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Abstract

Currentlyresearch has focused on insulators froon-plant speciesuch as the fruit fly,
Drosophila melanogasterThe accumulated data suggests that many different insulator sequences
exist inD. melanogastereach one containing its own different primary binding protein, while
sharing similar secondary binding pro®iTogether, they produce chromatin loops separating
enhancers and promoters into distinct domains preventingtaikidsetween them. Is this the case
in plants? To approach this question, we have investigated entidoclkeng insulators in the
model plant Arabidopsis thalianaising two unrelated approaches. Firstly, we have developed an
assay for the direct selection of insulatorérabidopsis thalianaising a random oligonucleotide
library. This assay helped us to define four novel insulator sequences nafethlil2, Inlll-

50, and Inll#78. Secondly, we have used genetic analyses to characterize potential insulator
sequences originally from threenplant species:UASrpgfrom the fungusAshbyagossypij
BEAD1c from human Jcell receptorsand gypsy fronD. melanogasterthat have been reported

to function inA. thaliana.Our findings suggest that ngaant insulators and their protein binding
sites function in plants and support the marfehultiple, functional, different insulat@equences

as was found iD. melanogasterThey also argue for ttmnservation of insulatonechanisms

acrossspecies.



Résumé

Présentement, la majorité des recherches scientifiques portant sur les isolateurs utilise des
espéces animales telles que la mouche des fudsophila melanogasteret non des especes
végéetalesLes donn®es accumul ®e s | u splygiears diffdrante® s u g ¢
s®quences ddinmelanogasteechacurae agaat sagpropre protéine primaire de liaison,
mais partageant tout de méme les mémes protéines secondaires de liaison. Ensemble, elles
produisent des boucles de chromatine qui séparent les éléments régulateurs, tels que les
amplificateurs et lepromoteurs, dans des domaines distiratgpéchant asi tout phénomene de
diaphonie entre eux. Ese que ceci est aussi le cas pour les plantes? Pour répondre a cette
guestion, nous avons examiné les isolateurs amplificabdomsieurs dans la plante ned
Arabidopsis thalianaen utilisant deuxapproches différentes et non lie&gemierement, nous
avons d®vel opp® une anal yse pArabidopsisahalma®dare ct i on
| 6 ent r e rhangue d'dligbnuciéetides aléatoir€etteanalyse nous a aidée a définir quatre
nouvell es s®quences -3drlilZ mill-&0t eelnilr-A. DaugiémearB@eats | n |
nous avons utilis® des anal yses g®n®t i ques
potentielles, originairement de trois espéces non végétdikeSrpg du champignonAshbya
gossypij BEAD1cdesrécepteurs de lymphocytes T humagt gypsy deD. melanogasterqui ont
tous été démontré a fonctionner d&nghaliana Nos résultats suggerent que les isolateurs non
végétales et leursites de liaison de protéinpsuvent fonctionner dans les plantes et supportent

l e mod | e gesbésP®Pquencpbuddespl ateurs qui sont
dans le cas d®. melanogaster Notre étude soutient aussi la conservation des mechanisms

d 6 i s o &udraversidesespéeces.
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Preface(1)

Within the eukaryotic genome is a large amount of chromatin packed into the nucleus of cells.
Although this chromatin is organized into unitcbfomosomes, special regulatory elements exist
to further organize the chromatin into structurally and functionally independent domains. These
special regulatory elements are coined insulators and contain specific protein binding sites critical
for function. It is believed that associated insulator proteins bind to other proteins (primary
proteinsecondary protein interactions) to create loops in the chromatin establishingpidgh
structural domains blocking unwanted interference of regulatory elenoentBromatin, from
different domains. The discovery of multiple insulators found in single species and numerous
insulators found in multiple species, supports models based upon the conservation of mechanisms
across species. A better understanding of tmegdels requires us to consider that it is not the
specific proteins that interact and bind one another, but the protein domains (motifs) found within
these proteins.

1.0Introduction

1.1. Gene expression: a brief overview

The expression of eukaryotic genes invehaecomplex process in which the activation (or
repression) of transcription occurs via the transcription complex where it binds to regions of the
gene containing multiple regulatory elements within the nucleus of a cell. In protein coding genes,
normallybut not exclusively, the complex initially binds to an area of the chromosome lying 5' of
the transcription start site (TSS) and the potential transcribed region, called the promoter. Regions
of the promoter are responsible for both the particular paiferxpression of the gene and general
control of transcription. Other elements such as repressors and enhancers can influence gene
expression. Enhancers are sequences that can be situated at large distances from the TSS and act
in a position and orientatoindependent manner to stimulate the expression of a gene via
communication with the promoter, sometimes disrupting normal gene expression patterns
(reviewed by (Catarino et al., 2017). In higher eukaryotes, only a subset of the genome is expressed

and atively transcribed at one time, while the majority of genes remain in an inactive state. The



active and inactive gene states are characterized by two different chromatin types known as
euchromatin and heterochromatin, respectively. Euchromatin has aisrti@t contains more
loosely packed DNA and proteins (histones) with higher gene expression due to increased
acetylation of histones and access for the binding of transcription factors compared to
heterochromatin which is more tightly packed and metbglafhese structures organize the
eukaryotic genome into distinct domains that contain individual genes and gene clusters that have
distinct patterns of expression both during development and in differentiated cells (West et al.,
2002). Elements which aie demarcations between these chromatin types are necessary for gene
regulation, recombination and repair (Bickmore, 2013; Ciabrelli and Cavalli, 2015; Cremer et al.,
2015; Misteli, 2007). As well, the precise control of gene expression relies on trectiore
between transcriptional machinery of the promoter and protein complexes at the enhancer. The
ability of the enhancer to act over large distances in an orientation independent manner suggests
that there must be elements and mechanisms which exishfime enhancers and promoters to
domains which prevent unnecessary interactions between one another, such as elements that
regulate different genes. The specificating DNA sequences that are responsible for creating

these types of boundaries areWm as insulators and are the main subjects of this thesis.

1.2.Insulators and their functions

Insulators are ciacting DNA sequences which contain specific protein binding sites able
to create boundaries within chromatin and protect regulatory elements of genes from unwanted
interactions, or misexpressiomhey ensure the accuracy of transcripdibactivity by 3 basic
functions(Figure 1.1A, B, C). First, they prevent gene activation by blocking the interference

between an enhancer and distant promoter when placed between the two. Second, they prevent



gene silencing by blocking the spread of hmtbromatin into adjacent euchromatin. And lastly,
insulators are able to protect against position effects using one of the two previously mentioned
functions when insulator sequences flank both ends of a gene, for example following transgene

insertion andexpressionor a translocation in the absence of transgenesis.

