGGTTGGAATTGAGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT-——-——=-——-———————————————— ATCAATT-TGGTTGGAATTGAGTGATA---TG-GAAT-GGCGGTCT
CAGTAAGT~—----—m—————— ===~ - —— ATCAATT-TGGTTGGAATTGAGTGATA---TG-GAAT-GGCGGTCT
CAGTAAGT~---—--~-———— === mmm o ——— = ATARAATT-TGGTTGGAATTGAGTGATA---TG-GAAT-GGCGGTCT
CAGTAAGT--—~—-====——— ==~ —————— ATCAATT-TGGTTGGAATTGGGTGATA--~TGAGAAT-GGCGGTCT
CAGTAAGT-~————~====————m=————————— ATCAATT-TGGTTGGAATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--——==—--————— ===~ ———————— ATCGAAT-TGGTTGGCATTGGGTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--—-=—=——————————===~———————— ATCAATT-TGGTTGGAATTGGCTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--———————~-——— ===~ ———————— ACCAATT-TGGTTGGAATTGGCTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT-—-—————===-=———==~———————— ACCAATT-TGGTTGGAATTGGCTGATA--—TGAGAAT-GGCGGTCT
CAGTAAGT~—-——————==——————=~———————— ATCAATT-TGGTTGGAATTGGCTGATA---TGAGAAT-GGCGGTCT
CAGTAAGT--————-—-——~————===~———————— ATCAATA-TGGTTGGAATTGAATGAAA---CGAGGAT-GGCGGTCT
CAGTAAGT-—=-—-——————— = ===~ ATCAATA~-TGGTTGGAATTGAATGAAA---CGAGGAT-GGCGGTCT
CAGTAAGT==-———===——— === === —————— ATCAACA-TGGTTGGAATTGGCTGATA~-~-GGAGAAT-GGCGGTCT
CAGTAAGT-=~———==——— == —m———————— ATCAACA-TGGTTGGAATTGGCTGATA---GGAGAAT-GGCGGTCT
ATGTAAGT-—~=~-=====——— === ———————— ATCAATT-TGGTTGGAATGGACTGATA~—--TGAGAAT-GGCGGTCT
CAGTAAGT---~--—--—————=—— ==~ ———— ATCAATA-CGAGIGGGATTGGGTGATG-~-—-TGAGAAC-GGCGGTCT
CAGTAAGT———————=—=——————— e~ — ATCAATA-CGAGTGGGATTGGGTGATG--~TGAGAAC-GGCGGTCT
CAGTAAGT=———=~—===—————m—rm———————— TTCTCGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT-GGCGGTCT
CAGTAAGT-—-—————————=——=—m o TTCTCGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT-GGCGGTCT
CAGTAAGT~—-———=~-———=—————~—— e TTCTCGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT~GGCGGTCT
CAGTAAGT-----—--———————==~——o————— TTCTTGA-TTAAGTCGATTGGGTTATGTGGTGGGAAT-GGCGGTCT
CAGTAAGT--—---—————————=====~———————— TTCTCGA-TCAA-TCGATTGGGTTATGTGGTGGGGAT-GGCGGTCT
CAGTAAGT-~——=~==—————— ===~ —— e CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT-GGCGGTCT
CAGTAAGT-===———=————— = — e — - — CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT-GGCGGTCT
CAGTAAGT--——~—-—=——=——————~—————— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT~GGCGGTCT
CAGTAAGT~~-~———===————— ==~ —— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT-GGCGGTCT
CAGTAAGT-—-—-—-——-—-~~——=——~ oo ———— CTCGATCATCGACTCGATTGAATGAAGTGGTGGGAAT-GGCGGTCT
CAGTGAGT~===—====———— ===~ —m— ATCAATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GGCGGTCT
CAGTGAGT---—~~————===—=——~———————— ATCGATA-TTAATGGAATTGAGTGACGAG-TAGGAAT~GGCGGTCT
CAGTGAGT-~-—~——===———————~———————— ATCGATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GGCGGTCT
CAGTGAGT——=—=====——— ===~ ———————— ATCAATA-TTAATGGAATTGAGTGACGAG-TAGGAAT-GGCGGTCT
CAGTAAGT-—---—-—~——— = —— TCTTTGATTCGAGTCGATTGGTATATATGGTGGGAAT-GGCGGTCT
CAGTAAGT--——-—-—~=———=————————————— TCTTTGATTCGAGTCGATTGGTATATATGGTGGGAAT-GGCGGTCT
CAGTAAGTCTCTTCGATACCACTTGATACCTCT--———————————————————=—=== C-GACACGGAA-TGGCGGTCT
241 251 261 271 281 291 301 311

| I | | I I I |
GATA----TTTTTCTTTAGCTTCAC~TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG

GATA----TTTTTCTTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTITAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC~-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC~TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA--—--TTTTTCTTTAGCTTCAC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA---—-TTTTTCTTTAGCTTCAC-TGTCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA~~--TTTTTCTTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTCTTTAGCTTCAC~TGTCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GACATTTTTITTTCCCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA-TTTTTTTCCCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA-TTTTTTTCCCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA-TTTTTTTTCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTICTACTTCAACCACGTAAG
GATA-TTTITTTTTCCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA--TTTTTTTTCTTAGCTTCGC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA-TTTTTTTTTCTTAGCTTCAC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA-ITTTTTTTTCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG

GATA-—=--- TTTTTCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----- TTTTTCTTAGCTTCAC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----- TTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG

GATATTTTTTTTCTCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTACTTCAACCACGTAAG
GATA--TTTTTTTTCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTACTTCAACCACGTAAG
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GATA--TTTTTTTTCTTAGCTTCAC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTACTTCAACCACGTAAG
GATA--TTTTTTTTCTCAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTACTTCAACCACGTAAG
GATA-TTTTTTTTTCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTITTACTTCAACCACGTAAG
GATA-TTTTTTTTTCTTAGCTTCAC~-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTACTTCAACCACGTAAG
GATA--TTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA--TTTTTTTTCTTAGCTTCAC~TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATT-TTITTTTTTCTGAGTTTCAT-TGGCCACTCCGACCTCCAGCTCGAGCGCATGAACATCTACTTCAACCACGTAA-

GATA----- TTTTTC-TAGCTTTAC~TGGCCAGTCTGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATA----- TTTTTC-TAGCTTTAC~TGGCCAGTCTGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAG
GATG-~-——- TTTTC~-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATG-~—-——~— TTTTC-TAGCTTCAC~CGGTTCCTCCGACCTICCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATG--~--- TTTTC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATG--~--- TTTTC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATG-=-~--- TTTTC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAATGTCTACTTCAACCACGTAAG
GATA----- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA----- TTTTTC-TAGCITCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA—-~--- TTTTTC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA-=~~-- TTTTTC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA--—-- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA--—-— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA--——— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA----— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA----- TTTTCC-TAGCTTCAC~CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG

GATA---TTTTTTTC-TAGCTTCAC~CGGCCAGTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA--TTTTTTTTC-TAGCTTCAC~CGGCCAGTCCGACCTCCAGCTGGAGCGTATGAACGTCTACTTCAACCACGTAAG
GATA----TTTTTGGTTAGCTACAA~TGGTACCTCCGACCTTCAGCTCGAGCGCCTGAACGTCTACTTCACCCACGTAAG

341 351 361 371 381 391 ]
! | | | | | | | 1
_________________ TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGT-TTTTCA-~~
_________________ TGTGG-AATCAACACTCCAA-ACTCGTCA-~---ACCACATCTAATACAATGGG-TTTTCA---
_________________ TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGG-TTTTCA---
_________________ TGTGG~AATCAACACTCCAA-ACTCGTCA~-—~-ACCACATCTAATACAATGGT-TTTTCA-—-
_________________ TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGG-TTTTCA-—-~
_________________ TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAATGGT-TTTTCA---
_________________ TGTGG-AATCAACACTCGAT~ACTCGTCA----ACCTCATCTAATACAATGGT-TTTTCA--~
_________________ TGTGG-AATCGACACTCGAT-ACTCGTCA----ACCTCATCTAATATAATGGT-TTITCA---
_________________ TGTGG-AATCGACACTCGAT-ACCCGTCA--~~ACCTCATCTAATATAATGGT~TTTTCA--~-
_________________ TGTGG-AATCGACACTCGAT-ACTCGTCA----ACCTCATCTAATACAATGGT-TTTTCA--~-
_________________ TGTGG-AATCAACTCTCGAT-CCTCGTCA-—---ACCTCATCTAACACAATGGT-TTTTCA---
_________________ TGTGG-AATCAACACTCGAT-ACTCGTCA~---ACCTCATCTAATACAATGGT-TTTTCA---
_________________ TGTGG-AATCAACACTCGAT-ATTCGTCA----ACCTCATCTAATACAATGGT-TTTTCA~~~
_________________ TGTGG-AATCAACACTCGAT-ACTCGTCA----ACCTCATCTAATACAATGGT-TTTTCA~-~-
_________________ TGTGG-AATCAACACTCGAT-ACTCGTCA--~--ACCTCATCTAATACAATGGT-TTTTCA---
_________________ TGTGG-AATCGATACTCGAT-ACCTGCCA----ACCCCGTCTAATATAATGGA-TTTTCA-~~
_________________ TGTGG-AATCGATACTCCAT-ACCTGCCA----ACCCCGTCTAATATAATGGA~TTTTCA---
_________________ TGTGG-AATCGATACTCCAT-ACCTGCCA--~-ACCCCGTCTAATATAATGGA-TTTTCA---
_________________ TGTGG-AATCGATACTCGAT-ACCTGCCA—--~ACCACGTCTAATATAATGGA-TTTTCA---
_________________ TGTGG-AATCGATACTCGAT-ACCTGCCA---~ACCACGTCTAATATAATGGA-TTTITCA---
_________________ TGTGC-AATCGACACTCGAT-ACCTGTCA----ACCCCGTCTAATATAATGGA-TTCTCA-—--
_________________ TGTGC-AATCGACACTCGAT-ACCTGTCA----GCCCCGTCTAATAGAATGGA-TTCTCA---
_________________ TGTGC-AATCGACACTCGATAACCTGTCA----ACCCCGTCTAATATAATGGA-TTCTCA-—~
_________________ TGTGGAAACCGACACTCGAT-ACCTTTCA----AACACGTCTAACATGATGCA-TCTTCA--~
----------------- TGTGGAAACCGACACTCGAT-ACCTTTCA----AACACGTCTAACATGATGCA-TCTTCA---
_________________ TGTGG-AATCGACACTCGAT-ATCTTTCA----AACCCGTCTAACACAATGAA-TTCTTA--~
_________________ TGTGG-AATCGACACTCGATACTCTGGAC----ACCCCGTCTAATATAATGGA-TTTTCT--~
_________________ TGTGG-AATCGACACTCGATACTCTGAAC---~ACCCCGTCTAATATACTGGA-TTTICT--~
_________________ TGTGG-AATCGACACTCGATACTCTGAAC----ACCCCGTCTAATATACTGGA-TTTTCT--~
_________________ TGTGG-AATCGACACTCGATACTCTGAAC----ACCCCGTCTAATATAATGGA-TTTTCT---
_________________ CGTGA-AATCTACACTCGAT-ACCATTCA-~~-~CTCCCATCTAATATATTTGA-TTCTTT--~-
_________________ CGTGA-AATCTACACTCGAT-ACCATTCA---~CTCCCATCTAATATATTTGA-TTCTTT--~-
----------------- TGTGG-AATTTACACTCGAT-ACCCTTCAGACCCCCCCGTCTAATATGATGGATTCTTTT--~
----------------- TGTGG-AATTTACACTCGAT-ACCCTTCAGACCCCCCCGTCTAATATGATGGATTCTTTT-—~
----------------- CGTGGAAACCCACTCTCGAT--CCTTTCA----ACCCTGTCTAATATTATGGA-TTTTCA--~
_________________ TGTGG-AATCGATACCCGTA-ACGTTTAA--~-ACCTCGTCTAATACAATIGA-TTTTCA--~-
----------------- TGTGG-AATCGATACCCGTA-ACGTTTAA--~-~-ACCTCGTCTAATACAATTGA-TTTTCA--~—
_________________ TATGA-CATTGATATATTGA~ATAATTCG----ACCCTGTCTAATATTTTIGATT-TTCA~~~
————————————————— TATGA-CATTGATATATTGA-ATAATTCG----ACCCTGTCTAATATTTTTGATT-TTCA---
_________________ TATGA-CATTGATATATTGA-ATAATTCG----ACCCTGTCTAATATTTTTGATT-TTCA--~—
_________________ TATGA-CATTGATATATTGA-ATAATTCG-~~~-ACCCTGTCTAATATTTTTGATT-TTCA--~—
_________________ TATGA-CATTGATATATTGA-ATAATTCG~-~~ACCCTGTCTAATATTCTGGATT-CTCA---
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_________________ TGTGG-CATTGATATCCCGA-GTCACTCG----AACACGGCTAATATGTCGGGTTTTTTA--~
_________________ TGTGG-CATTGATATCCCGA-GTCACTCG~~~-AACACGGCTAATATGTCGGGTTTTTTA-~~
_________________ TGTGG-CATTGATATCCCGA-GTCACTCG~~-~-AACACGGCTAATATGTCGGGTTTTTTA-—~
_________________ TGTGG-CATTGATATCCCGA-GTCACTCG----AACACGGCTAATATGTCGGGTTTTTTA--~
_________________ TGTGG~CATTGATATCCCGA-GTCACTCG----AACACGGCTAATATGTCGGGTTTTTTA--~
_________________ TGTGG-AATCAATACTCACAATACATTCG-~-~-ACTCCGCCTAATATGATGGAAA—~-TTA~~~
_________________ TGTGG~-AATCAATTCTCACAATACATTCG----ACTCCGCCTAATATGATGGAAA--TTA~—~
_________________ TGTGG-AATCCATACTCACAATACATTCG-—-~-AATTCACCTAATAGGATTGAAA-~TTA~-~
_________________ TGTGG-AATCATTACTCACAATACATTCG---~-ACTCCGCCTAATATGCTIGARA-TTCG~-~
_________________ TGTGG-AATTGATCCCTCGA-GCCATTCG----ATATTGGCTAATAT-TTGGATTGTTTA--~
_________________ TGTGG-AATTGATCCCTCGA-GCCATTCG----ATATTGGCTAATAT-TTGGATTGTTTA-—~
TTGCGTGTCCATCCAACGAA-~==~====== GAAACACCAGAATTA----AGTCTAACCCATGGATGTTTTGTTTAT~~~

401 411 421 431 441 451 461 471

| | | | | | | |
~--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGCGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGL
~-—-TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGL
~--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGL
~~-~TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~-—TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTICCGTGC
~—--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~-—-TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~==TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~-—-TAGGCCICTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGAAGCCCGGTACCATGGACGCTGTCCGTGC
~——TAGGCCICTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~—--TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~—-TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGAAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATGGACGCTGTCCGTGC
~--TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACTATGGACGCTGTCCGTGC
~~~TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~—-TAGGCTTCCGGTGACCGTTACGITCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATGGACGCTGTCCGTGC
~=-TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATGGACGCTGTCCGTGC
~--TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~=-TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~—-~TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTICCGTGC
~~~TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~~=~TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~-~TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCACCGGTAACCGTTACGTTCCCCGTGCCGTCCTGGTCGATTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~-~-CAGGCCAGCGGTGACCGCTATGITCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~~-CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGCTACGTTCCTCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~~~TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~~~TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~~-TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCTGGTACCATGGACGCTGTCCGTGC
~--TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGATTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--CAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGATTTGGAGCCCGGTACCATGGACGCTGTCCGTGC
~--CAGGCCAGCGGTGACAAGTACGTTCCCCGTGCCGTTCTGGTCGATCTGGAGCCCGGTACCATGGACGCTGTCCGTGC
481 491 511 521 541 551

501 531
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[
KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS347953
DAOM239941
DAOM239942
DAOM239944
DACOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBS11889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239914
DAOM239915
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS238.68
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl1644
AL1642
ALl643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
KAS2818
NRRL705

[

[

KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS347953
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945

J | | | I | | |

CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAARCAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCG-CCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACRACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTTGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACARCTTCGTCTTTGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGCCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
TGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACARCTGGGCCAAGGGTC
TGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTITCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTTGGAAAGCTTTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCCGGTGCCGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTTGGAAAGCTTTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCCGGTGCCGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCITCCGTCCCGACAACTTICGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTTITCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAACTCTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGCCCTGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTCGGCAAGCTCTTCCGCCCTGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAACTGGGCCAAGGGTC
CGGTCCCTTTGGCAAGCTCTTCCGTCCCGACAACTTCGTCTTCGGCCAGTCCGGTGCCGGTAACAACTGGGCCAAGGGTC

561 ]
I ]
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
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DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBsS11889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM233936
DAOM239933
DAOM239914
DAOM239915
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS238.68
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
KAS2818
NRRL705

ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC
ACTAC

Multiple ITS Sequence Alignment

{

[
KAS3191
DAOM239926
DAOM239919
DAOM239925
DAOM239922
DAOM233917
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239%44
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL32583
NRRL2074
DAOM239930
DAOMZ239931
DAOM239932
CBS25855
CBS12865
CBS118889

1 11 21 31 41 51 61 71

| | i | | | | |
CATTACTG--AGTGAGGGCCCTCTG------~- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~~~—~= GGTCCAACCTCCCACCCGTGTTIA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~—~——~ GGTCCACCCTCCCACCCGIGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~~-----~— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~-—---~- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—~——~~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
——————————————————— CCTCTG--~~---G-T-~CACCTCCCACCCGTGTTTA-TTATACCTTGTTGCTTCGGCAGG
CATTACTT--AGAGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
—————————— AGAGAGGGCCCTCTG-------GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
—————————— AGTGAGGG--~-TCT-----~--GGT-~CACCTCCCACCCGTIGTTTA-TTATACCTTGTTGCTTCGGCAGG
——————————————————— CCTCTG-----—-G~-T--CACCTCCCACCCGTGTTTA-TIGTACCTTGTTGCTTCGGCAGG
CATTACAGGAAAGAGGGGCCTCCTGGGCCTCTGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
—————————————————— GCCTCTG--~----GGTC~-ACCTCCCACCCGTGTTTA~TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG------~— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACAGGAAAGAGGGGCCTCCTGGGCCTCTGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG----—-- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG--~--—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTIGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG--—---- GGTCCAACCTCCCACCCGIGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~~~~—-~— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~~~==~ G-TC--ACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG----~-~~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG--~~~~-~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG----—-- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG

259



DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM238935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

{

KAS3191
DAOM239926
DAOM239919
DAOM239925
DAOM239922
DAOM239917
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL32583
NRRL2074
DAOM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBS118889
DAOM23%9913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS23865

CATTACTG--AGTGAGGGCCCTCTG~~-~-=~~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~—-~——— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~~——~-~ GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG-~-AGTGAGGGCCCTCTG~--—---- GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~-~---~ GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~~~~—-— GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~---~—- GGTCCAACCTCCCACCCGIGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~----—-~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~—-~~=~~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~---—-~- GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~------ GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~~----~- GGTCCAACCTCCCACCCGTGTTTAATTGTACCTTGTTGCTTCGGCAGG
———————————————————— CTCCG~~~=~~~-G-TC--ACCTCCCACCCGTGTTTATTCGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCCG~———=—= GGTCCAACCTCCCACCCGTGTTTATTCGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~-—-—-- GGICCAACCTCCCACCCGTGTITTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~-—---- GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~———~~~- GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~—~~=--~ GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~----—- GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTICGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~--—--—- GGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGTGAGGGCCCTCTG~~----—- GGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGTGAGGGCCTCTGG-~—--——-— T-CAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGTGAGGGCCCTCTG~-~~~—— GGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
—————————————————————————————————————— ACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGTGAGGGCCCTCTG~~-----~- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~------ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG—~~——-—— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGITGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~-—--—-—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCTTCGG—-~——~—~ GTCCAACCTCCCACCCGTGTCTA-TTGTACCATGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCTTCGG~~~~-=-- GTCCAACCTCCCACCCGTGTCTA-TTGTACCATGTTGCTTCGGCAGG
CATTACCG--AGTGAGGGCCCTCTG-—-—--—- GGTCCAACCTCCCACCCGTGTTTA-TCGTACCTTGTTGCTTCGGCGGG
81 91 101 111 121 131 141 151 ]

| | | | ! | | !

CCCGCC-TCACGGCCGCC-GGGGGGCTTC-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGLC-GGGGEGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGLC-GGGGGGCTTCC-GCCCCCGGGCCCGLCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCTCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCCCATACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC~GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCCCATACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TTACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TTACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~-GGGGGEGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTTCCGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGRAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTTCCGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~-GGGGGGCTTCACGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTTCCGGACACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCLCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCCGGGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTTT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC~-TCACGGCCGCC-GGGGGGCCTCC~GCCCCCGGGCCCGCGCCTGCCGGAGACAAT-CTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCCTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAAT-CTGAACGCTGTCTGAAGA
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CCCGCC-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC~TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC~-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGECCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGLCC-GGEGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCATTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGEGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGLCC-GGGGGGECTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGT
CCCGCC-TTATGGCCGCC--GGGGGCTAACCG-CCCCGGGCCCGCGCCTGCCGAAGACCCCTCTGAACGCTGTCTGAAGA
CCCGCC~-TTATGGCCGCC--GGGGGCTAACCG~CCCCGGGCCCGCGCCTGCCGAAGACCCCTCTGAACGCTGTCTGAAGA
CCCGCCGTCATGGCCGCC~-GGGGGGCACCC-GCCCCCGGGCCCGCGCCCGCCGAAGACACCATTGAACGCTGTCTGAAGA
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ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAARAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCCGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATA-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCTAAATTAGTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCTAAATTAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCARAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAT-AGCAAAATTTGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTARAACTTTICAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAARATTATTTARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT~AGCTAAATTAGTTAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT~AGCTAAATTAGT TAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
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CBS42665 TTGCCGTCTGAGCGAAACATATAAATTATTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
DAOMZ239816 TTGCCGTCTGAGCGAAACATATAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA

NRRL705 TTGCAGTCTGAGCG-ATTAGCTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
[ 241 251 261 271 281 291 301 311 ]
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KAS3191 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT

DAOM239926 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239919 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239925 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGIGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239922 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239917 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239943 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
KAS3479 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239941 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTITGAACGCACATTGCGCCCCCTGGTATT
DAOM239942 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239944 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239940 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239945 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239946 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239939 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
NRRL32583 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
NRRL2074 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239930 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239931 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTITTGAACGCACATTGCGCCCCCTGGTATT
DAOM239932 GCGARATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS25855 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS12865 GCGARATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS118889 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239913 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239912 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS24865 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239934 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DACOM239935 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239936 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239933 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM2393815 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239914 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239938 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
DAOM239937 GCGARATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
KAS3469 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS229.60 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS23865 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT

KAS3463 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS238.68 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
KAS3464 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
KAS3466 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
KAS3465 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
NRRL3391 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
AL1878 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
ALl644 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
AL1642 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
AL1643 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT

CBS136.22 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS347.51 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS336.48 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTITGAACGCACATTGCGCCCCCTGGTATT
CBS110644 GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
CBS42665 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATT
DAOM239916 GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATT

NRRL705 GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
[ 321 331 341 351 361 371 381 391 ]
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KAS3191 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC----G

DAOM239926 CCGGGGGGCATGCCTGICCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT~-~CCCCCCC----G
DAOM239919 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-~~CCCCCCC---~G
DAOM239925 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC----G
DAOM239922 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--~-CCCCCCC~—~-G
DAOM239917 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC—---G
DAOM239943 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-CCCCCCCCC-~--G
KAS3479 CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-CCCCCCCCC-~-~G
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CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGTCCCCCCCCCCCC~~G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-CCCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTITGT--CCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC~----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGTCCCCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT-—-TCCCCC—-————~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT-—TCCCCC—-—-—-—~—
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT--TCCCCC~—-~-~—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT--TCCCCC-~~~~-~~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT--TCCCCC-——-—-~-—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTTTGTTGGGTCTTGT--TCCTCC-—————~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTTTGTTGGGTCTTGT~-TCCTCC-—————~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTTTGTTGGGTCTTGT--TCCTCC———~~—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC-———~—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT-~TCCCCC-————-—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTTGT~-TCCCCC-—-———~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC—————-—~
CCGGGGGGCATGCCTIGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC~-~—-—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC~~~~-~—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC-~--———~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGC~-TCCCCC~———=~—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGC--TCCCCC———-~——~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTTGC--TCCCCC-———~—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTTGC--TCCCCC—————~~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGC--TCCCCC-~-——--—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCC——-—-—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG~-TCCCCCC~~-—~-—~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCACC-C~G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG-—-TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG-—-TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG~~TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG~-TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGLCTTGTGTGTTGGGLCTCCG-~-TCCTCCCCLC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCC~-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT--CCCCCCTCTGC-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT--CCCCCCTCTGC-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT--CCCCCCTCCGC-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT~-CCCCCCTCCGL-G
CCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTCGT--CCCCCCCG——~—-
CCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTCGT--CCCCCCCG——-——
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCCG--CCCCCCGGTTTCG

401 411 421 431 441 451 461 471 1
| f I ! | | | ! ]
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC-~-CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGLCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCACC--GTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCACC-~GTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGT-GGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC-~-CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAARAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGARAGGCAGTGGCGGCAC-~CCTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGARAGGCAGTGGCGGCAC-~-CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAARGGCAGTGGCGGCAC--CGTCCGATCCTCCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC-~-CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC-~-CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCGC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
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CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOMZ239914
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM23%9916
NRRL705

[

l
KAsS3191
DAOM239926
DAOM239919
DAOM239925
DAOM239922
DAOM239917
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL32583
NRRL2074
DAOM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DACM239936
DAOM239933
DAOM239915
DAOM239914
DAOM239938
DAOM239937
KAS3469
CBS229.60

GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTITGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGAGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCGGGCCCGARAGGCAGCGGCGGCATCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCC

481 491 501 511 521 531 541 551

| | | | [ | I |
GGCCGGCTGCTT--GCCGAC-—--CCCCATCAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC-~TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC-~--CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT-~-GCCGAC-—--CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC-~-~-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGACC--CCCCATCAATC-—--TTTTTTCAGGT-GACCTCG-ATCAGGTAGG----—-———-—~——
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT~--GCCGACC--CCCCATCAATC--TTTTTTICAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT~~GCCGAC---CCCCATCAATC~~--TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTIT-~GCCGAC---CCCCATCAATC-~~-TTTTTTCAGG-TGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGACC--CCCCATCAATC~-TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC---~TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~GCTT-~-GCCGAC---CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~GCTT-~-GCCGAC---CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC~-~-CCCAATCAATC-—~-~TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~GCTT--GCCGAC-—-CCCCATCAATC-—--TTTTTICAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~-GCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCTT--GCC—-———~ CCCCATCAATCT-TGTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCC-—--—~ CCCCATCAATCT-TGTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~-GCTT-~G~~—~=———~ CCCATCAACCCATTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC~GCTT--GCCGAC~--CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT~-GCCGAC---CCCCATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~GCTT~~GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC--~-CCCCATCAATC-—-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT~-GCCGAC---CCCCATCAATC---TTTTTTCAGG-TGACCTCGGATCAG-—-~—~===——=—=—~—=
GGCCGGC~GCTT--GCCGAC--~-CCCCATCAATC--~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~GCTT--GCCGAC---CCCAATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT~-GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT~--GCCGACA---CCCATCAACC---CTTCTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
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CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CB542665
DAOM239916
NRRL705
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KAS3191
DAOM239926
DAOM239919
DAOM239925
DAOM239922
DAOM239917
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL32583
NRRL2074
DAOM239930
DACM239931
DAOM239932
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DACOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DAOM239938
DAOM235937
KAS3469
CBS229.60
CBS23865
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
ALl644
ALl1642
AL1643
CBS136.22
CBS347.51
CBS336.48

GGCCGGC-GCCT~~GCCGACA---CCCATCAACC-~~CTTCTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACC—~-—CTCATCATCC-—-~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT~-GCCGACC-~-CTCATCATCC--~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~GCCT-~GCCGACC--~-CTCATCATCC~~~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACC---CTCATCATCC—~-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACC---CTCATCATCC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG--GCCGACC--CTCCAACCCCA---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG--GCCGACC--CTCCAACCCCA--~-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG--GCCGACC--CTCCAACCCCA----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG~-~-GCCGACC--CTCCAACCCCA-~--TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGTCGGC-GCTG--GCCGACC--CTCCAACCCCA-—~-TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCCTTAGCCGACG————~ ACACAATCTTTTTTTTTCAGGTTGACCTCGGATCAGGTAGG- ~—===—=—=~———
GGCCGGC-GCCTTAGCCGACG--~~-~ ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGG-~~==—=====~——
GGCCGGC-GCCTTAGCCGACG--——— ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCTTAGCCGACG--=~- ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCCT~-~GTCGACC~~CCCAATCTAT--—-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT~-GTCGACC~-~CCCAATCTAT----TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCC--GCCGGCGACCCCCATCAATC-—-—— TTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

561 571 ]
| | ]
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA
CTTAAGCATATCAA

CTTAAGCATATCAA
CTTAAGCATATCAA

CTTAAGCATATCAA
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CBS110644
CBS42665
DAOM239916
NRRL705

CTTAAGCATATCAA
CTTAAGCATATCARA
CTTAAGCATATCAA
CTTAAGCATATCAA

Multiple CoxI Sequence Alignment

l

[

KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DACM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
CBS25848
CBS12865
CBS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM235933
DAOM239914
DAOM239915
DAOM239938
DACOM239937
KAS3469
CBS229.60
CBS238.68
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
ALl642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS5110644
CBS42665
DAOM239916
NRRL705

{

(

KAS3191
DAOM239926

1 11 21 31 41 51 61 71

| | [ [ I { I |
—=GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGITTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTITTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC~-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTICATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTITTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GIGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTITTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTICATTATTTTCAGGATTAATAGGA
-TGATTTTTATC-TTCAAATGCT-AAAGATA~-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCTAAAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
—-—GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
--GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
————————————— TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGT TTTCATTATTTTCAGGATTAATAGGA
—-GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC~TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTITTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATITTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGA
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC~-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGAAC-ACTGTATTTAATGTTTTCATTATTTTCAGGATTAATAGGT
GTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTGCATTATTTTCAGGGTTAATAGGG
GTGATTTTTATC-TTCARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTGCATTATTTTCAGGGTTAATAGGG
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
------- TTTTT~-TTTTTATGCA-AAAGAAA-TTGGTAC~-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATTATTTTCAGGATTATTAGGT
GTGATTTTTATC~-TTCTAATGCA-AAAGATA-TTGGTAC-ACTATATTTAATGTTTGCATTATTTTCAGGATTATTGGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTITTCAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTICAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCAAARAGATATTTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATTATTTTCAGGATTAATTGGT
GTGATTTTTATC~TTCAAATGCG-AAAGATATTAGGTAC-TCTTTATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCAAATGCG-AAAGATA-TAGGTAC-TCTTTATTTAATGTTTICATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCAAATGCG-AAAGATA-TAGGTAC-TCTTITATTTAATGTTTTICATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCAARATGCG-AAAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATTATTTTCAGGGTTAATAGGT
GTGATTTTTATC-TTCTAACGCA-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGT
GTGATTTTTATC~-TTCTAATGCA-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATTATTTTCAGGATTAATAGGT
GTGATTTTTATC-TTCTAATGCT-AAAGATA-TTGGTAC-TCTATACTTAATGTTTTCATTATTTTCAGGGTTAATAGGA

81 91 101 111 121 131 141 151

| f | | | | | [
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT

]
]
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ACAGCATITTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTITTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATITTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT~AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTITTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATITTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATCAGATAATCAATTATATAAT
ACAGCATTTTCAGTAAAAAT-AAGATTAGAGT-TATCTGGTCCAGGAGTACAATATATATCTGATAATCAATTATATAAT
ACAGCATTTTCAGTATTAAT-AAGATTAGAGT-TATCTGGTCCAGGAGTACAATATATATCTGATAATCAATTATATAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTCAGATAATCAATTATTTAAT
ACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGAGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGAGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCTCTGTATTAATAAAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT~AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCGTTTITCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATCAGATAATCAATTATATAAT
ACTGCATTTTCAGTATTAAT-TAGATTAGAGT-TATCAGGACCAGGTGTACAATATATTTCAGATAATCAATTATATAAT
ACTGCATTTTCAGTATTAAT-TAGATTAGAGT-TATCAGGACCAGGTGTACAATATATTTCAGATAATCAATTATATAAT
ACAGCATTTTCAGTACTTAT-AAGATTAGAGC-TTTCAGGACCAGGAGTACAATATATTTCAGATAACCAATTATATAAT

161 171 181 191 201 211 221 231 ]
! ! ! ! I ! ! !

AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG~CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT

—
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AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATTACAGCA-—-CACGCAATATTAATGATATTCTITCATGGTAATG-CCTGCATTAATCGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CATGCAATATTAATGATATTCTTTATGGTAATG~-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG~-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATTCTITCATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCTATATTAATGATATICTTCATGGTAATG-CCTGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATAACAGCA--CACGCAATATTAATGATATTCTTTATGGTAATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATTACAGCC--CACGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATTACAGCC--CACGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCITTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATAGGAGGTTTTGGTAATTT
AGTATAATTACAGCT-~-CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTITGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATGCCCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGTGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATTTTITTTCATGGTTATG-CCAGCTTTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAATTGGAGGTTTTGGTAATTT
AGTATAATAACAGCT--CATGCTATAATGATGATTTTCTTTATGGTTATG-CCAGCTTTAATAGGTGGTTTTGGTAATTT

241 251 261 271 281 291 301 311
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CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTITCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTARATAATATAAGTITCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTARATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
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CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC~TAGATTAAATAATATAAGTTTCTGATTATTAGTTCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTTCCA
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
TTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC~TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTARATAATATTAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTTCC-TAGATTAAATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTTCC-TAGATTARATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTCCC-TAGATTAAATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGACCAGATATGGCATTTCC-TAGATTAAATAATATAAGTTTTTGATTATTAGTGCCA
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTACCT
CTTATTACCATTATTAGTAGGTGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAGTTTCTGATTATTAGTGCCT

321 331 341 351 361 371 381 391
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AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAARATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA~--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT~~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~-GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTITATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT~-GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGTACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGTACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT~-GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT~-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA-~GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTCATATTCTCAGCTAT-AATAGAARAATGGA--GCTGGAACAGGATGAACATTATATCCACCTITAT
AGTTTATT-TTTATTCATATTCTCAGCTAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTTATATTCTCAGCTAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT~TTTATTTATATTCTCAGCTAT-AATAGAAAATGGA--GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGA~-~-GCTGGAACAGGATGAACATTATATCCACCTTTAT
AGTTTATT-CTTATTCATATTCGCATCTAT-AATAGAAARATGGA--GCTGGAACAGGATGAACATTATACCCACCATTAT
AGTTTATT-CTTATTCATATTCGCATCTAT-AATAGAAAATGGA~-GCTGGAACAGGATGAACATTATACCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT~CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT~TATAGAAAATGGA~-GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGAACATTATATCCACCATTAT
AGTTTATT~TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA~-GCAGGAACAGGATGAACATTATATCCACCATTAT
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AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGARAATGGA--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATICTCAGCAAT-AATAGARARATGGT--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTCATATICTCAGCAAT-AATAGAAAATGGT--GCAGGAACAGGATGAACATTATATCCACCATTAT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGTTGAACATTATATCCACCATTGT
AGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGTTGAACATTATATCCACCATTGT
AGTTTATT-TTTATTTATATTCTCAGCAAC-AATAGAGAATGGA--GCAGGTACAGGATGAACATTATACCCACCATTAG

401 411 421 431 441 451 461 471 ]
! ! I ! ! I ! I ]
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATITGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATITGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC~-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT~-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGITTACATTTAAGTGGTATAAGTAGTATGT
CTGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTITGGATTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-TAGTGTAGATTTAGCTATATTTGGGTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-TAGTGTAGATTTAGCTATATTTGGGTTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT~-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC~TAGTGTAGATTTAGCTATATTTGGATTACATTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-TAGTGTTGATTTAGCTATATTTGGATTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGITGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCA-CACAGTGGACC-TAGTGTTGATTTAGCTATATTTGGITTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATITGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATITAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT~CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTAAGTGGTATTAGTAGTATGT
CAGGAATACAATCT~CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGAATACAATCT-CATAGTGGACC~-AAGTGTAGATTTAGCTATATTTGGTTTACACTTAAGTGGTATAAGTAGTATGT
CAGGTATACAATCT-CACAGTGGACC-AAGTGTTGATTTAGCTATTTTTGGTTTACACTTGAGTGGTATAAGTAGTATGT

481 491 501 511 521 531 541 551 ]
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TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
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TA-GGTGCTATTAATTTT-ATAACAACTATATTAA~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA~GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGITTACATAAATTAGCTTTAT
TA~GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTITTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAGTTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~--ATATGAGAAGTCCAGGTATACGTTTACATAAGTTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAGTTAGCTTTAT
TAGGGTGCTATTAATTTTAATAACAACTATCTGAAAATATGGAGAAGGCCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACG-TTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCTTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCATTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~-ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCATTAT
TA~-GGAGCTATGAATTIT-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATARATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA-~--ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT~ATAACAACTATTTTAA--~ATATGAGAAGTCCAGGTATACGTTTACATAARATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA-—-ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA~GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCGTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAARATTAGCGTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCGTTAT
TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCGTTAT
TA-GGTGCTATTAATTTT~ATAACAACTATATTAA--~ATATGAGAAGTCCAGGAATACGTTTACATAAATTAGCGTTAT
TA-GGAGCTATGAATTTC~ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCATTAT
TA-GGAGCTATGAATTTC-ATAACRAACTATATTAA---ATATGAGAAGTCCAGGTATACGTTTACATAAATTAGCATTAT
TA~GGTGCTATGAATTTC-ATAACAACAATATTAA---ATATGAGAAGTCCAGGTATACGTTTACACARATTAGCTTTAT

561 571 581 591 601 1
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TTG~G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA~-GCTGT-TATTA-TAACAGCTG~-TATTATTATT
TTG-G-ATGA~GCTGT-TATTA-TAACAGCTG-~-TATTATT-—-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTIG--TATTATTATT
TTG-G-ATGA-GCTGT~TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGC---~--———~———--—--
TTG~G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGC~-~---———~—~-———-—
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATT---
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TTG-G-ATGA~-GCTGT~-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~-~-TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCIGT-TATTA-TAACAGCTG-~-TATTATTATT
TTG-G-ATGA~-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATATT-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATT
TTTGGGATGA-GCTGT-TATTAATAACAGGC~———-—---——————
TTG-G-ATGA-GCTGT-TATAA-TAACAGATG~-TATTATTATT
TTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATAA-TAACAGCTG~-TATTATTATT
TTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATAA~TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTAT-
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA~-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-T-TTGA-GCTGT-AATAA-TTACAGCTG-~-TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT
TTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA~-TAACAGCTG--TATTATTATT
TTG-G-TTGA-GCTGT-AATAA-TAACAGCTG~-TATTATTATT
TTG-G-ATGA-GCTGT~-AGTTA-TTACAGCTG--TATTATTATT

Multiple TEF1-a Sequence Alignment

l

[

KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239%42
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBS118889
DAOM239912

1 11 21 31 41
| | | ! |

TCGG-CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT~AAGCTCTC

71

I |

—————— ACTCCATCGCTCC-
—————— ACTCCAACGCTCC-
—————— ACTCCAACGCTCC-
—————— ACTCCATCGCTCC-
------ ACTCCAACGCTCC-
—————— ACTCCATCGCTCC-
—————— ACTCCATCGCTCC-
—————— ACT----CGCTCC-
—————— ACT----CGCTCC-
—————— ACTCCATCGCTCC-
------ ACTCCATCGCICC-
—————— ACTCCATCGCICC-
—————— ACT----CGCTCC-
------ ACTCCATCGCTCC-
—————— ACTCCATCGCTCC-
AC--CAATCCCATCGCTCC-
AC--CAATCCCCTCGCTCC-
AC--CAATCCCCTCGCTCC-
AC--CAATCCCATCGCTCC-
AC--CAATCCCATCGCTCC-
AC--CAAT-CCATCGCTCC-
AC--CAAT-CCATCGCTCC-
AC--CAAT-CCATCGCTCC-
ACC-CAATTCCATCGATCC-

]
]
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DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239914
DAOM2395915
DAOM2395938
DAOM239937
KAS3469
CBS229.60
CBS238.68
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS347.51
CBS336.48
CBS136.22
CBS110644
NRRL705

l

l

KAS3191
DAOM239926
DAOM239919
DAOM239917
DACM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239914
DAOM239915
DAOM239938
DAOM239937
KAS3469
CBS225.60
CBS238.68
KAS3463
CBS238.68
KAS3464

TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~~—====-~——— ACC-CAATTCCATCGATCC-
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCCC——=——==mmm——— AC--CAATTCCATCGATCC-
T-G-~-CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC-~=——~—mmm——— AC--CAATCCCATCGATCC—
T~GG-CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC-~-—==~—~—=== AC--CAATCCCATCGATCC-
T-G-CCACGTCGATTCCGGCAAGTCCTCCACCACCGGTAAAGCTCTC--=-~—-—-—~=—~ AC--CAATCCCATCGATCC-
T-G-~-CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC—~~~==——=———— AC--CAATCCCATCGATCC-
TCG~CCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC--=-==-==~————= AC--CAATTCCATCGCTCC-
TCG-~CCCGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC—~——~~=—==—-— AC--CAATTCCATCGCTCC-
--GGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC-—~———=—===———— AC--CAATTCCATCGCTCCT
T-GG-CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC--=-==-==—==———— AC--CAATTCCATCGCTCCT
T-GG-CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCTC-~—=—==—~—~—— ACC-AAGACCCATCGATCTT
TAGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCCCGC~—————===—==————— CAATCCCATCGATCC-
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGET-AAGCCCGC——————~~——=—————— CAATCCCATCGATCC-
ACGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC--~--~ CCCCCCCA---CCTTTCC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTICCC-—-—— CCCCCCCA~---CCTTTCC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-———~ CCCCCCCA~---CCTTTCC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-~~~~ CCCCCCCA---CCTTTCC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTTCAATCCCCCCAA--——---————————— CCTTCCC
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCCT- === ===~ ~—=——————————e ACATCCCTCTA
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCIT—-———— -~~~ ———————=——=— ACATCCCTCTA
~C-GCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCCT- -~ - - -~~~ —=——==——————— ACATCCCTCIA
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCCT— - -~ - -~ ——=—=—————————— ACATCCCTCTA
————— CACGTCGATTCCGGCAAGTCCACCACCACCGGT-AAGCTCCT-----=--—--=-——-—~—-———~-—-ACATCCCTCTA
~—~=~CCACGTCGATTCCGGCAAGTCCACCACCACTGGTARAGTTTCAACC--TTAACACCTTCCCGATTAGGTAGCCATG
TCGGCCACGTCGATTCCGGCAAGTCCACCACCACTGGT-AAGTTATTCAATCTTCACACCTTCCCGATTAGTTAGCCATG

TCGGCCACGTCGATT-CCGGCAAGTCCACCACCACTGGT-AAGTTTCAACC~~-TTCACACCTTCCTGATTAGGTAGCCAT
TCGGCCACGTCGATICCGGCAAGTCCACCACCACTGGT-AAGTTATTAAATCTTCACACCTTCCCGTTTAGGTAGTCATG
TCGGCCTCGTCGATTCCGGCAAGTCCACCACCACTGGT-AAGCACCCCCTCCTCCATCCGTCCCTCGCCTCGCCCATCGA

81 91 101 111 121 131 141 151

| | I I I | [ I i
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~-—- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT~~~--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--~ GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT —~~-- GACTGATCTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATCTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~—-— GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT~~--- GACTGATCTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTTCCATCGAACAACAT-~--- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TGCCTCACATCTATCGAACAACAT-~--— GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TGCCTCACATCCATCGAACAACAT-~-—~- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TGCCTCACATCCATCGAACARACAT-~-—-- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TGCCTCACATCCATCGAACAACGT-~--- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TGCCTCACATCCATCGAACAACGT-~--- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCCTACATCCATCGAACAACGT-~--~ GACTGATTCATCGTAACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCCTACATCCATCGAACAACGT—~--~ GACTGATTCATCATAACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCCCACATCCATCGAACAACGT-~--- GACTGATTCATCATAACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCT-ATTTCCATCGAACAACGT—~-—- GACTGATTCATCAACACAGGACACTIGATCTACAAGTGTGGTGGTATCGAC
TTCCT-ATTTCCATCGAACAACGT-~--~ GACTGATTCATCAACACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCTCTTTTCCATCGAACAACAT-~--- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCT-—--- CAATTGAACAACGT-~--- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCT---~~ CAATTGAACAACGT—~--- GACTGATTTATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCT----- CAATTGAACAACGT-~--- GACTGATTTATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCT-————~ CAATTGAACAACGT-~--— GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCTT-~---CTATCGAACAACGT-~-—-- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TTCCTT---~-CTATCCAACAACGT—~--- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TCCTTTCITGCTATCGAACAATGT~~~-~- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TCCTTTCTTGCTATCGAACAATGT-~--- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC
TCCCT-—--- ATATCGAACAACGT-~--- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGAC

~-~TCTCTCTCATACCGAACAACCC-~--AAACTGATTCATGAATATAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC
TTCCTCACTCATACCGAACAACCC-~~~AAACTGATTCATGAATACAGGTCACTTGATCTACAAGTGCGGTGGTATCGAC

ATT--—--—--- CCATCGAACAACAG—~--~-- AACTGATTCATCAATTITAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
ATT--~--—-- CCATCGAACAACAG-~--- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
ATT----—-- CCATCGAACAACAG—-~---- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC

273



KAS3466
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS347.51
CBS336.48
CBS136.22
CBS110644
NRRL705

[

[

KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DACM239930
DAOM239931
DAOM239932
CBS25855
CBS12865
CBsS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239914
DAOM239915
DAOM239938
DAOM239937
KAS3469
CBS229.60
CBS238.68
KAS3463
CBS238.68
KAS3464
KAS3466
KAS3465
NRRL3381
AL1878
AL1644
ALl642
AL1643
CBS347.51
CBS336.48
CB5136.22
CBS110644
NRRL705

t
(
KAS3191

ATT--—==--- CCATCGAACAACAG----- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
ATC--—--——- CCATCGAACRAAC-———-——-— AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
CCTTCCCATTCCATCGAATAATAT———-—-— AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
CCTTCCCATTCCATCGAATAATAT---—— AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
CCTTCCCATTCCATCGAATAATAT---—- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
CCTTCCCATTCCATCGAATAATAT—~~-~ AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
CCTTCCCATTCCATCGAATAATAT-—~~—-- AGCTGATTCATCAATTITAGGTCACTTGATCTACAAGTGTGGTGGTATCGAC
GT——m——=m e mm AACTAACAAAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGAC
GT=mm—r—m s mmm AACTAAC-CAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGAC
GGT~--==—m=— e AACTAAC-AAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGA
GT--=—==—~ ="~ ——m - AACTAAC-AAGCATAATAGGTCACCTGATCTACAAGTGTGGTGGTATTGAC

161 171 181 191 201 211 221 231 ]
[ [ | | | | | | ]

TCTCGTACCATCGAGAAGTTCGAGA—— === = = = = = m = e e e e
TCTCGTACCATCGAGAAGT TCGAGA = === = = = = m = o
TCTCGTACCATCGAGAAGT TCGAGA === = = = = = = = — e
TCTCGTACCATCGAGARGTTCGAGA— === = == = = = = o o e e e
TCTCGTACCATCGAGARGTTCGAGA — === = = = = == = = = = o o e e
TCTCGTACCATCGAGAAGTTCGAGA— == m = = e o e e
TCTCGTACCATCGAGARGTTCGAGA == == === = = = m e e e e e e o
TCTCGTACCATCGAGAAGTTCGAGA === = == = = = = e
TCTCGTACCATCGAGAAGTTCGAGA == == = == = == o
TCTCGTACCATCGAGAAGTTCGAGA === = = = = = = e e e e
TCTCGTACCATCEAGAAGTTCGAGA === == == = = = = = e e
TCTCGTACCATCGAGARGTTCGAGA == == = = = == o e e e e e e e
TCTCGTACCATCGAGAAGTTCGAGA === == == = == m = = e e e e e
TCTCGTACCATCOAGAAGTTCGAGA === = = = = = = e
TCTCGTACCATCGAGAAGTTCGAGA = = = = == = = = o o
TCTCGTACCATCGAGAAGTTCGAGA === = == = = = = — e
TCTCGTACCATCGAGARAGTTCGAGA === = = = = = = = e e e
TCTCGTACCATCGAGARGTTCGAGA — == === == = = = = =
TCTCGTACCATCGAGAAGTTCGAGA == == = = = = = o e o e e e
TCTCGTACCATCGAGAAGTTCGAGA === == = = = o o e
TCTCGTACCATCGAGAAGTTCGAGA = = = = o o e et
TCTCGTACCATCGAGAAGT TCGAGA ~— = = = = = e
TCTCGTACCATCGAGAAGTTCGAGA——— == = = = = == = = e e
TCTCGTACCATCGAGAAGTTCGAGA = = = = = = === o e
TCTCGTACCATCGAGAAGTTCGAGA === === == = = = = = = = e o oo
TCTCGTACCATTGAGARGTTCGAGA = === = == === = = o m e
TCTCGTACCATCGAGARGTTCGAGA  — — == = = = = = = o e
ACTCGTACCATCGAGAAGTTCGAGA ~ = = == == = = = = = = o e e e
ACTCGTACCATCGAGARAGT TCGAGA === == === = = = e o
TCTCGTACCATCGAGARGTTCGAGA - —— = = = = = = o e e e e
TCTCGTACCATCGAGARGTTCTAGA= === === === = == = = = e e o o o o o o
TCTCGTACCATCGAGARGTTCGAGA === === == == = = e o o o o
TCTCGTACCATCGAGAAGTTCGAGA == == = = = e o m
TCTCGTACCATCGAGAAGT TCGAGA = == = = = = o o o e o
ACTCGTACCATCGAGAAGT TCGAGA- === == = = = = = = = = = o e oo
TCTCGTACCATCGAGAAGTTCGAGA === = = = = == = = = = = o o o
TCTCGTACCATCGAGAAGT TCGAGA— == = = = = = m o o o e
TCTCGTACCATCOAGARGT TCGAGA— — === = = = = = m o e
TCTCGTACCATCGAGAAGTTCGAGA === == == === = = = = = e o o o o
TCTCGTACCATCGAGAAGTTCGAGA === == == = = == = = = o e
TCTCGTACCATCGAGAAGT TCGAGA -~~~ = = = = = m o o e
TCTCGTACCATCGAGAAGT TCGAGA = == = = = = o e e e e
TCTCGTACCATCGAGAAGT TCGAGA = === = = = = = m o e e e e
TCTCGTACCATCGAGARGT TCGAGA— === = = = = o o e e e e
TCTCGTACCATCGAGAAGTTCGAGA === = === = = = = = o e o o
TCTCGTACCATCGAGARAGTTCGAGA— === === = = o o o o
TCTCGTACCATCGAGAAGTTCGAGA — == = = = = = = e e e
TCTCGTACCATCGAGAAGT TCGAGA == = === = = = o e o e
TCTCGTACCATCGAGAAGTTCGAGA == === == == — = e o o
CTCTCGTACCATCGAGARGT TCGAGA = === = = = = = = = m = o o e
PCTCGTACCATCGAGAAGT TCGAGA— == = = = = = = e e e
TCTCGTACCATCGAGAAGTTCGAGAAGGTACGGAATCACAATTTTCACTGCCCCCTCCTTGAGTGGGGTGGGGTCGTTCT

241 251 261 271 281 291 301 311 ]

| | I [ [ | I | ]
——————————————————————————————— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
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DAOM239926 ~——=-——---—-——mm s m o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239919 ~-----——-—m - AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239917 ~-----———-———mmmm o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239922 ~——---——————mmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM238925 ~-—---—-——— e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCG-CC
DAOM239943 ~-—----———--——m o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACCC
KAS3479 W ~--—- o m oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239941 ~---—-=-—-——mmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239942 ——--—-—m-mmmm o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239944 ~—-r-—-—mm o m e AGGAGGCTGCTGARCTCSGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239940 ~—---—-—-m— o m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM238945 ~-—--—--—--mmm oo AGGAGGCTGCTGAGCTCGGARAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239946 ~-------——mm——mmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239939 ~-~-~w-——mmmmmm o m e e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
NRRL2074  ~——————————— = AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA--C
NRRL32583 ~---—--——==——————mmmmm AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA--C
DAOM239930 ~----——-—=-—=-mmmm e AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA-—-C
DAOM239931 ~-—--—-—=-——-—--mm AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA--C
DAOM239932 ~----—--—————————m AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAWGTACGGTCGCA--C
CBS25855  ~——---mmmm e AGGAGGCTGCTGAGCTCGGAARAGGGTTCCTTCAAGGTACGGTCGCA-CC
CBS12865  ~—————————— o mmmm e AGGAGGCTGCTGAGCTCGGARAGGGTTCCTTCAAGGTACGATCGCA-CC
CBS118889 ~—---—-——m——mmmmmm e AGGAGGCTGCTGAGCTCGGARAAGGGTTCCTTCAAGGTACGGTCGCA-CC
DAOM239912 ~~==-—--——mmm— e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACCA
DAOM239913 —---—————————m—mm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACCA
CBS24865  ~—--————--mmm—m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACGA
DAOM239934 ~-——=-mmmmmmmmm e AGGAGGCTGCTGAGCTICGGCAAGGGTTCCTTCAAGGTACGTITGCA-CC
DAOM239935 ~—-—-m——m o m e e m AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTTGCC-CC
DAOM239936 ~—-—-—-mo— e m s e e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTTGCC-CC
DAOM239933 ~---—-———————————mmmm o AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTTGCC-CC
DAOM239914 ~---—-—————--———mmm—— - AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CT
DAOM239915 ~=---—m—mmmmm oo AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA~CT
DAOM239938 ~~--—m——m-m—mmm e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCT-TC
DAOM238937 ~-——-————=-—-mmmmm AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCT-TC
KAS3469  ~—=—-----mmmmmm e AGGAGGCTGCCGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CC
CBS229.60 ~-----——-——--mmmmm e AGGAGGCCGCTGAGCTCGGTAAGGGTTCCTTCAAGGTATGAGCCCA-TG
CBS238.68 ~—=——m--—emmmmmm e AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCAAGGTACGGTCCCA-TG
KAS3463  ~—=—---=sm-momom e mmmm e m e AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA- -~ - - - - =~ ~————
CBS238.68 —-————————-——m—mm e AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA- ——~~~——————————
KAS3464  —----——-----mmmm e m AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA~~~-——-——-—-—————~—
KAS3466  —--—=m-m-mmom— s o m oo m AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA- - -~~~ —=———————
KAS3465  —m-mmmmmmmmmme oo m o AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTICA- -~~~ ~~——=———————
NRRL3391  —====-m-mmmmmm e mmmm oo AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-—~————=———~=~-—=
AL1B78 W  —mmmmmmmmmm oo AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA- -~ ———————~—~-——
AL1644 --m-mmmmmmm oo em———— o AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA~~~~-—--——-———————
AL1642 - mmmmmmmmmmm—— oo AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-~~—-——————————=
AL1643 —--mmmmmmm—meom—m——— o —mm—— AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA-—~— -~ = -~ ~——————
CBS347.51 ~—---=-—-ommmm o m e e AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA- -~ - -~ -~~~ - === ——
CBS336.48 —---—-—-——m-ommmm e m e m AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA~» -~ -~~~ =~——————
CBS136.22 ==-—m————m—=—-——m——m—mmmmm—— e AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA-~~—~~——=——————
CBS110644 ~—=—-——----—-——-—mmmmmmm e AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA-—~——— ===~ —==—=
NRRL705 CTCGCCTTGGAACATTGTGCTAACCCCTCACAGGAAGCCGCTGAGCTCGGCAAGGGTTCCTICA- -~ ———— ==~ ~~—-——
l 321 331 341 351 361 371 381 391
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KAS3191 CCACAACCCATGTG~—=----- ARAATTCTGAAGTGGGTC----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTGA
DAOM239926 CCACAACCCATGTG------- AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGA
DAOM239919 CCACAACCCATGTG------- AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGA
DAOM239917 CCACAACCCATGTG-~----- AAAATTCTGAAGTGGGTC----AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTGA
DAOM239922 CCACAACCCATGTG------- AARATTCTGAAGTGGGTC--~--AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGA
DAOM239925 CCACAACCCATGTG------- ARRATTCTGAAGTGGGTC-—---AACTAACATCTGTCTITATAGTACGCTTGGGTTCTTGA
DAOM239943 CCACAACCCATGTG------- AAAATTCTGAAGTGGGTC----AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTIGA
KAS3479 CCACAACCAATGTG-——--—= AAAATTCTGAAGTGGGTC---~AACTGACATCTGTCTTATAGTACGCTTGGGTTCTTGA
DAOM239941 CCACAACCAATGTG—-—=---- AAAATTCTGAAGTGGGTC~--~-AACTGACATCTGTCTTATAGTACGCTTGGGTTCTTGA
DAOM239942 CCACAACCCATGTG------- AAAATTCTGAAGTGGGTC~---AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGA
DAOM239944 CCACAACCCATGTG------- AAAATTCTGAAGTGGGTC----AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGA
DAOM239940 CCACAACCCATGTG—------ AAAATTCTGAAGTGGGTC----AACTAACATCTGTCGTATAGTACGCTTGGGTICTTGA
DAOM239945 CCACAACCCATGTG------- AAAATTCTGAAGTGGGTC----AACTAACATATGTCTTATAGTACGCTTGGGTTCTTGA
DAOM239946 CCACAACCCATGTG--—----- AAAATTCTGAAGTGGGTC--~-AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGA
DAOM239939 CCACAACCCATGIG------- AAAATTCTGAAGTGGGTC~~-~-~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGA

NRRL2074 CACAACACTCAAAGTG--AAAAATTTTTCAARAGTGGATCAGCGAACTAACATCT--ACAATAGTACGCTTGGGTTCTTGA
NRRL32583 CACAACACTCCAAGTG--AAAAAATTTTCAAAGTGGATCAGCGAACTAACATCC--ACAATAGTACGCTTGGGTTCTITGA
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[

KAS3191
DAOM239926
DAOM239919
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CACAACACTCCAAGTG-~-AAAAAATTTTCARAGTGGATCAGCGAACTAACATCC~~ACARATAGTACGCTTGGGTICTTIGA
CACAACACCCCAAGTGAAAAAAAATTTTCAAAGTGGATCAGTCAACTAACATCT-~ACAATAGTACGCTTGGGTTCTTGA
CACAACACCCCAAGTGAAAAAAAATTTTCAAAGTGGATCAGTCAACTAACATCT-~ACAATAGTACGCTTGGGTTCTTGA
——————————— AAGTG---AAAATTTTTCAAAGTGGATCAAGCAACTAACATCT-TCAAATAGTACGCTTGGGTTCTTGA
——————————— AAGTG-AARAAAAATTTCAAAGTGGATCAATCAACTAACATIT-TCAARATAGTACGCTTGGGTTCTTGA
——————————— AACTG--AAAAAATCTTCAAAGTGGATCAATCAACTAACATCT-TTCAATAGTACGCTTGGGTTCTTGA

TTACAAATTTTCAC-~~-—-— AAGTCTCTTAAAGTGGATC—-—-~AACTAACATCT--CCAATAGTACGCTTGGGTTCTTGA
TTACAAATTTTCAC-~---- AAGTCTCTTAAAGTGGATC----AACTAACATCT--CCAATAGTACGCTTGGGTTCTTGA
TAACAAATCTGAA-~~==—-— ATCTCTTCGAAGTGGATC----AACTAACAACT--CCAATAGTACGCTTGGGTTCTTGA
ATATAACAGAAAAA---———— AAATCTGTGATGCGGATC----AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGA
ATATAACAGAAAAAGA-~——— AAACCTGTGATGCGGATC---~AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGA
ATATAACAGAAAAAGA----- AAACCTGTGATGCGGATC-~--AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGA
ATATAACAGAAAAA-A----- AAATCTGTGATGCGGATC~~--~AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTIGA
GCACAAATACAACCTG----- AARATCTCTGCATTGGATC-~-~-AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGA
GCACAAATACAACCTG~~~—- AAATCTCTGCATTGGATC----AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGA
ATACCAACACAATCTG--~—— AATTCTCTGAATTGGATC----AACTAACATCT--CCAATAGTACGCCTGGGTTCITGA
ATACCAACACAATCTG----- AATTCTCTGAATTGGATC-~---AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGA
AGATACATACTACCTG--—==——==~—-——— AAGTGGATC-~---GACTAACATCC--TCAATAGTACGCCIGGGTTCTTGA
AACTATATCCTACACACTCAATATGAAGCAACTAACATT-—~———~————————=—=— CGCATTAGTACGCTTGGGTTCTTGA
AACTATCTCCTACACACTCAATAAGAAGCAACTAACATT -~~~ ————————~—~ CGCATTAGTACGCTTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCTTGGGTACTTGA
————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCTTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
—————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTG
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
————————————————————————————————————————————————————————————— AGTACGCCTGGGTTCTTGA
401 411 421 431 441 451 461 471
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CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTTCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTTCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTTTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTTA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTTA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTICTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
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CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTTA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATTGACATTGCCCTCTGGAAGTTCCAGACCTCCAAGTATGAGGTTA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATTGACATTGCCCTCTGGAAGTTCCAGACCTCCAAGTATGAGGTTA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCCATATCGCCCTCTGGAAGTT-CAGACCGCCAAGTATGAGGTCA
CAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCAGCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCTCCAAGTATGAGGTCA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTTA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTTA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTTA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTTA
CAAGCTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTTA
CAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
CAAACTTAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
ACAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTC
CAAACTCAAGGCCGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
CAAGCTCAAGGCTGAGCGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCA
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O C G A T G = — = o o
OGO AT Cm === === = = = = =
CCGTCATTGGTAAGAATTATCCC-ACCCACCATCTTCTCCCATCCATCATGGACTCTCTGACTGACTCTTC—--CTCCTC
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—-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
—-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
~—GATGCCCCCGGTCACCGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
~~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
~-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
~~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
——GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
-—GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
~-=GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
-~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
-~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
—-~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
~~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
~-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
—-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
~—-GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
-—GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
~~GATGCCCCCGGTCACCGTGACTTCATCAAGAARCATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
--GATGCCCCCGGTICACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATC
—-GATGCCCCTGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGTGCGATCCTGATCATC
~~GATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGTGCGATTCTCATCATC
CAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATT
CAGACGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATT
CAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATT
CAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATT
CAGATGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATT
—-GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATT
-~GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATT
--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATT
--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATT
--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATT
--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATT
~--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATT
---GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCAT
--GATGCCCCCGGTCACCGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATT
TAGACGCCCCCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGCGCTATCCTCATCATC
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GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGWACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
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GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTICTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTICTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCITCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTICCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTITTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTITCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCTTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCT
GCCTCCGGCACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGTCAGACTCGCGAGCACGCTCTGCTTGCCTTCACCCT
GCCTCCGGCACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGTCAGACTCGTGAGCACGCTCTTCTTGCCTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCCAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCCAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACCGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCT
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCT
TGCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCC
GCCTCCGGTACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCT
GCCTCCGGCACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACTCGTGAGCACGCTCTGCTCGCTTTCACCCT
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CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - — - —— - - -~ ~=————-——————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - - - -~ -~ — === —————— - ——————— - ——
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - - - - -~ -~ === == —— - - o ————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - - - -~ — =~ == === ————————— -~
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT~———-————— -~ —~—==—— - ——————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - ———————— ==~ —=—~——————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - - -~ == === === —————— - — ===
CGGKGTCCGCCAGCTCATCGTTIGCCCTGAACAAGATGGACACTTGCAAGT -~~~ =~ === === ————— -~ —— ==
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - ————— =~~~ —~=—————————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT-——— -~ =~~~ —==————————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT - -~~~ = - === === - ——— - m o —
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT —— -~ ~ == === == ———— - m o e
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT -~ =~~~ -~~~ —==——— - - ———————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT ~~—~ == === —————==—-—————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGAMACTTGCAAGT - — - -~ ==~ === =—————————————————
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTCGTAACCTGTCTGACTACATGAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTATAACCTGCCTGACTACATGAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTATAACCTGCCTGACTACATGAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTGTAACCTGCCTGACTACATGAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTGTAACCTGCCTGACTACATGAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTT-AACCTCCCCGGCTAGTCCAAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTAACCTCCCCGACTAGTCCAAC
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTACCCTCCCTGACTAGTTCCAG
CGGTGTCCGTCAGCTGATCGTTGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTCTAATCCATGGCTACTTGACC
CGGTGTCCGTCAGCTGATCGTTGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTCTAATCCATGGCTACTTGACC
CGGTGTCCGTCAGCTGATCGTTGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTGTCTAATCCTATCTTACTTTATC
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CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATATTACGTA
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATATTACGTA
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATATTACGTA
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACARGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATATTACGTA
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTCTACAATGCCTTTATGTCACGCT
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTCTACAATGCCTTTATGTCACGCT
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTTCACAATGTCTTTGTGTCACACT
CGGTGTCCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTTCACAATGTCTTTGTGTCACACT
CGGTGICCGTCAGCTGATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTCGTGATTACAATACCTTACGATA
TGGTGTCCGCCAGCTGATCGTCGCCCTCAACAAGATGGATACTTGCAAGT~——~—————~————————————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTCAACAAGATGGATACTTGCAAGT~— -~ =~ == ——————————————————————
TGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGACGGACACCTGCAAGT~—~——————~==—-—————————————————
TGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACCTGCAAGT~—~—— -~~~ —==——————————————————
TGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACCTGCAAGT~- - -~ -~~~ =~ —=————————————————
TGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACCTGCAAGT~—--—--—-— =~ ~— -~~~ === == — -
TGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACCTGCAAGT~~--—-—-——-—-————~——— == === ——————
CGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTIGCAAGT~— -~ -~ -~~~ = —————————— -~ ————
CGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTIGCAAGT ~- -~~~ —— =~ ~———————m——————————
CGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT~—--——-—-— -~~~ =~~~ — === ——————————
CGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT~—--— - - — - -~~~ ————— == === ———————
CGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGATACTTGCAAGT~— -~ - - ===~ ——————=—————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT~— -~ - ==~ ————————=—————————————
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT~—--— - === ————————— ===
TCGGTGTCCGCCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGT -~~~ ——————————————=——————— e
CGGTGTCCGCCAGCTCATCGTTGCCCTGAACAAGATGGACACTTGCAAGT~— - -~~~ —~~————————————————————
CGGTGTCCGTCAGCTCATTGTTGCCCTCAACAAGATGGACACCTGCAAGT ~——~~~~——-—————————mmm———— o~

————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG

ATC--—-——————————~——==-- CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTG
ATC--==—==—————————— - CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTG
ATC-----———————————————— CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTG
ATC---—-———————— -~ —— CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTG
ATC-----————————— -~ CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAARCGAGATTG
TTAACTT-—~=—=———————————————————- GGTTACTAACTATATCAACAGGAGCGAGGACCGTTACAACGAGATTG
TTAACTT-~—~—————————————————————- GCTTACTAACTATATCAACAGGAGCGAGGACCGTTACAACGAGATTG
CTTAACT-—————————— -~ —=———=— = TTGTTACTAACTATCTCAACAGGAGCGAGGACCGTTACAACGAGATIG

———————————————————————— TCAACCAACAAATACTAATTACCTARACAGGAGCGAGGACCGTTACAACGAGATTG
———————————————————————— TCAACCAACAAATACTAATTACCTAAACAGGAGCGAGGACCGTTACAACGAGATTG
———————————————————————— TCAAGCAACACTTACTAACTAGCTAAACAGGAGCGAGGACCGTTACAACGAGATTG
ATCTTTG-GGATTATGTAATAAATTAACCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
ATCTTCG-GGATTATGTAATATATTACCCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
ATCTTCG-GGATTATGTAATATATTACCCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
ATCTTTG-GGATTATGTAATAAATTAACCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
TTATATC----—- ACGTGATGTATCCGCCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
TTATATC-=---- ACGTGATGTATCCGCCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
TTGTGCTTTCGTGACACGTGATCCCCACCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
TTGTGCTTTCGTGACACGTGATCCCCACCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTG
GCTCATC-GTCAC-----——---~- GTGACATCGCGAAACTAATCTTCTATACAGGTCCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAARCGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
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————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGGCTGAGGAGCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGTCCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGTCCGAGGACCGTTACAACGAGATTG
————————————————————————————————— GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAACTTC
————————————————————————————————————————————————————— GGTCCGAGGACCGTTACAACGAGATTG
————————————————————————————————————————————————————— GGTCTGAGGACCGCTACAACGAGATCG
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TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCBAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCACCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTICGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGCCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC~CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTITTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTITTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTAC-—-——————————————— - m - ————————————— AA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC~-CCATCTCCGGCTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-CTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTCCCCTTCGTCC-CCATCTCCGGCTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC~CCATCTCCGGCTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACACCCCARAGGGTGTCCCCTTCGTTC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACARACCCCAAGGGTGTTCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGGGTGTCCCCTTCGTTC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGGGT-TCCCCTTCGTTC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGGGTGTCCCCTTCGTCC-CCATCTCCGG-TTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC~CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTICGTTIC-CTATCTCCGGTTTCAA
TCAAGGAGACCTICCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTC-CTATCTCCGGTTTCAA
ATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTCCTATCTCCGGTTTCAAC-GGTGACAACATGCTCGAGC
TCAAGGAGACCTCCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTC-CTATCTCCGGTTTCAA
TCAAGGAGACCTCCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCC-CCATCTCCGGCTTCAA

961 971 981 991 1001 ]
I | | | | ]
C-GGTGACAACATGCTTGAGGCCTCCCCC~AACTGCCCCTGGTACAAGG
C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
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DAOM239917 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239922 C~-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239925 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239943 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAG—
KAS3479 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239941 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239942 C-GGTGACAACATGCTTGAGGCCTCCCCC-—=——====r~——mm——m—
DAOM239944 C-GGTGACAACAT-——-—————————— - —— e m
DAOM239940 C-GGTGACAACATGCT-——-——=———————-———o————————m——————
DAOM239945 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTAC-AGG
DAOM239946 C-GGTGACAACATGCTTGAGGCCTCCCCCCAACTGCCCCTGGTACAAGG
DAOM239939 C-GGTGACAACATGCTITGAGG-—————~—~——————=—=——————————o
NRRL2074 C-GGTGACAACATGCTTGAGGCCCCCCCC-AACTGCCCC-————~——=~
NRRL32583 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACA--G
DACM239930 C-GGTGACAACATGCTTGAGGCCTCCCCC~-AACTGCCCCTGGTACA-GG
DAOM239931 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTG-CCCTGGTACA-GG
DAOM239932 C-GGTGACAACATGC-TGAGT-CCCCCC-~~—-————mmmmmmmm——
CBS25855 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
CBS12865 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACA-GG
CBS118889 C~GGTGACAACATGCTTGAGGCCTCCCCC-AARCTGCCCCTGGTACAAGC
DAOM239912 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
DAOM239913 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
CBS24865 L et
DAOM239934 C-GGTGACAACATGCTTGAGCCCTCCCCC--ACTGCCC-TGG-ACAAGG
DAOM239935 C-GGTGACAACATGCTTGAGCCCTCCCC-~AACTGCCC-TGGTACA-GG
DAOM239936 C-GGTGACAACATGCTTGAGCCCTCCCC--AACTGCCCCTGG-ACA-G-
DAOM239933 C-GGTGACAACATGCTTGAGCCCTCCCCC-AACTGCCCCTGGTACA-GG
DAOM239914 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGGTAAA-GG
DAOM239915 C-GGTGACAACATGCTTGAGGCCTCCCCC-AACTGCCCCTGG-ACA-GG
DAOM239938 C-GGTGACAACATGCT-GAGGCCTCCCCC-AACTGCCCCTGGTACA-G-
DAOM239937 C-GGTGACAACATGCTTGAGGCCTCCCC--AACTG-CCCTGGTACA-G-
KAS3469 C-GGTGACAACATGCTTGAGCCCTCCCCC-AACTGCCCCTGGTACA-G-
CBS229.60 C-GGTGACAACATGCTTGAGCCCTCCACC-AACTGCCCCTGGTACAAGG
CBS238.68 C-GGTGACAACATGCTTGAGCCCTCCACCCAACTGCCCCTGGTACAAGG

KAS3463 C-GGTGACAACATGCTTGAGCCCTCCCCC~AACTGCCCCTIGG——~—=~~
CBS238.68 C-GGCGACAACATGCTTGAGCCCTCCCCC-AACTGCCCCTGGTACAAGG
KAS3464 C~GGTGACAACATGCTTGAGCCCTCCCCC-AACTGCCCCTGGTACA-GG
KAS3466 C-GGTGACAACATGCT-GAGCCCTCCCCC-AACTGCCCCTGG-ACAAG-
KAS3465 C-GGTGACAACATGCTTGAGCCCTCCCCC-AACTGCCCCTGGTACAAGG
NRRL3391 C-GGTGACAACATGCTGGAGCCCTCCTCC-AACTGCCCCTGGTACAAG-
AL1878 C-GGTGACAACATGCTGGAGCCCTCCTCC-AACTGCCCCTGGTACAAG-
AL1644 C-GGTGACAACATGCTGGAGCCCTCCTCC-AACTGCCCCTGGTACAAGG
AL1642 C-GGTGACAACATGCTGGAGCCCTCCTCC-AACTGCCCCTGGTACAAG-
ALl643 C-GGTGACAACATGCTGGAGCCCTCCTCC-AACTGCCCCTGGTACAAGG

CBS347.51 C-GGTGACAACATGCTCGAGCCCTCCCCT-AACTGCCCCTGGTACAAGG
CBS336.48 C-GGTGACAACATGCTCGAGCCCTCCCCT-AACTGCCCCTGGTACAAGG
CBS136.22 CCTCCCCT-AACTGCCCCTGGTACAAGG-——~=~—==—=—=————————
CBS110644 C-GGTGACAACATGCTCGAGCCCTCCCCT-AACTGCCCCTGGTACAAGG
NRRL705 C-GGTGACAACATGCTCGAGCCCTCCCCC-AACTGCCCCTGGTACA--G

Multiple CaM Sequence Alignment

[ 1 11 21 31 41 51
{ | | | | I |
KAS3191 CCTTCTCCCT-C-TTTGTAAGT--ACTCCA-A~CACGTCGATTG-————-=-~
DAOM239926 CCTTCTCCCT-C-TTTGTAAGT--ACTCCA-A~CACGTCGATTG--—-—---~
DAOM239919 —————-———mmmmm oo ACTCCA-A~CACGTCGATTG=~=====-~

DAOM239917 CCTTCTCCCT-C-TTTGTAAGT--ACTCCA-A~CACGTCGATTG---——-—-~
DAOM239922 CCTTCTCCCT-C-TTCGTAAGT--ACTCCA-A~CACGTCGATTG--~—=---==
DAOM239925 CCTTCTCCCT-C-TTTGTAAGT--ACTCCA-A~CACGTCGATTG-----——-—
DAOM239943 CCTTCTCCCT-C-TTTGTAAGT--GCTCC--A~CGCGTCGATTG--———-——-
KAS3479 CCTTCTCCCT~C~TTTGTAAGT-~ACTCCC-A~CGCGTCGATTG-————~~=—
DAOM239941 CCTTCTCCCT-C-TTTGTAAGT--ACTCCC-A~CGCGTCGATTG-————-~——
DAOM239942 CCTTCTCCCT-C-TTTGTAAGT--GCTCCC-A~CGCGTCGATTG-—~~—==-~
DAOM239944 CCTTCTCCCT-C-TTTGTAAGT--ACTCCC-A~CGCGTCGATTG---~—---~
DAOM239940 CCTTCTCCCT-C-TTTGTAAGT--GCTCCC-A~CGCGTCGATTG-~-———--~
DAOM239945 CCTTCTCCCT-C--TTGTAAGT--ACTCCC--~CCCGTCGATTG-~-~——=—~
DAOM239946 —-——--——- T-C--TTGTAAGT-~GCTACCG-~CGCGTCGATTG-————~~~~

61 71
| I

GAAGATCT-GTAACT-GGATTT-GATG
GAAGATCT-GTAACT-GGATTT-GATG

GAAGATCT-GTAACT-GGATTT-GATG
GAAGATCT-GTAACT-GGATTT-AATG
GAAGATCT-GTAGCT-GGATTTCGATG

GAAGATCT-GTAACT-GGATTT-AATG

GAAGATTT-GTAACT-GGATTT-AATG

ARAACCCTC-GTGACT-GGATTT-AATG
GAAGATCT-GTGGCC-GAATTT-AATG
GAAGATTT-GTAACT-GGATTT-AATG
GAAGATCT-GTGATC-GAATTT-AATG

GAAGATTT-GTAACT-GGATTT~AATG
GARAGATGCTAGGCC-GAGTTT-AATT
GAGATT---TGTACT-GGATTT-AAT-

]
1
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DAOM239939
NRRL2074
NRRL32583
DAOM239931
DSOM239932
DAON239930
CBS25855
CBS12865
CBS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM2399914
DAOM2399915
DAOM239938
DAOM239837
CBS229.60
CBS238.68
NRRL3447
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

[

KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239931
DSOM239932
DAON239930
CBS25855
CBS12865
CBS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM2399914
DAOM2389915
DAOM239938
DAOM239937

CCTTCTCCCT-C-TTTGTAAGT--GCTCCC~A-CGCGTCGATTG-~——~~~~— GAAGATTT-GTAACT-GGATTT-AATG
——————————— C-TTTGTAAGT--ACTTCC-A-CGCGTCGATTG-~~-~-----AAACCCTC-GTGACT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--ACTCCC~-A-CGCGTCGATTG—~=~————~ ARAACCCTC-GTGACT-GGATTT-AATG
CCTTCTCCCCTC-TTTGTAAGT--ACTCTC-A-CGCGTCGATTG---—-----~ AAACCCTC-GTGACT-GGATTT-AATG
————— TCCCTCT-TTTGTAAGTAAATTCTC-A-CGCGTCGATGG------—---AA-CCCTCGGTGTCT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--ACTCCC-A-CGCGTCGATTG—————-——~ ARACCCTC-GTGACT-GGATTT-AATG
CTTTCCCTC—~———— TTGTAAGT--ACTCCT-A-CGCGTCGATTG--——-—-——---— AAACCCTC-GTGGTT-GGATIT-AATG
———————————————— GTAAGT--ACTCCT-A-CGCGTCGATTG~--—~----AAACCCTC-GAGGTT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--ACTCCT-A-CGCGTCGATTG-—~—~~———— AAACCCTC-GTGACT-GGATTT-AATG
~CTTCTCCCT-C-TTTGTAAGT--GCCCCC-A-CGCATCGATTG-~-~-~--—---- AAGACTC----ACT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--GCCCCC-A-CGCATCGATTG~--—-—---— GAAGACTC-GTGACT-GGATTT-AATG
CCTTCTCCCT~C-TTTGTAAGT--GCTCCC-A-CGCGTCGATTG------~-~ AAGACC---AAATCT-GGATTT-AATG
CCTTCTCTCTTC-TTTGT-AGT--AACCCC-A-CGCGTCGATTG-~--~————~ GAAGTGTC-GTGACT-GGATTT-AATG
———————————————————————— ACCCCC-A-CGCGTCGATTG-—---—-~-~~~-GAAGTGTC-GTGACT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--ATCCCC-A-CGCGTCGATTG—~~~—~—~~ G~AGTGTC-GTGACT-GGATTT-BRATG
GCCTCTCTCT-C-~-TTGTAAGT--ACCCCC-A-CGCGTCGATTG——~~~~—~~ CAGTAGTC~-GTGCCT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--ACCCCC~-A-CGCGTCGATTG-—-———-~~~—~ GAACAGTC-ATGACT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--ACCCCC~-A-AGCGTCGATTG-—--~—-—~—~ GGACAGTC-ATGACC-GGATTT-AATG
CCTTCTCCCT-C-TITGTAAGT--GCACCA---T-CGTCGATTG-~-—~-—-- GAAGATTC-GTGACT-GGATTT-AATG
CCTTCTCCCT-C-TTTGTAAGT--GCTC-C-A-TGCGTCGATTG-—-——-—-—--— GAAGATTC-GTGACT-GGATTT-AATG
CCTTCTCCCT-T-TTCGTAAGT-~GTCCCG-A-CCTGTCGATTG—-—-——-—-— AAGACC-C-ATGACT-GGATTT--ATA
~-CTTCTCCCT-T~-TTCGTAAGT-~-GTCCCG-A-CCTGTCGATTG-~-———-———~ AAGACC-C-ATGACT-GGATTT--ATA
CATTCTCCCCTGTTTTGTGAGT--GCCCCG-ATTTCGTTGATTG—~-~—~ GAAAAAAAAAGCGTCG-CCTGGAATC-AACA
CATTCTCCCT-G-TTTGTGAGT--GCCC-G-ATTTCGTTGATTG~~~~~ G-AAAARAAAGCGTCG-CCTGGAATC-AACA
CATTCTCCCT-G~TTTGTGAGT--GCCC-G-ATTTCGTTGATTG—---- G-AAARAAAAGCGTCG-CCTGGAATC-AACA
CATTCTCCCT~G-TTTGTGAGT--GCCC-G-ATTTCGTTGATTG—--~~ G~AAAAAAAAGCGTCG-CCTGGAATC-AACA
CATTCTCCCCTGTTTTGTGAGT~-GCCCCGATTTTCGTTGATTG----~ GAAAAAAAAAGCGTCGCCCTGGAATC-AACA
——————————————————— AGT--~CTTC-GA-TCTTTC~-~-ATT----—-—---AATGCCGT-GGTTC-AAAATTC-AATA
CCTTCTCCTT-G-TITGTAAGT--TCTTC-GA-TCCTTCCATTG-—~~----— AATGCCGT-GGTTT~--AAATTC-AATA
CCTTCTCCTT-G-TITGTAAGT--TTATA-GA-TCCTTTCATTG-—--—----— CATACTGT-GTTTTTCAAATTC-AATA
CATTCTCCTT-G-TTTGTAAGT--TCATA-GA-TCCTTCCATTG--—---—-—~— GATACTGT-GTTTT-~AAATTC-AATA

CCTTCTCCCT-G-TTTGTGAGT--ATTCT~-A-TTCGTTGATTG-~~~AGAAAGAAAAAGAGTTGCCTAGAAACC-AAGA
CCTTCTCCCT-G-TTTGTGAGT--ATTCT--ATTCCGTTGATTGTGAAAAGAAAAAAAAATGTTGCCTAGAAACC-AAGA

CCTTCTCCT--G--TTGTGAGT~-GCCTCAGA-CGCGTGCATTG-~~-~-—-——-— ACAATCTCCGATCGGGAAAACAGTAGA
81 91 101 111 121 131 141 151

I ! I ! I ! ! !
CTGATGGATATGT -~~~ TCTCC-~GGC-AATAG~-GA-CAA-GGATGGC-~--GATGGTTAGTGCGACCGTCGGCGA~-~-T
CTGATGGATATGT--~--- TCTCC-~-GGC-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT----- TCTCC-~GGC-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT----- TCTCC-~GGC-AATAG-GA-CAA~-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA-~~T
CTGATGGATATGT----- TCTCC-~GGC-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT----- TCTCC~~GGC-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT-—---- TCTCC-~GGC-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT~~—--- TCTCC-~GGC-AATAG-GA-CAA-GGATGGT-~-~-GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT---—-- TCTCC-~GGC-AATAG-GA-CAAR-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA-—~T
CTGATGGATATGT-----— TCTCC-~GGC-AATAG~GA-CAAR~-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA~~-T
CTGATGGATATGT---—— TCTCC-~-GGC-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA~~~T
CTGATGGATATGT---—- TCTCC-~GGC-AATAG~-GA~-CAA-GGATGGC---GATGGTTAGTGCGACCGTCGGCGA-~-T
GAGATGGATATCG~---- TTCTG~~CGG-AATAG-GA-CAA-GGATGGC---GATGGTTAGTGCGAACGTCGGCGA---T
CTGATGGATATGTCTCCGTCTCC~~GGC-GACAGAGA-CAA-GGATAGTTCAGATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT----— TCTCC-~GGC~AATAG-GA-CAA-GGATGGC-~~-GATGGTTAGTGCGACCGTCGGCGA-—--T
CTGATGGATATGT---—- TCTCC-~GGC-AATAG-GA~CAA-GGATGGT-~-GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT-—---- TCTCC-~GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT~~--- TCTCC-~GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA--TT
CTGAAGGATATGT----- TCTCC-~GGC-AATAGAGA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA--TT
CTGATGGATATGT----- TCTCC-~GGC-AATAG-GA-CAA~GGATGGT---GATGGTTAGTGCGACCGTCGGCGA----
CTGATGGATATGT ~~~-- TCTGC-~-GGC-AATAG-GA-CAAGGGATGGT~--GATGGTTAGTGCGACCGTCGGCGA--TT
CTGATGGATATGT-~~-- TTTCC-~GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA--TT
CTGATGGATATGT----- TCTCC-~GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA~——T
CTGATGGATATGT--—-— TCTCC-~-GGC-GATAG-GA~CAA-GGATGGT-~~GATGGTTAGTGCGACCGTCGGCGA--TT
CTGATGGATATGT---—~ TCTCC--GGC-GATAG-GA~-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA--TT
CTGATGGATATGT-~-—- TCTCC~--GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA---T
CTGATGGATATGT----- TCTCC-~GGC-AATAG-GA-CAA-GGATGGT~--GATGGTTAGTGCGACCGTCGGCGATTTT
CTGATGGATATGT~---- TCTCC--GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGATTTT
CTGATGGATATGT----- TCTCC-~-GGC-AATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGATTTT
CTGATGGATATGTC----TCTCC-~-GGC-AATAG-GA-CAA-GGATGGT-~-GAT-GTTAGTGCGACCGTCGGCCG-ATT
CTGATGGATATGT~——-- TCTCC--GGC-AATAG-GA-CAA-GGATGGT~--GATGGTTAGTGCGACCGTCGGCGATTTT
CTGATGGATATGT----- TCTCC--GGC-AATAG-GA-CAA-GGATGGT—--GATGGTTAGTGCGACCGTCGGCGATTTT
CTGATGGATATGT~---- TCTCC--GGCAAATAG-GA-CAA-GGATGGT---GATGGTTAGTGCGACCGTCGGCGA~TTT

CTGATGGATATGT-—--—-- TCTCC--GGC-AATAG-GA-CAA-GG-TGGC---GATGGTTAGTGCGACCGTCGGCGATTTT
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CBS229.60
CBS238.68
NRRL3447
AL1878
AL1644
ALl642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

l

KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM233945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239931
DSOM239932
DAON239930
CBS25855
CBS12865
CBS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM2399914
DAOM2399915
DAOM239938
DAOM239937
CBS228.60
CBS238.68
NRRL3447
AL1878
ALl644
ALl1642
ALl643
CBS136.22
CBS347.51
CBS5336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

[

KAS3191
DAOM239926
DAOM239919

CTGATARATACGT----- TCTGC-~TTC-AATAG-GA-CAA-GGACGGC---GATGGTGAGTGCGACCGTCTGCGA---T
CTGATAAATACGT-——-—— TCTGC-~TTC-AATAG-GA-CAA-GGACGGC---GATGGTGAGTGCGACCGTCTGCGA---T
CTAATGGATGCTT---—- TTTCCCGGGAAAATAG-GA-CAA-GGATGGC---GATGGTGAGTGCGATCGTACTCGG---G
CTAATGGATGCIT---—- TTTCCCGGGA-AATAG~-GA-CAA-GGATGGC---GATGGTGAGTGCGATCGTACTCGG---G
CTAATGGATGCTT----- TTTCCCGGGA-AATAG-GA-CAA-GGATGGC---GATGGTGAGTGCGATCGTACTCGG---G
CTAATGGATGCTT---—- TTTCCCGGGA-AATAG-GA-CAA-GGATGGC---GATGGTGAGTGCGATCGTACTCGG-~~-G
CTAATGGATGCTT----- TTTCCCGGGA-AATAG-GA-CAAAGGATGGC---GATGGTGAGTGCGATCGTACTCGG---G
CTAATGGATA-~~-—-———— TTCGT-~CAT-AATAA-GGACAAAGGATGGC---GATGGTGAGTGCGACCGTTACCGA-~~~
CTAATGGATA~--—————— TTCGT-~CAT-AATAG-GA-CAA-GGATGGC---GATGGTGAGTGCGACCGTTACCGA-~~-~
CTGATGCATA------—-- TTCGT-~CAT-AATAG-GA-CAA-GGATGGC-~-GATGGTGAGTGCGACCGTTACCGA--—-
CTAATGCGTA-=---=-—---— TTCGT-~CAT-AATAG-GA-CAA-GGATGGC-~--GATGGTGAGTGCGACCGTTACCGA--—--
CTAATGGATACTT-—~—-—— TTTCCC~GGT-AACAG-GA-CAA-GGATGGC---GATGGTGAGTGCGATCGTTATCAA-—-G
CTAATGGATACTT-—-—- TTTCCC~GGT-AACAG-GA-CAA-GGATGGC---GATGGTGAGTGCGATCATTATCGA--~-G

CTGACCAAGGCCGTTTT-CCCGCT~TGTGAACAG-GA-CAA-GGATGGC---GATGGTGCGTGCAGTCTTTCCCGG————

161 171 181 191 201 211 221 231 ]
| | | | | [ | | ]
TTTTT-ARATT-CCATG--C---=~——-—-——m—m————————— CGACTGGAGTAAACC-CACTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG--C--—-~—~-——~m—m————————— CGACTGGAGTAAACC~-CACTG-AGAGAACCGAATAAC
TTTTT~-AAATT-CCATG--C-~——~—-—=——~———m———————— CGACTGGAGTAAACC-CACTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG--C-———~-——-——————————————= CGACTGGAGTAAACC-CACTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG--C-—~—~—--~——————— ===~ CGACTGGAGTAAACC-CACTG-AGAGAACCGAATAAC
TITTT-AAATT-CCATG--C-—-——~—=—-——————————————— CGACTGGAGTAAACC~-CACTG-AGAGAACCGAATAAC
TTTTT-GAATT-CCATG--C-—-~~—-—=—-——————-———————— CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTT---GAAATTCCATA--C-———~-—-————=-————————— CGACTGGAGTATACC-CGCTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG-~C-—-——~————=————-———————— CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTT-GAATT-CCATG--C-—=—~-—-—m - mm——m—— == CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG--C---—~—-———- - - — === CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTT-GAATT-CCATG--C-—--—~-——-—-——————————— -~ CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG--C-—~—~-————————————————~ CGACTGGAGTATACC-CACTG-AGAGAACCGGATAAC
TTTTT-GAATT-CCATG--C--—-—~-———=—--——————————— CGACGGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTT-GAATT-CCATG--C—-—-—~-—=——————————————— CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TITTT-AAATT-CCATA--C-=——~-——-——-—— === CGACTGGAGTATACT-CGCTG-AGGGAACCGAATAAC
TTTTT-RAATT-CCATA--C-———~——-——————————————~ CGACTGGAGTATACC-CGCTG-AGAGAACCGAATAAC
TTTTTAAAATT-CCATA--C-———~—————=———-———————— CGACTGGAGTATACC~CGCTG-AGAGAACCGAATAAC
TTTT--AAATT-CCATA--C-———~-————-——mm———————— CGACTGGAGTATACC-CGCTG-AGAGAACCGAATAAC
TTTTG-ARATT-CCATA--C-———~-~=-—om——m———————— CGACTGGAGTATACC-CGCTG-AGAGAACCGAATAAC
TTTT--AARATT-CC-TG-~C--——~—-—————m—mmmmmmm——— CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTT--AAATT-CCATG--C-—-—=~-——m—m=——m——mm———— CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTT-AAATT-CCATG--C-=-—~----——m———————— = CGACTGGAGTATACC-CACTG-AGAGAACCGAATAAC
TTTTTAAAACT-CCATG——C-=-—--———————— -~ —— CGACTGGAGTATTCC-CACTG-AGAGGACCGAATAAC
TTTTTARAAACT-CCATG--C---—~-m=-mmmmmmm - —— CGACTGGAGTATTCC-CACTG-AGAGGACCGAATAAC
TTTTT--AATT-CCATG--C~-——m—=—-—mm— - CGACTGGAGTATTCC-CACTG-AAAGGACCGAATAAC
TTTTT-TACCT-CCATG--C--——~-————————m—mmmm CGGCTGGAGTATACCTCACTA-AGAGAACCGAATAAC
TTTTT-TACCT-CCATG--C-—-——~—-——————————-m————— CGACTGGAGTATACCTCACTA-AGAGAACCGAATAAC
TTTTT-TACCT-CCATG--C-=——~——-——-——mm———— == CGACTGGAGTATACCTCACTA-AGAGAACCGAATAAC
TTTTT-TACCT-CCATG--C-—==~-—-——-———————— === CGACTGGAGTATAACTCACTA-AGAGAACCGAATAAC
TTTTT-AACCT-CCATG~-C-—-==—~-—-——-———————— === CGACTGGAGTATACC-CCCTA-AGAGAACCGAATAAC
TTTTT-AACCT-CCATG--C-——=~-—-—————————-— === CGACTGGAGTATACC-CCCTA-AGAGAACCGAATAAC
TTTTT-TAACT-CCATG--C-—~—~---———-m—mmm - ——— CGACTGGAGTATACC-CCCTA~AGAGAACCGAATAAC
TTTTT-TAACT-CCATG--C-———~--—————-—-m— o ——— CGACTGGAGTATACC-CCCTA-AGAGAACCGAATAAC
TATTT---—--~ CCAGG--C-—-——~——————— = —— CGACTGTATCACCCC-TATTG-AGAGGACCGAATAAC
TATTT----- --CCAGG--C--==—-——————————————— CGACTGTATCACCCC-TATTG-AGAGGACCGAATAAC
CTCGA-TAATTT-CAAGATC—~—~—~———~—=ommmmmmm = CGATTATGTCCTCTT-GACCG--AGTGAACAAATCAC
CTCGA-TAATTT-CAAGATC-——~--—~=——---mmmmmm == CGATTATGTCCTCTT-GACCG--AGTGAACAAATCAC
CTCGA-TAATTT-CAAGATC-—-—~-————————————————— CGATTATGTCCTCTT-GACCG--AGTGAACAAATCAC
CTCGA-TAATTT-CAAGATC---—~--—-—-—————————————— CGATTATGTCCTCTT-GACCG--AGTGAACAAATCAC
CTCGA-TAATTTCCAAGATC---—---——————~——-—-————— CGATTATGTCCTCTT-GACCG--AGTGAACAARATCAC

—————— GATCT-GCGGA--C--—-==-==—=—=—~=-—-=--—-—-—-CGACT--ATCACGCCCCATTG~-AAAAGGATAAATTAC
—————— GATCT-GCGGA--C-~=—==m===mmm————————~——-CAACT--ATTACGCC-CATTG--AAAGGATAAATAAC
—————— GATCT-GCGGA--C------—---—--—--—--——--——CGAC~--ATCACGCC-CATTG--AGAGGATAAATAAC
—————— GATCT-GCGGA--C-—-——=~==———————————~—-—-CGAC-~-ATCACGCC-CATTG--AAAGAATAAATAAC
CTCGA-TGATTTGAGGA--C-—-———————————m— CGATTATGICTTCTA-TGTTG--AGCGAACGAATAAC
CTCGA-TGATTTGAGGA--C-—-~—-—-——————— = ——————— CGATTATGICCTCTA-TGTTG~--AGCGAACGAATAAC
—————— TAGCTCGGACGCTCTTTCTTAGGAAGCAGTCCTTGGGCCACTGGCACCCGCGAAGGTTTTAAA-ACAGAATGAC

241 251 261 271 281 291 301 311 ]
| | | [ I ! ' | | !
TGAG-ACCGATCGAT-CTATA-GGA~CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
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KAS3191
DAOM239926
DAOM239919
DAOM239917
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NRRL2074
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DAON239930
CBS25855
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TGAG-ACCGATCGAT-CTATA-GGA~CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG~-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG~-ACCGATTAAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAA-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG~ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CGATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCTCTCGGCCAGAACCCC
TGAG-ATCGATTAAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATTAAT~CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATTAAT-CTATA-GGG-CAGATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATTAAT-CTATA-GGGCCAGATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATTAAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCAAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCAAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCAAT-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACCGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-TTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-TTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCC
TGAG-ACCGATCGAT-CTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACTGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGC-CCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACTGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACTGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTATAGGGA-CAAATCACCCCCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACCGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTATA-GGA-CAAATCACCACCAAGGAGTTGGGCACCGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCARA-CTGTA-GGA-CAAATCACCACCAAGGAGTTGGGCACCGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACCGATCAAA-CTGTA-GGA-CAAATCACCACCAAGGAGTTGGGCACCGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ATCAATCAAT-ATATA-GGC-CAAATCACTACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCARAACCCC
TGAG-ATCAATCAAT-ATATA-GGC-CAAATCACTACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAAAACCCC
TGAG-ATGAATAAATTCGATA-GGA-CARATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCT
TGAG-ATGAATAAATTCGATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCT
TGAG-ATGAATAAATTCGATA-GGA~-CAAACCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCT
TGAG-ATGAATAAATTCGATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCT
TGAG-ATGAATAAATTCGATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGCCAGAACCCT
TGAGTTTGGATGAAT--TATAGGGC-CAGATCACTACCAAGGAGCTGGGTACCGTTATGCGTTCTCTCGGCCAGAACCCT
TGAG-TTGGATGAAT-~-TATA-GGC-CAGATCACCACCAAGGAGCTGGGTACCGTTATGCGTTCTCTCGGCCAGAACCCC
TGAG-TTGGATGAAT~-TATA-GGC-CAGATCACCACCAAGGAGCTGGGTACCGTCATGCGTTCCCTCGGCCAGAACCCT
TGAG-TTGGATGAAT--TATA-GGC-CAGATCACCACCAAGGAGCTGGGTACCGTCATGCGTTCCCTCGGCCAGAACCCT
TGAG-ACGAATACACTCGATA-GGA-CAAATCACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-ACGAATACACTTGATA-GGA-CAAATTACCACCAAGGAGCTGGGCACTGTCATGCGCTCCCTCGGTCAGAACCCC
TGAG-TTATATATCATCGTTA-GGC-CAAATCACCACCAAGGAGCTCGGCACCGTCATGCGCTCGCTCGGCCAGAACCCC

321 331 341 351 361 371 381 391 ]
\ | | [ | | | | ]
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA--——
TCCGAGTCCGAGCTTCAGGACATGAGCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA~~-—~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~-—~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA---—
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—-~-~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~-—-
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~---
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTTICCTGGTACGA----
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA----
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA--—-—
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCCACAACAACGGCACCATTGACTTCCCTGGTACGA---~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA----
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~---
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGAA~~~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~--~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA~~--~-
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—--~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-——~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~~~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTITCCTGGTACGA---—
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA---~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGACGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA----
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA----

285



DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM2399914
DAOM2399915
DAOM239938
DAOM239937
CBS229.60
CBS238.68
NRRL3447
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

{

{
KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DAOM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239931
DSOM239932
DAON239930
CBS25855
CBS512865
CB5118889
DACOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM2399914
DAOM2399915
DAOM239938
DAOM239937
CBS229.60
CBS238.68
NRRL3447
AL1878
AL1644
AL1642
AL1643
CBS136.
CBS347.

22
51

TCCGAGTCCGAGCTCCAGGACATGATTAACGAAGTCGATGCCGACAACAACGGTACCATTGACTTCCCTGGTACGA--—~
TCCGAGTCCGAGCTCCAGGACATGATTAACGAAGTCGATGCCGACAACAACCGTACCATTGACTTCCCTGGTACGA--—-~
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA--—-
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-—-——
TCCGAGTCCGAGCTTCAGGACATGATCAATGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~——
TCCGAGTCCGAGCTTCAGGACATGATCAATGAGGTCGAAGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA-~~—
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA--~—
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGAT———
TCCGAGTCCGAGCTTCAGGACATGATCAACGAGGTCGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGAT———
TCCGAGTCCGAGCTCCAGGACATGATCAACGAGGTTGATGCCGACAACAACGGCACCATTGACTTCCCTGGTACGA---—
TCCGAGTCCGAGCTCCAGGACATGATCAACGAGGTTGATGCCGACAACAACGGCACCATTGACTTCCCTGGGACGA---—
TCCGAGTCTGAGCTICAGGATATGATTAACGAGGTCGATGCCGACAACAACGGTACCATTGACTTCCCTGGTACGAGTTT
TCCGAGTCTGAGCTICAGGATATGATTAACGAGGTCGATGCCGACAACAACGGTACCATTGACTTCCCTGGTACGAGTTT
TCCGAGTCTGAGCTGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATITTCCTGGTACGC—~—~
TCCGAGTCTGAGCTGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC-~-—
TCCGAGTCTGAGCTGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC =~~~
TCCGAGTCTGAGCTGCAGGATATGATCAACGAGGTCGCCGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC -~
TCCGAGTCTGAGCTGCAGGATATGATCAACGAGGTCGACGCCGATAATAACGGTACCATCGATTTCCCTGGTACGC—-——
TCCGAGTCTGAGCTGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTTCCCTGGTACGG--——
TCCGAGTCTGAGCTGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTTCCCTGGTACGG---—
TCCGAGTCTGAGCTGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTTCCCTGGTACGA———~
TCCGAGTCTGAGCTGCAGGACATGATTAACGAGGTTGACGCTGACAACAACGGCACCATTGATTTTCCCGGTACGA-~—~~
TCCGAGTCCGAGCTGCAGGACATGATCAACGAGGTCGACGCCGATAACAACGGTACCATTGACTTCCCTGGTACGA-——~
TCCGAGTCCGAGCTGCAGGACATGATCAACGAGGTCGACGCCGATAACAACGGTACCATTGACTTCCCTGGTACGA-—-—~
TCCGAGTCCGAGCTGCAGGATATGATCAACGAGGTCGATGCCGACAACAACGGCACCATCGACTTCCCCGGTATGT----

401 411 421 431 441 451 461 471

| | | I I ! | |
-TTTCCCTICCGATCG---—-—- GA---CCCCCTGCTC-—-—----- CCTCCGGATAGATGTTAA-——-——-——-—-— CGTGCGG
-TTTCCCTTCCGATCG-—-——--—-— GA---CCCCCTGCTC-----—-- CCTCCGTATAGATGTTAA-————-——-—— CGTGCGG
~TTTCCCTTCCGATCG~—=~~—-~ GA---CCCCCTGCTC-—~——~=-~ CCTCCGGATAGATGTTAA~~-—-———--— CGTGCGG
-TTTCCCTTCCGATCG------- GA---CCCCCTGCTC-—--~~-- CCTCCGGATAGATGTTAA--—-———---— CGTGCGG
—-TTTCCCTTCCGATCG-—~——~—— GA-~-CCCCCTGCTC-—-—----- CCTCCGGATAGATGTTAA--~—=-~==- CGTGCGG
-TTTCCCTTCCGATCG~————~~ GA---CCCCCTGCTC---—--——— CCTCCGGATAGATGTTAA-~~—--—--— CGTGCGG
-TTTCCCTTCCACCCGAA----AGG---CCCCGTGCTT------—- CCTCCGGATAGATGTTAA--—-————— CGAAAGG
-TTTCCCTTCCACTICGAA----TGA---CCCCGTGCTTCGTACTCGCTTCCGGACATATGTTAA-—-~——~~~ CATGCGG
~TTTCCCATCCGATCGAA----TGA---CCCTGTGCTC-————-—-— CCTCCGGATAGATGTTAA--—~~==—=- CGTGCGG
-TTTCCCTTCCACCCGAA----TGG---CCCCGTGCTT-----—-— CCTCCGGATAGATGTTAA--———————— CGTGCGG
-TTTCCCATTCACCCGAA----AGG---CCCCGTGCTT-----—-- CCTICCGGATAGATGTTAA-——-—————~ CGTGCGG
~TTTCCCTTCCACCCGAA-~---TGG---CCCCGTGCTT~—~~-=-~ CCTCCGGATAGATGTTAA-———————— CGTGCGG
-~TTTCCCTTCCACCCGAA----TGG---CCCCGTGCTT~-~~~-—-— CCTCCGGATAGATGTTAA-—-—-—-——--— CGTGCGG
—TTTCCCTTCCACCCGAA----TGG-~-~-CCCCGTGCTT-—-————— CCTCCGGATAGATGTTAA-~-—=—~—-= CGTGCGG
—-TTTCCCTTCCACCCGAA----TGG~---CCCCGTGCTT-——~-——— CCTCCGGATAGATGTTAA-—--—-——-=—--— CGTGCGG
-TTTCCCTTCCACTCGAA----TGA--~-CCCCGTGCTTCGTACTCGCTTCCGGACATATGTTAA- -~ ———~—~ CATGCGG
-TTCCCCTTCCACTCGAA----TGA--~CCCCGTGCTTCGTACTCGCTTCCGGACATATGTTAA- - -~ ~~~~~ CATGCGG
~TTTCCCTCCCACTCGAA-~--TGA---CCCCGTGCTTCGTACTCGCTTCCGGGCATATGTTAAG-—--—-——~— CATGCGG
~TTTCCCTCCCACTCGAA-~~--TGA---CCCCGTGCTTCGTACTCGCTTCCGGGCATATGTTAA--—-—-——~ CATGCGG
~TTTCCCTTCCACTCGAA----TGA-~-CCCCGTGCTTCGTACTCGCTTCCGGACATATGTTAA-~~-~-—-———~— CATGCGG
~TTTCCCTTCCACTCGAA----TGA~~-CCCTATGCTCCGTGCTCGCCTCCGAACCTATATTAA-~~-~-—--—— CATGCGG
—TTTCCCTTCCACTCGAA-~--TGA---CCCTATGCTCCGTGCTCGCCTCCGAACCTATATTAA- - - - ——~~~ CATGCGG
-TTTCCCTTCCACTCGAA-—---TGA---CCCCGTGCTCCGTGCTCGCCTCCGAACCTATATTAA- - -~ ——==— CATGCGG
~TTTCCCTCCCACTCGAA----TCA---TCCCGTCCTA-~——~~-~ GTCTCCGGACATATGTTAA-—-—————- CATGCGA
~TTTCCCTCCCACTCGAA----TCA---TCCCGTCCTA-~~~~~~ GTCTCCGGACATATGTTAA-—--———-— CATGCGA
-TTTTCCTCCCGCTCGAA~~--TTA---CCCCGTGCCC--—---- GCCTTCGGACATATGTTAA-—-~—=~—~-— CGTGCGG
~TTCCCTTTCTATTCGAA-~~-TGG--~CCCCGTGCTC-~-—---~ GCCTCCGGACGTTTGTTAA-———————~ CTCGCGG
-TTCCCCTTCTATTCGAT----TGA~---CCCCATGCTC—~——~—~ GCCTCCGGACATATGTTAA-———-————- CTCGCGG
~TTCCCCTTCTATTCGAT----TGA-~--CCCCATGCTC-~~—~—~—- GCCTCCGGACATATGTTAA-——-—-———---— CTCGCGG
-TTCCCTTTCTATTCGAA---~TGG---CCCCGTGCTC--—---- GCCTCCGGACGTATGTTAA-———~—~—~~ CTCGCGG
-TTCCCTTTCCATTCGAA---~-TTA---CCCCGTGCTT---—-- T--CCTCCGGACATATGTTAA-——~——=~- CGCCCGA
-TTCCCTTTCCATTCGAA----TTA---CCCCGTGCTT----- T--CCTCCGGACATATGTTAA-~——————— CGCCCGA
-TTCCCTTTCCATTCGAA----TGA---CCCCGTGCTT-----T-G-CTCCGGACATCTGTTAA-~--——-——— CACGCGG
-TTCCCTTTCCATTCGAA--~-TGA---CCCCGTGCIT-----T-G-CTCCGGACATCTGTTAA-~—~—-—-—~— CACGCGG
CTCTTTCTTCCACCCGAA~---ATG---CCCCATACTC~--~-~-- GCCATTCGCCATATATTGA-—--————- CAGACGG
CTCTTTCTTCCACCCGAA--—--ATG---CCCCATACTC----—-- GCCATTCGCCATATATTGA----——-—-—- CAGACGG
-TCTCCCTCCCCTCCGAA----TGATGATCTCAAAGCC-------- CGAGAAGACTGATATTGA--——-~—~—~ CATTGCG
—TCTCCCTCCCCTCCGAA~---TGATGATCTCAAGCCC~~—~—~~~ CGAGAAGACTGATATTGA--——-————— CATTGCG
-TCTCCCTCCCCTCCGAA--—-TGATGATCTCAAGCCC----—--- CGAGAAGACTGATATIGA-~—=~———-- CATTGCG
-TCTCCCTCCCCTCCGAA-~--TGATGATCTCAAGCCC-——~=~-= CGAGAAGACTGATATTGA--——-—-——- CATTGCG
-TCTCCCTCCCCTCCGAA--~-TGATGATCTCAAGCCC--=-~~~-— CGAGAAGACTGATATTGA--——--—-—-- CATTGCG
-TCCCTATGTCCTCGACGGACTCGA~~--CTTTATATTC~~----—-- CTTTCGGACCAGTATTGA---—-—--—- TACCTTIT
-TCCCTATGTCCTCGACGGACTCGA~-~~-CTTTATTTTT~—~——=—~ CTTTCGGACCAGTATTGA--—---—-~ CACCCTT
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CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

l

[

KAS3191
DAOM239926
DAOM2395919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940
DAOM239945
DACM239946
DAOM239939
NRRL2074
NRRL32583
DAOM239931
DSOM239932
DAON239930
CBS25855
CBS12865
CBS118889
DAOM239912
DAOM239913
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM2399914
DAOM2399915
DAOM239938
DAOM239937
CBS229.60
CBS238.68
NRRL3447
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOMZ239916
NRRL705

[

[
KAS3191
DAOM239926
DAOM239919
DAOM239917
DAOM239922
DAOM239925
DAOM239943
KAS3479
DAOM239941
DAOM239942
DAOM239944
DAOM239940

-CCTCTATGTCCTCGACGAACTCGA---TTTTATCTCC-——-———— TTTTCGGATCAGTATTGA--—--——-——- CACCTTT
~CCCCTATGTCCTCGACGAGCTCGA-~~TTGTATCTTC--—---—~~- CTTTCGGATCAGTATTGA--—~—-=-- CACCTTT
-TTTCCCTCCCCTCCGAA~~-~~TAA---CCCAAGCCTC---—-~-——— GAAACACTCGTATIGA--———~—--- TATGTGG
-TCTCCCTACCCTCCGAA----TAA---CCCAAGCCTC-——~——=-—— GAAACAATCGTATTGA--—---———— TATGTGG