Insulators are not restricted to one functistudies have shown that a single insulator may
possess two of the above functions such asdhéspecial chromatin structur@)sulator which
acts as both an enhand#ocker and a protector against position effectsDirosophila
melanogasteassay studieKellum and Schedl, 1992They may alspossess two functions in
different species such as the gypsy element acting as an enhboter an heterochromatin
barrier element iD. melanogasteandSaccharomyces cerevisiassays, respective(fponze et

al., 1999; Geyer et al., 1986)

Testing sequences for the different functionunexjdifferent experimental systems. The
system used in this thesis is the enhaibecking system in which insulators are tested by
inserting them between enhancers and promoters and testing their ability to block interference, as
described in full dethin the Materials and Methods sectsoof the thesis. Other experimental
systems studies have tested transcriptional silencing of silencers for barrier blocking ébilities
and Broach, 1999)r elements for their ability to protect against position eff@tdlum and

Schedl, 1991)

1.3.ldentified insulators in non-plant species

Insulators have len discovered in a wide range of species from yeast to vertebrates (Table

1.1). The function of insulator sequences across species suggests that these important regulatory



elements are evolutionarily conserved. The most highly characterized insulatobeéawtudied

in D. melanogasterandinclude the gypsy insulatgBender et al., 1983; Geyer et al., 1986¢
specialized c¢hr omat (Udvardy etraly ¢a83)Faker §Gyuskovics eaal..d s c s €
1990) Fab8 (Barges et al., 2000SF1(Belozerov et al., 2003LA2 (Chetverina et al., 2013VIE

(Sultana et al., 2011and MCP(Gruzdeva et al., 2005; Karch et al., 1985)



Enhancer/ Enhancer/
Promoter Promoter

Euchromatin Heterochromatin

Figure 1.1: The 3 functionalproperties that define insulators (A) Enhanceblocking insulator
sequences block enhancers from interacting with promoters when situated between the two elements. In
this example, the Enhancerhich drives Gena, is blocked by the insulator (Ins) fromteracting with the

Promoter of Gene 2. (B) Barrier blocking insulators (Ins) prevent the linear spread of heterochromatin
(condensed green spheres) from silencing euchromatin (gapped green spheres). (C) Insulator sequences
within the T-DNA areable to potect against position effects using one of the two previously mentioned
functions from (A) or (B) when flanked on both sides of the transgezENE).



To study the insulator mechanisms, work has been done mainly db. thelanogaster
species, a very useful model system due to the number of insulators discovered in the species and
availability of molecular and genetic tools for their study. Initial work onRhenelanogaster
insulators focused on the effects of copy nunamet positioron enhanceblocking strength iD.
melanogasteembryos into which different transgenes had been introd@aa@nd Sher{2012)
tested tandem gypsy sequences (arranged as direct repeats)Dwith@lanogasteblastoderm
embryos testing an eNacZ reporter exgssion. Their system involved transgenics containing the
zerknullt VRE (ventral repression element) enhancer and E2-&weped stripe 2 enhancer)
directingthe evelacZ promoter A single gypsy element has been previously shown to partially
block the ugtream VRE enhancevhen inserted between the VRE and E2 enhan@asand
Levine, 1995) However when they tested 2 tandem gypsy elements inserted between VRE and
E2, instead of an enhanced blockage, the transgenic embryo exhibited a loss of dribekiogr
activity compared to oneXet, this affect only occurred when gypsy sequences were in tandem,
since flankingVRE with two gypsy sequences more sufficiently blocked enhancer activity. They
therefore concluded that it was the arrangement of multiple gypsy sequences and notrtfigy proxi
that affects insulation. When tandem gypsy sequences are aligned, the two elements may
preferentially interact with each other, excluding other interactions necessary to sequester the
enhancer from the promoter and may even augment the entpaiogeskr interaction by looping

out the intervening DNACai and Shen, 2001)

Later studies set out to determine whether the abolishment of insulator acyivayndem
arrangements (pairing) was a general characteristic among other chromatin insulators. Majumder
and Cai2003)tested the pairing of gypsy, scs and SF1 insulator combinations in a different assay

which tested the effects of the insulata@bility to block a distatwist Proximal Element (PE)



enhancer and/or a proximal eve stripe 3 (E3) enhancer; both enhancers are active at different
regions of embryos in the blastoderm stage. Their tests consisteeelefmnBnt constructs
containing the two embryonic enhancers betwdmergently transcribedevelacZ and white

reporter genesThey found that unlike homologous gypsy pairing (also tested in their
experiments), heterologous combinations of gypsy and other insulators do not reduce enhancer
blocking activity, but instead increaksenhanceblocking activity compared to either single
insulator alone, suggesting they can function independently or additively. This suggested that there
are diverse mechanisms affectingulator activity, and insulators do not interact obligatorily with

each other but instead are selective upon interaction between themselves (when in tandem) and

external sites.

In vertebrates, identified insulators include the humand | | r elocesBEADrelentént U
(Zhong & Krangel, 1997), the humané A p o B @htes ptaln 2001)nice elementéCarlos
Roman et al., 2011; Lunyak etal.,20d7he consti tuti ve 5dgobiHIER si t e
(Chung et al., 1993; Recillagarga et al., 2002and the recently determined mammaligide
interspersed repeats (MIRs) which function in hum@wang et al., 2015)As discussed above,
different research groups employ different experimesyatems. InS. cerevisiagthere exist
multiple insulators including UASrp@i and Broach, 1999 5TARs(Fourel et al., 1999 CHAL

UAS (Donze and Kamakaka, 200Bnd HMR tRNA(Donze et al., 1999)

The discovery of multiple insulators in a single species, such as the insulators fdnd in
melanogasteandS. cerevisaesuggest the heterogeneity of insulators and leads to the hypothesis
that all mechanisms may coalesce into a single ultimate pathway for their functionality despite the

differences in protein binding sites between thaswill be described latett has ato been shown



that many of these insulators are functional in different species and may even act as both-enhancer
blockers and chromatin barrier elements. The function of insulators across various organisms is
evidence of its conservation and suggestsettesments may utilize similar mechanisms even

though the DNA sequences are different.



Table 1.1: Summary of insulators identified in nonplant systems Represented is the organism of origin, insulator name, its specific
binding protein, and references to its specific insulator function.

Family Organism of Origin  Insulator Name Binding Protein  Enhancer- Chromatin Protection
Blocker Barrier against Position
Effects
Drosophilidae  Drosophila agypsy Su(Hw) (Cai and Levine, (Donze et al., (Markstein et al.,
melanogaster (Suppressor 0 1995; Geyer etal. 1999; Donze anc 2008)
Hairy Wing) 1986; Scott et al. Kamakaka, 200)
(Parkhurst et la 1999)
1988)
Drosophilidae  Drosophila scs (pecial ZW5 (Zeste (Vazquez anc (Cai and Levine, (Kellum and
melanogaster chromatin White5b) 1995; Kellum and Schedl, 1992)
sequence) (Gaszner et al. Schedl, 1994 schedl, 1992)
199)
Zhong and

s ¢ s 0 (special BEAF (Boundary Krangel, 1997)

chromatin Element
sequenc@rime) Associated
Factor$
(Zhao et al., 1995
Drosophilidae  Drosophila Fab7 GAF (GAGA (Hagstrom et al.
melanogaster (Frontabdominal  Facto) 1996; Zhou et al.
7) (Schweinsberg e 1996)
al., 2004)
Drosophilidae  Drosophila Fab8 dCTCF (Barges et al.
melanogaster (Frontabdominal  (Drosophila 2000)
8) CTCF)
(Moon et al.,
2005)
Drosophilidae  Drosophila SF1 (Sciiftz GAF (Belozerov et al.,
melanogaster IntergenicRegion) (Belozerov et al., 2003)
2003)