~ATTGAATCGCTTGGCAG----TCT---GCTGTGGCTCTTTTTCTCCCTTTAGACCAAGACTGATTGCTTTITCTGTGCGC

481 491 501 511 521 531 541 551

| ! | ! | | I |
-—CACAGAGTTCCTGACCATGATGGCCCGTAAAATGAAGGACACCGACTC— -~ - -~ —~— -~ — -~ ——— - mm—m——
-~CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
—~CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
--CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
--CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGCCGAGTTCCAGGAGGCCTTCAAGGT
—-CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
——-CACAGAATTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
—--CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTTAGGCCTTCAAGGT
--CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
—-CACAGAATTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
-—CACAGATTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGTCTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
-—CACAGAATTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
--CACAGAATTCCTGACCATGATGGCCCGTTAGATGAAGGACACCGACTCCGAGCAGGAGATCCGTGAGGCCTTCAAGGT
~~CACAGAATTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
--CACAGAATTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
--CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
-—-CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
-—-CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
~~CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGACCAGATCCGTGAGGCCTTCAAGGT
~~CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTTAGGCCTTCAAGGT
—-CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
—-~CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAG-—~—~~———————————=— == ——————
-—-CACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCCTTCAAGGT
-—-CACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAGGT
~-CACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAGGT
—--——-CAGAGTTCCTTACCATGATGGCTCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCGTTCAAGGT
--TACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCGTTCAAGGT
-—-TACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCGTTCAAGGT
--TACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGGTCCGTGAGGCGTTCAAGGT
~—-TACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCGTTCAAGGT
--CACAGAGTTCCTCACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAAGCGTTCAAGGT
--CACAGAGTTCCTCACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGGGAAGCGTTCAAGGT
~~TACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAAGCGTTCAAGGT
--TACAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAAGCGTTCAAGGT
CACACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAAGT
CACACAGAGTTCCTGACCATGATGGCCCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCATTCAAAGT
A-CACAGAGTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGT
A-CACAGAGTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTITCAAGGT
A-CACAGAGTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGT
A-CACAGAGTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTTCAAGGT
A-CACAGAGTTCCTTACCATGATGGCACGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGTGAGGCTTITCAAGGT
--TGCAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAGATCCGCGAGGCATTCAAGGT
--CGCAGAGTTTCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAGATCCGCGAGGCATTCAAGGT
—--TGCAGAGTTTCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAAATCCGCGAGGCATTCAAGGT
--TGCAGAGTTCCTTACCATGATGGCCCGTAAGATGAAGGATACCGACTCCGAGGAGGAGATCCGCGAGGCATTCAAGGT
A-CACAGAGTTCCTTACCATGATGGCGCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGCGAGGCCTTCAAGGT
A-CACAGAGTTCCTTACCATGATGGCGCGTAAGATGAAGGACACCGACTCCGAGGAGGAGATCCGCGAGGCCTTCAAGGT
C-TGCAGAGTTCCTTACCATGATGGCCCGCAAGATGAAGGACACCGACTCAGAGGAGGAGATCCGGGAGGCGTTCAAGGT

TTTCGATCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACG-=-==~——~——
TTTCGATCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCC-————————~=~==
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
TTTCGATCGCGACAACAACGTGTTCATTTCCGCCGCCGAGCTGCGCCACGT ~——===-~——
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCT~
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
TTTCGACCGCGACAATAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
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DAOM239945 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGATCTC
DAOM239946 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DACM239939 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
NRRL2074 TTTCGACCGCGACAACAACGGTTICATTTCCGCCGCCGAGCTGCGCCACGTCATGACC—~
NRRL32583 TTTCGACCGCGACAACAACGGTTTICATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAOM239931 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DSOM239932 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAON239930 TTTCGACCGCGACAATAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
CBS25855 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
CBS12865 @ ——— e e e e
CBS118889 TTTCGACCGCAACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAOM239912 TTTCGACCGTGACAACAACGGTTTCATTTCCGCCGCTGAGCTGCGCCACGTGATGACC~-
DAOM239913 TTTCGACCGTGACAACAACGGTTTCATTTCCGCCGCTGAGCTGCGCCACGTCATGACCTC
CBS24865 TTTCGACCGCGACAACAACGGTTTCATITCCGCCGCTGAGCTGCGCCACGTCATGACCTC
DAOM239934 TTTCGACCGCGACAACAACGGTTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAOM239935 TTTCGACCGCGACAACAACGGTTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCAC
DAOM239936 TTTCGACCGCGACAACAACGGTTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAOM239933 TTTCGACCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAOM2399914 TTTCGATCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATG-CC~~
DAOM2399915 TTTCGATCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTTATGACCTC
DAOM239938 TTTCGATCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATGACC-—
DAOM239937 TTTCGATCGCGACAACAACGGTTTCATTTCCGCCGCCGAGCTGCGCCACGTCATG-CC-~
CBS229.60 CTTCGACCGCGACAACAACGGTTTCATCTCCGCTGCCGAGCTGCGCCACGTCATGACCTC
CBS238.68 CTTCGACCGCGACAACAACGGITTCATCTCCGCTGCCGAGCTGCGCCACGTCATGACCTC

NRRL3447 GTTCGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
AL1878 GTTCGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
AL1644 GTTCGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
AL1642 GTTCGACCGCGACRACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
AL1643 GTTCGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC

CBS136.22 GTTCGATCGCGATAACAACGGATTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTT
CBS347.51 GTTCGATCGCGATAACAACGGATTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
CBS336.48 GTTCGATCGCGATAACAACGGATTCATCTCCGCCGCCGAACTACGCCACGTCATGACCTC
CBS110644 GTTCGATCGCGATAACAACGGATTTATCTCCGCCGCCGAACTGCGCCATGTCATGACCTC

CBS42665 CTTCGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
DAOM239916 CTTCGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC
NRRL705 GTTTGACCGCGACAACAACGGCTTCATCTCCGCCGCCGAGCTGCGCCACGTCATGACCTC

Combined Multiple Gene Sequence Alignment
CaM was not included in the combined gene sequence alignment because it was not congruent
with the other genes, except ITS. Data partition was as follows: ITS = 1-574; Bend = 575-1139;

CaM = 1140-1759; Cox1 = 1140-1744; TEFI-a = 1744-2752

[ 1 11 21 31 41 51 61 71 ]
l I | | | ! | | | ]
KAS3191 CATTACTG--AGTGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DAC239926 CATTACTG--AGTGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DAO239919 CATTACTG--AGTGAGGGCCCTCTG------- GGTCCACCCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239925 CATTACTG--AGTGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239922 CATTACTG--AGTGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DAO239917 CATTACTG--AGTGAGGGCCCTCTG---—---- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239943 ~---—-———-mmmmmm——— CCTCTG-—--—--- G-T--CACCTCCCACCCGTGTTTA-TTATACCTTGTTGCTTCGGCAGG
KAS3479 CATTACTT--AGAGAGGGCCCTCTG-~-~-~-~- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239941 ~--------- AGAGAGGGCCCTCTG--—---- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239942 ~--—-=~--- AGTGAGGG---TCT-—--~---- GGT~~CACCTCCCACCCGTGTTTA-TTATACCTTGTTGCTTCGGCAGG
DA0239944 ~-----——--—--—————— CCICTG---——--- G-T--CACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239940 CATTACAGGARAGAGGGGCCTCCTIGGGCCTCTGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DA0239945 ~-—-m—---mmmmmmm—mo GCCTCTG~~—=~~-- GGTC--ACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
DAO239946 CATTACTG--AGTGAGGGCCCTCTG--——--- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTICGGCAGG
KAS3480 CATTACAGGAAAGAGGGGCCTCCTGGGCCTCTGGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
NRRL32583 CATTACTG--AGTGAGGGCCCTCTG-----—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
NRRL2074 CATTACTG--AGTGAGGGCCCTCTG--—-—-- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG

KAS346110 CATTACTG--AGTGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTTTA~TTGTACCTTGTTGCTTCGGCAGG



KAS347530
KAS347430
CBS25855
CBS12865
CBS1188889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DA02399383
DA02399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
ALl1644
ALl642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

l

l

KAS3191
DAO239926
DAO235919
DA023%925
DA0239922
DA0239917
DA0239943
KAS3479
DA0239941
DA0239942
DAO239944
DA0239940
DA0239945
DA0239946
KAS3480
NRRL32583
NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CBsS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DACM239835
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DA02399383

CATTACTG--AGTGAGGGCCCTCTG-~——~—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG--——-——-— G-TC--ACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG--~—-—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~-—-~-~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTIGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~-—-~~ GGTCCAACCTCCCACCCGTGTTTA-TTIGTACCTIGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG~———=—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTIGTTGCTTCGGCAGG
CATTACTG~-AGTGAGGGCCCTCTG~———-—— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG-~-AGTGAGGGCCCTCTG-~———-—— GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~——~=-— GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG—-~---— GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG---~--- GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~———-—~ GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~——~~~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—-—~-—~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-----—- GGTCCAACCTCCCACCCGTGTTTATTTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—--—--—- GGTCCAACCTCCCACCCGTGTTTATTTIGTACCTTIGTTGCTTCGGCAGG
———————————————————— CTCCG----~---G-TC-~ACCTCCCACCCGTGTTTATTCGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCCG-—=~~—-~ GGTCCAACCTCCCACCCGTGTTTATTCGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—---—- GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—~—-—~ GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-~———--— GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—-—-——--- GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCIG————~—— GGTCCAACCTCCCACCCGTGTTTTATTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-——————~ GGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGTGAGGGCCCTCTG--—-—-- GGICCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTICGGCGAG
CATTACTG--AGTGAGGGCCTCTGG---—-—~~-~— T-CAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGTGAGGGCCCTCTG------- GGTCCAACCTCCCACCCGTGTCTC-TTGTACCATGTTGCTTCGGCGAG
—————————————————————————————————————— ACCTCCCACCCGTGTICTC-TTGTACCATGTTGCTTCGGCGAG
CATTACTG--AGIGAGGGCCCTCTG-~~—~—~ GGTCCAACCTCCCACCCGTGITTA-TTGTACCTTIGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG ===~~~ GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—-----— GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCCTCTG-—---—- GGTCCAACCTCCCACCCGTGTTTA-TTGTACCTTGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCTTCGG-—-——--—--- GTCCAACCTCCCACCCGTGTCTA-TTGTACCATGTTGCTTCGGCAGG
CATTACTG--AGTGAGGGCCTTCGG--—-——-—--— GTCCAACCTCCCACCCGTGTCTA-TTGTACCATGTTGCTTCGGCAGG
CATTACCG--AGTGAGGGCCCTCTIG——~—~~— GGTCCAACCTCCCACCCGTGTTTA-TCGTACCTTGTTGCTICGGCGGG
81 91 101 111 121 131 141 151 ]

| | I I I ! | I
CCCGCC-TCACGGCCGCC-GGGGGGCTTC~-TGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGEGCTTCT-GCCCCCGGECCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC~-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC~TCACGGCCGCC-GGGGGGCTTCC-GCTCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCCCATACGGCCGCC~GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCCCATACGGCCGCC-GGGGGGCTTCC~GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TTACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TTACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTTCCGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC~TCACGGCCGCC-GGGGGGCTTTCCGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~-GGGGGGCTTCACGCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC~TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGEGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCT~GCCCCCGGGCCCGCGCCTTCCGGACACAATCTTGAACGCTGTCTGAAGA
CCCGCC~-TCACGGCCGCC~-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC~-GGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
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CCCGCC-TCACGGCCGCCGGGGGGGCTTCT-GCCCCCGGGCCCGCGCCTGCCGGAGACAATCTTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCCTCC~GCCCCCGGGCCCGCGCCTGCCGGAGACAAT-CTGAACGCTGTCTGAAGA
CCCGCC~TCACGGCCGCC-GGGGGGCCTCC-GCCCCCGGGCCCGCGCCTGCCGGAGACAAT-CTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC~GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC~-TCACGGCCGCC-GGGGGGCCTCT-GCCCCCGGGCCCGCGCCTGCCGAAGACACCCTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGCCGCC~GGGGGGCATCT~-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCATCT-GCCCCCGGGCCCGCGCCCGCCGAAGCCCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGECCCGCGCCTGCCGGAGACACCATTGAACGCTGTCTGAAGT
CCCGCC~-TCACGGCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGT
CCCGCC-TCACGGLCCGCC-GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGT
CCCGCC~-TCACGGCCGCC~GGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGT
CCCGCC-TTATGGCCGCC--GGGGGCTAACCG-CCCCGGGCCCGCGCCTGCCGAAGACCCCTCTGAACGCTGTCTGAAGA
CCCGCC-TTATGGCCGCC--GGGGGCTAACCG-CCCCGGGCCCGCGCCTGCCGAAGACCCCTCTGAACGCTGTCTGAAGA
CCCGCCGTCATGGCCGCC-GGGGGGCACCC-GCCCCCGGGCCCGLGCCCGCCGAAGACACCATTGAACGCTGTCTGAAGA
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ATGCAGTCIGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAARATTAGT TAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAARRACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTITGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCCGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATTAAGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTIGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT~AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT~-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
ATGCAGTCTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAA-AGCAAAATTTATTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGAAT-AGCAAAATTTGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAARATTATTTARAACTTTCAACAACGGATCTCTTGGTITCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATAAGCAAAARATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT-AGCTAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT-AGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
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TTGCAGTCTGAGCGATT-AGCTAARATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCGATT-AGCTAAATTAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCCGTCTGAGCGAAACATATAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCCGTCTGAGCGAAACATATAAATTATTTAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
TTGCAGTCTGAGCG-ATTAGCTAAATCAGTTAAARACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCA
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GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGARATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCIGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATICAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTIGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAAT TGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATT
GCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATT
GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATT
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CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-—-CCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-~~-CCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT---CCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC--~~G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT---CCCCCCC~-~~G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTITGT-~CCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-CCCCCCCCC---~G
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CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-CCCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGTCCCCCCCCCCCC-~G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-CCCCCCCCC~—-—~G

CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC-~---G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC~---G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGTCCCCCCCCCC~-—=G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT-~-CCCCCCCC~-~--G

CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTTGT--CCCCCCCC----G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT--TCCCCC—~—————
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT—~-TCCCCC—~~———~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT-~TCCCCC——~~———
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT--TCCCCC—~--——~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTTTGTTGGGTCTTGT--TCCCCC-—-~-——~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTTTGTTGGGTCTTGT--TCCTCC-~~—-——~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTTTGTTGGGTCTTIGT ——-TCCTCC-——————
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTTTGTTGGGTCTTGT—-TCCTCC———~~~—
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC——~———-—
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTIGTGTTGGGCCCTGT--TCCCCC——-—-———
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTTGT--TCCCCC——~———=
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC~—~~——~~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC——-—-———
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC-————~~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGT--TCCCCC———~—=~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGC--TCCCCC—~——-——~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCTGC—-TCCCCC———————
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTTGC—~TCCCCC—~~——~~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTIGTGTTGGGCCTIGC--TCCCCC~—-—————
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCC——-———~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCCCCC-~~——~
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTITGTGTGTTGGGCCTCCG--TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG~-TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG~-TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG-~TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG—~TCCCCCACC-C-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTIGTGTTGGGCCTCCG--TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG-~TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCTCCG--TCCTCCCCCC-GG
CCGGGGGGCATGCCTGTCCGAGCGICATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT--CCCCCCTCTGC-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT--CCCCCCTCTGC-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT--CCCCCCTCLCGC-G
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCTCGT~~CCCCCCTCLCGC-G
CCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTCGT--CCCCCCCG-—-———
CCGGAGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGTCTCGT--CCCCCCCG---——
CCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCCG--CCCCCCGGTTTCG

401 411 421 431 441 451 461 471 ]
| | \ | | | I \ ]
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC~-CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC~~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC~~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCACC--GTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCACC--GTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGT-GGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGARAGGCAGTGGCGGCAC~~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CCTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC-~CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCGC
GGGAACAGGCCCGAAAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
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GGGAACAGGCCCGARAGGCAGTGGCGGCAC--CGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGARAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGARAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGAACAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCAGGCCCGAAAGGCAGTGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTITTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAARAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTICCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGARAAGGCAGCGGCGGCACCGAGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTIGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCC
GGGGGCGGGCCCGARAGGCAGCGGCGGCATCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCC

481 491 501 511 521 531 541 551

| | [ | | | | |
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT-~GCCGAC-—-CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC-~~-CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC-~--CCCCATCAATC-—-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC~--TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGACC--CCCCATCAATC---TTTTTTCAGGT-GACCTCG-ATCAGGTAGG-~~~—~~==-==-—=
GGCCGGCTGCTT--GCCGAC---CCCCATCAATC--—-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT--GCCGACC--CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT-~GCCGAC-~~-CCCCATCAATC-—-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT-~-GCCGAC-~-CCCCATCAATC-—-TTTTTTCAGG-TGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT-—-GCCGACC~-CCCCATCAATC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGCTGCTT-~-GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC----TITTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC--~-CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCAATCAATC----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC--~-CCCCATCAATC—--TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT~-GCCGAC-~-CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC~-GCTT~--GCCGAC~--CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCTT--GCC----—- CCCCATCAATCT-TGTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCC----—- CCCCATCAATCT-TGTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--G—~~——~———— CCCATCAACCCATTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC--—-CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC-~~-CCCCATCAATC--—--TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC---CCCCATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT~-GCCGAC~---CCCCATCAATC---TTTTTTCAGG-TGACCTCGGATCAG~—~~———-—=—===-==—=
GGCCGGC-GCTT--GCCGAC---CCCCATCAATC--—-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT-~GCCGAC~--CCCAATCAATC—--TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTT--GCCGAC--~CCCAATCAATC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACA-~~CCCATCAACC---CTTCTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACA---CCCATCAACC---CTTCTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACC-~-CTCATCATCC-—-TTTTITTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

293



CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
AL1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

l

KAS3191
DA0239926
DA0239919
DA0239925
DA0239922
DAO239917
DA0239943
KAS3479
DA0239941
DA0239942
DA0239944
DA0239940
DA0239945
DAO239946
KAS3480
NRRL32583
NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DA02399383
DA02399373
CBS229.60
CBs23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
AL1644
ALl642
ALl643
CBS136.22
CBS347.51
CBS5336.48
CBS110644
CBS42665
DAOM239916

GGCCGGC-GCCT--GCCGACC--~-CTCATCATCC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACC---CTCATCATCC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT--GCCGACC---CTCATCATCC---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCT~--GCCGACC--~CTCATCATCC--TTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG~-~GCCGACC--CTCCAACCCCA-——-TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG--GCCGACC--CTCCAACCCCA---TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG--GCCGACC--CTCCAACCCCA----TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCTG-~GCCGACC—~-CTCCAACCCCA-——TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGTCGGC-GCTG-~-GCCGACC-~CTCCAACCCCA--—-TTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCCTTAGCCGACG-~~-~—~ ACACAATCTTTTTTTTTCAGGTTGACCTCGGATCAGGTAGG- === ~====————
GGCCGGC-GCCTTAGCCGACG-=~=~~ ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGG-=—==~=—~===——
GGCCGGC-GCCTTAGCCGACG————~ ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCTTAGCCGACG——~-~ ACACAATC-TTTTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCCT--GTCGACC--CCCAATCTAT~-~~TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA

GGCCGGC-GCCT--GTCGACC~-CCCAATCTAT----TTTTTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
GGCCGGC-GCCC--GCCGGCGACCCCCATCAATC-—--~ TTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
561 571 581 591 601 611 621 631

I | ! I | | | !
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACGTCAC-~CCGGGGTCAAAT - —~—————— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTIGCTA-CCTGACCTCAC--CCGGGGTCAAAT—-——--——— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT—-——-—-———— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCARAT-————~——= CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT~—~—~~-~—~ CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~CCGGGGTCAAAT -~ —~————~ CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT--~—————~ CTT
CTTAAGCATATCAACGGTGCTGCTITCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT--—-————— CTT
—————————————— CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT-—--——-—~-CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT--~-————~— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT-——-—-———— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT--~———~—~ CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCAAAT -~ ~—~~---— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~CCGGGGTCAAAT-—-——--—— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CCGGGGTCARAAT - —~~——~—— CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCARAT——————-—— CAT
CTTAAGCATATCAACGGTGCTGCTTT-TGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAGAT--————-—— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~-CTTCGGTCAGAT——-—————— CAT
CTTAAGCATATCAATGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT-—-——-——-— CAT
CTTAAGCATATCAATGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTCGGTCAAAT————————— CAT
CTTAAGCATATCAAGGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTGGGTCAAAC-~——~~~—— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTTGGGTCAAAC-~-~--——-~— CAT
CTTAAGCATATCAACGGTGCTGCTTITCTGGTACGTGTTGCTA-CCTGACCTCAC-~-CTTGGGTCAAAC-—-—~~—~—~ CAT
CTTAAGCATATCAACGGTGCTGCTITCTGGTACGTGTTGATA-CCTGACCTCAC-~CTTGGGTCAAAT - - ~~———~~ TAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGATA-CCTGACCTCAC--CTTGGGTCARAT-—-—-—-———— TAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAAAT--—--—--——~ CTT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAACTCA------— CAT
CTTAAGCATATCAATGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAACTCA----—-— CAT
CTTAAGCATATCAATGGTGCCGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC-~-TTTGGGTCAACTCA-——~~—~ CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--TTTGGGTCAACTCA-—~—-~—— CAT
—————————————— CGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCAAAT--—-—-—-———-CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCARAT——————-—— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCAACT~~~-~---—-~ CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCTGACCTCAC--CTGGGGTCAACT~~~-——--~-—-— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTIGCTA-CCCGACTTTAC--CTTGCCTCAGGT——————-—~ AGT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTGCTA-CCCGACTTTAC--CTTGCCTCAGGT—————-——— AGT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC---~-—-—=-==-—=~-— CTCAACC——=————-- CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC—~~——=====-~-— CTCAACC-~——————— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC----——=—=—~—~ CTCAACC---—---—— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCAC--—--—-—=—=—~—— CTCAACC-—-—--—--- CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCA-CCCTC——~mmmmmmmm CTCAAAC---—-=—=— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG-~~-———~—~=—=~—— ATGAACC---~————~ CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG-—--——=~=~=—~—— ATGAACC-—-~—~-——~ CAT
CTTA~—===-——~—- CGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG=~===—==~—~—-= ATGAACC-—=-——--—- CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG~~———m === == m ATGAACC-——==--—- CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCCC-GCTG-—--—-—==—==~—-— ATGAACC----—---- CAT
—————————————— CGGTGCTGCTTTCTGGTACGTGTTTTCC~GCTGGGGAACAACACCATCCCAAGT~-—-—---—--—CAT
—————————————— CGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACACCACCCCAAGT--—-—--~—-~CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGAACAACAC~--CCCAAGT ~—~—-~-~---— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTTCC-GCTGGGGGACAACGAC~--CCCAAGT - ——=~~-—— CAT
CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGTTTCC - —— - =~ = === — === ===~ ———— ACC--——————- CAT
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KAS3191
DAO239926
DA0239919
DA0239925
DA0239922
DA0239917
DA0239943
KAS3479
DAO239941
DA0239942
DA0239944

CTTAAGCATATCAACGGTGCTGCTTTCTGGTACGTGCCACGCCCGCC--ARAACTTCCCCAGCACAACAAAGCARA-CCC

641 651 661 671 681 691 701 711

| | | | | | | [
CAATTG-GTGAACTCAGGAA----—~-- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACTCAGGAA-——-—~~ CC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACTCAGGAA-—--—-- CC~~--TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACTCAGGAA-——-——~~ CC--—--TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACTCAGGAA~————-- CC----TTTGACTGACGTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACTCAGGAA---——~- CC--~--TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAATCCAGGAA----—~-- CC----TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACCCAGGAA-~———~~- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCTAGGCC
CAATTG-GTGAACCCAGGAA-~—-—~— CC~---TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACTCAGGAA-—-—-—-— CC--—--TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAACCCAGGAA~-—~--—-- CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGTGAGCATGGCC
CAATTG-GTGAATCCAGGARA----—-- CC----TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGG-C
CAATTG-GTGAACTCAGGAA-————~— CC----TTTGACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAATCCAGGAA-—~——-— CC----TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-GTGAATCCAGGAA----—-- CC----TTTGACTGACTTGAATGATAGGCAGAACATTGCTAGCGAGCATGG-C
CAATTG-TTGAACCCAGGAC----—-- CC~-~--~-TTTTACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAGGAC----—-- CC~-—-TTTTACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAGGAC-—--—-- CC--—--TTTTACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAGGAC--—-~-~-- CC--—-TTTAACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAGGAC------- CC----TTTAACTGACTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAAGAG-—~~———-— CC----TTATACTGACTTCAATCATAGGCAGAACATTIGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAAGAG--—-——=-- CC-—---TTATACTGACTTCAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAAGAG----—--- CC~---TTATACTGACTTCAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAGCACAGGAC----—~- CT~---TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGTC
CAATTG-TTGAGCACAGGAC-—---—-- CT----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGTC
CAATTG-TTGAGCAAAGAAC-—---—-- CC--~-~TTATACTGACTTGGATCATAGGCAGAACATTGCTAGCGAGCATGGTC
CAATTG-TTAAACCCACGAG——~—~~-- CC----TTATACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTAAACCCACGAG—-=---- CC----TTATACTGACTTGAATTATAGGCAGAACATTGCTAGCGAGCATGGTC
CAATTG-TTAAACCCACGAG-—-——-—-——-— CC----TTATACTGACTTGAATTATAGGCAGAACATIGCTAGCGAGCATGGTC
CAATTG-TCAAACCCACGAG----—-- CC~-~--TTATACTGACTTGAATTATAGGCAGAACATIGCTAGCGAGCATGGCC
CAATTG-TTGAACCTAGGAG-——~~-- CC-—---TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCTAGGAG—=-~-—-- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAGTTG-TTGAACCCAAGAG-----—- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAGTTG-TTGAACCCAAGAG-—~——-~- CC----TTATACTGACTTGAATCATAGGCAGAACATTGCTAGCGAGCATGGCC
CAATTG-TTGAACCCAGGAG-—~=---- CC----TTATGCTAACCT-ACTTCCAGGCAGAACATTGCTAGTGAGCATGGCC
CAATTG-TTGAACCCAGGAG----—--- CC----TTATGCTAACCT-ACTTCCAGGCAGAACATTGCTAGTGAGCATGGCC
CAATTG-TTGGCCTCTTCAA--————~ GCTTTCTTTTACTAAC-TACCTCTTAGGCAGAACATTIGCCAGTGAGCACGGCC
CAATTG-TTGGCCTCTTCAA-——-———- GCTTTCTTTTACTTAC-TACCTCTTAGGCAGAACATTGCCAGTGAGCACGGCC
CAATTG-TTGGCCTCTTCAA-—--—--—- GCTTTCTTTTACTTAC-TACCTCTTAGGCAGAACATTGCCAGTGAGCACGGCC
CAATTG-TTGGCCTCTTCAA-——~=--- GCTTTCTTTTACTTAC-TACCTCTTAGGCAGAACATTGCCAGTGAGCACGGCC
CAATTG-TTAGCCTCTTCAA-——---- GCTTTCTTTTACTAAC-TACCTCTTAGGCAGAATATTGCCAGTGAGCACGGCC
CAATTG-TTGATTC--A-AA-—-—--- CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTC
CAATTG-TTGATTC--A-AA-—-—-—-— CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTC
CAATTG-TTGATTC-~-A-AA-—---——-- CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTC
CAATTG-TTGATTC-~-A-AA---—--- CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTC
CAATTG-TTGATTC--A-AR~---—--- CC-TTTTTTTACTGAC-TACCTTCCAGGCAGAACATTGCCTCCGAGCACGGTC
CAATTG-TTGAACCCTTGAG-—---—-- ACA---TTTTACTGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCACGGCC
CAATTG-TTGAACCATTGAG-———~-- ACA---TTTTACTGAC~TACTTTCCAGGCAGAACATTGCTTCCGAGCACGGCC
CAATTG-TTGAACCCTTGGA-———=--- ACA---ATTTACTGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCATGGCC
CAATTG-TTGAACCCTTGAG-——--—-- ACA---TTTTACTGAC-TACTTTCCAGGCAGAACATTGCTTCCGAGCACGGCC
CAAATG~TTGACACCCATTG----—-- AAACTTTTTTACTAAC-TACCCTCTAGGCAGAACATTGCCTCCGAGCACGGTC
CAAATG-TTGACACCCATTG-—-~-~-- AAACTTTTTTACTAAC-TACCTTATAGGCAGAACATTGCCTCCGAGCACGGTC
CAATTG-CGAG---—--- TCAACAGATACTGACTCG~==—~——-~-——— AACTACAGGCAGACCATTGCTGGTGAGCACGGCC
721 731 741 751 761 771 781 791

| | | | |

TCGATGGCGAGGGCCAGTAAGT ———————=== === ——————— =
TCGATGGCGAGGGCCAGTAAGT -~ == === === === ——m— e
TCGATGGCGAGGGCCAGTAAGT ~— == === === === === =~ ——— e
TCGATGGCGAGGGCCAGTAAGT -~ — === === == —m———— e oo
TCGATGGCGAGGGCCAGTAAGT ——— === —== == === ===~ —— o
TCGATGGCGAGGGCCAGTAAGT -~ === == ==== === ===~ ——— o
TCGACGGCGAGGGCCAGTAAGT —— =~ === = === —mm=mm e
TCGACGGCGAGGGCCAGTAAGT ~ =~ == === ==—mmm——m e
TCGACGGCGAGGGCCAGTAAGT ~~ === === === =——m——m— oo
TCGACGGCGAGGGCCAGTARGT ——— — ==~ ====== === —— e
TCGACGGCGAGGGCCAGTARGT ~— = === = === === == m—— e

| ! |
ATCAATT-TACGGGGAATTGGGTGATA---TG
ATCAATT-TACGGGGAATTGGGTGATA---TG
ATCAATT-TACGGGGAATTGGGTGATA---TG
ATCAATT-TACGGGGAATTGGGTGATA---TG
ATCAATT-TACGGGGAATTGGGTGATA-~~-TG
ATCAATT-TACGGGGAATTGGGTGATA---TG
ATCAATT-TACGCGGAATTGGGTGATA---TG
ATCAATT-TACGTGGAATTGGGTGATA---TG
ATCAATT-TACGCGGAATTGGGTGATA---TG
ATCAATT-TACGCGGAATTGGGTGATA--~-TG
ATCAATT-TACGCGGAATTGGGTGATA---TG
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TCGACGGCGAGGGCCAGTAAGT -~ ———————————————————————— ATCAATT-TACGCGGAATTGGGTGATA-~--TG
TCGACGGCGAGGGCCAGTAAGT~~———————=————————=——————— ATCAATT-TACGCGGAATTGGGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT - ~—————————————~—=-——————— ATCAATT-TACGCGGAATTGGGTGATA-~--TG
TCGACGGCGAGGGCCAGTAAGT - - ———————-———=———————~———— ATCAATT-TACGCGGAATTGGGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT—-———————-———=———————————— ATCCATT-CGGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT————————~————————————————- ATCCATT-CAGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT —————————————————————~———=~ ATCCATT-CAGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT-————————————=———————————~ ATCCATT-CGGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT -~ —-—--———~————==—————————— ATCCATT-CGGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT -~~~ —~——————————————————— ATCAATT-TGGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT—~————=—=———————————— == ATCAATT-TGGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT———=—=—————————==——————————— ATAAATT-TGGTTGGAATTGAGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT-——————=——————==—————————— ATCAATT-TGGTTGGAATTGGGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT ———=—=————-———===————————— ATCAATT-TGGTTGGAATTGGGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT ~~———————==————— - ———————— ATCGAAT-TGGTTGGCATTGGGTGATA---TG
TCGACGGCGAGGGCCAGTAAGT -~~~ ——=—==———————————————— ATCAATT-TGGTTGGAATTGGCTGATA---TG
TCGACGGCGAGGGCCAGTAAGT - ————=—————————=——————————— ACCAATT-TGGTITGGAATIGGCTGATA---TG
TCGACGGCGAGGGCCAGTAAGT————-——————=———==—————————— ACCAATT-TGGTTGGAATTGGCTGATA---T1G
TCGACGGCGAGGGCCAGTAAGT ———————=—————————————————— ATCAATT-TGGTTGGAATTGGCTGATA---TG
TCGACGGCGAGGGCCAGTAAGT - —————=——————————————————— ATCAATA-TGGTTGGAATTGAATGAAA---CG
TCGACGGCGAGGGCCAGTAAGT————————————=————————————— ATCAATA-TGGTTGGAATTGAATGARA---CG
TCGACGGCGAGGGCCAGTAAGT-————~——=—===————————— - ATCAACA-TGGTTGGAATTGGCTGATA---GG
TCGACGGCGAGGGCCAGTAAGT--—-———————————==—-————————— ATCAACA-TGGTTGGAATTGGCTGATA---GG
TTGATGGCGAGGGCCAGTAAGT———=—————— -~~~ ===—————————— ATCAATA-CGAGTGGGATTGGGTGATG---TG
TTGATGGCGAGGGCCAGTAAGT - ———==—————————————=——————— ATCAATA-CGAGTGGGATTGGGTGATG---TG
TCGATGGCGATGGCCAGTAAGT ~—~~—————————— -~ === ———— TTCTCGA-TTAAGTCGATTGGGITATGTGGTG
TCGATGGCGATGGCCAGTAAGT - - ~—~———=====————————————— TTCTCGA-TTAAGTCGATTGGGTTATGTGGTG
TCGATGGCGATGGCCAGTAAGT - -~~~ -~~~ ————————————————— TTCTCGA-TTAAGTCGATTGGGTTATGTGGTG
TCGATGGCGATGGCCAGTAAGT———-————————=—=——————————— TTCTTGA-TTAAGTCGATTGGGTTATGTGGTG
TCGATGGCGATGGCCAGTAAGT - ———————m—==—— == —— - — TTCTCGA-TCAA-TCGATTGGGTTATGTGGTG
TCGATGGCGATGGACAGTAAGT-—————————————— ===~ CTCGATCATCGACTCGATTGAATGAAGTGGTG
TCGATGGCGATGGACAGTAAGT - - —————————————~=—————————— CTCGATCATCGACTCGATTGAATGAAGTGGTG
TCGATGGCGATGGACAGTAAGT - ———-=—=—————————————————— CTCGATCATCGACTCGATTGAATGAAGTGGTG
TCGATGGCGATGGACAGTAAGT -~ —~—-——————————— -~ ===~ CTCGATCATCGACTCGATTGAATGAAGTGGTG
TCGATGGCGATGGACAGTAAGT - ———~————====—=——————————— CTCGATCATCGACTCGATTGAATGAAGTGGTG
TCGATGGCGAAGGACAGTGAGT ~~————=—==—=— === ———————————— ATCAATA-TTAATGGAATTGAGTGACGAG-TA
TCGATGGCGAAGGACAGTGAGT ~~~======——==—————————— ATCGATA-TTAATGGAATTGAGTGACGAG-TA
TCGATGGCGAAGGACAGTGAGT-——-——-—-—————==—————-——————— ATCGATA-TTAATGGAATTGAGTGACGAG-TA
TCGATGGCGAAGGACAGTGAGT - ————~— === =———mmmm—————— ATCAATA-TTAATGGAATTGAGTGACGAG-TA
TTGATGGCGATGGACAGTAAGT-—————-———————————————————— TCTTTGATTCGAGTCGATTGGTATATATGGTG
TCGATGGTGATGGACAGTAAGT - —-—————————————==—-——————— TCTTTGATTCGAGTCGATTGGTATATATGGTG
TTGATGGCGATGGCCAGTAAGTCTCTTCGATACCACTTGATACCTCT~~--—————————===~——-———————— C-GACAC
801 811 821 831 841 851 861 871
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AGAAT-GGCGGTCTGATA~---TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA---~-TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA---~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TITTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGATCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA---~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-~--~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA--—--TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA--~~TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-~—-TTTTTCTTTAGCTTCAC-TGTCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TTTTTCTTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA----TTTTTCTTTAGCTTCAC-TGTCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGACATTTTTTTTCCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-TTTTTTTCCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA~-TTTTTTTCCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-TTTTTITTTCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-TTTTTTTTCCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
-GAAT-GGCGGTCTGATA--TTTTTTTTCTTAGCTTCGC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
-GAAT-GGCGGTCTGATA-TTTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
-GAAT-GGCGGTCTGATA-TTTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-—--=- TTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA-—--- TTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA~---- TTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
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AGAAT-GGCGGTCTGATATTTTTTTTCTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTAC
AGAAT-GGCGGTCTGATA~-TTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTAC
AGAAT-GGCGGTCTGATA--TTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTAC
AGAAT-GGCGGTCTGATA--TTTTTTTTCTCAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTAC
AGGAT-GGCGGTCTGATA-TTTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTAC
AGGAT-GGCGGTCTGATA~-TTTTTTTTTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTTTAC

AGAAT-GGCGGTCTGATA--TTTTTITTCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAT-GGCGGTCTGATA~-TTITTTTITCTTAGCTTCAC-TGGCCAGTCCGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAC-GGCGGTCTGATA----- TTTTTC-TAGCTTTAC-TGGCCAGTCTGACCTCCAGCTCGAGCGCATGAACGTCTAC
AGAAC-GGCGGTCTGATA--~-—— TTTTTC-TAGCTTTAC-TGGCCAGTCTGACCTCCAGCTCGAGCGCATGAACGTCTAC
GGAAT-GGCGGTCTGATG---~—— TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATG—---—- TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATG~~--—— TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATG—~~---— TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGGAT-GGCGGTCTGATG-—---—— TTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAATGTCTAC
GGAAT-GGCGGTCTGATA-—--— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-~~~-- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-—--- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-———~— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-—-—-— TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-——-—- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-—--~- TTTTTC~-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA----- TTTTTC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA-——-— TTTTCC-TAGCTTCAC-CGGTTCCTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC

GGAAT-GGCGGTCTGATA~--TTTTITTC-TAGCTTCAC-CGGCCAGTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAAT-GGCGGTCTGATA--TTTTTTTTC-TAGCTTCAC-CGGCCAGTCCGACCTCCAGCTGGAGCGTATGAACGTCTAC
GGAA-TGGCGGTCTGATA-—--TTTTTGGTTAGCTACAA-TGGTACCTCCGACCTTCAGCTCGAGCGCCTGAACGTCTAC
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TTCAACCACGTIAAG~—~-—————~——~===-= TGTGG-AATCAACACTCCAA-ACTCGTCA—---ACCACATCTAATACAA
TTCAACCACGTAAG-—=~———————====—== TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAA
TTCAACCACGTAAG-——~-——-——————~——— TGTGG-AATCAACACTCCAA-ACTCGTCA---~-ACCACATCTAATACAA
TTCAACCACGTAAG-——~——====—====== TGTGG-AATCAACACTCCAA-ACTCGTCA--—-ACCACATCTAATACAA
TTCAACCACGTAAG~~---————————=—==-- TGTGG-AATCAACACTCCAA-ACTCGTCA--~--ACCACATCTAATACAA
TTCAACCACGTAAG—=—=—-————————===== TGTGG-AATCAACACTCCAA-ACTCGTCA----ACCACATCTAATACAA
TTCAACCACGTAAG-——-—————=-——-——--— TGTGG-AATCAACACTCGAT-ACTCGTCA--—-ACCTCATCTAATACAA
TTCAACCACGTAAG-=--——-—-———-—————— TGTGG-AATCGACACTCGAT-ACTICGTCA-—-~-ACCTCATCTAATATAA
TTCAACCACGTAAG-~—-—-—-———--———~——= TGTGG-AATCGACACTCGAT-ACCCGTCA~----ACCTCATCTAATATAA
TTCAACCACGTAAG--——==—=—=—=—==-—- TGTGG-AATCGACACTCGAT-ACTCGTCA----ACCTCATCTAATACAA
TTCAACCACGIAAG-—————-—-————————— TGTGG-AATCAACTCTCGAT-CCTCGTCA-~-—-ACCTCATCTAACACAA
TTCAACCACGTAAG-———-—-——=--——=——— TGTGG-AATCAACACTCGAT-ACTCGTCA--—-ACCTCATCTAATACAA
TTCAACCACGTAAG-———~——~=——-—-——-——- TGTGG-AATCAACACTCGAT~-ATTCGTCA----ACCTCATCTAATACAA
TTCAACCACGTAAG--—--—-—-—-——————— TGTGG-AATCAACACTCGAT-ACTCGTCA----ACCTCATCTAATACAA
TTCAACCACGTAAG--—--—-—-—————-———— TGTGG-AATCAACACTCGAT-ACTCGTCA----ACCTCATCTAATACAA
TTCAACCACGTAAG-——-~———-——————-——— TGTGG~-AATCGATACTCGAT-ACCTGCCA-~---ACCCCGTCTAATATAA
TTCRACCACGTAAG-——--—-——-—-————————- TGTGG-AATCGATACTCCAT-ACCTGCCA-~--ACCCCGTCTAATATAA
TTCAACCACGTAAG-=-~--——--—————————— TGTGG-AATCGATACTCCAT-ACCTGCCA~~~~ACCCCGTCTAATATAA
TTCAACCACGTAAG~-—-—--—-———-—————— TGTGG-AATCGATACTCGAT-ACCTGCCA-~-~~ACCACGTCTAATATAA
TTCAACCACGTAAG-—-—-————===-=-==— TGTGG-AATCGATACTCGAT-ACCTGCCA----ACCACGTCTAATATAA
TTCAACCACGTAAG--——~==-==-==-—--—--— TGTGC-AATCGACACTCGAT-ACCTGTCA----ACCCCGTCTAATATAA
TTCAACCACGTAAG-—————-—————————— TGTGC-AATCGACACTCGAT-ACCTGTCA----GCCCCGTCTAATAGAA
TTCAACCACGTAAG--—--——————————-——— TGTGC-AATCGACACTCGATAACCTGTCA---~ACCCCGTCTAATATAA
TTCAACCACGTAAG--—~~-—--—-—=--—--= TGTGGAAACCGACACTCGAT-ACCTTTCA--—--AACACGTCTAACATGA
TTCAACCACGTAAG--——~=-—=——==—-—-o TGTGGAAACCGACACTCGAT-ACCTTTCA----AACACGTCTAACATGA
TTCAACCACGTAAG--——————————————— TGTGG-AATCGACACTCGAT-ATCTTTCA----AACCCGTCTAACACAA
TTCAACCACGTAAG--—-———————=———--— TGTGG-AATCGACACTCGATACTCTGGAC----ACCCCGTCTAATATAA
TTCAACCACGTAAG--—-~===—=—————~— TGTGG-AATCGACACTCGATACTCTGAAC--—-ACCCCGTCTAATATAC
TTCAACCACGTAAG--————==—=——~———— TGTGG-AATCGACACTCGATACTCTGAAC--—-ACCCCGTCTAATATAC
TTCAACCACGTAAG-——=——=—=—====-—~-- TGTGG-AATCGACACTCGATACTCTGAAC--~-~ACCCCGTCTAATATAA
TTCAACCACGTAAG-—~-—-—~-—~—=-——-= CGTGA-AATCTACACTCGAT-ACCATTCA~----CTCCCATCTAATATAT
TTCAACCACGTAAG----————————————— CGTGA-AATCTACACTCGAT-ACCATTCA----CTCCCATCTAATATAT
TTCAACCACGTAAG-—-~==—==~—-————— TGTGG-AATTTACACTCGAT-ACCCTTCAGACCCCCCCGTCTAATATGA
TTCAACCACGTAAG-——~===—==—————— TGTGG-AATTTACACTCGAT-ACCCTTCAGACCCCCCCGTCTAATATGA
TTCAACCACGTAAG-=—-———=———==-—=— TGTGG-AATCGATACCCGTA-ACGTTTAA~-~-ACCTCGTCTAATACAA
TTCAACCACGTAAG—=~-———=—===—-———~— TGTGG-AATCGATACCCGTA-ACGTTTAA~~-~-ACCTCGTCTAATACAA
TTCAACCACGTAAG--—-———=———=——=—= TATGA~CATTGATATATTGA-ATAATTCG----ACCCTGTCTAATATTT
TTCAACCACGTAAG--—---———=——-———- TATGA-CATTGATATATTGA-ATAATTCG----ACCCTGTCTAATATTT
TTCAACCACGTAAG--—-=-=====————-=—= TATGA-CATTGATATATTGA-ATAATTCG----ACCCTGTCTAATATIT
TTCAACCACGTAAG-~-—-—-———-———~—~—-—— TATGA-CATTGATATATTGA-ATAATTCG~--~~ACCCTGTCTAATATIT
TTCAACCACGTAAG-=—=—=——=—=~=-———— TATGA-CATTGATATATTGA-ATAATTCG~~~-ACCCTGTCTAATATTC
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TTCAACCACGTAAG---—-——=—=—~-=---— TGTGG-CATTGATATCCCGA-GTCACTCG-~-—-AACACGGCTAATATGT
TTCAACCACGTAAG-————————===~——~——— TGTGG-CATTGATATCCCGA-GTCACTCG----AACACGGCTAATATGT
TTCAACCACGTAAG-————=——===~—~——— TGTGG-CATTGATATCCCGA-GTCACTCG----AACACGGCTAATATGT
TTCAACCACGTAAG-—————==~==~=-—--=- TGTGG-CATTGATATCCCGA-GTCACTCG———--AACACGGCTAATATGT
TTCAACCACGTAAG--——=————=—~=—-=- TGTGG-CATTGATATCCCGA-GTCACTCG———-AACACGGCTAATATGT
TTCAACCACGTAAG-————=———=——~———~— TGTGG-AATCAATACTCACAATACATTCG--—--ACTCCGCCTAATATGA
TTCAACCACGTAAG--—=-=-———==~=-—-=- TGTGG-AATCAATTCTCACAATACATTCG--—-ACTCCGCCTAATATGA
TTCAACCACGTAAG-————======~———-—— TGTGG-AATCCATACTCACAATACATTCG--—-AATTCACCTAATAGGA
TTCAACCACGTAAG-~————=——==~————~ TGTGG-AATCATTACTCACAATACATTCG----ACTCCGCCTAATATGC
TTCAACCACGTAAG-~--—-—=———===-=—=-- TGTGG-AATTGATCCCTCGA~-GCCATTCG--——ATATTGGCTAATAT-T
TTCAACCACGTAAG-----—-———==-=—=== TGTGG-AATTGATCCCTCGA-GCCATTCG-~-——-ATATTGGCTAATAT-T
TTCACCCACGTAAGTTGCGTGTCCATCCAACGAA-—~————~——-= GAAACACCAGAATTA----AGTCTAACCCATGGAT
961 971 981 991 1001 1011 1021 1031 ]
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TGGT-TTTTCA---—-~ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGG-TTTTCA---—-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGG-TTTTCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGT-TTTTCA-——--- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGG-TTITCA~——~-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGT-TTTITCA-—--—-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGT-TTTTCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA--—~——~ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA------ TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA-—---— TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA---—--- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGAAGCCCGGTACCATG
TGGT-TTTTCA----—- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA--——-—- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGT-TTTTCA-—~~-- TAGGCCTCTGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGAAGCCCGGTACCATG
TGGA-TTITCA-—-——— TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATG
TGGA-TTTTCA-—~-~—— TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACTATG
TGGA~-TTTTCA----—- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TGGA-TTTTCA-~~--- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTIGGAGCCCGGTACTATG
TGGA-TTTTCA-—---—- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACTATG
TGGA-TTCTCA-—-——-— TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGA-TTCTCA-—--~-- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGA-TTCTCA----—- TAGGCTTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGCA-TCITCA------ TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATG
TGCA-TCITCA~----- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATG
TGAA-TTCTTA------ TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGA-TTTTCT--~-—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATG
TGGA-TTTTCT----—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATG
TGGA-TTTTCT-—---—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATG
TGGA-TTTTCT------ TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTCGTCGACTTGGAGCCCGGTACCATG
TTGA-TTCTTT------ TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TTGA-TTCTTT------ TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGATTCTTTT------ TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGATTCTTTT----—-- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TTGA-TTTTCA---~-- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TTGA-TTTTCA--—-—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCTGGTACCATG
TTGATT-TTCA-——---- CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TTGATT-TTCA--—---- CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TTGATT-TTCA-——~—-- CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TTGATT-TTCA--—-—- CAGGCCAGCGGTGACCGCTATGTTCCCCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
TGGATT-CTCA------ TAGGCCAGCGGTGACCGCTACGTTCCTCGTGCCGTCCTGGTCGACTTGGAGCCCGGTACCATG
CGGGTTTTTITA--—---- TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATG
CGGGTTTTTTA--~-—- TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATG
CGGGTTTTTTA--~--- TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATG
CGGGTTTTTTA---~—~ TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATG
CGGGTTTTTTA-~~-—~ TAGGCCAGCGGTGACCGCTACGTTCCCCGTGCCGTCCTAGTCGATCTGGAGCCTGGTACCATG
TGGAAA--TTA-—---—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATG
TGGAAA-~-TTA---—---— TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATG
TTGAAA--TTA--~---—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCCGGTACCATG
TTGAAA-TTCG--—-~—- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTTGTCGACTTGGAGCCTGGTACCATG
TGGATTGTTTA-~~—-- TAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGATTTGGAGCCCGGTACCATG
TGGATTGTTTA-----— CAGGCCAGCGGTGACCGTTACGTTCCCCGTGCCGTCCTGGTCGATTTGGAGCCCGGTACCATG
GTTTTGTITAT-—---- CAGGCCAGCGGTGACAAGTACGTTCCCCGTGCCGTTCTGGTCGATCTGGAGCCCGGTACCATG
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GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTITCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTICGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTARCAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTICGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTICGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCG-CCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTTGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTTGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGCCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTICGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCTGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCTGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAARCAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTICGTCTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTTGGAAAGCTTTTCCGTCCCGACAACTTITGTTTTCGGTCAGTCCGGTGCCGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTTGGAAAGCTTTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCCGGTGCCGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTCTTCCGTCCCGACAACTTTGTTTTCGGTCAGTCTGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAACTTCGTITTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGTCCCGACAARCTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGTCCCGACARACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAACTCTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGCCCCGACAACTTCGTCTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGCCCTGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTCGGCAAGCTCTTCCGCCCTGACAACTTCGTTTTCGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTITCGGCAAGCTTTTCCGTCCCGACAACTTCGTTTTICGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTTTICGGTCAGTCCGGTGCTGGTAACAA
GACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGTCCCGACAACTTCGTCTTCGGCCAGTCCGGTGCCGGTAACAA
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CTGGGCCAAGGGTCACTAC--GATTTTTATC~TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA~-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA~-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTITTATC-TTCAAATGCT-AAAGATA~TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTIGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC~TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-ARAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
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CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA~-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTAC-TGATTTTTATC~-TICAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCTAAAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTAC--GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTAC--GATTTTTATC-TTCAAATGCT-AAAGATA~-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTAC-—-—-———————-—~ TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTAC--GATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAARATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTITTTATC~TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATITTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTITTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC~-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCT-AAAGATA-TAGGTAC-ACTATATTTAATGTTTGCATT
CTGGGCCAAGGGICACTACGTGATTTTTATC-TTCAAATGCT~AAAGATA-TAGGTAC-ACTATATTTAATGTTTGCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTIGCATT
CTGGGCCAAGGGTCACTAC-—--—-- TTTTT-TTTTTATGCA-AAAGAAA-TTGGTAC-ATTATACTTAATGTTTGCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGTAC-ATTATACTTAATGTTTGCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC~-TTCTAATGCA-AAAGATA-TTGGTAC-ACTATATTTAATGTTTGCATT
CTGGGCCAAGGGTCACTACGTGATITTTATC-TICTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCA-ARAGATA-TTGGAAC-ATTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCA-AAAGATA-TTGGAAC-ATTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCAAARAGATATTTGGAAC-ATTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAATGCA-AAAGATA~-TTGGAAC-ATTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC~TTCAAATGCG-AAAGATATTAGGTAC-TCTTTATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAARATGCG-ARAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCG-AAAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCAAATGCG-ARAGATA-TAGGTAC-TCTTTATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTTTATC-TTCTAACGCA-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTTITTATC-TTCTAATGCA-AAAGATA-TAGGTAC-ACTATATTTAATGTTTTCATT
CTGGGCCAAGGGTCACTACGTGATTITTTATC-TTCTAATGCT-AAAGATA-TTGGTAC-TCTATACTTAATGTTTTCATT
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ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT~-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT~-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT~AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT~-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTICAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
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ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGATTAATAGGAACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGGTTAATAGGTACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGGTTAATAGGTACAGCATTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGAGTACAATATATATC
ATTTTCAGGGTTAATAGGGACAGCATTTTCAGTAAAAAT-AAGATTAGAGT -TATCTGGTCCAGGAGTACAATATATATC
ATTTTCAGGGTTAATAGGGACAGCATTTTCAGTATTAAT-AAGATTAGAGT-TATCTGGTCCAGGAGTACAATATATATC
ATTITCAGGATTATTAGGTACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTATTAGGTACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTATTAGGTACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTATTAGGTACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTATTGGGTACAGCGTTTTCAGTATTAAT-TAGATTAGAAT-TATCAGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTAATTGGTACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTAATTGGTACAGCATTCTCTGTATTAAT~AAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTC
ATTTTCAGGATTAATTGGTACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGAGTACAATATATTTC
ATTTTCAGGATTAATTGGTACAGCATTCTCTGTATTAATAAAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTC
ATTTTCAGGATTAATTGGTACAGCATTCTCTGTATTAAT-AAGATTAGAGT-TATCTGGACCAGGGGTACAATATATTTC
ATTTTCAGGGTTAATAGGTACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATC
ATTTTCAGGGTTAATAGGTACTGCGTTTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATC
ATTTTCAGGGTTAATAGGTACTGCGITTTCAGTATTAAT-AAGATTAGAAT-TATCAGGTCCAGGTGTACAATATATATC
ATTTTCAGGGTTAATAGGTACTGCGTTTTCAGTATTAAT-AAGATTAGAAT~-TATCAGGTCCAGGTGTACAATATATATC
ATTTTCAGGATTAATAGGTACTGCATTTTCAGTATTAAT-TAGATTAGAGT - TATCAGGACCAGGTGTACAATATATTTC
ATTTTCAGGATTAATAGGTACTGCATTTTCAGTATTAAT-TAGATTAGAGT -TATCAGGACCAGGTIGTACAATATATTTC
ATTTTCAGGGTTAATAGGAACAGCATTTTCAGTACTTAT-AAGATTAGAGC-TTTCAGGACCAGGAGTACAATATATTTIC
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AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTIGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCT--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTITCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA~~-CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA~-CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CATGCAATATTAATGATATTCTTTATGGTAATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTTATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA~-CACGCAATATTAATGATATTCTTCATGGTAATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCAATATTAATGATATTCTTCATGGTAATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCA--CACGCTATATTAATGATATTCTTCATGGTAATG-CCTGCATTAA
TGATAATCAATTATATAATAGTATAATTACAGCC--CACGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
TGATAATCAATTATATAATAGTATAATTACAGCC~~CACGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATTTAATAGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATITAATAGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATITAATAGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATTTAATAGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATTTAATAGTATAGTAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCT~~-CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCT-~CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATTACAGCT~-CATGCTATATTAATGATATTCTTTATGGTTATGCCCAGCATTAA
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AGATAATCAATTATATAATAGTATAATTACAGCT--CATGCTATATTAATGATATTICTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CATGCTATATTAATGATTTTITTTCATGGTTATG-CCAGCTTTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CATGCTATATTAATGATTTTTTICATGGTTATG-CCAGCTTTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CATGCTATATTAATGATTTTTTTCATGGTTATG-CCAGCTTTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAATCAATTATATAATAGTATAATAACAGCT--CATGCTATATTAATGATATTCTTTATGGTTATG-CCAGCATTAA
AGATAACCAATTATATAATAGTATAATAACAGCT--CATGCTATAATGATGATTTICTTTATGGTTATG-CCAGCTTTAA
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TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTARATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC~AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAARATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTARATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCITATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTARATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-AAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-ARAGATTARATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTICTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TCGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTITTGGTAATTTCTTATTACCATTATTAGTAGCGAGGTCCAGATATGGCATTCCC-TAGATTAARATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTTGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTITTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTARATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTARATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTARATAATATAAG
TAGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCTGATATGGCATTCCC-TAGATTARATAATATAAG
TAGGAGGTTTTGGTAATTTTTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATAAG
TTGGTGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTARATAATATTAG
TTGGTGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAG
TTGGTGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAG
TTGGTGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTITCC-TAGATTAAATAATATTAG
TTGGTGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTTCC-TAGATTAAATAATATTAG
TTGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTTCC-TAGATTAAATAATATAAG
TTGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTTCC-TAGATTAAATAATATAAG
TTGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGACCTGATATGGCATTCCC-TAGATTAAATAATATAAG
TTGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGACCAGATATGGCATTTCC-TAGATTAAATAATATAAG
TTGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TTGGAGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGAGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
TAGGTGGTTTTGGTAATTTCTTATTACCATTATTAGTAGGTGGTCCAGATATGGCATTCCC-TAGATTAAATAATATAAG
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TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
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TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA~-GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATICATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGARCAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGA~-GCTGGAACAGGATGA
TTITCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARATGGA-~-GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATICTCAGCAAT-AATAGAAAATGGA-~-GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT --GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATTGAGAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGARAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGARAATGGT--GCTGGTACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAARAATGGT--GCTGGTACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARAATGGT--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTICTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTICTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA~-GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCTAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCTAT-AATAGAAAATGGA~-GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTTATATTCTCAGCTAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTGCCAAGTTTATT-TTTATTTATATTCTCAGCTAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTTCCAAGTTTATT-CTTATTCATATTCGCATCTAT-AATAGAAAATGGA~-GCTGGAACAGGATGA
TTTCTGATTATTAGTTCCAAGTTTATT-CTTATTCATATTCGCATCTAT-AATAGAAAATGGA--GCTGGAACAGGATGA
TTTCTGATTATTAGTACCTAGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGA
TITCTGATTATTAGTACCTAGTTTATT-CTTATTAGTTTTCTCAGCAAT~TATAGAAAATGGA--GCAGGARACAGGTTGA
TTTCTGATTATTAGTACCTAGTTTATT-CTTATTAGTTTTCTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGA
TTTCTGATTATTAGTACCTAGTTTATT-CTTATTAGTTTTICTCAGCAAT-TATAGAAAATGGA--GCAGGAACAGGTTGA
TTTCIGATTATTAGTACCTAGTTTATT-CTTATTAGTTTTICTCAGCAAT -TATAGAAAATGGA--GCAGGAACAGGTTGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARATGGA~~-GCAGGAACAGGATGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTCATATICTCAGCAAT-AATAGAAARATGGA~-GCAGGAACAGGATGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGATGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGATGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGA--GCAGGAACAGGATGA
TTTTTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAARAATGGT--GCAGGAACAGGATGA
TTTTTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCAGGAACAGGATGA
TTTTTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT --GCAGGAACAGGATGA
TTTTTGATTATTAGTGCCAAGTTTATT-TTTATTCATATTCTCAGCAAT-AATAGAAAATGGT--GCAGGAACAGGATGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGA~~GCAGGAACAGGTTGA
TTTCTGATTATTAGTACCTAGTTTATT-TTTATTTATATTCTCAGCAAT-AATAGAAAATGGA-~GCAGGAACAGGTTGA
TTITCTGATTATTAGTGCCTAGTTTATT-TTTATTTATATTCTCAGCAAC~-AATAGAGAATGGA~-GCAGGTACAGGATGA
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ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC~-TAGTGTAGATTTAGCTATATTITGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC~TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
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ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTITATCTGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGTTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACACTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATITGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CATAGTGGACC-TAGTGTAGATTTAGCTATATTTGGGTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CATAGTGGACC-TAGTGTAGATTTAGCTATATTTGGGTTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATATCCACCTTTATCAGGTATACAATCT-CACAGTGGACC-TAGTGTAGATTTAGCTATATTTGGATTACATTTA
ACATTATACCCACCATTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTTGATTTAGCTATATTTGGTTTACACTTA
ACATTATACCCACCATTATCAGGTATACAATCA-CACAGTGGACC-TAGTGTTGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGCTTTACATTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTITGCTTTACATTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATITGCTTTACATTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CACAGTGGACC~-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGAATACAATCT-CACAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTATCAGGTATACAATCT-CATAGTGGACC-AAGTGTTGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTIGTCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATATCCACCATTGTCAGGAATACAATCT-CATAGTGGACC-AAGTGTAGATTTAGCTATATTTGGTTTACACTTA
ACATTATACCCACCATTAGCAGGTATACAATCT-CACAGTGGACC-AAGTGTTGATTTAGCTATTTTTGGTTTACACTTG
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AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~-ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~~ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGITA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA~-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTIT-ATAACAACTATATTAA-~-ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTIATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~-ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGT TA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGITA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGITA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGITA-GGTGCTATTAATITT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA~---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA-~~-ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTAGGGTGCTATTAATTTTAATAACAACTATCTGAAAATATGGAGAAGGCCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT~-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~-ATATGAGAAGTCCAGGTATACG-
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA--~-ATATGAGAAGTCCAGGTATACGT
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AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATATTAA-~-~-ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATATTAA-~--ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT~-ATAACAACTATTTTAA--~-ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTT-ATAACAACTATTTTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATTAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGT
AGTGGTATTAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA~-~--ATATGAGAAGTCCAGGAATACGT
AGTGGTATTAGTAGTATGTTA-GGTGCTATTAATTTT-ATAACAACTATATTAA---ATATGAGAAGTCCAGGAATACGT
AGTGGTATTAGTAGTATGTTA-GGTGCTATTAATTIT-ATAACAACTATATTAA-—-ATATGAGAAGTCCAGGAATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTC-ATAACAACTATATTAA--~ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGAGCTATGAATTTC-ATAACAACTATATTAA---ATATGAGAAGTCCAGGTATACGT
AGTGGTATAAGTAGTATGTTA-GGTGCTATGAATTTC-ATAACAACAATATTAA---ATATGAGAAGTCCAGGTATACGT
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TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGG-CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATITCGGCCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCTTITATTTG-G-ATGA-GCTGT-TATTA~-TAACAGCTG--TATTATT---TCGGCCACGTCGATTCC
TTACATAAATTAGCTITATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~-TATTATTATTTCGGCCACGTCGATTCC

TTACATARATTAGCTTITATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT-————~-—-———-————— C
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~--TATTATTATTT--G-CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT----- CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGC--——-—-———=—~— TTCGGCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTC-GCCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGC--—-———-—-—~———— TCGGCCACGTCGATTCC
TTACATAAATTAGCTTTATTIG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATT~~~~~~-— CACGTCGATTCC

TTACATARATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCG~-CCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCG-CCACGTCGATTCC
TTACATAAATTAGCTTITATITG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGG-CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G~-ATGA~-GCTGT~TATTA-TAACAGCTG~~TATTATTATTTCGG-CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATT--~--—- CGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATTA~-TAACAGCTG--TATTATTATT----- CACGTCGATTCC
TTACATARATTAGCTTITATTTG~-G-ATGA~-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGG~CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA~-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAGTTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~~-TATTATATT-TCGGCCACGTCGATTCC
TTACATAAGTTAGCTTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG~-TATTATTATTTCGGCCACGTCGATTCC
TTACATAAGTTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCTTTATTTTGGGATGA-GCTGT-TATTAATAACAGGC-—-———~=~—-=—— T-G--CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGATG--TATTATTATTT-GG-CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATTT~G~CCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATTT-G--CACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGCTG-~-TATTATTATTTCG-CCACGTCGATTCC
TTACATAAATTAGCTTTATTTG~G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATTTCG-~CCCGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATT--GGCCACGTCGATTCC
TTACATAAATTAGCTTTATTTG-G-ATGA-GCTGT-TATAA-TAACAGCTG--TATTATTATTT-GG-CACGTCGATTCC
TTACATAAATTAGCATTATTTG-G-ATGA~GCTGT-TATTA-TAACAGCTG--TATTATTATTTAGGCCACGTCGATTCC
TTACATAAATTAGCATTATTTG~G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTAT-ACGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-TATTA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-TATTA-TAARCAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-TTGA-GCTGT~AATAA-TTACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-TTGA-GCTGT-AATAA-TTACAGCTG~--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-TTGA-GCTGT~AATAA-TTACAGCTG~~TATTATTATT-C-GCCACGTCGATTCC
TTACATAARATTAGCGTTATTTG-T-TTGA~GCTGT-AATAA-TTACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-TTGA-GCTGT-AATAA-TTACAGCTG--TATTATTATT---—- CACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATT----CCACGTCGATTCC
TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC

305



CBS110644
CBS42665
DAOM239916
NRRL705

l

[

KAS3191
DAC239926
DAC239919
DAO239925
DA0239922
DAO2393917
DA0239943
KAS3479
DAO239%41
DA0239942
DA0239944
DAO239940
DA0239945
DA0239946
KAS3480
NRRL32583
NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CB5118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DAC2399383
DAO2399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
ALl1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

l

KAS3191
DA0239926
DAO239919
DA0239925
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TTACATAAATTAGCGTTATTTG-G-ATGA-GCTGT-AATAA-TAACAGCTG--TATTATTATTTCGGCCACGTCGATTCC
TTACATAAATTAGCATTATTTG-G-TTGA-GCTGT-AATAA-TAACAGCTG--TATTATTATTNNNNNNNNNNNNNNNNN
TTACATAAATTAGCATTATTTG-G-TTGA~GCTGT-AATAA-TAACAGCTG--TATTATTATTNNNNNNNNNNNNNNNNN
TTACACAAATTAGCTTTATTTG-G-ATGA-GCTGT-AGTTA-TTACAGCTG--TATTATTATTTCGGCCTCGTCGATTCC

1761 1771 1781 1791 1801 1811 1821 1831 ]
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GGCAAGTCCACCACCACCGGT-AAGCTCTC——~~~— =~ ——— === —— ACTCCATCGCTCC~-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC—~— -~~~ m————— === ACTCCAACGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-—~~—-—-——————————— ACTCCAACGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC—~~~——————————————— ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC———--—————=——————=~~ ACTCCAACGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC~——-———~—— =~ == —m == —— ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC—-————-—— =~~~ ———=——— ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-~——~—=~mcmmmmm = —— ACT---—-CGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC~=~—====mmmmm oo —— ACT-~---CGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC----—~—— === ———————~ ACTCCATCGCTCC-TTCCTCACTITCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-—--——— === -~ ——————~ ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-=~~=m—mmom oo ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-=~======—————————— ACT-—--CGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-=—=———=———————~——— ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-—-——-—=-—=—=————————— ACTCCATCGCTCC-TTCCTCACTTCCATCGA
GGCAAGTCCACCACCACTGGT-AAGCTCCC——~————=—==~— AC--CAATCCCATCGCTCC-TGCCTCACATCTATCGA
GGCAAGTCCACCACCACCGGT-RAGCTCCC~———=—~=~——-—— AC--CAATCCCCTCGCTCC-TGCCTCACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCC-——--———————~ AC--CAATCCCCTCGCTCC-TGCCTCACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTICTC-————~—————=~ AC--CAATCCCATCGCTCC-TGCCTCACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-—--————————~ AC--CAATCCCATCGCTCC-TGCCTCACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCC————————————— AC--CAAT-CCATCGCTCC-TTCCCTACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCC~~—~==mm————— AC--CAAT-CCATCGCTCC-TTCCCTACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTTCC~—~~——=—————— AC--CAAT-CCATCGCTCC-TTCCCCACATCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-—-—~~———~==~ ACC-CAATTCCATCGATCC-TTCCT-ATTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTICTC-—-——~—=—--—— ACC-CAATTCCATCGATCC-TTCCT-ATTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCC-——-————————~ AC--CAATTCCATCGATCC~TTCCTCTTTTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC-=~~———————-—— AC-~-CAATCCCATCGATCC-TTCCT—-—-~— CAATTGA
GGCAAGTCCACCACCACCGGT-RAAGCTCTC-——-———~—~=—— AC--CAATCCCATCGATCC-TTCCT--—--- CAATTGA
GGCAAGTCCTCCACCACCGGTARAGCTCTC-——-~—~—~—-—-— AC--CAATCCCATCGATCC-TTCCT----~- CAATTGA
GGCAAGTCCACCACCACCGGT-AAGCTICTC-—~—~~==——-—— AC--CAATCCCATCGATCC-TTCCT----~ CAATTGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC—---——————~—— AC--CAATTCCATCGCTCC~TTCCTT----CTATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC—--———~———=~=~— AC--CAATTCCATCGCTCC-TTCCTT----CTATCCA
GGCAAGTCCACCACCACCGGT-AAGCTCTC~~-=-==-—=—=——— AC-~-CAATTCCATCGCTCCTTCCTTTCTTGCTATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTC--~=-==—=———-—— AC--CAATTCCATCGCTCCTTCCTTTCTTGCTATCGA
GGCAAGTCCACCACCACCGGT-AAGCCCGL-————==—————————— CAATCCCATCGATCC---TCTCTCTCATACCGA
GGCAAGTCCACCACCACCGGT-AAGCCCGC-~~————=-==——————— CAATCCCATCGATCC-TTCCTCACTCATACCGA
GGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC~~--- CCCCCCCA--~-CCTTTCCATT-----—- CCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-~---- CCCCCCCA-~~CCTTTCCATT--——-—- CCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-—~—~ CCCCCCCA---CCTTTCCATT-—~-—~-— CCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTTCAACCTCCTCCC-—~~~ CCCCCCCA---CCTITTCCATT~—~~-—-— CCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTTCAATCCCCCCAA-——~———————————— CCTTCCCATC—--~—-- CCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCT-~———————————=———————— ACATCCCTCTACCTTCCCATTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCTT-——~————————————m—==== ACATCCCTCTACCTTCCCATTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCT-——~~—————=——————===== ACATCCCTCTACCTTCCCATTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCT~-———————=~=—————————-— ACATCCCTCTACCTTCCCATTCCATCGA
GGCAAGTCCACCACCACCGGT-AAGCTCCT-—————~——===——-———————— ACATCCCTCTACCTTCCCATTCCATCGA

GGCAAGTCCACCACCACTGGT-AAGTTTCAACC--TTCACACCTTCCTGATTAGGTAGCCATGGT-—-—-—~~—==———-~=
GGCAAGTCCACCACCACTGGTAAAGTTTCAACC--TTAACACCTTCCCGATTAGGTAGCCATGGT-— -~ ———~—===—-—~
GGCAAGTCCACCACCACTGGT-AAGTTATTCAATCTTCACACCTTCCCGATTAGTTAGCCATGGT~~--—————~—==—=—
GGCAAGTCCACCACCACTGGT-AAGTTATTARATCTTCACACCTTCCCGTITTAGGTAGTCATGGT-—--~—-——~———-——
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GGCAAGTCCACCACCACTGGT-AAGCACCCCCTCCTCCATCCGTCCCTCGCCTCGCCCATCGAGGTTTCATCCTTCATCC
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ACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACARACAT~---- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT-—~-- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT--—-- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTCATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATCTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
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ACAACAT----- GACTGATCTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT-——=~- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----—- GACTGATCTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT--——- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTTATCAATGCAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT---—~ GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT---—- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGIGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCATAATAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCGTAACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCATAACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCATAACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCAACACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT---~-- GACTGATTCATCAACACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAT----- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCICGTACCATTGAGAA
ACAACGT----- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT—~--- GACTGATTTATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACACTCGTACCATCGAGAA
ACAACGT----- GACTGATTTATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACACTCGTACCATCGAGAA
ACAACGT----—- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT~—--~ GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACGT----- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAATGT----- GACTGATTCATCATTACAGGACACTIGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACRATGT-—-—- GACTGATTCATCATTACAGGACACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA

ACAACCC----AAACTGATTCATGAATATAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACCC----AAACTGATTCATGAATACAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA

ACAACAG----- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAG----- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAG-—~-—~ AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAACAG----- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ACAAC--—---—- AACTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ATAATAT----- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ATAATAT-----~ AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ATAATAT--—~- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ATAATAT-~--- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA
ATAATAT----- AGCTGATTCATCAATTTAGGTCACTTGATCTACAAGTGTGGTGGTATCGACTCTCGTACCATCGAGAA

———————————— AACTAAC-AAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGACTCTCGTACCATCGAGAA
———————————— AACTAACAAAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGACTCTCGTACCATCGAGAA
———————————— AACTAAC-CAGCATAACAGGTCACCTGATCTACAAGTGTGGTGGTATTGACTCTCGTACCATCGAGAA
———————————— AACTAAC-AAGCATAATAGGTCACCTGATCTACAAGTGTGGTGGTATTGACTCTCGTACCATCGAGAA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GCAATGACAAAATACTGATTCTCCCGA-CAGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCGTACCATCGAGAA

1821 1931 1941 1951 1961 1971 1981 1991

I | | | | | | [

T T CGA G — = = —m — m e
G T CGAGA — = =~ o e e rm o om e e e
GT T CGAGA = = = e m e e e e e
Gl T G A A — = m — —
GT T CGAGA = — = — —m e
GT T CGRAGA = = m m e rr e e
G T CGRAGA = = = e o m e
G T CGAGA = = = === = — m e e e e e
T T CGAGA = = == == e e e e
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GT TCGAGA =~ == = = = = = o e e e e e e e e e e
G T CGAGA = — —m m m o m e
Gl T CGAGA = — = — — — e
G T CGA G A= — = — — = m
G T CGAGA ==~ — —m — m o -
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DAOM239913 Gl TCGAGA———— = — ——— = m o
DAOMZ23991 2 GTTCGAGA = == = o e
CBS24865 Gl T C GAG A = — — — — = = = m e e
DAOM239934 GTTCGAGA——————— —— oo e
DACM239935 GTTCGAGA - ——— = — = ——m o m o e
DAOM239936 GTTCGAGA———~— = =
DAOM2390933 Gl CGAGA -~ =~ == = — e -
DAOM239915 Gl TCTAGA———————— —m —m o -
DAOM239914 G TCGAGA————— = —— —m o e
DA02399383 GT T CGAGA-——— ==~ — = e
DA02399373 GT I CGAGA-——— == m e e e
CBS229.60 GTTCGAGA~ —— == mm o
CBS23828 G T CGRAG A - —— — = — — — oo -
KAS3463 G T C GG A~~~ — = —— — m o -
CBS238.68 GUTCOAGA————— = — oo o e e e
KAS34641 Gl T C G A G A — = = — = = = o e e
KAS34663 G T CGAG A~~~ == m — m o

KAS3465 BT T CGAGA -~~~ — o o -
NRRL3391 G T CGAGA -~ —— ==~ — e
AL1878 GT T CGAG A — = = — = =~ —m — e
ALl1644 G T CGAG A~ =~ = = = = = e e e e e
AL1642 GT T CGAGA—— === = = = — e e e e
ALl643 Gl T CGAGA = == = = — = — = e e o e