Family Organism of Origin  Insulator Name Binding Protein  Enhancer- Chromatin Protection
Blocker Barrier against Position
Effects
Drosophilidae  Drosophila 1A2 Su(Hw) (Chetverina et al.,
melanogaster (Golovnin etal., 2013)
2003)
Drosophilidae Drosophila ME BEAF, GAF (Sultana et al.,
melanogaster (Myoglianin and (Sultana et al., 2011)
Eyeless Boundaj)y 2011)
Drosophilidae Drosophila MCP dCTCF (Kyrchanova
melanogaster (Miscadestral (Holohanet al., et al., 2007)
Pigmentation
2007)

Phasianidae Gallus gallus 56cHSA4 CTCF (Chungetal.,, (Chungetal., (Chungetal.,
Chicken Globin (5" (Bell et al., 1999) 1993; Recillas 1993) 1993; Recillas
constitutive Targa et al., Targa et al.,
hypersensitive site) 2002) 2002)

Muridae Musmusculus B1 SINE(short CTCF (Carlos Roman
interspersed nucleal (Carlos Roman et et al., 2011)
element) al., 2011)

Muridae Musmusculus B2 SINE(short Unidentified (Lunyak et al.,
interspersed nucleal 2007)
element)

Hominidae Homosapiens BEAD1c Blocking CTCF (Zhong and
element alpha/delta) (Bell et al., 1999) Krangel, 1997)

Hominidae Homosapiens 56ApoB CTCF (Antes et al., (Antes et al.,

2001) 2001)

Hominidae Homo sapiens MIRs (Mammalian (Wang et al.,
wide interspersed 2015)
repeats)

Strongylocentrotidae Hemicentrotus Ars (Arylsulfatas@  Unidentified (Nagaya et al.,

pulcherrimus

2001)



Xenopudaevis RO (Repeat CTCF (Robinett et
organizer) (Bell et al., 1999) al., 1997)
Family Organism of Origin  Insulator Name Binding Protein  Enhancer- Chromatin Protection
Blocker Barrier against Position
Effects
Saccharomycetacees Saccharomyces TEF2-UASIpg 3 Rapl (Bi and
cerevisiae (Translation (Bi and Broach, Broach, 1999)

Saccharomycetacee Saccharomyces
cerevisiae

Saccharomycetacee Saccharomyces
cerevisiae

Saccharomycetacee Saccharomyces
cerevisiae

Saccharomycetaceeg Ashbya gossypii

elongation Fact@-
Upstream Activation

Sequence)
STARs

(Subtelomeric anti
silencing regions)

CHA1 UAS

(Catabolic l-serine

(L-threonine)
Dehydratase

Upstream Activatig

Site)

HMR tRNA
Saccharomyces
cerevisiaesilent

mating loci transfer

RNA)
TERUASTIpg
(Translation

elongaton Factor
Upstream Activation

Sequence)

1999)

Unidentified

Unidentified

TENIB, TFIIC
(Donze et al.,
1999)

2 Rapl
(Bi and Broach,
1999)

(Fourel et al.,
1999)

(Donze and
Kamakaka,
2001)

(Donze et al.,
1999)

(Bi and
Broach, 1999)
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1.4.Insulators in plants

To date, there have been few plant sequences tested for insulator function in plants (Table 1.2).
Notable insulators include the transformation booster sequence (TB8jufia hybrida(Singer

et al., 2011)and the Afgypsylike elemeniSinger and Cox, 2013TBS is a 2kb retrotransposon
which contains a 516bp matrix attachment region (MAR) and is proposed to form the bases of
chromatin loopgMirkovitch et al., 1984)Currently, the majority of plant insulator studies have
found various MARS/SARS elements to act as insulgiiten et al., 1996; Allen et al., 1993;
Breyne et al., 1992; Li et al., 2001; Mlynarova et al., 1994; Nagaya et al., 2001; Schoffl et al.,

1993; Vain et al., 1999; Vandergeest et al., 1994; Xuk, &0D5)

In addition to plant specific insulators, several groups have demonstrated that insulators from
nonplant species function iA. thaliana An extensive study done by GudynaBavitch et al
(2009) demonstrated that the insertion of one of severaplam insulators between the 35S
enhancer and the sesgecific napin promoter reduced the influence of 35S enhancer on napin
expres®on and restricted the expression of the GUS reporter gene to seed tissue. The insulators
which were tested in this study were BEADand its core sequence BEAIT (BEAD-A) of the
human Fc e | | receptor U/ U | ocus ( Zh o mgentdusfiingesngel |,
A. gossypii(Bi & Broach, 1999), FalyPRE, Fabrbd, Mcp and Fal8 from D. melanogasterOf
these elements, BEAD, BEAD-1c and UASrpg were able to significantly reduce-spacific
interaction. In another study, the gypsy insulator wasddorfunction as an insulator when two
sequences flanked @ thalianatransgene and protected it against positional effects €Gale,
2010). As with previous (and subsequent) studies the exact nature of the insulator was not defined

but assumed to hbe same as the sequence in theplant species. In a further study, Singer

al. unexpectedly found that akb bacteriophage lambda fragment cloned étahalianaacted

12



as an enhancdalocking insulator in theiB5Senhancer and a flowespecificAGAMOUSsecond
intron-derived promoterAGIP) system. The study set out to originally tef2NA fragments of

varying sizes (1kb, 2kb and 4kb) as spacer sequences based on the assumptioa-geaioiine

is free of DNAbinding motifs that might be recog®d by plant regulatory factors. The result

that the 1kb fragment functioned as an enhancer blocker and not the others, suggested that it is in
fact possible for sequences from organisms thought to lack insulators to function as insulators in

theseassaywnd further suggests that | arger, Arando

The ability of these neplant insulators to function in plants suggest a conservation across
species, and a possible conservation for the model that explains their functioh, wilhibe

explored in later chapters of this thesis.
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Table 1.2: Summary of insulators identified in plant systemsRepresented is the organism of origin, insulator name, and references

to its specific insulator function.

Family Organism of Origin Insulator Name Enhancer-Blocker Protection against Position
Effects
Solanaceae Nicotianatabacum RB7 SAR (Allen et al., 1996)
Solanaceae Nicotianatabacum Animal-analogous P1 SAR (Breyne et al., 1992)
Fabaceae Phaseolus vulgaris Phaseolin 56 (Vandergeest et al., 1994)
(Matrix Attachment
Region)

Saccharomycetaceae Saccharomyceserevisae

Strongylocentrotidae Hemicentrotus

pulcherrimus
Phasianidae Gallus gallus
Solanaceae

Brassicaceae

Drosophilidae

Saccharomycetaceae Ashbyagossypii

Hominidae Homosapiens

Brassicaceae

Siphoviridae

Petuniahybrida

Arabidopsisthaliana

Drosophilamelanogaster

Arabidopsisthaliana

Lambda( & phage

ARS-1 SAR (Scaffold
Attachment Region)
Ars

chicken lysozyme MAR
TBS MAR

Atgypsylike

gypsy
TERUASIpg

BEADI1c

16bp NI29

1kb EXOB

(Hily et al., 2009; Singer et
al., 2011)
(Singer and Cox, 2013)

(GudynaiteSavitch et al.,
2009)
(GudynaiteSavitch et al.,
2009)

(Gan and Xie, 202)

(Singer et al., 2010)

(Allen et al., 1993)
(Nagaya et al., 2001)

(Mlynarova et al., 1994,
Nagaya et al., 2001)

(Jiang et al., 2017; She et al
2010a)
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1.5. Critical protein binding sites

Evidence suggests that insulator function is mediated by-&etigy binding proteins which
have been found to bind to specific sequences on the insulator. The first protein that was found
critical for its insulator function was a zinc finger protein Sufthat binds to the gypsy insulator
in D. melanogastetParkhurset al. 1988). Su(Hw) binds 12 copies of a 12 bp consensus sequence
separated by Afich spacer sequences (Spana and Corces, 1990). Deletion analysis on the Su(Hw)
binding region (containind2 consensus sites) diminishes insulator function (Geyer et al., 1988;
Peifer and Bender, 1988; Smith and Corces, 1992), and insertion of the Su(Hw) binding region
alone is able to reproduce the function of the entire gypsy element (Holdridge and D6g&sktt,
Geyer and Corces, 1992; Roseman et al., 1993). These results demonstrate that the Su(Hw) region
is both necessary and sufficient for gypsy insulator function. It was later established that this
protein does not function alone. The gypsy insulatonlddo Su(Hw) interacts with two secondary
proteins: Mod(mdg4) (Ghosh et,&001), and CP190 (Pai et 2004). Mod(mdg4) does not bind
the gypsy insulator sequence directly, but instead interacts with Su(Hw) through its earboxy
terminal domain. In adddn, Mod(mdg4) also contains a BTB domain in théeNninal region to
form homodimers to interact with Su(Hw) and thee@minal region of the protein which is
involved in interactions with the leucine zipper and adjacent regions of the Su(Hw) protesih (Gho
et al.,2001). The centrosom@lP190 protein contains both a BTB/POZ domain and three C2H2
zinc fingers, thus capable of associating physically with both Su(Hw) and Mod(mdg4)2.2 and

colocalizing with both proteins on polytene chromosomesdPai 2004).

Studies in otheD. melanogastemsulators found a common pattern in which all primary
insulator binding proteins, the #nc fingerSu(Hw) described above,-8nc finger ZW5 of scs

(Gaszneet al.,1999), tzinc finger BEAF3 2 o f sata.d99%),AaMmd& pninfinger GAGA
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of SF1(Belozerovet al, 2003, are all associated with variants of Mod(mdg4) and with CP190
for function. Although these proteins recognized different DNA sequences, their similarities in
that they contain zintinger motifs and share the BTB domaiantaining protein CP190, suggest
there is a conserved mechanism being used in this species. In the sedardnndemsulator
models, we will describe how these findingsDn melanogasteican help to define a general

insulator model.

Characterization of vertebrate insulators have also revealed binding proteins. The most studied
vertebrate binding protein, CCCIbinding factor (CTCF), is a mulfunctional protein found in
numerous species. It is an-zihc finger protein that is highly conserved and ubiquitous (Filippova
et al., 1996; Klenova et al., 1993). The binding sites associated with this protein sanet ite
different genetic loci, however are all located between independently regulated genes (Bell, West,
& Felsenfeld, 1999) and present in various chromatin states including intergenic, transcribed
regions, promoters, and enhancers (Chen et al. 20I2} & involved in both chromatin barrier
and enhancer blocking insulator function. Studies have attempted to sequence the human genome
for all possible CTCF binding sites to determine more potential insulators. Work bgtkain
(2007) found 13,804 sitega genome wide mapping. Multiple studies have tested their insulator
sequences for the CTCF site by bioinformatic sequence analysis on the insulator sequences they
determined numerous sequence identities with CT&®Rger et al., 2010)Although further
studies must be done to determimbether they are truly functionals insulator proteinghis
suggests the possibility of CTdike proteins in plants and a conservation between vertebrates
and plants. It has also been determined that insulator sequence3.froelanogastecontain a
homolog of the vertebrate CTGksulator protein calle®rosophilaCTCF (dCTCF). dCTCF has

12 zinc fingers and shown to be necessary for§~@ohanet al,, 2007; Gerasimovet al.,2007),
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Mcp and Fakb insulators of the bithorax complex (Holohetral.,2007). The protein also shares

a similar characteristic to the previously mentiolednelanogasteproteins in that it interacts

with CP190 protein (Mohaet al, 2007; Gerasimovet al.,2007)which issupported by genome

wide mapping of dCTCF and CP19@tes (Bartkuhnet al., 2009; Busheyet al., 2009). This
homolog is a strong indication of the further conservation of insulators and their mechanisms
across species, agll as the potential for a CTCF homolog potentially in plants, which have not
been thooughly studied. The presencezific finger motifs in many of these proteins provides a
mechanism for protein binding but at the same time makes it difficult to define which one(s) of

the many zinc finger proteins are actually used as insulators.

The consrvation of DNA binding proteins and/or protein motifs (for example-fimgers)
among species has not been fully studied in plant insulators. However, the possibility that an
insulator homolog in plants may exist was studied by Stinger and Cox (20%&)icim a gypsy
like sequence from. thalianaexhibited enhancdslocking activity in transgenic plants. We have
set out to characterize potential insulator protein binding sites in this thesis, from the functional
sequences described in later chapterss $tudy examined specific genetic locations which are
critical for insulator function in plants by characterizing the sequences via deletions, mutations
and inversions of putative insulator sequences. These initial findings support the theory of insulator
conservation among species and the notion that there are multiple protein interactions involved in

their mechanisms which ultimately lead to the same pathway.

1.6. Insulator Models

There are numerous models that have been postulated to help understandtiibre dunocic

mechanisms of insulators. Models for enhasiiiecking activity of insulators are the focus of this
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thesis. They involve either functional interactions between the insulator and enhancer elements or

physical interactions between insulator elemévitdenzuela & Kamakaka, 2006).

Early evidence of the interaction between multiple insulators such as scs, gypsy and SF1
insulators through heterologous and homologous pairings showed that various combinations do
not always reduce enhandaocking activiy, suggesting insulators may function additively or
independently (Majumder et al ., 20e0cP)y. mlohdeesl ed ,
transcriptional model in which the insulator protein complex interacts with enkHaoged
proteins intercejrtg the enhancer signal into a aproductive interaction (Geyer, 1997). Another
transcriptional model, the Afacilitator model
may also interfere with the function of facilitator proteins by preventiveg enhancer from

communicating with the promoter (Dorsett, 1999).

The most widely accepted model today is one in which insulators act to create a physical
organization of chromatin fibers into independent structural and functional domains separating
enhancers and promoters in a way which blocks the two elements from communicating. This
model is the Achromatin | oop model 6, where pri
in creating loops in the chromatin (Figure 1.2). Secondary or anchoritejrare those which
bind to fAchromatin anchor pointso such as t
providing steric and topological hindrance to enhancers and promoters (Matharu & Ahanger,
2015). These proteins interact with the primary insulptoteins which are bound to the insulator
themselves, creating the loops. This model was first illustrated by the gypsy insulator of D.
melanogaster. The gypsy insulator complex contains multiple proteins responsible for its function:
Su(Hw) is a DNA bnding protein that directly interacts with the gypsy element in a sequence

specific manner and is responsible for recruiting Mod(mdg4) via prpteitein interactions. It
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has been shows that Mod(mdg4) is required for insulator function (Gause, Morcilorsgtt,

2001; Ghosh, Gerasimova, & Corces, 2001). The protein CP190 then interacts with both Su(Hw)
and Mod(mdg4), forming a cluster of insulator bodies at multiple gypsy sites and forming a

chromatin loop separating the enhancer and promoter intoatilstops. Mod(mdg4) then attaches

the chromatin to the nuclear lamella through its interaction with a final protein, the dTopors, which

has been shown to be associated indirectly with CP190, and directly in vivo with Mod(mdg4)2.2

assisting in nuclear orgemation (Capelson & Corces, 2005) (Figure 1.3).