CBS136.22 G TCGAGA= === = == m oo o o o e
CBS347.51  GTTCGAGA= === === = e e e o o o o o e oo
CBS336.48 GTTCGAGA— === === = == e o o o o o e
CBS110644 GTTCGAGA= === === = = = m o e o e e o o e e e e e e e e e
CBS42665  NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
DAOM239916 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NRRL705 GTTCGAGAAGGTACGGAATCACAATTTTCACTGCCCCCTCCTTGAGTGGGGTGGGGTCGTTCTCTCGCCTTGGAACATTG
[ 2001 2011 2021 2031 2041 2051 2061 2071 ]
[ [ [ I [ [ | ! [ 1
KAS3191  ~-——-———-m—m—- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG—--
DA0239926 ~---—-——————-- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG---
DA0239919 ~-~----——————-- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG- -~
DA0239925 ~—-—-—-—-—w—w- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG--—
DA0239922 ~-------—————- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG-—-—
DA0239917 ~--~=----——-—— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCG~CCCCACAACCCATGTG- -~
DAO239943 ~-----—------- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACCCCCACAACCCATGTG-—~
KAS3479  ---————-———-—- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCAATGTG-—-
DA0239941 -=~----------—— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCAATGTG— -
DA0239942 ~—------=-m——= AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG---
DA0239944 ~—-—v—=-mm-—-—- AGGAGGCTGCTGARCTCSGCAAGGGTTCCTTCAAGGTACGGTCGCA~CCCCACAACCCATGTG-—-
DA0239940 ~---m——m=mm—-—— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG--—
DA0239945 -------——---=- AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG-~~
DA0239946 ~------————=—=-- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG~-~
KAS3480 W ~=-=--emm————- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CCCCACAACCCATGTG-——
NRRL32583 =—==--~-——-——-- AGGAGGCTGCTGAGCTCGGARAGGGTTCCTTCAAGGTACGGTCGCA--CCACAACACTCAAAGTG
NRRL2074  —====—————-——— AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA--CCACAACACTCCAAGTG
KAS346110 ~=--=—-—=-——==== AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA--CCACAACACTCCAAGTG
KAS347530 -~---~———————— AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA--CCACAACACCCCAAGTGA
KAS347430 ----~--—-—-————— AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAWGTACGGTCGCA-~-CCACAACACCCCAAGTGA
CBS25855  -—----———-—--- AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA-CC-——~—~~~=—= AAGTG-
CBS12865  ——==—=-———w—=mnm AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGATCGCA-CC-——~~~~—=== AAGTG-
CBS118889 +——=me——mm————- AGGAGGCTGCTGAGCTCGGAAAGGGTTCCTTCAAGGTACGGTCGCA-CC--—~———-———— AACTG-
DAOM239913 —-==-m=-—mmmm——— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACCATTACAAATTTTCAC-—-
DAOM239912 ---—--=——————- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACCATTACAAATTTTCAC---
CBS24865  —---~--~~——————— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCACGATAACAAATCTGAA--——
DAOM239934 ——-----———m e AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTTGCA-CCATATAACAGAAAAA-—~
DAOM239935 -—-----—mmmm AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTTGCC-CCATATAACAGAAAAAGA-
DAOM239936 —=—-=——=———————— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTITGCC-CCATATAACAGAAAAAGA-
DAOM239933 ---—-—-——m—--- AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGTTTGCC-CCATATAACAGAAAAA-A-
DAOM239915 —-=——=-—————mn AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CTGCACAAATACAACCTG-
DAOM239914 --—-—-———m—-—— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCA-CTGCACARATACAACCTG-
DA02399383 —---—-————mm AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCT-TCATACCAACACAATCTG
DA02399373 =-—=—--m=—mmmm——— AGGAGGCTGCTGAGCTCGGCAAGGGTTCCTTCAAGGTACGGTCGCT-TCATACCAACACAATCTG-
CBS229.60 —-—--—--——————- AGGAGGCCGCTGAGCTCGGTAAGGGTTCCTTCAAGGTATGAGCCCA-TGAACTATATCCTACACAC
CBS23828 - —-—=-mw——m—— AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCAAGGTACGGTCCCA-TGAACTATCTCCTACACAC
KAS3463 W —---—mmm———mee AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA- -~ ———————— === - = ——~————— oo —— o

CBS238.68 ---—--——————-— AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA——— =~ == ——— = —~ = —— e~ mm e m e
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KAS34641  —--——-————--o- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA == = = == m = mm m e
KAS34663  —————————----- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA — === === mmm—— == ===~ mmm e mm — oo =
KAS3465  ——————-—------ AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA — === == == === == ==~ mmmm———m o o=
NRRL3391  —~~————m—mmom- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCT T A === === == e e e
AL1878 ———m—mmmmmmo- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCT T A= —— === === === — = oo e
AL1644 —————m--mo--e- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA —— == === === mmmm = mm— e e oo
AL1642 ———mem——mom-o- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTT A== == === === m === m e
AL1643 ————mmmmmmmoo- AGGAGGCTGCTGAGCTCGGTAAGGGTTCCTTCA ———— === = m = mmmm oo oo
CBS136.22 =~-———=———=---o- AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA ———— === === ===~ —m e mmmmm— =
CBS347.51 —--=————----o- AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA === == === mm m — = = e
CBS336.48 —--—--————--—- AGGAGGCCGCCGAGCTCGGTARGGGTTCCTTCA -~ === === === == === =~ —mm oo
CBS110644 ~—-————————==-- AGGAGGCCGCCGAGCTCGGTAAGGGTTCCTTCA— == === === === = m = m o m e oo oo o=

CBS42665 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
DAOM239916 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NRRL705 TGCTAACCCCTCACAGGAAGCCGCTGAGCTCGGCAAGGGTTCCTTCA-—-—-——-———-—— ==~~~ — ==~ ——————————
{ 2081 2091 2101 2111 2121 2131 2141 2151

{ | | | | ! [ I |

KAS3191 —-~--AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239926 ~-~--AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAO239919 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239925 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTGTAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239922 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0O239917 ----AAAATTCTGAAGTGGGTC--—-~AACTAACATCTGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239943 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
KAS3479 —---AAAATTCTGAAGTGGGTC---~AACTGACATCTGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239941 ----AAAATTCTGAAGTGGGTC---~AACTGACATCTGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239942 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239944 ----AAAATTCTGAAGTGGGTC-~-~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239940 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239945 ----AAAATTCTGAAGTGGGTC---~AACTAACATATGTCTTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA0239946 ----AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
KAS3480 -——-AAAATTCTGAAGTGGGTC---~AACTAACATCTGTCGTATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC

NRRL32583 -AAAAATTTTTCAAAGTGGATCAGCGAACTAACATCT-~ACAATAGTACGCTIGGGTTCTTGACAAGCTCARGGCTGAGC
NRRL2074 -AAAAAATTTTCAAAGTGGATCAGCGAACTAACATCC--ACAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
KAS346110 -AAAAAATTTTCAAAGTGGATCAGCGAACTAACATCC--ACAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
KAS347530 AAAAAAATTTTCAAAGTGGATCAGTCAACTAACATCT--ACAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
KAS347430 AAAAAAATTTTCAAAGTGGATCAGTCAACTAACATCT--ACAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
CBS25855 --AAAATTTTTCAAAGTGGATCAAGCAACTAACATCT-TCAAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
CBS12865 AAAAAAAATTTCAAAGTGGATCAATCAACTAACATTT-TCAAATAGTACGCTITGGGTTCTTGACAAGCTCAAGGCTGAGC
CBS118889 -AAAAAATCTTCAAAGTGGATCAATCAACTAACATCT-TTCAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239913 ---AAGTCTCTTAAAGTGGATC-~~~AACTAACATCT--CCAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239912 ---AAGTCTCTTAAAGTGGATC---~AACTAACATCT--CCAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC

CBS24865 —-—-ATCTCTTCGAAGTGGATC---~AACTAACAACT--CCAATAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239934 ~---AAATCTGTGATGCGGATC---~AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239935 ----AAACCTGTGATGCGGATC---~AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239936 ----AAACCTGTGATGCGGATC---~AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239933 ----AAATCTGTGATGCGGATC---~AACTAACATCT-CCCCACAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DACOM239915 ----AAATCTCTGCATTGGATC---~AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DAOM239914 ----AAATCTCTGCATTGGATC---~AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA02399383 ----AATTCTCTGAATTGGATC---~AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
DA02399373 ----AATTCTCTGAATTGGATC---~-AACTAACATCT--CCAATAGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
CBS229.60 TCAATATGAAGCAACTAACATT~--~~—-===-=—==-== CGCATTAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
CBS23828 TCAATAAGAAGCAACTAACATT-—-~-——-———-——-——-—- CGCATTAGTACGCTTGGGTTCTTGACAAGCTCAAGGCTGAGC
KAS3463 W —=-—-m—mmm s AGTACGCTTGGGTTCTTGACAAGCTCAAGGCCGAGC
CBS238.68 ~—————~———mm oo mm oo m e mmm AGTACGCTTGGGTTCTTGACAARACTCAAGGCCGAGC
KAS34641 ——-—-~—-—-—mmmm oo m e AGTACGCTTGGGTACTTGACAAGCTCAAGGCCGAGC
KAS34663  ~———=m—— oo e AGTACGCTTGGGTTCTTGACAAGCTCAAGGCCGAGC
KAS3465  ———-=--e—m-mmmmm oo AGTACGCTTGGGTTCTTGACAAGCTCAAGGCCGAGC
NRRL3391  ~~=-—~-——mmmm oo oo oo m e m AGTACGCCTGGGTTCTTGACAAGCTCAAGGCCGAGC
AL1878 oo e oo — AGTACGCCTGGGTTCTTGACAAGCTCAAGGCCGAGC
AL1644 ———mmmm—mmmmm s AGTACGCCTGGGTTCTTGACAAGCTCAAGGCCGAGC
AL1642 —-mmmeme o e AGTACGCCTGGGTTCTTGACAAGCTCAAGGCCGAGC
AL1643 —=mmmemem e AGTACGCCTGGGTTCTTGACAAGCTCAAGGCCGAGC
CBS136.22 ——=—msmmo o oo oo AGTACGCCTGGGTTCTTGACAARACTCAAGGCCGAGC
CBS347.51 -—=——-~~-—mm oo oo AGTACGCCTGGGTTCTTGACAARACTCAAGGCCGAGC
CBS336.48 ~=-—-~———m o oo oo m e AGTACGCCTGGGTTCTTGACAAACTTAAGGCCGAGC
CBS110644 -—————~—-—-mmm—— oo m—— AGTACGCCTGGGTTCTTGACAAACTCAAGGCCGAGC

CBS42665  NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
DAOM239916 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NRRL705 ======mmmmmmmmomm oo mmmme AGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAGC
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GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT -~ - —==~=~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT-——~—~—=~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT-————~--~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT T~~~ ——==~~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT———————~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT——- ===~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCAT T———~— ===~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT————— =~~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGARGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT-———————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT-—————~—~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT——~—————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCAT T~~~ ~~———~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCARGTATGAGGTCACCGTCAT T~~~ ~————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCARGTATGAGGTCACCGTCATT~——~————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT————————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT——~———~~—~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTTCCARGTATGAGGTCACCGTCATT————~=~=-~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACT TCCAAGTATGAGGTCACCGTCATT——~—==~~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT—~—~=-=--~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCAT T ——= ===~~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT— ==~~~ ——=
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT--~———--~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT---——~--~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT——~~=~--~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCATT~~~————=~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCAT T - ==~~~ ==~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT~~—~~=-~~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT——————- -~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT-———~—~~~
GTGAGCGTGGTATCACCATCGACATTGCCCTTTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT~—~—————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTTACCGTCATT—~——————~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGT TACCGTCATT-————=-—~
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGTTCCAGACTGCCAAGTATGAGGTCACCGTCATT -~~~ ~—~~—
GTGAGCGTGGTATCACCATCGACATTGCCCTCTGGAAGT TCCAGACTGCCAAGTATGAGGTCACCGTCAT T—— ===~~~
GTGAGCGTGGTATCACCATTGACATTGCCCTCTGGAAGTTCCAGACCTCCAAGTATGAGGTTACCGTCATT—--————-~
GTGAGCGTGGTATCACCATTGACATTGCCCTCTGGAAGT TCCAGACCTCCAAGTATGAGGTTACCGTCATT---———--~
GTGAGCGTGGTATCACCATCCATATCGCCCTCTGGAAGT T-CAGACCGCCAAGTATGAGGTCACCGTCATTGGTAAGCTT
GTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTAAGCTT
GTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTAAGCTT
GTGAGCGTGGTATCAGCATCGATATCGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTAAGCTT
GTGAGCGTGGTATCACCATCGATATCGCCCTCTGGAAGTTCCAGACCTCCARGTATGAGGTCACCGTCATTGGTAAGCTT
GTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGT TACCGTCATC—————~-~~
GTGAGCGTGGTATCACCATCGATATTGCCCTCTGGARGTTCCAGACCGCCAAGTATGAGGTTACCGTCATC—~~~—=~=~
GTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGT TACCGTCATC~~~~—=~—~
GTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGT TACCGTCATC~~~~—=~—~
GTGAGCGTGGTATCACCATCGATATTGCCCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTTACCGTCATC~~~——=——~
GTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATC-—~——-~=~
GTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGT TCCAGACCGCCAAGTATGAGGTCACCGTCATC-—-———--~
GTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGT TCCAGACCGCCAAGTATGAGGTCACCGTCATC-—————=~~
GTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGT TCCAGACCGCCAAGTATGAGGTCACCGTCATC-—————-~~
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTAAGAAT

2251 2261 2271 2281 2291 2301 2311 ]
! | [ [ | | | |
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DAO239045 = s GATGCCCCCGGTCAC
DAO239946  ~——m oo o e GATGCCCCCGGTCAC
KAS3480 mmmmmmmm oo GATGCCCCCGGTCAC
NRRL32583 o m m o oo o o o e GATGCCCCCGGTCAC
NRRL2074 === = o o o o o o o e e e GATGCCCCCGGTCAC
KAS346110  ~mmmmmm oo o o oo o GATGCCCCCGGTCAC
KAS347530  mmmmmmmm oo GATGCCCCCGGTCAC
KAS347430  ~mm = o o e GATGCCCCCGGTCAC
CBS25855  ~mm o o o GATGCCCCCGGTCAC
CBS12865  =mmmmmmmm oo - GATGCCCCCGGTCAC
CBSIL888Y  ~mmmm oo oo oo GATGCCCCCGGTCAC
DAOM23 9913 == m o e e GATGCCCCCGGTCAC
DAOM239912 = = m o o o e GATGCCCCCGGTCAC
CBS24865  ~m == m o o GATGCCCCCGGTCAC
DAOMZ 39934 ~—mmmmm oo o m o GATGCCCCCGGTCAC
DAOM2 39035 e GATGCCCCCGGTCAC
DAOM23 9936 ~ === m = o o o e GATGCCCCCGGTCAC
DAOM2309 933 ~—mm o m o GATGCCCCCGGTCAC
DAOM23 9915 == m = m m m o GATGCCCCCGGTCAC
DAOM23 9914 = mmm o m o GATGCCCCCGGTCAC
DAO2399383 === oo e GATGCCCCCGGTCAC
DAO2389373 === mm = m = oo o e GATGCCCCCGGTCAC
CBS229. 60  ~mmmm oo o GATGCCCCTGGTCAC
CBS 23828 mmmmm o GATGCCCCCGGTCAC
KAS3463 TATCCCTGAGCCCTCTTTATTCTCTTTCAGCC—~—————=—=———== ATTAASCCTTTTATCTCAGACGCCCCCGGTCAC
CBS238.68 TATCCCTGAGCCCTCTTTATTCTCTTTCAGCC-~==—=-======== CTTAACCCTTTTATCTCAGACGCCCCCGGTCAC
KAS34641  TATCCCTGAGCCCTCTTTATTCTCTTTCAGCC-~———========—= ATTAACCCTTTTATCTCAGACGCCCCCGGTCAC
KAS34663  TATCCCTGAGCCCTCTTTATTCTCTTTCAGCC-~--—======-=== ATTAACCCTTTTATCTCAGACGCCCCCGGTCAC
KAS3465 TATCCCTGAGCCCTCTTTATTCTCTTTCAGCC-~—=~—=—=====—= ATTAACCCTTTTATTTCAGATGCCCCCGGTCAC
NRRL339L  =—mmmmmmmmm oo oo o o e e o e e GATGCCCCCGGTCAC
ALLB78 mmmmmm oo GATGCCCCCGGTCAC
BALL1644  mmmmmmmm e GATGCCCCCGGTCAC
BLLB4Z o~ mmmm oo GATGCCCCCGGTCAC
BLL643  mmmmm oo GATGCCCCCGGTCAC
CBS136.22 = mmm oo oo o GATGCCCCCGGTCAC
CBS347.5] s~ mmmmmm oo e GATGCCCCCGGTCAC
CBS336.48  mmmmm oo oo GATGCCCCCGGTCAC
CBS110644 mmmmmmmmm s m o m oo oo GATGCCCCCGGTCAC

CBS42665 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
DAOM239916 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NRRL705 TATCCC-ACCCACCATCTTCTCCCATCCATCATGGACTCTCTGACTGACTCTTC---CTCCTCTAGACGCCCCCGGTCAC
[ 2321 2331 2341 2351 2361 2371 2381 2391 ]
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KAS3191 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA

DA0239926 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239919 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239925 CGCGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239922 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239917 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239943 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
KAS3479 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGWACTGGTGA
DA0239941 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239942 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239944 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DAO239940 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239945 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
DA0239946 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTIGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
KAS3480 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATCGCCTCCGGTACTGGTGA
NRRL32583 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
NRRL2074 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
KAS346110 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
KAS347530 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
KAS347430 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CBS25855 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CBS12865 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CBS118889 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
DAOM239813 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
DAOM239912 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CBS24865 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
DAOM239934 CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
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DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DA02399383
DA02399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
ALl644
ALl642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

[
KAS3191
DA0239926
DA0239919
DA0239925
DA0239922
DA0239917
DA0239943
KAS3479
DA0239941
DA0239942
DA0239944
DA0239940
DA0239945
DA0239946
KAS3480
NRRL32583
NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DAO2399383
DA02399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391

CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTGATTATCGCTTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGTGCGATCCTGATCATCGCCTCCGGCACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGTGCGATTCTCATCATCGCCTCCGGCACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGCGCCATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATTIGCCTCCGGTACCGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATTGCCTCCGGTACCGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATTGCCTCCGGTACCGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATTGCCTCCGGTACCGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCTGACTGTGCCATTCTCATCATTGCCTCCGGTACCGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATTGCCTCCGGTACTGGTGA
CGTGATTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATTCTCATCATTGCCTCCGGTACTGGTGA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
CGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGCGCTATCCTCATCATCGCCTCCGGCACTGGTGA

2401 2411 2421 2431 2441 2451 2461 2471 ]
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GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCCCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGKGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGCCAGCTCA
GITCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCITCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAARGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTTCTGGCTTTCACCCTCGGTGTCCGTCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGTCAGACTCGCGAGCACGCTCTGCTTGCCTTCACCCTTGGTGTCCGCCAGCTGA
GTTCGAGGCTGGTATCTCCAAGGATGGTCAGACTCGTGAGCACGCTCTTCTTGCCTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCCAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTTGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTITGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCCAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTTGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTTGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTTGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTCGGTGTCCGCCAGCTCA
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AL1878
ALl1644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

[
KAS3191
DAC239926
DA0239919
DAC239925
DA0239922
DA0O239917
DA0239943
KAS3479
DA0239941
DAO239942
DAC239944
DA0239940
DA0239945
DAO239%46
KAS3480
NRRL32583
NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DACM239936
DAOM239933
DAOM239915
DAOM239914
DAC2399383
DAO2399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
AL1644
ALl642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[
[
KAS3191

GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCTTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCGCCAGCTCA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCGCCAGCTICA
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCGCCAGCTCA
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GTTCGAGGCTGGTATCTCCAAGGATGGCCAGACTCGTGAGCACGCTCTGCTCGCTTTCACCCTCGGTGTCCGTCAGCTCA

2481 2491 2501 2511 2521 2531 2541 2551 ]
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TCGTTGCCCTGAACAAGATGGACACT TGCAAGT = === == = = = = = = = e
TCGTTGCCCTGAACAAGATGGACAC T TGCAAGT = === = = == = m m o e e
TCGTTGCCCTGAACAAGATGGACACT TGCAAGT = === = = =~ = =~ = e oo
TCGTTGCCCTGAACAAGATGGACAC TTGCARGT = === === = = = o oo
TCGTTGCCCTGARCAAGATGGACAC TTGCAAGT — = === = = = = = =
TCGTTGCCCTGAACAAGATGGACACTTGCARAGT == == = = e e
TCGTTGCCCTGAACAAGATGGACACT TGCAAGT == === = = = = o o e
TCGTTGCCCTGAACARGATGGACACT TGCARGT == === = = = = = ot ot = oo
TCGTTGCCCTGAACAAGATGGACACT TGCAAGT =~ — === == = = == — — = = =~ e
TCGTTGCCCTGAACAAGATGGACACT TGCAAGT ~ == === = = = = = = = e e
TCGTTGCCCTGAACAAGATGGACACTTGCARGT == = = === = = = = = = m
TCGTTGCCCTGAACAAGATGGACACTTGCARGT = == —— === = = = = = m e e oo
TCGTTGCCCTGARCAAGATGGACACTTGCARGT = = === == = = == ot = o e
TCGTTGCCCTGAACAAGATGGACACTTGCARAGT = === === = = o m = oo
TCGTTGCCCTGARCAAGATGGAMACT TGCARGT ~ = === = = = = = = e
TCGTCGCCCTGAACAAGATGGACACT TGCAAGTGGTACGTCGTAACCTGTCTGACTACATGACATC -~ —————~======
TCGTCGCCCTGAACAAGATGGACACT TGCAAGTGGTACGT TATAACCTGCCTGACTACATGACATC -~~~ ~mmm === ===
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTATAACCTGCCTGACTACATGACATC -~~~ === === =~~~
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTGTAACCTGCCTGACTACATGACATC-————~==-====—
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTGTAACCTGCCTGACTACATGACATC -~~~ —————~———=
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTT~AACCTCCCCGGCTAGTCCAACTTAACT T~~~ —————=
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTAACCTCCCCGACTAGTCCAACTTAACTT-—————=———
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTACGTTTACCCTCCCTGACTAGT TCCAGCTTAACT —————— ===~
TCGTTGCCCTGAACAAGATGGACACT TGCAAGTGGTACGTTTCTAATCCATGGCTACTTGACC——————=~~======—=
TCGTTGCCCTGAACAAGATGGACACT TGCAAGTGGTACGTTTCTAATCCATGGCTACTTGACC———— === ==———== ===
TCGTTGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTGTCTAATCCTATCTTACTTTATC -~ — === === ===~ ===—
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGT TGCTAATGCCTTGATAT TACGTAATCTTTG-GGATTATGT
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATATTACGTAATCTTCG-GGATTATGT
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATATTACGTAATCTTCG-GGATTATGT
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTATGTTGCTAATGCCTTGATAT TACGTAATCTTTG-GGATTATGT
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTCTACAATGCCTTTATGTCACGCTTTATATC~~———~ ACGT
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTCTACAATGCCTTTATGTCACGCTTTATATC———~—~ ACGT
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGT TCACAATGTCTTTGTGTCACACTTTGTGCTTTCGTGACAC
TCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTAAGTTCACAATGTCTTTGTGTCACACTTTGTGCTTTCGTGACAC
TCGTCGCCCTCARCAAGATGGATACTTGCARGT = === === == = = = = = e e
TCGTTGCCCTCAACAAGATGGATAC TTGCARGT ~ === === = o
TCGTCGCCCTGAACAAGACGGACACCTGCAAGT === == m = = m o o o o
TCGTCGCCCTGAARCAAGATGGACACCTGCARGT ~ === === = = m = e oo
TCGTCGCCCTGAACAAGATGGACACCTGCAAGT ~ === ——m = = = = = = e oo
TCGTCGCCCTGAACAAGATGGACACCTGCARGT =~ === === mmmmmm m oo o o o
TCGTCGCCCTGAACARGATGGATACCTGCAAGT === === m = = = = = o o o o o o oo
TCGTCGCCCTGARCAAGATGGATACT TGCAAGT ~ == = = = = = = = — = = = = e
TCGTCGCCCTGAACAAGATGGATACT TGCARGT ~ = == = == = = = = = = o ot e
TCGTCGCCCTGAACAAGATGGATACTTGCARGT ~ === ===~ = = o
TCGTCGCCCTGAACAAGATGGATAC TTGCARGT ~ == === == == — = — o
TCGTCGCCCTGAACARGATGGATACT TGCARGT ~ = =~ = = = = = — = = = = o e
TCGTCGCCCTGAACAAGATGGACACTTGCARGT ~— = m = e e e
TCGTTGCCCTGAACAAGATGGACACTTGCARGT ~ === === mm == = m — o o o
TCGTTGCCCTGAACAAGATGGACACT TGCAAGT ~— === == m—— = === o o o o oo o
TCGTTGCCCTGARCAAGATGGACACT TGCARGT ~ === === == = = = = = = = o m o oo
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TTGTTGCCCTCAACAAGATGGACACCTGCARGT ==~ == === = = = = = = = et o o oo
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———————————————————————————————————— GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
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DAO239926 ——===~——-—m—mmmm— e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAO239919 -—----m—-mm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAO239925 -----m—--mom e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239922 ——-=—~=mmmmm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239917 ~—=——=~—mmmmm o GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239943 ~---—~----—m oo m oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS3479  —-—mmmmmem e m oo e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239941 -——---~----—mmmm oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239942 -——---~——-——mmmm o mmmmm— e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239944 -—---—~———m——mmmmmm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239940 -——-~—~——————mm—mmmm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239945 ——-—-~---—m oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA0239946 -——---~———————- e mm e GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS3480 W ——-==m-—mmmmmmmmm oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
NRRL32583 -----~- CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
NRRL2074  -----~- CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS346110 --—--~- CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATIGTCAAGGAGACCTCCAAC
KAS347530 ——=~~~- CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS347430 -----~- CCAGAAACAATTGACTAACAACCCCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS25855  ——-----mmmmmemeo GGTTACTAACTATATCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS12865  ——~——~—m—mm————— GCITACTAACTATATCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS118889 —--———~==---———— TTGTTACTAACTATCTCAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM239913 ------- TCAACCAACAAATACTAATTACCTAAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM2399%12 —------- TCAACCAACAAATACTAATTACCTAAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS24865  ——-—---- TCAAGCAACACTTACTAACTAGCTAAACAGGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC

DAOM239934 AATAAATTAACCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM239935 AATATATTACCCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM239936 AATATATTACCCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM239933 AATAARATTAACCAACCATCTACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM239915 GATGTATCCGCCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DAOM239914 GATGTATCCGCCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
DA02399383 GTGATCCCCACCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTITACAACGAGATTGTCAAGGAGACCTCCAAC
DA02399373 GTGATCCCCACCCAACATATACTAACCATCTATACAGGTCCGAGGACCGTTACAACGAGATIGTCAAGGAGACCTCCAAC

CBS229.60 ————---rm-—mm s GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS23828  —~———————m oo GGAGCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS3463  -———-———-mmmmm oo m oo — e GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS238.68 —————=——— oo GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS34641  ——-—-m----mommm e m e GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS34663  —=-—------mo s m e GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
KAS3465  —-—m—mmmm oo GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
NRRL3391  ————==---m—mmmmmm o e m oo GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
AL1878 mmmmmmmme e mmm o m GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
AL1644 —--mmmeme o om oo GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
AL1642 —m-mmmommm e em e GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
AL1643 —--mmmom oo GGGCTGAGGAGCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS136.22 ——-—=——-——m— e m oo —m e — o GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS347.51 ——-=----mmm oo GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS336.48 ——-=—---—----m oo m e m e GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC
CBS110644 ——=--——————-——-— - e———————————————— e GGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCTCCAAC

CBS42665 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
DAOM239916 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NRRL705  —-=-=—--—-m—-smmmmmm o mm e GGTCTGAGGACCGCTACAACGAGATCGTCAAGGAGACCTCCAAC
[ 2641 2651 2661 2671 2681 2691 2701 2711

l | I | I ! | ! |

KAS3191 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT

DA0239926 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTITCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DA0239919 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DA0239925 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DA0239922 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTICCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DA0239917 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DAO239943 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCCACCATCTCCGG-TTCAAC-GGTGACAACATGCTT
KAS3479 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DA0239941 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
DA0239942 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
DA0239944 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACAT--~—
DA0239940 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC~CCATCTCCGG~TTCAAC-GGTGACAACATGCT-
DA0239945 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
DA0239946 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
KAS3480 TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
NRRL32583 TTCATCAAGAAGGCCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
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NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DAOM239915
DAOM239914
DAO2399383
DA0O2399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
ALl644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOM239916
NRRL705

[

l

KAS3191
DA0239926
DAO239919
DA0239925
DA0239922
DA0O239917
DAO239943
KAS3479
DAO239941
DA0239942
DAO239944
DA0239940
DA0238945
DA0239%46
KAS3480
NRRL32583
NRRL2074
KAS346110
KAS347530
KAS347430
CBS25855
CBS12865
CBS118889
DAOM239913
DAOM239912
CBS24865
DAOM239934
DAOM239935
DAOM239936
DAOM239933
DACM239915

TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGC-T
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC~CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTAC-———-——~—=—— - —— - mm o —m—m e m oo AAC-——~———m—
TTCATCAAGARAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-CTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCT -
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC-CCATCTCCGGCTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGACCGTTCCCTTCGTCC~CCATCTCCGGCTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACACCCCAAAGGGTGTCCCCTTCGTTC~CCATCTCCGGTTTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGGGTGTTCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGCGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGGGTGTCCCCTTCGTTC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGCTACAACCCCAAGGGT-TCCCCTTCGTTC-CCATCTCCGG-TTCAAC-GGTGACAACATGCT-
TTCATCAAGAAGGTCGGCTACAACCCCAAGGGTGTCCCCTTCGTCC-CCATCTCCGG-TTCAAC-GGTGACAACATGCTT
TTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAAC~-GGTGACAACATGCTG
TTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTG
TTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTG
TTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTICGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTG
TTCATCAAGAAGGTCGGATTCAACCCCAAGACTGTCCCCTTCGTCC-CCATCTCCGGTTTCAAC-GGTGACAACATGCTG
TTCATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTC-CTATCTCCGGTTTCAAC-GGTGACAACATGCTC
TTCATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTC~CTATCTCCGGTTTCAAC-GGTGACAACATGCTC
TTCATCAAGAAGGTCGGCTACAACCCCAAGAACGTTCCTTTCGTTC-CTATCTCCGGTTTCAAC-GGTGACAACATGCTC
TTCATCAAGAAGGTCGGCTACARACCCCAAGAACGTTCCTTTCGTTC-CTATCTCCGGTTTCAAC-GGTGACAACATGCTC
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
TTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCC-CCATCTCCGGCTTCAAC-GGTGACAACATGCTC

2721 2731 2741 2751 ]
| | | bl
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAG-
GAGGCCTCCCCC~AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC--——————=———m—— ===

GAGGCCTCCCCC-AACTGCCCCTGGTAC-AGG
GAGGCCTCCCCCCAACTGCCCCTGGTACAAGG

GAGGCCTCCCCC-AACTGCCCCTGGTACA--G
GAGGCCTCCCCC-AACTGCCCCTGGTACA-GG
GAGGCCTCCCCC-AACTG-CCCTGGTACA-GG
GAGT-CCCCCC~—=—m—=—=mmmm—m——
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACA-GG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGC
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGGCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGCCCTCCCCC--ACTGCCC-TGG-ACAAGG
GAGCCCTCCCC--AACTGCCC-TGGTACA-GG
GAGCCCTCCCC--AACTGCCCCTGG-ACA-G~
GAGCCCTCCCCC-AACTGCCCCTGGTACA-GG
GAGGCCTCCCCC-AACTGCCCCTGGTAAA-GG
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DAOM239914
DA02399383
DA02399373
CBS229.60
CBS23828
KAS3463
CBS238.68
KAS34641
KAS34663
KAS3465
NRRL3391
AL1878
ALl644
AL1642
AL1643
CBS136.22
CBS347.51
CBS336.48
CBS110644
CBS42665
DAOMZ239916
NRRL705

GAGGCCTCCCCC-AACTGCCCCTGG~ACA-GG
GAGGCCTCCCCC~AACTGCCCCTGGTACA-G-
GAGGCCTCCCC--AACTG-CCCTGGTACA-G-
GAGCCCTCCACC-AACTGCCCCTGGTACAAGG
GAGCCCTCCACCCAACTGCCCCTGGTACAAGG
GAGCCCTCCCCC-AACTGCCCCTGG~—~~—-~
GAGCCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGCCCTCCCCC-AACTGCCCCTGGTACA-GG
GAGCCCTCCCCC-AACTGCCCCTGG-ACAAG-
GAGCCCTCCCCC-AACTGCCCCTGGTACAAGG
GAGCCCTCCTCC-AACTGCCCCTGGTACAAG-
GAGCCCTCCTCC-AACTGCCCCTGGTACAAG-
GAGCCCTCCTCC-AACTGCCCCTGGTACAAGG
GAGCCCTCCTCC-AACTGCCCCTGGTACAAG-
GAGCCCTCCTCC-AACTGCCCCTGGTACAAGG
GAGCCCTCCCCT-AACTGCCCCTGGTACAAGG
GAGCCCTCCCCT-AACTGCCCCTGGTACAAGG
GAGCCCTCCCCT-BACTGCCCCTGGTACAAGG
GAGCCCTCCCCT-AACTGCCCCTGGTACAAGG
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GAGCCCTCCCCC-AACTGCCCCTGGTACA--G
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Appendix S: Chapter 4 Multiple Sequence Alignments

Multiple BenA Sequence Alignment

[ 1 11 21 31 41 51 61 71 ]
{ § f | ! | | [ | 1
DAOM239952 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM239954 TGGGATATCCCGAGCACAACACGACAATTICCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM214729 TGGGATATCCCGAGCACAACACGACAATTICCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTIC
DAOM239950 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM213268 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM239955 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCARACTGACTCGATATTC
DAOM239951 TGGGATATCCCGAGCACAACACGACAATTCCT~-TATGTCGTGATTCGATCTAATATGAGAACCAARACTGACTCGATATTC
DAOM233%948 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGIGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM239943 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGIGATTCGATCTAATATGAGAACCAARACTGACTCGATATTC
FRR2695 TGGGA-ATCCCGAGCACAACACGACAATTCCTCTATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
96M111148 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM213171 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTIC
DAOM178627 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTIC
DAOM208497 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
CBS30197 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATIC
KAS3459 TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCARACTGACTCGATATTC
NRRL35183 TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
CBS83896 TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
CBS70888 TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM239953 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC

CBS30097  —-—--—---- CCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
FRR1268 TGGGA-ATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
DAOM226579 TGGGATATCCCGAGCACAACACGACAATICCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
FRR1391 TGGGATATCCCGAGCACAACACGACAATTCCT~-TGTGTCGTGATTCGATCTAATATGAGAACCARACTGACTCGATATTC
KAS3460 TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCARACTGACTCGATATTC
CBS114222 TGGGATATCCCGAGCACAACACGACAATTCTT-TGTGTCGTGATICGATCTAATATGAGAACCAAACTGACTCAATATTC
FRR1511 TGGGA-ATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
KAS3458 TGGGA-ATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC

CBS46067 TGGGA-ATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
CBS34768 TGGGA-ATCCCGAGCACAACACGACAATTCCT-TGTGACGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC

CBS102405 ~=m-—— o m o
CBS118872 —————— o m oo o e e e
DAOM239957 CTGGGAATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAAACTGACTCGATATTC
FRR1058 ~TGGATATCCCGAGCACAACACGACAATTCCT-CGTGTCGTGCTTCGATCTAATATGAGAACCAAACTGACTCAAGATTC
DAOM226606 TGACCTCACCTTCGGTCAAATCATCAATTGTT-GAACCCAGGACCCTIT--—--—-—~~—====-- TACTGACTTGAATCAC
NRRL787 TGACCTCACCTTCGGTCAAATCATCAATTGTT-GAACCCAGGACCCTTT-—-——————=~=-——-— TACTGACTTGAATCAC
DAOM215381 TGACCTCACCTTCGGTCAAATCATCAATTGTT-GAACCCAGGACCCTTT-————~——=======—=-= TACTGACTTGAATCAC
CBS210930  —==—=—mmm e e e e e e e e e e e e e ————
NRRL3447 -AAAACTTCCCCAGCACAACAAAGCAAACCCC-AATTGCGAGTTTCCATGCAACA--—-—-~~ GATACTGACTCGAACTAC

[ 81 91 101 111 121 131 141 151 ]
[ | | [ [ | [ [ | ]
DAOM239952 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG=~—=-==-===—==—————-—
DAOM239954 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG~~-~-==-==—===—————--—
DAOM214729 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG—~————~=====mme—om——
DAOM239950 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG—~—————~==———m— e
DAOM213268 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT~CAACAGCTCG-~~~-—=——=-—=————-——-—
DAOM239955 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG~~—~=~=-—===-—————--—
DAOM239951 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG—~—===-—-————===——-—-—-—
DAOM239948 AGGCAAACCATTGCTIGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-~-~-~~=-—=—=-——=-—-—-—
DAOM239949 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG=~=-====-—=—=—=——=—=——
FRR2695 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT~CAACAGCTCG—~~~——=———=—=————-——
96M111148 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-~-————~~———=~~———~=
DAOM213171 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-~===-—=-==-—=—=-=—-—=—-—
DAOM178627 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-~~——~—~~—-—~~=——-————
DAOM208497 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-~— -~ ~~=—=m—mmmmm e
CBS30197 AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-~~=-—-=—-=-=——————=——
KAS3459 AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTTG-~~~~=———=——=———--—
NRRL35183 AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTTG-~~—————=—=-—-——-———