The model previously described was also proposed for other insulators of D. melanogaster
which have been found to contain different primary and secondary binding proteins interacting
with CP190 (Figure 1.3{Garudatta and Corces 2009), providing a basis for understanding D.
melanogaster insulator mechanisms which have been discovered and possibly ones which remain

to be discovered.

This is the simplest model to date and provides an experimental approdefining
insulation pathways. Although it only includes a few proteins or their variants, it is not certain that
these are the only ones involved. Nonetheless, insulator studies have shown a variety of evidence
to support all three models and it seemsingle model is able to explain all insulator function
suggesting there is no one singlesiallusive model of insulator function currently (Yoon et al.

2007).
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£ypsy proteins
@ Su(Hw)
O Mod(mdg4)
O cCP190

@ dlopors

Figure 1.2: Model of gypsy insulator function.The formation of chromatin loops in the
gypsyelement via the interaction between the insulator protein complex consisting of Su(Hw),
Mod(mdg4) and CP190 with dTopors which is attached to the nuclear lamina of the cell. This
mechanism separates the enhancer (brown arrow) and promoter (grey an@eparate domains
blocking interactions.
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Figure 1.3: Drosophila insulators and their bindingproteins. Four different D. melanogaster insulators

(red) are shown with their corresponding primary DNA binding proteins (purple, green, blue, yellow) and
secondary Mod(mdg4) protein isoform (grey) interacting with the common CP190 nuclear protein (pink).

As seen in the diagram, the insulators gypsy and Fab7 contain the Mod(mdg4) isoform: Mod(mdg4)2.2.
The SF1 | acks this specific isoform however cont
contains a Mod(mdg4) variant.
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1.7.Insulator Applicatio ns

The capacity of an insulator to block unwanted expressions within a gene is an important tool
to consider in biotechnology. h e i n Paweraultallity fo Separate regulatory elements such
as enhancers and promoters from interacting, act as barriers between heterochromatin and
euchromatin or prevent position effects, can be used when creating transgenics containing multiple
transgene irertions.Both fundamental plant research and agricultural research could benefit from
these sequences. The need for creating constructs containing multiple introduced genes will require
elementsthat create chromatin boundaries to prevent unwanted expresasnd the usage of
insulators would be beneficial. However, in order to utilize sequences, a better understanding of
their basic functions is required. To date, few studies have characterized plant insulators, or their
associated proteins. This thesisch#bes a new experimental approach which tests sequences for
insulator function and has proven to produce novel insulator sequences which funadion in

thaliana.In addition, a detailed analysis of multiple rplant insulators wilbe described.
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Preface(2)

The next two chapters present the data, analyses, and interpretations for the two main projects
of this thesis. Chapter 2 will present an experimental approach to select insulator sequences and
discusses the discovery of novel insulator sequemoas & random oligonucleotide library.
Chapter 3 will present the findings for the testing and manipulations of previously identified
insulators from nosplant species. We have chosen to write these chapters in the form of potential
papers and include redsl which belong to the author, unless otherwise indicated in the
0Statements of Contributionso. Experi ments coc
numerous dedicated undergraduate students over the years: Hassan Badreddine, Onkar
Bhanushaki, Adia Popescu, Linda DanShukria AhmadiKa Mien Lam, Krishna Gelda, and
Liam McCarthy

Publication Plan:

Paperl

Running Title: Direct selection of DNA insulators in Arabidopsis thaliana.

Authors: Anh Tran, Loreta Gudynaifavitch, Lara Rasooli, Batool Gandorah, Douglas A.
Johnson.

Paper 2
Running title: Genetic analysis of n@ant DNA insulators in Arabidopsis thaliana.
Authors: Anh Tran, Douglas A. Johnson
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2.0An assay for the direct skection of functional insulators in Arabidopsis thaliana

validation using a random oligonucleotide library

2.1. Introduction and previous work

Few plant insulators have been subjected to detailed analyses. Based upon studies of insulators
in Drosophila melanagster (reviewed in the Introduction) we hypothesize that plants may contain
several different sequences with insulator function. Therefore, it is necessary to identify more of
these sequences for a more thorough understanding of their functions and smeshaitinin
plants, as well as a better comprehension of their interaction with elements that regulate plant gene
expression. We know from the work of Singer et al. (2010) who unexpectedly discovekéd a 1
bacteriophage lambda sequence to have insulatotifun, that nofplant DNA sequences can also
fortuitously possess insulator function in Arabidopsis thaliana. This observation led us to search
for novel DNA sequences that can act as functional insulators in plants. This study also
investigated the potéial binding sites responsible for insulator function in our novel insulator

sequences to study and develop further the models of plant insulator function.

To select for insulator sequences de novo, a ibtege selection method was developed.
Candidatesequences were cloned sequentially into three selection/screening vectors (pC1, pB31
and pL1). Insulator function in this assay was defined as the ability of these sequences to block
enhancepromoter interactions within each of the three vectors. Cornstwere transformed into
A. thaliana and transgenic samples (leaves, flowers and siliques) were tested for GUS expression
and scored. The details of the methodology for the production of the random oligonucleotide

library have been described in the thediBatool Gandorah, and only a summary is described in
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the Materials and Methods section below. To validate the methodology, we generated a random

oligonucleotide library as a potential source of novel insulator sequences.

2.2.Hypothesis and Objectives

The hymthesis for this chapter is that plants have multiple insulator types each capable of
blocking unwanted enhanepromoter interactions. To test this hypothesis, we identified
functional novel plant insulators by selecting and screening random oligondelseguences in

A. thaliana.

2.3. Materials and Methods

2.3.1. Transformation Vectors

All vectors were constructed by Dr. L. Gudyna8avitch using the pCAMBIA series of

plasmids . These vectors include pC1, pB31, and pL1 (Figure 2.1A, B, C).

pC1l (pCAM130035S46¢c0dA) is a negative selection vector (Figure 2.1A). The vector contains

the conditional negative selective marker gene cytosine deaminase (codA) (Perera et al., 1993)
expressed by the core CaMV35S promoter (35S46) (Covey et al., To&llevel of expression

is increased by CaMV35S enhancers (fi35S doubl «
hygromycin resistance gene (hptll) used for selection in plants. The codA gene is a substrate
dependent conditional negative selectabbrkar. The gene encodes a cytosine deaminase that
catalyzes the deamination of cytosine into uracil (Andersen et al., 1989; Dubeau et al., 2009;
Stougaard, 1993) and converts the-taxic 5-Fluorocytosine (8-C) present in selective agar into

the highly bxic metabolite Sluorouracil (5FU). The product produced in planta from this

reaction, SFAUMP, irreversibly inhibits thymidylate synthase (TS), and as a result the cells are
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deprived of deoxythymidine triphosphate (dTTP) necessary for DNA synthegsb, iadds to cell

death of both eukaryotic and prokaryotic organisms (Mullen et al., 1992) (Appendix, Figure A2.1).
The presence of a functional insulator located between CaMV35S enhancer and 35546 will block
enhancer influence on codA and plants will seevselection. DNA fragments were inserted
upstream from the 35S46 to test their ability to block the influence of the CaMV35S enhancer and

thus expression from the 35546 promoter.