CBS83896
CBS70888
DAOM239953
CBS30097
FRR1268
DAOM226579
FRR1391
KAS3460
CBS114222
FRR1511
KAS3458
CBS46067
CBS34768
CBS102405
CBsS118872
DAOM239957
FRR1058
DAOM226606
NRRL787
DAOM215381
CBS21930
NRRL3447

[

[
DAOM239952
DAOM239954
DAOM214729
DACM239950
DAOM213268
DAOM239955
DAOM239951
DAOM239948
DAOM239949
FRR2695
96M111148
DAOM213171
DAOM178627
DAOM208497
CBS30197
KAS3459
NRRL35183
CBS83896
CBS70888
DAOM239953
CBS30097
FRR1268
DAOM226579
FRR1391
KAS3460
CBS114222
FRR1511
KAS3458
CBS46067
CBS34768
CBS102405
CBS118872
DAOM239957
FRR1058
DAOM226606
NRRL787
DAOM215381
CBS21930
NRRL3447

[

[
DAOM239952
DAOM239954
DAOM214729
DAOM239950

AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT~CAACAGCTTG-———~—~=————=———=—=—
AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-GAACAGCTTG-——————~—~——=——————~
AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTCG-——————————————————
AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCCCG~——~~—=—=======——==—
AGGCAAACCATTGCTGGTGAGCACGGCCTTGASGGCGATGGCCAGTAAGT-CAACAGCTCG-——~~—==—=—===—====——
AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT~CAACAGCTTG-=—===—=———————————
AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCT TG~ ——=~——=———————————
AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGC-CAACAGCTTG-—————~~——————————=
AGGCAARACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CTACAGCTTG-—————~~~—————— ===~

AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTTG-~~——-———-————————— C
AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTGCAACAGCTTG~——~—~———-—-———————— C
AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CARCAGCTTG-———— -~~~ ————————~ C
AGGCAAACAATTGCTGGCGAGCACGGCCTTGAGGGCGATGGCCAGTAAGT-CAACAGCTTG-~———~—~—————~ CCcccC

AGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGCTTGCCCCCCCCLCCCecceeecee
AGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGT-CAACAGTTTG--—~———~—~———~— GCCCC
AGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGCCAGTAAGT ~——————~—~—=——————————————————
AGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGCCAGTAAGT - —— - -~ ——~—————————————————————
AGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGCCAGTAAGT - - - - -~~~ -~~~ ——==——————————————
~GGCAGACCATCTCTGGCGAGCACGGTCTCGACAGCAACGG-———————————— -~ ——m - — - mm—mm———
AGGCAGACCATTGCTGGTGAGCACGGCCTTGATGGCGATGGCCAGTAAGT - - - -~ -~~~ -~~~ = - - ———— - —— - ——

161 171 181 191 201 211 221 231 ]
| | [ I I | | | ]
--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA-~TTTTTCGGTTTAGCTACAATGGTTCCT
—--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—~CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—-CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—-CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTITTTCGGTTTAGCTACAATGGTTCCT
--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
~-CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—-CCCTCCCCCCACGATGGGATCCTGACGACAGA~-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
~-CCCTCCCCCCACGATGGGGTCCTGACGACAGACGAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—-CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
~-CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA-~-TTTTTCGGTTTAGCTACAATGGTTCCT
~-CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
--CCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA-~TTTTTCGGTTTAGCTACAATGGTTCCT
-—CCCCCCCCCCACGACGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
—--CCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
~~CCCCCCCCCCACGACGGGATCCGGACGACAGA-AAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCTT
—--CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
-—CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
-—CCCTCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA~-TTTTTCGGTTTAGCTACAATGGTTCCT
CCCCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
---CCCTCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
--—CCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
————— CCCCCCCATGATGAGATCCTGGGGACAGA-GAATGGCGGTCTAATA-~TTTTTCGGTTTAGCTACAATGGTTCCT
CCCCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
CCCCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCT
CCCCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA-~TTTTTCGGTTTAGCTACAATGGTTCCT
CCCCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA-~TTTTTCGGTTTAGCTACAATGGTTCCT

CCCCCCCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA-~-TTTTTCGGTTTAGCTACAATGGTTCCT
CCCCCCCCCCCCACGATGAGATCTTGACGACAGA-GAATGGCGGTCTGATA--~TTTTCGGTTCAGCTACAACGGTTICCT
—————— ATCCATTCGGTTGGAATTGAGTGATATGAGAATGGCGGTCTGACATTTTTTTTCCCTTAGCTTCACTGGCCAGT
—————— ATCCATTCGGTTGGAATTGAGTGATATGAGAATGGCGGTCTGACATTTTTTTTCCCTTAGCTTCACTGGCCAGT
—————— ATCCATTCGGTTGGAATTGAGTGATATGAGAATGGCGGTCTGACATTTTTTTTCCCTTAGCTTCACTGGCCAGT
——————————————————————————————————————————————————————————————— TGTCTACAATGGCAGCT
--CTCTTCGATACCACTTGATACCTCTCGACACG-GAATGGCGGTCTGATA--TTTTT~~GGTTAGCTACAATGGTACCT

241 251 261 271 281 291 301 311 ]
I | I | | [ I [ 1
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAARATCT



DAOM213268
DAOM239955
DAOM239951
DAOM239948
DAOM239949
FRR2695
96M111148
DAOM213171
DAOM178627
DAOM208497
CBS30197
KAS3459
NRRL35183
CBS83896
CBS70888
DAOM239953
CBS30097
FRR1268
DAOM226579
FRR1391
KAS3460
CBS114222
FRR1511
KAS3458
CBS46067
CBS34768
CBS102405
CBS118872
DAOM239957
FRR1058
DAOM226606
NRRL787
DAOM215381
CBS21930
NRRL3447

[

l
DAOM239952
DAOM239954
DAOM214729
DAOM239950
DAOM213268
DAOM239955
DAOM239951
DAOM239948
DACM239949
FRR2695
96M111148
DAOM213171
DAOM178627
DAOM2084897
CBS30197
KAS3459
NRRL35183
CBS83896
CBS70888
DAOM239953
CBS300897
FRR1268
DAOM226579
FRR1391
KAS3460
CBS114222
FRR1511
KAS3458
CBS46067
CBS34768
CBS102405
CBS118872
DAOM239957

CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAARAAACGTCTTCCCAATCARAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGARARACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAARACGTCTTCCCAATCARAGARATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCARAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-GGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG~-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAARAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGARAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCMCCCACGTAAGTCG-TGARAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAARAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAABRACGTCTTCCCAATCAAAGARATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCARAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAARAACGTCTTCACAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGCTGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTICACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGARAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGARAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
TCGACCACCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAARTCT
CCGCCCTCCAGCTGGGGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCAAAGAAATCT
CCGACCTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAACGTCTTCCCAATCARAGAAATCT
CCGACCTCCAGCTGGAGCGCCTGAACGTCTACTTCACCCACGTAAGTCG-TGAAAAATGTCTTCCCAATCACAGAAATCT

CCGACCTCCAGCTCGAGCGCATGAACGTCTACTTICAACCACGTAAGTGT-GGAA-——--— -~~~ TCGATACTCGATACCT
CCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAGTGT-GGAA-———-~~——~ TCGATACTCGATACCT
CCGACCTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAGTGT-GGAA-—~-—--~-———— TCGATACTCGATACCT
CCGAGCTTCAGCTCGAGCGCATGAGCGTTTACTTCAACGAGGTTCGTGG-CCCGAA-—~~CTCCARACCTTCCGAGATGT
CCGACCTTCAGCTCGAGCGCCTGAACGTCTACTTCACCCACGTAAGTTG-CG-———— TGTCCATCCAACGAAGAAACACC
321 331 341 351 361 371 381 391

| I | | | I | |
---CCCAAACCTGAC-CATTGA--—--—-———-—- ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
—---CCCARACCTGAC-CATTGA~—~-~—-——-—-———— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
—---CCCAAACCTGAC-CATTGA-~~--———————— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
—---CCCAAACCTGAC-CATTGA--—--———--—-—-— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
—--CCCAAACCTGAC-CATTGA--—---—---——-—— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
—--CCCAAACCTGAC-CATTGA-----——-—~———-- ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTGA--———-———~~=== ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTGA--——~—-—————— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTGA-—-—~~-——-————~~— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
-—--CCCAAACCTGAC-CATTGA-~=~~——-—-———~=- ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
--~CCCAAACCTGAC-CATTGA-~—--——-—-————= ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
--—CCCAAACCTGAC-CATTGA--—--—--——-—-— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
--—-CCCAAACCTGAC-CATTGA--—--——-———-—— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
-~~CCCAAACCTGAC-CATTGA--~--———-———- ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGITCCCCG
~~-CCCAAACCTGAC-CATIGA~~~~-—————=—— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
--—-CCCAAACCTGAT-CATTGA--——--——-————-— AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAT-CATTGA--——--—-—-—-———— AACGTTCGATTTTCCAGGC-TAGCGG~TGACAAGTATGTTCCCCG
---CCCAAACCTGAT-CATTGA--~-———-——~~—~ AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
-~-CCCAAACCTGAT-CATTGA--~———=—=—=—= AACGTTCGATTTTCCAGGC~TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTGA-———-——-———-—— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTGA~~-—-——-—=——=——=—~— ACCGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTGA--—--——--———=~- ACCGTTCGATTTTCCAGGCATAGCGG-TGACAAGTATGTTCCCCG
--~CCCAAACCTGAT-CATTGA-—-—--————=———= AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
~-~CCCAAACCTGAT-CATTGA-~~—~——=—==== AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGATGCATTGA~--——————-———-— AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAC-CATTIGA-~-———-———--——-—— AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
--—-CCCAAACCTGAT-CATTGA--—--——-————-— AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
-—--CCCAAACCTGAT-CATTGA-—-—--—--———-—--— AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAT-CATTGA-—~—-==——-—————~ AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAT-CATTGA~——-———=—==—- AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAT~-CATTGA-—=—————===== AACGTTCGATTTTCCAGGC-TAGCGG-TGACAAGTATGTTCCCCG
---CCCAAACCTGAT-CATTGA--——--———-———-—- AACGTTCGATTTTCCAGGC-TAGCGGCTGACAAGTATGTTCCCCG
---CCCAAACCTGAT-CATTGA---——-——=-=—-—- ACCGTTCGATTTTCCAGGC-TAGCGG~-TGACAAGTATGTTCCCCG

—

319



FRR1058
DAOM226606
NRRL787
DAOM215381
CBS21930
NRRL3447

[

[
DAOM2393952
DAOM239954
DAOM214729
DAOM239950
DAOM213268
DAOM239955
DAOM239951
DAOM239948
DAOM239949
FRR2695
96M111148
DAOM213171
DAOM178627
DAOM208497
CBS30197
KAS3459
NRRL35183
CBS83896
CBS70888
DAOM239953
CBS30097
FRR1268
DAOM226579
FRR1391
KAS3460
CBS114222
FRR1511
KAS3458
CBS46067
CBS34768
CBS102405
CBS118872
DAOM239957
FRR1058
DAOM226606
NRRL787
DAOM215381
CBS21930
NRRL3447

[

[
DAOM239952
DAOM239954
DAOM214729
DAOM239950
DAOM213268
DAOM239955
DAOM239951
DAOM239948
DAOM239949
FRR2695
96M111148
DAOM213171
DAOM178627
DAOM208497
CBS30197
KAS3459
NRRL35183
CBS83896
CBS70888
DAOM239953

-~-CCCAAACCTGAC-CATTGA--—~-——————-—— ABCGTTCAATTTTCCAGGC~TAGCGG-TGACAAGTATGTTCCCCG
---GCCAACCCCGTC-TAATAT-~-—~-—-————~~ AATG--GATTTTCATAGGC-TTCCGG-TGACCGTTACGTTCCCCG
---GCCAACCCCGTC-TAATAT-~-~~—--——-—~ AATG--GATTTTCATAGGC-TTCCGG-TGACCGTTACGTTCCCCG
~~-GCCAACCCCGTC-TAATAT--~~-——-—-———-—— AATG--GATTTTCATAGGC-TTCCGG-TGACCGTTACGTTCCCCG
~——-CCACAACGCGTC-TCTTGGTTCATACGGACCCACTGACCGCCTCTCCAGGC-TTCCGG-CAACAAGTACGTTCCTCG
AGAATTAAGTCTAAC-CCATG----~---———-——— GATGTTTTGTTTATCAGGC-CAGCGG-TGACAAGTACGTTCCCCG
401 411 421 431 441 451 461 471

| | | | | I | |

TGCCGTTCTCGTCGACCCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA~CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTICCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTITGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA~CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA~CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT~CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTICCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA~CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTTGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGTGGCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCC-TTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCTGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTT-GCAAGCTCTTCCGCCCCGA
TGCCGTTCTCGTCGA-CCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCG-
TGCCGTCCTGGTCGA-CTTGGAGCCCGGTACTATGGACGCTGT-CCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGA
TGCCGTCCTGGTCGA-CTTGGAGCCCGGTACTATGGACGCTGT-CCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGA
TGCCGTCCTGGTCGA-CTTGGAGCCCGGTACTATGGACGCTGT-CCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGA
CGCCGTCCTCGTCGA-TCTTGAGCCCGGTACCATGGATGCTGT-CCGTGCTGGTCCTTTCGGTCAGCTTTTCCGCCCCGA
TGCCGTTCTGGTCGA-TCTGGAGCCCGGTACCATGGACGCTGT-CCGTGCCGGTCCCTTTGGCAAGCTCTTCCGTCCCGA

481 491 501 ]
f | | ]
CAACTTCGTCTTTGGCCAGTCT-
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGICTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGICTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTC-TTGGCCAGTCTG
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CBS30097
FRR1268
DAOM226579
FRR1391
KAS3460
CBS114222
FRR1511
KAS3458
CBS46067
CBS34768
CBS102405
CBS118872
DAOM239957
FRR1058
DAOM226606
NRRL787
DAOM215381
CBS21930
NRRL3447

CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTCGICTTTGGCCAGTCCG
CAACTTCTCT-TTGGCCAGTCTG
CAACTTCGTC-TTGGCCAGTCTG
CAACTTCGTC-TTGGCCAGTCTG
CAACTTCGTC-TIGGCCAGTCTG
CAACTTCGTCTTIGGCCAGTCTG
CAACTTCGTCTTTGGCCAGTCTG
CAACTTC-TCTTT-GCCAGTCTG
CAACTTCGTC-TTGGCCAGTCTG
CAACTTCGTCTTCGGTCAGTCCG
CAACTTCGTCTTCGGTCAGTCCG
CAACTTCGTCTTCGGTCAGTCCG
CAACTTCGTTTTCGGCCAGTCTG
CAACTTCGICTTCGGCCAGTCCG

Multiple ITS Sequence Alignment

[

l

NRRL787
NRRL35183
DAOM178627
DAOM213171
DAOM213268
DAOM226577
DAOM214729
DAOM226606
DAOM239947
DAOM239948
DAOM239949
DAOM239950
DAOM239951
DAOM239952
DAOM239953
DAOM239954
DAOM239955
DAOM239956
DAOM239957
96M111148
CBS219.30
CBS300.97
CBS301.97
CBS336.59
CBS347.68
CBS358.48
CBS460.67
CBS708.88
CBS838.96
CBS102405
CBS118872
FRR1058
FRR1391
FRR1511
FRR2695
KAS3458
KAS3459
KAS3460
NRRL3447

(

(

NRRL787
NRRL35183

1 11 21 31 41 51 61 71 ]
I ! | I I I ! |

CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTIGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCAGCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTITGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC~-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGC-CTCTGG~TC--ACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGG-CCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCC-ACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGC-~TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGLCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
—————————————————— CTCTGG~TC--ACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
————————————————— CCTCTGG~T--CACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
—————————————————— CTCTGG~T~-C-ACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGG~TC--ACCT-CCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
—————————— TGAGG--CCTCTGG~TC--ACCT-CCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGG-CCGCC-ACA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC~TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC~TCA
———————————— AGGGC--TCTGG~TCC-ACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTCTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTITGCTTCGGCGGGCCCGCC-TCA
—————————————————— CTCTGG~TC--ACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCC-TCA
CATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATCGTACCTTGTTGCTTCGGCGGGCCCGCCGTCA

81 91 101 111 121 131 141 151 ]
\ | | | | | | | ]
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
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CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGARGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAG—-ACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGEGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGYCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGEGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCTGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAG--ACACARACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTIGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGEGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTTGTCTGAAGATTGCAGTCT
CGGCCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACAAACGAACTCTIGTCTGAAGATTGCAGTCT
CGGYCGCCGGGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGAAGACACACARACGAACTCTTGTCTGAAGATTGCAGTCT
TGGCCGCCGGGGGGCACCCGCCCCCGGGCCCGCGCCCGCCGAAGACAC---CATTGAACGCTGTCTGAAGATTGCAGTCT

161 171 181 191 201 211 221 231 ]
| ! I | I ! | I

GAGTACTTGACTAAATCAGTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAARAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAARATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTITAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTITCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
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GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGARAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGTACTTGACTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG
GAGCGATTAGCTAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCG

241 251 261 271 281 291 301 311 ]
| | | | | | | |

ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTICCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGT
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGT
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGL
ATAAGTAATGTGAATTGCAGAATTICAGTGRAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGEC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATICAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGL
ATAAGTAATGTGAATTGCAGAATTICAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC~TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTICCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGEC
ATAAGTAATGTIGAATTGCAGAATTCAGTGAATCATCGAGTCTTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGEC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTC-TTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGC

321 331 341 351 361 371 381 391 ]
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ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTIGTGTTGGGCTCTCG-CCCCCCGCTTCCGGEGEGCGGEE
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGT
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG~CCCCCCGCTTCCGGGGGGCGGGL
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGLGGGET
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGEC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG~CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCGCCCCCCCGCTTCCGGGGGGCGGGL
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
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ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGL
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGEGGCGGGT
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGL
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGT
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCICG-CCCCCCGCTTCCGGGGGEGCGGGL
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGLGGGE
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGGGCGGGC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCTCTCG-CCCCCCGCTTCCGGGGEGEGLGGEGEC
ATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCCG-CCCCCCGGTTTCGGGGGGCGGGC

401 411 421 431 441 451 461 471 ]
| I | I I [ | |

CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCT
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLGCC

CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC

CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLGLC
CCGABAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGCCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAG--CCCGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGSCGGCGCC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLCGEC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAARAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLCGCT
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGCC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLGLC
CCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGLGLC
CCGAAAGGCAGCGGCGGCATCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTGTAGGCCCGGCCGGCGLCC

481 491 501 511 521 531 541 551 ]
! ! | ! ! ! ! ! ]
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA-
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
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DAOM226577
DAOM214729
DAOM226606
DAOM239947
DAOM239948
DACM239949
DACM239950
DAOM239951
DAOM239952
DAOM239953
DAOM239954
DAOM239955
DAOM239956
DAOM2399857
96M111148
CBS219.30
CBS300.97
CBS301.97
CBS336.59
CBS347.68
CBS358.48
CBS460.67
CBS708.88
CBS838.96
CB5102405
CBS118872
FRR1058
FRR1391
FRR1511
FRR2695
KAS3458
KAS3459
KAS3460
NRRIL3447

l
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NRRL787
NRRL35183
DAOM178627
DAOM213171
DAOM213268
DAOM226577
DAOM214729
DAOM226606
DAOM239947
DAOM239948
DAOM239949
DAOM239950
DAOM239951
DAOM239952
DAOM239953
DAOM239954
DAOM239955
DAOM239956
DAOM239957
96M111148
CBS219.30
CBS300.97
CBS301.97
CBS336.59
CBS347.68
CBS358.48
CBS460.67
CBS708.88
CBS838.96
CBS102405
CBS118872
FRR1058
FRR1391
FRR1511

CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA-
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTITAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGARCACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGC—~—————~—~
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTA--—-—=——--——=——
CGCCGGCGAACACCATCAATCTTAACCAGG-TGACCTCG-———==—==——~—— - m o — - — e mmm—————
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGG-TGACCTCGGATCAGGTAG~-—~———~————==—-————————————— =
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAAC-TAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGG-TGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTA-GGTTACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGG-TGACCTCGGATCAGGTA-GGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCRAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAARGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCRAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA-
CGCCGGCGAACACCATCAATCTTAACCAGG-TGACCTCGGATCAG-———~—————————————— = -—————————————
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA-
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCA-TA-
CGCCGGCGAACACCATCAATCTITAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGAACACCATCAATCTTAACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
CGCCGGCGACCCCCATCAATCTT-TCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
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FRR2695
KAS3458
KAS3459
KAS3460
NRRL3447

[P RONANA]

Multiple Cox! Sequence Alignment

[

{

NRRL787
NRRL35183
DAOM178627
DAOM213268
DAOM214729
DAOM213171
DAOM226577
DAOM226606
DAOM2399438
DAOM239949
DAOM239950
DAOM239951
DAOM239952
DAOM239953
DAOM239954
DAOM239955
DAOM233956
DAOM239957
96M111148
CBS219.30
CBS300.97
CBS301.97
CBS300.50
CBS347.68
CBS358.48
CBS460.67
CBS708.88
CBS838.96
CBS102405
CBS114222
CBS118872
FRR1058
FRR1391
FRR1511
FRR2695
KAS3458
KAS3459
KAS3460
NRRL3447

[

[
NRRL787
NRRL35183
DAOM178627
DAOM213268
DAOM214729
DAOM213171
DAOM226577
DAOM226606
DAOM239948
DAOM239949
DAOM239950
DAOM239951
DAOM239952
DAOM239953
DAOM239954
DAOM239955

1 11 21 31 41 51 61 71 ]
| I [ I | |

——————————————— AAATGCTAAAGATATAGGAACATTATATTTAATGTTITCATTATTTTCAGGATTACTTGGAACAG
GIGATTTITATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GIGATTTT-ATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
-TGA-TTTTATCTTCAAATGCTAAAGATATAGGAACATTATAT TTARAGT TTTCATTATTTTCAGGATTACTTGGAACAG
————————————————— ATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTITCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCARATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATT TAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTITTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCTAATGCAAAAGATATTGGTACTTTATATTTAATGTTTTCATTATTTTCAGGGTTAATTGGTACAG
GTGA-TTTTATCTTCAARATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTITTCATTATTTTCAGGATTACTTGGAACAG
————————————————————————————— TAGG-ACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGA-TTTTATCTTCAAATGCTAAAGATATAGG-ACATAATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCARATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
--=-ATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
---A-TTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
-TGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
-TGA-TTTTCTCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
~TGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATITAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
—————————————————————————————— AGG-ACATTATATITAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
-TGATTTTTATCTTCAARATGCTAAAGATATAGGAACATTATATITAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCARATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAARAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
~~——TTTTT-T-TT-AAATGCTAAAG-AATAGG-ACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTITCATTATTTTCAGGATTACTTGGAACAG
GIGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTITCATTATTTTCAGGATTACTTGGAACAG
GTGA-TTTTATCTTCAARATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
GTGATTTTTATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
————————— ATCTTCAAATGCTAAAGATATAGGAACATTATATTTAATGTTTTCATTATTTTCAGGATTACTTGGAACAG
-TGATTTTTATCTTCAAATGCTAARAGATATAGGAACATTATATTTAATGTTTTCATTATTITCAGGATTACTTGGAACAG
GTGATTTTTATCTTCTAATGCTAAAGATATTGGTACTCTATACTTAATGTTTTCATTATTTTCAGGGTTAATAGGAACAG

81 91 101 111 121 131 141 151 ]
J J J J J | ] | 1
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTICTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAARTAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTITCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATITCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTITCAGATAACCAATTATATAATAGTATA
CATTTTCTGAACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATITCAGATAACCAATTATATAATAGTATA
CATTTTCAGTACTTATAAGATTAGAGCTTTCAGGACCAGGGGTACAATATATTTCAGATAATCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
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DAOM239956
DAOM239957
96M111148
CBS219.30
CBS300.97
CBS301.97
CBS300.50
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CBS358.48
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CBS114222
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(
NRRL787
NRRL35183
DAOM178627
DAOM213268
DACM214729
DAOM213171
DAOM226577
DAOM226606
DAOM239948
DAOM239949
DAOM239950
DAOM239951
DAOM239952
DAOM239953
DAOM239954
DAOM239955
DAOM239956
DAOM239957
96M111148
CBS219.30
CBS300.97
CBS301.97
CBS300.50
CBS347.68
CBS358.48
CBS460.67
CBS708.88
CBS838.96
CBS102405
CBS114222
CBS118872
FRR1058
FRR1391
FRR1511
FRR2695
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KAS3459
KAS3460
NRRL3447

[

(
NRRL787
NRRL35183
DAOM178627

CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTICAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTICAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCTGTACTTATAAGATTAGAGCTTTCAGGTCCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA
CATTTTCAGTACTTATAAGATTAGAGCTTTCAGGACCAGGAGTACAATATATTTCAGATAACCAATTATATAATAGTATA

161 171 181 191 201 211 221 231 ]
I | I | | | I I

ATARCAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTIGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGT TATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT-~GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACMGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCITATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT-~-GATGATTTTICTTTATGGT TATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT-~GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CATGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCTTTAATCGGTGGTTTTGGTAATTTTTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT-~GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTITATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTITATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT~-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACMGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTITCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTI TATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTITCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTICTTTATGGTTATGCCAGCATTAATTIGGTGGTTTTGGTAATITCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAAT TGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT~CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT~CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT-~-GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT-~-GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTTGGTAATTTCTTATT
ATAACAGCT-CACGCTATAAT~~GATGATTTTCTTTATGGTTATGCCAGCATTAATTGGTGGTTTIGGTAATTTCTITATT
ATAACAGCT-CATGCTATAAT--GATGATTTTCTTTATGGTTATGCCAGCTTTAATAGGTGGTTTTGGTAATTTCTTATT

241 251 261 271 281 291 301 311 ]
| | | ! | ! [ [ 1
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
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ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTARATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTITCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTACCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA~-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA~-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTITA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTITA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTARATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTARAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGAGGTCCAGATATGGCATTCCCA-AGATTARATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA
ACCATTATTAGTAGGTGGTCCAGATATGGCATTCCCT-AGATTAAATAATATAAGTTTCTGATTATTAGTGCCTAGTTTA

321 331 341 351 361 371 381 391

| | | | I | | !
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC~AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
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TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTCTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTATCAGGTATA
TTTTTATTTATATTCTCAGCAAC-AATAGAGAATGGAGCA-GGTACAGGATGAACATTATACCCACCATTAGCAGGTATA

401 411 421 431 441 451 461 471 ]
[ ! | | I | | I

CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTAT-TTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT~AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA~TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTATTTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGGGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTGAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA~TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT~AAGTAGTATGTTAGGIGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGDAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA~TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTITGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT~AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT~AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTAAGTGGTAT-AAGTAGTATGTTAGGTGC
CAATCTCACAGTGGACCAAGTGTTGA-TTTAGCTA-TTTTTGGTTTACACTTGAGTGGTAT-AAGTAGTATGTTAGGTGC

481 491 501 511 521 531 541 551 ]
| I I | | \ | [

TATGAATTTCAT-AACAACAATAT-AAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT~AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAARATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTIGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT-~GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT~-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGATGAGAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAARATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCTTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCTTTATTTGGAT~-GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT ~~GAG
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TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTA--CCTTATTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTITTACACAAATTAGCCTTATTTGGAT-~-GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT --GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT-~GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTITGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT~AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCCTTATTTGGAT--GAG
TATGAATTTCAT-AACAACAATATTAAATATGAGAAGTCCAGGTATACGTTTACACAAATTAGCTTTATTTGGAT-~-GAG

561 571 581 591 ]
[ | | ]
CGTAGTTATTA-~~=====—————=——==—=
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTAT-~——~-~--——
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTTATTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTA~--~-
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTA---
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAG-—---———————————~——
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAG----—————~—=—=—==——
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTAT-A
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA
CGTAGTTATTACAGCTGTATTATTATTATTA

Multiple TEFI-a Sequence Alignment

[
l
NRRL351

83

1 11 21 31 41 51 61 71

I I | | | | | I
CACGTCGA~TTCCGGCAAGTCCACCACT === == = o o o e
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CBS358.48 CACGTCGA-TTCCGGCARGTCCACCACC - m m e e o e e
CBS336.59 CACGTCGA-TTCCGGCAAGTCCACCACC == —m = m e e e e e e e e e e e
CBS118872 CACGTCGA-TTCCGGCAAGTCCACCAC - — mmm e e e e e e e e
DAOM226579 CACGTCGA-TTCCGGCAAGTCCACCAC - —mmm e e e o e e e e e -
CBS102405 CACGTCGA-TTCCGGCAAGTCCACCACC - — === = m et e et e e e e e e e e e
FRR1511 CACGTCGA-TTCCGGCAAGTCCACCAC C—— ===~ ———mmm e e
CBS708.88 CACGTCGA-TTCCGGCAAGTCCACCAC - — = — — m e o e e e
CBS838.96 CACGTCGA-TTCCGGCAAGTCCACCACCm m == = m e e e
FRR1391 CACGTCGA-TTCCGGCAAGTCCACCACCm — m o —m m e e e e
FRR2695 CACGTCGA-TTCCGGCAAGTCCACCAC = ——mmm m e e e e e e e e e e e e e e
DAOM239957 CACGTCGA~TTCCGGCAAGTCCACCACC~————mmm e e e e e e e e
DAOM239956 CACGTCGA-TTCCGGCAAGTCCACCACC ~mmmmm —m e e e e e e e e e e e e
KAS3459 CACGTCGA-TTCCGGCAAGTCCACCAC C ~—mm e e e e e e e e e e e
NRRL787 CACGTCGA-TTCCGGCAAGTCCACCAC Cmmmm — = e o e e e e e
CBS114222 CACGTCGA-TTCCGGCAAGTCCACCAC - mmmmm e e e e e
DAOM226606 ——==————=m— e — e — ACC m m o —
CBS347.68 CACGTCGA-TTCCGGCAAGTCCACCAC - ——m m — o e e e e
KAS3460 CACGTCGA-TTCCGGCAAGTCCACCACC === == = = o e e e e e e et e e e e e e e e
CBS460.67 CACGTCGA-TTCCGGCAAGTCCACCAC  — — e e e e e e e
DAOM178627 CACGTCGA-TTCCGGCAAGTCCACCACC ——— s m e e e e e e e e e e e e e e
DAOM213171 CACGTCGA-TTCCGGCAAGTCCACCAC - —~mmmm e e e e e e e e -
DAOM239955 CACGTCGA-TTCCGGCAAGTCCACCAC = ————m o m oo e e
96M111148 CACGTCGA-TTCCGGCAAGTCCACCAC - —m m e e e e e e
DAOM239949 CACGTCGA-TTCCGGCAAGTCCACCACC == = ~—mm m e e e e e e e e e e e e e e
DAOM239950 CACGTCGA-TTCCGGCAAGTCCACCAC - mm—mmmmm m e e e
DAOM239948 CACGTCGA-TTCCGGCAAGTCCACCACC === === = m et e e e et e e e e e e e e e
DAOM2390952 CACGTCGA-TTCCGGCAAGTCCACCAC  — — = mm e e e e e e e e e
DAOM239953 CACGTCGA-TTCCGGCAAGTCCACCACC === == mm m e e e e e e e e
CBS300.97 CACGTCGA-TTCCGGCAAGTCCACCACC = e e e e e e e e e e
CBS301.97 CACGTCGA-TTCCGGCAAGTCCACCACC ~m—rm == e e e e e e e e e m
DAOM239954 CACGTCGA-TTCCGGCAAGTCCACCAC  —————mm o m e
KAS3458 CACGTCGA-TTCCGGCAAGTCCACCAC - = —m mmm e e e e e e e e e e
CBS219.30 CACGTCGA-TTCCGGCAAGTCCACCACC == == —m m e e e e e e e e e e e e e
FRR1058 CACGTCGA-TTCCGGCAAGTCCACCACE = == = = e o e e e e

DAOM239951 CACGTCGA-TTCCGGCAAGTCCACCACCACTGGTAAGAAACCCCCCATCCATCGATTTCTGGCCTTACTTTATCGAGGT -
DAOM239947 CACGTCGA-TTCCGGCAAGT-CACCACCACTGGTAAGARACCCCCCATCCATCGATTTCTGGCCTTACTTTATCGAGGT~

NRRL3441 CTCGTCGA-TTCCGGCAAGTCCACCACCACTGGTAAGCACCCCCTCCTCCATCCGTCCCTCGCCTCGCCCATCGAGGTTT
[ 81 91 101 111 121 131 141 151

l | | I \ | | | |
NRRL35183  —-——--—-—-—-mmo— oo oo mmmm e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTICG
CBS358.48  ~—-——--—momm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS336.59  ——m——--mmmm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS118872  ——————-—=-m-mmm oo s ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM226579 ——-———-—---——mm o m ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS102405  —=—————-—-mmmmm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
FRR1511 =  —=——-—--m—m oo oo mm e m e m e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS708.88  ———-—-—-mom oo m e m e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS838.96  ———————-—-—----m e — oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
FRR1391 =  ——------mmmm oo oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
FRR2695 —=-------mmmm oo oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM239957 ~——--——-——---— - m e m—m o — ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM239956 -—-—-—————--—-- - —— s mm—m— ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
KAS3459 —-—-—-mmmmm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTICG
NRRL787 =  ————— e mmmm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS114222  —==--—-—— - oo m ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM226606 —-=~~————— = o - — o —————m ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS347.68  ————————--mmmm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
KAS3460 —————-mmm e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS460.67  —————=m=—mm o m o ACCGGTCACCTGATCTACAAGTGCGGT-GTATCGACTCTCG
DAOM178627 —=——————m— o — e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM21317]1 ====memm————m oo —m e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM239955 ~—=—--—-——-—m——mm o m s ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
96M111148  —=-mmmmmmmmmm e m s — o ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM239949 ——-———-—rm oo m ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTICG
DAOM239950 =======——— - — o ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTICG
DAOM239948 —=—-—=—=—r—---mm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM239952 ——==m--——— s oo m o ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
DAOM239953 ——=-=—-—--——---m—mm oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
CBS300.97 ——m=-————mmm oo m oo ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG

CBS301.97  ——=-—-———mmo e ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
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DAOM239954
KAS3458
CBS219.30
FRR1058
DAOM239951
DAOM239947
NRRL3441

[

l
NRRL35183
CBS358.48
CBS336.59
CBS118872
DAOM226579
CBS102405
FRR1511
CBS708.88
CBS838.96
FRR1391
FRR2695
DAOM239957
DAOM239956
KAS3459
NRRL787
CBS114222
DAOM226606
CBS347.68
KAS3460
CBS460.67
DAOM178627
DAOM213171
DAOM239955
96M111148
DAOM239949
DAOM239950
DACOM239948
DAOM238952
DAOM239953
CBS300.97
CBS301.97
DAOM239954
KAS3458
CBS219.30
FRR1058
DAOM239951
DAOM239947
NRRL3441

[

[
NRRL35183
CBS358.48
CBS336.59
CBS118872
DAOM226579
CBS102405
FRR1511
CBS708.88
CBS838.96
FRR1391
FRR2695
DAOM239957
DAOM239956
KAS3459
NRRL787
CBS114222
DAOM226606
CBS347.68
KAS3460
CBS460.67

——————————————————————————————————————— ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
——————————————————————————————————————— ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
——————————————————————————————————————— ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
——————————————————————————————————————— ACCGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG
~-——CCTATCCCACAATAACCACATTCTGATTTCTCCCAACAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCG
—----CCTATCCCACAATAACCATATACTGATTTCTCCCAACAGGTCACTTGATCTACAAGTGCGGTGGTATCGACTCTCG
CATCCTTCATCCGCAATGACAAAATACTGA-TTCTCCCGACAGGTCACCTGATCTACAAGTGCGGTGGTATCGACTCTCG