pB31 (pCAMBIA130035S46GUS) is our screening vector in which codA from p€1
r e pl a cgudurohidaselfGUS) reporter gene (Jefferson et al., 1987), leading to blue staining
in various tissues (Figure 2.1B). GUS expression relies on the CaMV35S enhancer influencing the
35546 core promoter. The presence of an insulator betiiesa two elements will block this
interaction, eliminating the production of GUS resulting in no blue stain, while the absence of a
functional insulator will result in the staining of flowers, leaves and siliques, reflecting the

constitutive expressiorf the 35546 core promoter influenced by the CaMV35S enhancer.

The final vector, pL1 (pCAMBIA 1391 napi@US) uses a similar strategy to pB31 except
that GUS expression is now controlled by the napin-spedific promoter (Ericson et al., 1991)
instead ofthe 35546 core promoter (Figure 2.1C). The napin promoter is also influenced by the
CaMV35S enhancer, which drives nspecific GUS expression, showing blue staining in all
tissues. However, the presence of an insulator cloned between the two elemestsphoific
GUS expression directing staining only in seeds. In addition to seed specificity, this vector is also
able to test our sequences for repressor activity, which pB31 is unable to do. In the presence of a
functional repressor, insertion of our seqce between the napin promoter and CaMV35S
enhancer would block all gene expression, resulting in a lack of both specific aisgeauiinc

staining in transgenic tissues (Gudyn&i@vitch et al. 2007).

26



PC1: pcAM 1300-35546-Coda 20

Yhol Xhol Bsti]

Sall |I|Sac Thordse [ight|
Psll | [Hindt l_l
l

T-bander le] Kbal

LacZ {~2Tkb)

B
PB31: pCAM 1300-35545-6US #1
Yol Yol ::;:IH' -
Hpn e |sa
Tiorder ef} Bl Wl 3 | Thore i)

EcaRl

Per | II- ndll
/

230ty Lac? (<2 Tkt
c
L1: pcaM 1391-Napin ol g
thol ‘F“
T-border (lefl)

Figure 2.1: Summary of the 3 plasmid vectased for selection and screening of potential insulator sequéAges.
Plasmid vector pC1(pCAM13685S46CodA); used for the isolation of potential insulator sequences by negative
selection using the CodA gene (blue box). (B) Plasmid vector pB31 (pCAMABBOGGUS); used to confirm the
presence of a potential insulator sequence using the GUS gene for screening. (C) Plasmid vector pL1; used to confirm
the presence of a potential insulator sequence using the GUS gene for screening and to test thdtimidats
not promoterdependent. All 3 vectors were constructed by Dr. L. Gudwygatetch. Coding: the red boxes are T
DNA borders; the selectable marker gene consists of hygromycin phosphotransferase (hpblumgrednox) with
the CaMV 35Stermiat or at the 36 end (purple box) expressed fro
end; the marker gene consists of GUS (blue box) with t|
35S46 promoter (red arrow) or napin sepecifc promoter (orange arrow). Figures used with permission from
author, Dr. L. Gudynait&avitch.
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2.3.2. Generation of a random oligonucleotide library

Potential insulator sequences were initially constructed by the creation of a random
oligonucleotide library by B L. GudynaiteSavi t c h. The - oligo
AGTGGATCCGAGACAAGG(BamHI)(N124)(ECoRHCCTCCTCCTGAATTCTGC 3 was
synthesized at McMaster University. From 56 t
binding sequence with a BamHI restriction site, a 124fdlom oligonucleotide fragment and an
18bp PCR primer binding sequence with an EcoRI restriction site. Prior to cloning, this was
converted to ds DNA via PCR using the CGL{d-F and CLQOLib-R primers (Table 2.1)
Sequences were digested with BamHI and Ecaid cloned into pCl which had also been
digested with BamHI and EcoRI. Prior to transformationAoftumefaciensthe library was

amplified by transformation into electrocompetBntoliDH10 cells (Invitrogen).

This library was the source of all sequescloned into the pC1 vector for negative selection. Inserts
were generated by Polymerase Chain Rea¢B@R)and cloned from pC1 into pB31. Potential insulator
sequences were then cloned from pB31 to pL1 using a variety of methods as describedllowiing fo

section.

2.3.3. Molecular techniques for selection and screening of putative insulator

sequences

All (PCR) experiments underwent the following cycle parameters (1) 95°C denaturation
for 5 minutes, (2) 94°C for 30 seconds, (3) 55°C annealing for 30 seconds, (4) 72°C extension for
30 seconds. StepsPwere repeated 31 times and a final extension $Ep°& for 5 minutes was

performed to ensure proper extension of DNA. PCR products were then run on 1.25% agarose gel
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at 90 Volts for approximately 45 minutes to identify and/or characterize the PCR products. All

PCR primers are summarized in Table 2.1.

Various cloning techniques were used. Restriction enzyme and ligation for fragment
cloning and cloning into pGEM& Easy (Promega Corporation) were done following the

manufacturerds r ecommenda-fusiom®HD cloring techragkeeamasa B i o

al so used following manufactureroéd. instructio
Pl asmid constructs with DNA fragment of ir
cells (Life Technologies Inc. Burl ionogE.ooh, Can:

transformants were sel ect edl Easy, a2l OtBer veagofsmded of a
for c¢cloning intermediates) or 50 eg/ mL kanam)
constructs with DNA fragment of interest were also transéolrinto GV3101 A. tumefaciens by
electroporation (Wang et al. 2006). Transformants were selected on agar media containing 50

eg/ mL kanamycin and 20 e€g/mL rifampicin.

Plasmid preparation for sequencing of clones used GeneElute PlasmidPrigfnKit
(SigmaAldrich) and the EZLO Plasmid DNA Minipreps Kit (Bio Basic Inc) following the

manufacturers instructions to isolate DNA for cloning and sequencing.

L http://www.clontech.com/US/Products/Cloning_and_Competent_Cells/Cloning_Resources/Online_In
Fusion_Tools
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Table 2.1 List of PCR primers, target of amplification and sequere

Primer Name

Target of Amplification

Sajuence

CLO-Libr -Fbpx

CLO-Libr -Resx

M13For

M13Rev

SALK_049131_RP2

SALK_049131_LP2

1300LacZFor
GUSS drev

1381F

pL1F

NapinSegR

CLO_InfusionFor

CLO_InfusionRev

Oligomer fragments

Oligomer fragments

Cloning vectors

Cloning vectors

GenomicA. thalianaDNA

GenomicA.thalianaDNA

pB31 vector insert
pB31 vector insert

pL1 vector insert

pL1 vector insert

pL1 vector insert

In sequence Infusion

In sequence Infusion

5-CGTTCTAGACTGCAGAGGATCCG
AGACAAGC-3' (31mer)
5-AGTTCTAGAGTCGACGAATTCAGGA
GGAGG-3' (30mer)

5 £&GCCAGGGTTTTCCCAGTCACGAE3 6
(24mer)
5-AGCGGATAACAATTTCACACAGGA-3 6
(24mer)

5 &TCTCTACCGTACGCGCTTE3 6 (20

5 GGTTTGCATTTGACCTTTCG3 6 ( 20

5-CACTCATTAGGCACCCCAGG3 §20mer)
5-GTGGCTAGCTTGTTTGCCTE3' (20mer)
5 €AGATAGCTGGGCAATGGAATG3 6
(22mer)

5-ACCATGTTGGGCCCGGCE' (18mer)

5 ATCCTCGAAACTCTACTCG3 6 nfeil 9
5 0CCGGCGCGCCAAGCTTAAGCTTGAAT
TCAGGAGGAG3 0

5 OTTTCGATAATTCCGCTGCAGCTGCAG

GGATCCGAGACA3 6
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BEAD-INVFor

BEAD-INVRev

BEAD-F2

BEAD-R2

BEADA_delinfF

BEADA_delinfR

CTC_infF

CTC_infR

BEAD1c PCR

BEAD1c PCR

BEADI1c PCR

BEAD1c PCR

BEADA infusion

BEADA infusion

UAS gCTC sequence fo

infusion

UAS_ qCTC sequence fo

infusion

5-CTGCTGCAGCAGTAATACGGGTA
GCTGG3 6 ( 2 8)

5. TGCAAGCTTCTGTGCTTGGGTATGG
TCAG36( 29)

5' -CTGAAGCTTCAGTAATACGGGTAGCTG
G 3 (28)

5 -TGCCTGCAGCTGTGCTTGGGTATGGTC
AG- 3' (29)
5'CCGGCGCGCCAAGCTTTTCAGTAATACG
GGTAGCTG3' (39mer)

5. TTTCGATAATTCCGCTGCAGCTGCAGCT
GTGCTTGGGT3' (39mer)

5 £CGGCGCGCCAAGCTTAAGCTTCGAAA
AATTACGGC-3 6

5 §TTCGATAATTCCGCTGCAGCTGCAGTT

TCTCTACAGGG3 0
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2.3.4. Plant material and growth conditions

Seed sterilization was performed on all wild type and transgenic seeds prior to planting in
soil or plating on agarose. The desired number of seeds was transferred into a 15 mL conical tube.
Approximately 10 mL of tap water was added to the tube whichagitated for 30 minutes using
an automatic shaker to hydrate the seeds. The seeds were left to settle and the water was removed,
10mL of 70% alcohol was added and the seeds slowly mixed using the automatic shaker for 5
minutes. The solution was removed driinl of freshly made 10% bleach, and 0.1% SDS was
added to the tube and was mixed using the automatic shaker for 5 minutes. The solution was
removed and 10mL of doubtiistilled water was added to the tube, gently mixed, and decanted 4

times to remove rasdual sterilizing solutions.

To plant on soil 10 mL of 0.1% agarose is added to the tube and mixed, followed by the
application of seeds using a Pasteur pipette. Application of seeds on selective plates involved the
addition of a thin layer of seeds mixadth 0.1% agarose. Plates were dried in fume hoods for
approximately 3 hours or until agarose had completely dried on the surface, to lessen

contamination.

A. thaliana wildtype seeds (Columbia) were initially grown on soil (Premier;NRito
PGX) that wagehydrated with water and a small amount (5 g/L) of MiracleGro. The soil was
compacted into individual pots and covered with a plastic casing for 2 days. The seeds were then
grown under 100 emol/ m2/ s phot osynCHlketplantsal | vy
were watered every-2 days rotating between Hoaglands nutrient solution (GudyBawéch et
al. 2007), a mixture of fertilizer and tap water, and regular tap water, until mature enough for

transformation.
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Mature A. thaliana wild typglants underwent Agrobacteriumediated transformation
using the floral dip method (Clough & Bent, 1998). Seeds were then collected and grown for
selection on Murashige and Skoog medium ( Mur a
hygromycinB for seletion of plants carryingthe-DNA i nsert and 250 ¢€g/ ml
bacterial growth. Seeds were grown on selective media until shoots and roots could be seen and
then transferred to a second selective plate for approximately 3 weeks in a grow#t atil
visible roots and leaves formed. Transgenic plants were selected and then transferred to soil for
further growth. Once plants were fully mature, approximately \Beeks, flowers, leaves and
siliques were collected into a 1.5 ml microtube. Rlamere kept for another week in growth
chambers for a second collection of siligues. Each sample contained a minimum of 3-tissues
flowers, leaves, siliquesin some cases with stems attached. For siliques, a second set of tissues
were collected a weelater to eliminate the possibility of immature siliques. In addition, two
cauline leaves were collected and store@@toC for DNA analysis. GUS histochemical staining
was carried out as described by (Malik et al., 2002). The intensity of GUS stainidgteasined
visually using the following scale: 0 (none) 1 (weak), 2 (medium), 3 (high) (Gudy®aitiech et
al. 2007; Figure 2.2A). For pB3lconstructs, we included samples that containsgeauific
staining and samples which contained no staining.pEdr constructs, specific staining, ron
specific staining, and samples which contained no staining, were calculated. Samples with specific
staining included all samples which had only staining in seedsspextific staining included all
samples which conitged staining in at least one tissue of flower, leaf or silique. Examples of

specific and nofspecific staining, as seen in pL1 transgenics, are shown in Figure 2.2B.
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Weak -1 Medium - 2

i{
3 .(

No insulator Insulator functioning
Non-specific staining Specific staining = Seeds

Figure 2.2: Transgenic plant tissues expressing GUS expressiqA) Scale used to
assess the intensity of GUS staining, from 0 to 3. 0 indicates no staining in any tissue sample, 1
indicates weak blue staining in at least one tissue sample, 2 indicates the staining intensity is
medium in at least one tissue sample, and 3 indicatesngtairiensity is strong in at least one
tissue samplgB) Examples of nosspecific staining in transgenic tissues (no insulator function)
and specific staining in transgenic seeds only, driven by napin promoter in pL1 vector.
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2.3.5. Plant molecular techniquesfor PCR testing and insert confirmation

Transgenic A. thaliana genomic DNA for PCR and/cloning was extracted using a small
scale procedure (McKinney et al., 1995). The following modifications were used: plant tissue was
ground with a sterile, plastic pesthnd 0.5 mL of DNA extraction buffer (100 mM TFHKCI pH
8.0, 250 mM NaCl, 10 mM EDTA, 0.5% SDS) was added to the tube and underwent more
grinding. The tube was placed on ice to homogenize for 2 minutes. The samples were centrifuged
for 2 minutes at 1300€pm in a microfuge. To recover the DNA, 0.3 mL of supernatant was
transferred to tubes containing 0.3 mL of isopropanol, the tubes were mixed thoroughly by
vortexing and incubated at room temperature for 5 minutes, and then were centrifuged for 5
minutesat 13000 rpm. The supernatant was removed and the pellet was washed with 0.75 mL of
ice cold 70% ethanol. Following centrifugation at 13000 rpm for 5 minutes, the supernatant was
removed and the pellets were dried using the airflow in the fume hood. iEdepetlets were
resuspended in 0.1 mL of TE mix (10 mM Tris, 1 mM EDTA, pH8.0) and were mixed by
vortexing. The mix was spun using the microfuge for 2 minutes and 0.04 mL of the supernatant
was transferred into a sterile, labeled microfuge tube. These [Dbgarations were stored in a

4°C unit for storage and use.