161 171 181 191 201 211 221 231

| | | | | I | |
TACCATCGAGAAGTTCGAGA =~~~ = m e
TACCATCGAGAAGTTCGAGA ~ == ——m = —m m e e
TACCATCGAGAAGTTCGAGA — = === mmm e e e
TACCATCGAGAAGTTCGAGA — == == m e m e e e e
TACCATCGAGAAGTTCGAGA ——— — == = — = — e e
TACCATCGAGAAGT TCGAGA == = = = = = — m e e e e e e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA ~ = — = mm e e e e e
TACCATCGAGAAGT TCGAGA === m = mm e e e e e e
TACCATCGAGAAGTTCGAGA — == — = —— o e e e e e e e
TACCATCGAGAAGT TCGAGA =~ — = —— e e e e e e
TACCATCGAGAAGTTCGAGA ~ — — = —— = o e e e e e e e
TACCATCGAGAAGTTCGAGA ~—————m = = e e e e
TACCATCGAGAAGT TCGAGA == = = = = = = m e o e e e e e e e e e e e e e
TACCATCGAGAAGTTCGAGA - ———— == — = —— e e
TACCATCGAGAAGTTCGAGA -~ = ——mmmm m e e
TACCATCGAGAAGTTCGAGA - == === —m m m e e e e e
TACCATCGAGAAGTTCGAGA ~—— === m e e e e e e
TACCATCGAGAAGTTCGAGA = === == = = = m o e e e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA == = = = — o e et et e e e e e e e e e e
TACCATCGAGAAGTTCGAGA - — =~ m = m e e e e e e e
TACCATCGAGAAGTTCGAGA === === = — e e e e e e e e e e
TACCATCGAGAAGT TCGAGA == — = = = = = mm e e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA————— = ——— m oo
TACCATCGAGAAGT TCGAGA = = = = mm m = e e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA === = = = = = = m e e e et e e e e e e e e
TACCATCGAGAAGT TCGAGA == = = = = = = = e o e ot e e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA === == = m o om mm e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA -~ — === = m mm e e e e —
TACCATCGAGAAGT TCGAGA -~ — === = = — o o o o e e e e e e e
TACCATCGAGAAGTTCGAGA =~ === = = e e e e e e e e e e e
TACCATCGAGAAGTTCGAGA ~ —— === = mm e e e e e e
TACCATCGAGBAGTTCGAGA === === === m e e e e e e e
TACCATCGAGAAGT TCGAGA === === === = e e e e e e e e e e e e
TACCATCGAGAAGTTCGAGA == == == = = m m o e e e e e e e e e e e e e
TACCATCGAGAAGT TCGAGA === === = = e o e e e e e e e e e m e
TACCATCGAGAAGT TCGAGA == — == m = = = o e e e e e e e
TACCATCGAGAAGTTCGAGA ~—— == mm— = m e e e e e e -
TACCATCGAGAAGTTCGAGAAGGTACGGAATCACAATTTTCACTGCCCCCTCCTTGAGTGGGGTGGGGTCG-—~——~~ TTC
241 251 261 271 281 291 301 311

| | | | I | | \
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-~~~—=m————m————
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-~~—===————————
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-—— == === ===~ —~~
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-——————=——=~~—~
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-~~~~===—=—=———
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA~—~~~==——=— ===
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-——==—========——
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-———=========~—
———————————————————————————————— AGGARGCCGCCGAGCTCGGCAAGGGTTCCTTCA- ~-—~==========
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-——————=~===—=—
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-——=—========———
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- -~ ————————===~
———————————————————————————————— AGGAAGCSGCCGAGCTCGGCAAGGGTTCCTTCA-—-————————————~
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- — ==~ ~========~
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-~~—~~—==~—=—==
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-—— === ========—
-------------------------------- AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-———————~ ===~~~
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-—————=—=—=———=
-------------------------------- AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-~~—~=——~=—==——
———————————————————————————————— AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-—————————====—
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DAOM178627 ———=———m oo AGGAAGCCGCCGAGCTCGGCARGGGTTCCTTCA-— === ===~=====—
DAOM213171 === m—mmmmmmmmm oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA — == === —=======
DAOM239955  ———mmmmm s e o s o oo AGGARGCCGCCGAGCTCGGCAAGGGTTCCTTCA —~ === —==—=====
96M111148  —mmmmmmmmmm oo AGGAAGCCGCCGAGCTCGGCARGGGTTCCTTCA-———===========
DAOM238949  ————mmmmmmmmmm o AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-———~===~=====—
DAOM239950  ~————m oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA —~~=——==—=====
DAOM239948  ———— = AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- — === ==————====
DAOM239952 === ———m—mmm oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- === ==========~=
DAOM239953  —————— oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- === == =~=—=--=
CBS300.97  —————mmmmmm AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- === =========—
CBS301.97  ————mmmmmmm o AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-—=—==========—
DAOM239954 ——————-—mmm oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-——============
KAS3458 —=-=mmmmmmmm o oo oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA- ————————~==—~~
CBS219.30  ———————e=mmm oo mmmm e AGGAAGCCGMCGAGCTCGGCAAGGGTTCCTTCA- ———————=~—==——
FRR1058 ————— oo AGGAAGCCGCCGAGCTCGGCAAGGGTTCCTTCA-————=—=======—
DAOM239951 === — o AGGAGGCCGCTGAGCTCGGCAAGGGTTCCTTCA-—— === ========—
DAOM239947  —=————mmmmmmm o mmmm oo oo AGGAGGCCGCTGAGCTCGGCARGGGTTCCTTCA- ==~ == =====~--~=
NRRL3441 TCTCGCCTTGGAACATTGTGCTAACCCCTCACAGGAAGCCGCTGAGCTCGGCAAGGGTTCCTTCA=——~=====~~=~==
[ 321 331 341 351 361 371 381 391 ]
l | I | | | | | | ]
NRRL35183 == m oo mmmmm o oo e e AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS358.48  ———mmmmmm oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS336.59  —mmm oo mmm oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS118872 == mmmmmmmm o m o o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM226579  —mmm o m e o o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS102405  =mmmmmmmmm oo oo o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
FRRI511  mmmmmmmm oo e e o e AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBST08.88 = oo m o s oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS838.96  —mm oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
FRR1I391  —ommmmmmmm oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
FRR2695 == === mmmmmm o oo oo o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239957 == mmm oo o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239956 === —mmm == o oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
KAS3459  mommmmmm oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
NRRL787  mmmmm oo mmmm e oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS114222  —mmmmmmmmm e oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM226606  —==—m o m oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS347.68  —mmmm oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
KAS3460 —ommm oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS460.67  —mmmmm oo oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOMIT8627  —mm e mmm e oo oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM213171 —=m oo oo oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239955  ——m oo m oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
9EMLLILL4AB == mmmm oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239949  m— === oo oo oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239850 —————mmm— o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM238948  ————m— oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM238952  ———mm oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239953  —mm oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS300.97  mmmmmm oo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS301.97  mmmmmo oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239954  ——m— oo AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
KAS3458  mmmmmm oo o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
CBS219.30  =mmm oo oo oo o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
FRRL058 ~  ————mmmmm oo oo o oo o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239951  ——— = m o AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
DAOM239947  ———=m—mm e AGTACGCCTGGGTTCTTGACAAGCTGAAGGCTGAG
NRRL3441 == - = oo oo oo oo e AGTACGCCTGGGTTCTTGACAAGCTCAAGGCTGAG
[ 401 411 421 431 441 451 461 471 ]

l | | | I I | [ |

NRRL35183 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CBS358.48 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CBS336.59 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CBS118872 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
DAOM226579 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CBS102405 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
FRR1511 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CBS708.88 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CBS838.96 CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
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CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACTGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGAATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTACGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTATGTC
CGTGAGCGTGGTATCACCATCGATATCGCTCTICTGGAAGTTCCAGACTGGCAAGTATGAGGTCACCGTCATTGGTAAGTA
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACTGGCAAGTATGAGGTCACCGTCATTGGTAAGTA
CGTGAGCGTGGTATCACCATCGATATCGCTCTCTGGAAGTTCCAGACCGCCAAGTATGAGGTCACCGTCATTGGTAAGAA
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TTATCT--GTTACC-CCTT---CCACCCGT-~~-—--~ CTGTC-===-—-- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT~-~---- CTGTC-—-—-—-—- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT--~--- CTGTC—==~~—~ CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT--~~—— CTGTC-=-===-- CAT-CGACTAACGTTCTCTC~~-~CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT~~~~-~~ CTGTC~-=-——-- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT------ CTIGTC--~-—-~ CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT------ CTGTC--—~—-- CAT-CGACTAACGTTICTCTC---CAGACGCCC
TTATCT--GITTACC-CCTT---CCACCCGT------ CTGTC--——-—-—- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT-~-CCACCCGT------ CTGTC--—-—-- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT—~-—--- CTGTC-=-===-- CAT-CGACTAARCGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT------ CTGTC------- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC~CCTT---CCACCCGT----~- CTGTC-————=~ CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC~CCTT---CCACCCGT-----~ CTGTC~~—===-—= CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT~-GTTACC-CCTT~—-~-CCACCCGT-—--—--- CTGTC--—-——— CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT~~-GTTACC-CCTC~--CCACCCGT-—--—-- CTGTC--———-—— CAT-CGACTAACGTTCTTTC--CCAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT------ CTGTC-~===-- CAT-CGACTAACGTTGTCTC--CCAGACGCCC
TTATCT--GTTACC-CCTT--~-CCACCCGT------ CTGTC-===—-- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT~-GTTACC-CCTT---CCACCCGT------ CTGTC-——~~~~ CAT-CGACTAACGTTCTCTC~--CAGACGCCC
TTATCT~-GTTACC-CCTT---CCACCCGT~-—--- CTGTC-——~—~~ CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT-----— CTGTC--——--—-- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT--GTTACC-CCTT--~-CCACCCGT--—--— CTGTC--—--—- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT~-GTTACC-CCTT---CCACCCGT--—-—~ CTGTC--~~—-- CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTATCT~-GTCACC-CTTT---CCACCCGT-~———~ CTGTC—-—~~-- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT--GTCACC-CTTT--~CCACCCGT------ CTGTC--—---- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT--GTCACC-CTTT--~CCACCCGT-----— CTGTC--—--—- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT-~GTCACC-CTTT---CCACCCGT~-—--- CIGTC--—~--- CAT-CGACTAATGTICTCTC--TCAGACGCCC
TTATCT--GTCACC-CTTT---CCACCCGT--~——-- CTGTC--—-——~ CAT-CGACTAATGTTICTCTC--TCAGACGCCC
TTATCT--GICACC-CTTT---CCACCCGT------ CIGTC-~~=——--— CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT-~GTCACC-CTTT---CCACCCGT-~---~ CTGTC-~-~--—-- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT--GTCACC-CTTT---CCACCCGT~--~--— CTGTC---—--- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT~-GTCACC-CTTT---CCACCCGT---—--- CTGTC-~----- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT~-~-GTCACC-CTTT--~-CCACCCGT------ CTGTC-—----- CAT-CGACTAATGTTCTCTC--TCAGACGCCC
TTATCT--GTTACC-CCTT---CCACCCGT--~--- CTGTC-———~—— CAT-CGACTAACGTTCTCTC---CAGACGCCC
TTCTCT--GTTACC-ACTTTCACCACCCGT------ CTGTC--—--——— CAT-AGACTAACGTTCTCTC-~CCAGACGCCC
TTCTCT--GTTACC-ACTTTCACCACCCGT--~--- CTGTC-—~—=—~- CAT-AGACTAACGTTCTCTC--CCAGACGCCC
CTAACC--ACAACCAACTC--~-CCACACGTTGTGCACCACC-—--——— CCT~CTAACATTATCTCCTA---CAGACGCCC
CTAACC-~-ACAACCAACTC---CCACACGTTGTGCACCACC~~——-——- CCT~CTAACATTATCTCCTA---CAGACGCCC
TTATCCCACCCACC-ATCT~--TCTCCCAT------ CCATCATGGACTCTC-TGACTGACTCTTCCTCCTCTAGACGCCC
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CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT

CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT

CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATCGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGATTGCGCTATCCTCATCATTGCCTCCGGT
CCGGTCACCGTGACTTCATCAAGAACATGATCACTGGTACCTCCCAGGCCGACTGCGCTATCCTCATCATCGCCTCCGGC
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ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG

ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG

ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCARGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
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ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGCTCTGCTTGCCTTCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACTCGTGAGCACGCTCTGCTCGCTTITCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACTCGTGAGCACGCTCTGCTCGCTITCACCCTCGGTGTCCG
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACTCGTGAGCACGCTCTGCTCGCTTTCACCCTCGGTGTCCG
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CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATIGTCGCCCTGWACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT

CCAGCTCATTGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT

CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAARCAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGARCAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAARGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTICATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTIGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTGAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTCWACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
CCAGCTCATCGTCGCCCTCAACAAGATGGACACTTGCAAGTGGTCCGAGGACCGTTACAACGAGATTGTCAAGGAGACCT
TCAGCTCATTGTTGCCCTCAACAAGATGGACACCTGCAAGTGGTCCGAGGACCGCTACAACGAGATCGTCAAGGAGACCT
TCAGCTCATTGTTGCCCTCAACAAGATGGACACCTGC-AGTGGTCCGAGGACCGCTACAACGAGATCGTCAAGGAGACCT
TCAGCTCATTGTTGCCCTCAACAAGATGGACACCTGCAAGTGGTCTGAGGACCGCTACAACGAGATCGTCAAGGAGACCT

801 811 821 831 841 851 861 871 1
| | | | | [ I \

CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG

CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG

CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAARGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCTGGCTTCAACGGTGACAACATG
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CBS114222
DAOM226606
CBS347.68
KAS3460
CBS460.67
DAOM178627
DAOM213171
DAOM239955
96M111148
DAOM239949
DAOM239950
DAOM239948
DAOM239952
DAOM239953
CBS300.97
CBS301.97
DAOM239954
KAS3458
CBS219.30
FRR1058
DAOM239951
DAOM239947
NRRL3441

l

l
NRRL35183
CBS358.48
CBS336.59
CBS118872
DAOM226579
CBS102405
FRR1511
CBS708.88
CBS838.96
FRR1391
FRR2695
DAOM239957
DAOM239956
KAS3459
NRRL787
CBS114222
DAOM226606
CBS347.68
KAS3460
CBS460.67
DAOM178627
DAOM213171
DAOM239955
96M111148
DAOM239949
DAOM239950
DAOM239948
DAOM239952
DAOM239953
CBS300.97
CBS301.97
DAOM239954
KAS3458
CBS219.30
FRR1058
DAOM239951
DAOM239947
NRRL3441

CCAACTTCATCAAGAAGGTTGGCTACRACCCCAAGAGCGTCCCCITCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTGT-TCGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTIGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCG-CCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGC-TCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGAGCGTTCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTCGGCTACAACCCCAAGAGCGTTCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG
CCAACTTCATCAAGAAGGTTGGCTACAACCCCAAGAGCGTCCCCTTCGTCCCCATCTCCGGCTTCAACGGTGACAACATG

881 891 901 911 ]
| | | 1]
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA

CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCC-TCCCC~AA-TGCCC-TGG~ACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTAC-
CTCGAGCCCTCCCCCAACTGCCCCTGGTAC-
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
CTCGAGCCCTCCCCCAACTGCCCCTGGTACA
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Multiple CaM Sequence Alignment

[

[
NRRL787
DAOM239956
KAS3458
NRRL35183
CBS708.88
CBS347.68
DAOM239950
CBS336.59
KAS3459
FRR1391
DAOM239957
FRR1268
CBS460.67
DAOM213171
CBS838.96
DAOM226579
CBS102045
CBS114222
CBS218.30
KAS3460
FRR1511
DAOM239948
FRR1058
DAOM213268
96111148
DAOM239955
DAOM239953
CBS300.97
DAOM239949
CBS301.97
DAOM239952
CBS219.30
DAOM239954
DAOM239951
NRRL3441

!

l

NRRL787
DAOM239956
KAS3458
NRRL35183
CBS708.88
CBS347.68
DAOM239950
CBS336.59
KAS3459
FRR1391
DAOM239957
FRR1268
CBS460.67
DAOM213171
CBS838.96
DAOM226579
CBS102045
CBS114222
CBS218.30
KAS3460
FRR1511
DAOM239948
FRR1058
DAOM213268
96111148
DAOM239955
DAOM239953

1 11 21 31 41 51 61 71 ]
[ | | I | | ! I

GAAGAACAAGTTTCCGTGTACAAGGTGGCCTTICTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGATTTTCTATC
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCACCTTGTTTGTGAGAGCCCCAAATGACGAGCATTGGGACTTCCCATG
——————————————————————————————————————————————————— CCAAATGTCGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCACCTTGTTTGTGAGAGCCCCAAATGACGAGCATTGGGACTTCCCATG
———————————————————————————————————————————————————— C-AATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTITCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GRAAGAACAAGTITCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCARATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTIGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTCCCCATG
GAAGARACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTIGTITGTGAGTGCCCCAAATGACGAGCATTGGGACTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTICTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTIGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTIGTTTGTGAGTGCCCCGAATGACGAGCATTIGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGAACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
GAAGARACAAGTTTCCGAGTACAAGGAGGCCTTCTCCTTGTTTGTGAGTGCCCCGAATGACGAGCATTGGGATTTCCCATG
------------- CCGAGTACAAGGAG-CCTTCT-CCTG-TTGTGAGTGC-CTCAGACGCGTGCATTGACAATCTCCGAT

81 91 101 111 121 131 141 151 ]
I | ! | I | I [

TGAAAGAGGAARAT-CCAACAACAAACATGGTARACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAATCCCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAG-GGAAAT-CCAACAACAAACATGGTARACTAAAGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTITTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAARACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAAGGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGARAGAGGAAAT-CCAACAACARACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAATCCCAACAACAAACATGGTAAACTAATGGGGC-T-G~TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTARACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTARACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT~-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT~TCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTATAGGACAAGGATGGCG
TGAAAGAGGAAAT~CCAAAAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTITCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGRAAGAGGAAAT-CCAACAACAAACATGGTARACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-TCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTATAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAAACATGGTAARACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT~CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT-CCAACAACAARACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
TGAAAGAGGAAAT~CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTITTTTCCCGCGTGTAGGACAAGGATGGCG
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CBS300.97 TGAAAGAGGAAAT-CCAACAACAAACATGGTARACTAATGGGGC~-T~-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
DAOM239949 TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
CBS301.97 TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
DAOM239952 TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
CBS219.30 TGAAAGAGGAAAT-TCAACAACAAACATGGTAAACTAATGGGGC-T-G-TTTTTTTCCCGCGTATAGGACAAGGATGGCG
DAOM239954 TGAAAGAGGARAT-CCAACAACARACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
DAOM239951 TGAAAGAGGAAAT-CCAACAACAAACATGGTAAACTAATGGGGC-T-GTTTTTTTTCCCGCGTGTAGGACAAGGATGGCG
NRRL3441 CGGGA--—--————————————~— AAACAGTAGACTGACCAAGGCC~-GTTTTCCCGCTTGTGAACAGGACAAGGATGGCG
[ 16l 171 181 191 201 211 221 231 ]
t | | | | I I | | ]
NRRL787 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239956 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
KAS3458 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
NRRL35183 ATGGTGAGATICTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS708.88 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS347.68 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239950 ATGGTGAGATTICTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS336.59 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
KAS3459 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
FRR1391 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239957 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
FRR1268 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS460.67 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
DAOM213171 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS838.96 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
DAOM226579 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS102045 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTICTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS114222 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTICTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
CBS218.30 ATGGTGAGATTCTTCCTCTCT-~-CTCCCCCCGTCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACTGGCATGATGAT
KAS3460 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
FRR1511 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239948 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
FRR1058 ATGGTGAGATTCTTCCTCTCT-~~CTCCCCCCGTCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACTGGCATGATGAT
DAOM213268 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
96111148 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA

DAOM239955 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239953 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA

CBS300.97 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTIGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239949 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
CBS301.97 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239952 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
CBS219.30 ATGGTGAGATTCTTCCTCTCT-~~CTCCCCCCGTCGATTCTTTGTGCATGGTTGCAAGGAATCTTGACTGGCATGATGAT
DAOM239954 ATGGTGAGATTICTTCCTCTCTCCCCTCCCCCCACCGATTICTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
DAOM239951 ATGGTGAGATTCTTCCTCTCTCCCCTCCCCCCACCGATTCTTTGTGCATGGGTGCAAGGAATCTTGACCGGAATGATGAA
NRRL3441 ATGGTGCGTGCAGTCTTTICCCGGTAGCTCGG~——--———-———— ACGCTCTTTCTTAGGAAGCAGTCCTTGGGCCACTGGC
l 241 251 261 271 281 291 301 311 ]
[ | I I I | | I | ]
NRRL787 TGCTCGGGGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
DAOM239956 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
KAS3458 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCARATCACCACCAAG
NRRL35183 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
CBS708.88 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
CBS347.68 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
DAOM239950 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
CBS336.59 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
KAS3459 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
FRR1391 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
DAOM239957 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
FRR1268 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
CBS460.67 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
DAOM213171 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAARATCACCACCAAG
CBS838.96 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
DAOM226579 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
CBS102045 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG
CBS114222 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
CBS218.30 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAAACAGGCCARATCACCACCAAG
KAS3460 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAAATCACCACCAAG

FRR1511 TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATGGGTATAGCTGACTCGAGGGTTGCAATCAGGCCAARATCACCACCAAG
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TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCARATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCARATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAARATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAARATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAARACAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
TGCTCGGTGCTTCCCGTAGCACAGTGGTCGAATCTGGATAGCTGACTCGAGGATTGCAATCAGGCCAAATCACCACCAAG
ACCCGCGAAGGTT-——~————=-——--— TTAAAACAGAATGACTGAGTTATATATCATCGTTAGGCCARATCACCACCAAG

321 331 341 351 361 371 381 391 ]
I | | [ | | ! [

GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGE
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTCGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGTACTGTCATGCGCTCGCTTGGCCAGAACCCCTCCGAGTCTGAGCTGCAGGACATGATCAACGAGGTCGATGC
GAGCTCGGCACCGTCATGCGCTCGCTCGGCCAGAACCCCTCCGAGTCCGAGCTGCAGGATATGATCAACGAGGTCGATGC

401 411 421 431 441 451 461 471 ]
| | I f | | \ I ]
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTITCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC-TTTTTTT
CGACAACAACGGCACTATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC-TTTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC-TTTTTTT
CGACAACAACGGCACTATTGACTTCCCTGGTACGCTTITTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC-TTTITTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTITGCAACCCGGTGTCACCTTTTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTITT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC-~TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTITTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC——-TTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
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CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCIGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCGTGCAACCCGATGTCACC--TTTITTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TITTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTAGTACCGTATCTTGCAACCCGGTGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCGTGCAACCCGATGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTIGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC-TTITTTT
CGACAATAACGGCACCATTGACTICCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TITTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAACAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCGTGCAACCCGATGTCACC~-TTTTTT
CGACAATAACGGCACCATTGACTTCCCIGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAATAACGGCACCATTGACTTCCCTGGTACGCTTTTCCCTACTACCGTATCTTGCAACCCATCGTCACC--TTTTTT
CGACAACAACGGCACCATCGACTTCCCCGGTATGTATTGAAT-————~-~ CGCTTGGCAGTCTGCTGTGGCT--CTTTTT

481 491 501 511 521 531 541 551 ]

| | | ! | f | |
TTGGGGGGGGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG

TI-————- TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT===——- TGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT------ TGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT————=~— TGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT—===~- TGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT--—-—- TGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT----—- TGGGTGCCCTGGGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCTCGATGATGGCCCGCAAG
TT------ TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT---—--- TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT-===-—- TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT------ TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT-~—~—= TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACCGAGTITCCTCACGATGATGGCCCGCAAG
TT—————= TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT——==—= TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT--—--- TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT----~~ TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT~--GGGGGGGTGCCCTGAGCACAGTGTGATTAATCGTGGCCCGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
GG-—-——--- GGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
ITT——==—= TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT-—=—== TGGGTGCCCTGAGCGCAGTGTAATTAATTGTGGCCCGCACCGACAGAGTTCCTCACGATGATGGCCCGCAAG
TT----GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
GG--—-—=~ GGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT~---GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT----GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT---~GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT-~--GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG

TT----GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT----GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT-~~-GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT-~~-GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
GG~-———= GGGGTGCCCTGAGCGCAGTGTGATTAATTGTGGCCCGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT----GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
TT--~~GGGGAGTGCCCTGAGCGCAGTGTGATTAATCGTGGCCTGCACCGACAGAGTTCCTCACCATGATGGCCCGCAAG
CT--—mm————— CCCTTTAGACCAAGACTGATTGCTTITTCTGTGCGCCTGCAGAGTTCCTTACCATGATGGCCCGCAAG

561 571 581 591 601 611 621 631 ]
f [ [ | I | | ! ]
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGAT-ACAACGGCTTCATTTC
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGA-—-—~-—=-———————————————-—=
ATGAAGGACACCGAT TCCGAGGAGGAGATC - -~~~ ————m = —m - s e mm
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGA- -~ = —~————=——-—————————==
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGLCC————— =~~~ =~ - —mm— s o
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
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FRR1268 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC~-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
CBS460.67 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A~AGG-TCTTTGACCGCGATAACAACGGCTTCATTTC
DAOM213171 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC~-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
CBS838.96 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A~AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
DAOM226579 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC~-A~AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
CBS102045 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
CBS114222 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC~-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
CBS218.30 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
KAS3460 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
FRR1511 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
DAOM239948 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-ACAGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
FRR1058 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTC
DAOM213268 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
96111148 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC

DAOM239955 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGGTTCTTTGACCGTGATAACAACGGCTITTATTTC
DAOM239953 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAARCAACGGCTTTATTTC

CBS300.97 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
DAOM239949 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC~A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
CBS301.97 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
DAOM239952 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
CBS219.30 ATGAAGGACACCGATTCCGAGGAGGAGATCCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTCATTTIC

DAOM239954 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAGGCCTTC-A-AGG-TCTTTGACCGTGATAACAACGGCTTTATTTC
DAOM239951 ATGAAGGACACCGATTCTGAGGAGGAGATTCGTGAG--CCTC~A———————————— -~ — == ————————————————

NRRL3441 ATGAAGGACACCGACTCAGAGGAGGAGATCCGGGAGGCGTTC-A-AGG-TGTTTGACCGCGACAACAACGGCTTCATCTC
[ 641 651 661 671 681 691 701 711 ]
t ! | I i j | ! I ]
NRRL787 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACG-——~-———————~-——————=———————
DAOM239956 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
KAS3458 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
NRRL35183 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTG-—~—-————-—-——-—=———————
CBS708.88 ————— oo
CBS347.68 @ —m oo oo s o e e —————————
DAOMZ239950 @ ——=—mmm oo oo e e e e ——————— o= — -
CBS336.59 @ —--—m o e e e ———————

KAS3459 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTIGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
FRR1391 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
DAOM239957 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
FRR1268 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS460.67 CGCCGCTCAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGATGATGAG-—-— -~~~ —=~———===—=—=—
DAOM213171 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS838.96 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
DAOM226579 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS102045 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS114222 CGCCGCTGAGCTGCGCCATGTGATGACCTCTATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS218.30 CGCCGCTGAGCTGCGCCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGTGAGG
KAS3460 CGCCGCTGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
FRR1511 CGCCGCGGAGCTGCGCCATGTGATGACCTCGATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
DAOM239948 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
FRR1058 CGCCGCTGAGCTGCGCCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGTGAGG
DAOM213268 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
96111148 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG

DAOM239955 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
DAOM239953 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG

CBS300.97 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
DAOM239949 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS301.97 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
DAOM2399852 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAGG
CBS219.30 CGCCGCTGAGCTGCGCCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGTGAGG
DAOM239954 CGCCGCTGAGCTGCGTCATGTGATGACCTCCATTGGCGAGAAGCTGACCGACGATGAGGTGGATGAGATGATCCGCGAG-
DAOM239 951 e e e e e e e e e oo
NRRL3441 CGCCGCCGAGCTGCGCCACGTCATGACCTCCATCGGA -~ ==~ ===~ == - — o= ———— - m

Multiple BenA Sequence Alignment for Paralogs

[ 1 11 21 31 41 51 61 71 ]
l | [ I I | | | | ]
DAOM239955 TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAA -~~~ ~~==== ACTGA
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DAOM239955
DAOM239950
CBS70888
'NRRL35183
FRR1391
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DAOM239952
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NRRL787
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TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAA-—~-——--——— ACTGA
TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAA-———~~~~-~~— ACTGA
TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAA-—~~—=~~-—~— ACTGA
TGGGATATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAA-———-—-—-——— ACTGA
T-GGGAATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAA-———--————— ACTGA
TGGGATATCCCGAGCACAACACGACAATTCCT-TATGTCGTGATTCGATCTAATATGAGAACCAA—————~———— ACTGA
T-GGGAATCCCGAGCACAACACGACAATTCCTCTATGTCGTGATTCGATCTAATATGAGAACCAA-—————~——~ ACTGA
T-GGGAATCCCGAGCACAACACGACAATTCCT-TGTGTCGTGATTCGATCTAATATGAGAACCAA~~~—-—-—-——— ACTGA
T-GGGAATCCCGAGCACAACACGACAATTCCT-TGTGACGTGATTCGATCTAATATGAGAACCAA~~~~-~~—-— -~ ACTGA
TGACCTCACCTTCGGTCARATCATCAATTGTT~—~——~————==—————————— === GAACCCAGGACCCTTTTACTGA
TGACCTCACCTTCGGTCAAATCATCAATTGTT~~—————————==——————~—— = GAACCCAGGACCCTTTTACTGA
TGACCTCACCTTCGGTCAAATCATCAATTGT T~~--—-——————~——-————=—————— GAACCCAGGACCCTTTTACTGA
G-=—mm— - GTAACCAAATCGGTGCTGC T T m - m—mm—mm——m e e e
————————————————— ARATCGGTGCTGCTT-TCTGGTGAGTTGCGGATAAACAATGACACAAA---AARAACATTCGTT
GG-~——~———-~ TAACCAAAATCGGTGCTGCTTTCTGGTAAGTTTGTTGATATGGTTTTTCTTAATTTTTTGGTACCGGCT
81 91 101 111 121 131 141 151 ]
| | [ | ! | [ | ]
CTCGATATTCAGGCAARACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTCG--—--——— ccce
CTCGATATTCAGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTCG-~~——-~ ccc
CTCGATATTCAGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTGAACAGCTTG-—~——~~ ccce
CTCGATATTCAGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTTG--—-——— CccC
CTCGATATTCAGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTTG--—-—-—— cC
CTCGATATTCAGGCAAACCATTGCTIGGTGAGCACGGCCTTGACGGCGATGGCCAGTARGTCAACAGCTCG--——-—- CcccC
CTCGATATTCAGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTCG-——--——— ccc
CTCGATATTCAGGCAAACCATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTCG-——~~~~ ccce

CTCGATATTCAGGCAAACAATTGCTGGTGAGCACGGCCTTGACGGCGATGGCCAGTAAGTCAACAGCTTG--~-CCCCCC
CTCGATATTCAGGCAAACAATTGCTGGCGAGCACGGCCTTGAGGGCGATGGCCAGTAAGTCAACAGCTTGCCCCCCCCCC
CTTGAATCACAGGCAGAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGCCAGTAAGT -~~~ —~ ==~ =~ —~——==——
CTTGAATCACAGGCAGBAACATTGCTAGCGAGCATGGCCTCGACGGCGAGGGCCAGTAAGT -~~~ ~~~—-—-——-————————~—

161 171 181 191 201 211 221 231 ]
| | | | I | I | ]
TCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
TCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
CCCCCCCACGACGGGATCCGGACGACAGA-AAARTGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCTTCCGAC
CCCCCCCACGACGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
CTCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
TCCCCCCACGATGGGATCCTGACGACAGA~GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
TCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
TCCCCCCACGATGGGGTCCTGACGACAGACGAATGGCGGTCTGATA-~-TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
CCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
CCCCCCCACGATGGGATCCTGACGACAGA-GAATGGCGGTCTGATA--TTTTTCGGTTTAGCTACAATGGTTCCTCCGAC
~ATCCATTCGGTTGGAATTGAGTGATATGAGAATGGCGGTCTGACATTTTITTTCCCTTAGCTTCACTGGCCAGTCCGAC
~ATCCATTCGGTTGGAATTGAGTGATATGAGAATGGCGGTCTGACATTTTTITTTCCCTTAGCTTCACTGGCCAGTCCGAC
-ATCCATTCGGTTGGAATTGAGTGATATGAGAATGGCGGTCTGACATTTTTTTTCCCTTAGCTTCACTGGCCAGTCCGAC

————————————————————————————————————————————————————————————— CTACAATGGCAGCTCCGAG
————————————————————————————————————————————————————————————— CTACAATGGCAGCTCCGAG
-------- TATAGTGATTTTCAAAATTTCGACATCCCACCCTAATC-—~~-~-~--ATTTCCAGT TACAATGGCACCTCCGAC
~ATCATGTCTTCCCTGCTTCTGCATTTGC -~ == AGTGGCCTGACA--AGCGTGCGAATAGGTACAACGGTACCTCCGAT
241 251 261 271 281 291 301 311 ]

| | I | I [ | | 1
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAAACGTCTTCCCAATCAAAGAAATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAARAACGTCTTCCCAATCAAAGAAATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAAACGTCTTCCCAATCAAAGAAATCTCCCARA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAAACGTCTTCCCAATCAAAGAAATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAARAACGTCTITCACAATCAAAGAAATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAAACGTCTTCCCAATCAAAGAAATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAAACGTCTTCCCAATCAAAGARATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGARAAACGTCTTCCCAATCAAAGAAATCTCCCARA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAAACGTCTTCCCAATCAAAGAAATCTCCCAAA
CTCCAGCTGGAGCGCATGAACGTCTACTTCACCCACGTAAGTCGTGAAAARACGTCTTCCCAATCAAAGAAATCTCCCAAA
CTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAGTGTGGAA~~——=—===—~ TCGATACTCGATACCTGCCAAC
CTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAGTGTGGAA-~—~—=—~——= TCGATACTCGATACCTGCCAAC
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CTCCAGCTCGAGCGCATGAACGTCTACTTCAACCACGTAAGTGTGGAA---—-——-—— TCGATACTCGATACCTGCCAAC
CTTCAGCTCGAGCGCATGAGCGTTTACTTCAACGAGGTTCGTGGCCCGAA~~-—-CTCCAAACCTTCCGAGATGTCCACAA
CTTCAGCTCGAGCGCATGAGCGTTTACTTCAACGAGGTTCGTGGCCCGAA-~---CTCCAAACCTTCCGAGATGTCCACAA
CTCCAGTTGGAGCGTATGAACGTCTACTTCAACGAGGTGCGT---GGAATCTGCCCCGCGACATTCGGAAATATAC———~
TTGCAATTGGAGCGCATGAACGTCTACTACAACGAGGTITTGTTTTGGTCTACGTTGAACCCATATATGCAATGGCTAAA~

321 331 341 351 361 371 381 391

I | [ I | | I | i
CCTGACCATTGA---———~—————= ACCGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGACCATTGA-~--—-=-——--—-~- ACCGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGATCATTGA-~~—=——==——~- AACGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGATCATTGA-----——————=~— AACGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGATCATTGA-—--———~~—————~ AACGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGACCATTGA--—-——~——————— ACCGTTCGATTTTCCAGGCATAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGACCATTGA-—~——~—===~———-~- ACCGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGACCATTGA-—~=======—~— ACCGTTCGATTTTICCAGGC~-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGATCATTGA--———~~—~——~~ AACGTTCGATTTTCCAGGC-TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCTGATCATTGA-——————~———~— AACGTTCGATTTTCCAGGC~TAGCGGTGACAAGTATGTTCCCCGTGCCGTTCTCG
CCCGTCTAAT-—~—~~————————~~ ATAATGGATTTTCATAGGC-TTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGG
CCCGTCTAAT~~~—=—===—===~— ATAATGGATTTTCATAGGC-TTCCGGTGACCGTTACGTTCCCCGTGCCGTCCTGG
CCCGTCTAAT---—-—==—=——--~- ATAATGGATTTTCATAGGC-TTCCGGTGACCGTTACGTTCCCCGTGCCGTCLTGG

CGCGTCTICTTGGTTCATACGGACCCACTGACCGCCTCTCCAGGC-TTICCGGCAACAAGTACGTTCCTCGCGCCGTCCTCG
CGCGTCTCTTGGTTCATACGGACCCACTGACCGCCTCTCCAGGC~TTCCGGCAACAAGTACGTTCCTCGCGCCGTCCTCG
————————————————————————————— TCATATCGTATAGGC-TAGCGGCAACAAGTACGTCCCCCGTGCCGTCCTCG
————————————————————————— ATAAACAACGTGAATAGGT-CAACAAGAGAAAATATGTTCCTCGCGCCGTCCTCG

401 411 421 431 441 451 461 471 ]
f J I I ! | | !

TCGA-CCTGGAGCCCGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGA-CCTGGAGCCCGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGA-CCTGGAGCCTGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGA-CCTGGAGCCTGGTACCATGGACGCTGTCCGTGCCGGTCCCTITGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGA-CCTGGAGCCTGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGA-CCTGGAGCCCGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGACCCTGGAGCCCGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCTT
TCGA-CCTGGAGCCCGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTCIT
TCGA-CCTGGAGCCTGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTC-T
TCGA-CCTGGAGCCTGGTACCATGGACGCTGTCCGTGCCGGTCCCTTTGGCAAGCTCTTCCGCCCCGACAACTTCGTC-T
TCGA-CTTGGAGCCCGGTACTATGGACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTT
TCGA-CTTGGAGCCCGGTACTATGGACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGTCCCGACAACTTCGTCTT
TCGA-CTTGGAGCCCGGTACTATGGACGCTGTCCGTGCCGGTCCTTTCGGCAAGCTTTTCCGCCCCGACAACTTCGTCTT
TCGA-TCTTGAGCCCGGTACCATGGATGCTGTCCGTGCTGGTCCTTTCGGTCAGCTTTTCCGCCCCGACAACTTCGTTTT
TCGA-TCTTGAGCCCGGTACCATGGATGCTGTCCGTGCTGGTCCTTTCGGTCAGCTTTTCCGCCCCGACAACTTCGTTTT
TCGA-TTTGGAGCCTGGCACCATGGACGCTGTCCGCGCTGGTCCCTTCGGTCAGCTCTTCCGTCCCGACAACTTCGTCTT
TTGA-TCTCGAGCCCGGTACCATGGATGCCATCCGCGCTGGTCCTTTCGGTGGCCTCTTCCGCCCCGACAACTTTGTTTT

481 491 ]
I 1]
TGGCCAGTCTG
TGGCCAGTCTG
TGGCCAGTCTG
TGGCCAGTCTG
TGGCCAGTCTG
TGGCCAGTCTG
TGGCCAGTCT-
TGGCCAGTCTG
TGGCCAGTCTG
TGGCCAGTCTG
CGGTCAGTCCG
CGGTCAGTCCG
CGGTCAGTCCG
CGGCCAGTCTG
CGGCCAGTCTT
CGGCCAGTCGG
CGGTCAGGCTG
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