Extracted DNA from each transgenic A. thaliana sample was tested with two PCR primer
sets. The first PCR run used SALK_049131 RP2 and SALK_049131_LP2 primers to amplify the
Atchrom1 region 11,08,98111,078,219 with expected size of 762 bp; the presence of this
sequence confirmed successful DNA extraction and quality of A. thaliana DNA. An example of
SALK amplification is represented in. The second PCR run used vector specific primers to confirm
successful cloning of the sequence of interest with expected size of 600 bp or 900 bp, depending

on size of the insert. Examples of SALK amplification and vector specific amplifications (LacZF
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and GUSR primers for amplification of pB31 clones; pL1For aNdpinSeqRev primers for
amplification of pL1 clones) are shown in Figure 2.3, 2.4, and 2.5. The rest of the samples can be
found in the Appendix for Chapter 2. All PCR products were analyzed by gel electrophoresis,
using 1.25% agarose gels. All primers dise this section are summarized in Table 2.1. Only

plants having PCR products of bands of expected size were included in further analyses

To verify the transgenic DNA sequences, PCR products were generated from each
transgenic. Initially, a number of PR pr oducts (n ©O3) were cloned
sequenced at PBI (Plant Biotechnology Institute, Saskatoon, Saskatchewan). Latterly, PCR
products derived from some pB31 transformants and from all pL1 plant transformants, were
sequenced directly 84cGill University and Genome Quebec Innovation Centre according to their

guidelines and requirements for sequencing

2.3.6. Bioinformatics and sequence analysis

DNA sequences were analyzed in both DNAMAN Software (http://www.lynnon.com/)
and Sequencher DNA Sequence Analysis Software. Both programs were used to confirm that the
correct input sequences were cloned, to analyze restriction sites, and to examindoginamng

for DNA quality and potential incorrect base pairs.

To determine similarities between our novel plant insulators and othgrlaoninsulator
sequences which have been tested to function in plants, Meme Suite 4.12.0 CentriMo was used.
Our novel insulator sequences were entered into the program along with identified and
characterized insulator protein DNA consensus sequences froplardrspecies: Su(Hw), Zw5,
BEAF-32, GAGA Factor, dCTCF, Rap1 (Table 2.2), and local motif alignments were achieved

CentriMo is a program which identifies the region of maximum central enrichment in a set of
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ChliP-seq peak regions and displays the positional distributions of predicted sites (Bailey et al.,
2009). Program parameters were kept at default values (matachec t hr es hwaldu & &
10) to avoid reducing statistical power or receiving less significant motif enrichments. Only most
significant alignments are reported if the sequence contained multiple or overlapping alignments.
Searches were also donengssequences that did not act as insulators in our assay to control for

possible false positives.

Potential motifs and regulatory elements within the novel insulator sequences were analyzed
in PlantCARE, New PLACE, JASPAR, and WEEDER databases. Plant@A&gant cisacting
regulatory element database which allows sequences in FASTA format to be submitted into the
Search For Care option which presents an output containing potential binding motif, organism,
location, consensus sequence and function @testcal., 2002). The second database used, New
PLACE, is a database of nucleotide sequence motifs found in plaattoig regulatory DNA
elements. The novel insulator sequences were inputted into the databases submission box in
FASTA format and an outpof factor name, location, signal sequence, and New PLACE ID where
motif description, PubMed ID and citations can be found. (Higo et al., 1999). Searches for potential
transcription factor binding motif sequences within our potential insulator sequesieedame in
JASPER CORE (7th edition 2018) database online. JASPAR is anraopess database of
curated, nosredundant transcription factor (TF) binding profiles across multiple species in six
taxonomic groups, and include Plantae, Vertebrata, Inseatgj, Aflematoda, and Urochordata.
Searches were done within the JASPAR Core full collection (total of 1564 profiles) with a 100%
relative profile score threshold (Khan et al., 2017). The final online database, WEEDER?2.0 was
used to determine any novel bingimotifs on the insulator sequences. WEEDER2.0 was no

longer available online and therefore downloaded version was used. Sequences were entered into
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the program and potential binding motifs (transcription factor binding sites) fremegotated

genes ofA. thalianawere given.
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Table 2.2: Insulator protein binding consensus sequences found in ngtant speciesShown
are the insulator protein name, its consensus or core binding sequence on the insulator which the protein
binds to, and the reference.

Insulator Consensus Sequence/core binding site Reference

Protein Name

Su(Hw) YRYTGCATAYYY (Adryan et al.,, 2007; Dorset

1990; Spana et al., 1988)

Zw5 TCGCTGCGAATGACAAAACGGGCTGAGCA  (Gaszner et al., 1999)
BEAF CGATA (Zhao et al., 1995)
GAGA Factor GAGAG, GAGAA (Belozerov et al., 2003

Schweinsberg et al., 2004)
Rapl ACACCCRYACAYM (Graham and Chambers, 1994

CTCF CCCTC (Bell et al., 1999)
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2.4.Results

2.4.1. Statement of contributions

All pCAMBIA -derived plasmid vectors used in this study were previously constructed by Dr.
L. GudynaiteSavitch. The 154 bp random DNA oligonucleotide library for initial cloning into
pC1l was synthesized at McMaster University. Thousands of seeds conthesegsequences
were screened resulting in 100 plants able to survive selection, a process initiated by Dr.
GudynaiteSavitch and Tatiana Semiz, who ultimately identified 60 candidates through PCR and
sequencing analysis. Interestingly, the sequencesvirat cloned into pC1 produced both ~450
bp and the original 154 bp sequences. Mapping all of the EcoRI and BamHlI restriction sites and
subsequent sequencing of most inserts indicated that the ~450 bp inserts had been most likely
generated by ligation ohtee different ~154 bp sequences joined through their EcoRI and BamHlI
sequences. See Batool Gandorah, 2012 for atepth explanation. These recovered inserts
(putative insulators) were classified into four groups (I, Il, Ill, and 1V) based upon thémelec
trial completed. As resources were limited, an initial nineteen out of the sixty were chosen based
on plant growth/health on selective media and cloning of-B@terated inserts into pB31 was
initiated by Dr. Gudynait&avitch. These nineteen sequenteluded: 2, Inl-3, Inll-3, Inll-
7, Inll-10, Inll-12, Inlll-4, Inlll-17, Inlll-22, Inlll-27, Inlll-52, InlllI-53, InllI-55, Inlll-57, InllI-
58, Inlll-63, Inlll-74, Inlll-78 and InlI}80, collectively tested by Dr. GudynaiBavitch, Batool

Gandoraf and Lara Rasooli In addition to these sequences, Dr. D.A. Johnson had cloned two

2 https://ruor.uottawa.ca/bitstream/10393/23226/1/Gandorah_Batool 2012 _thesis.pdf
3 https://ruor.uottawa.ca/bitstream/10393/31329/1/Rasooli_Lara_2tEsis jpdf
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more sequences from the original 60 sequences (after pC1 selection) into pE3dndhinIIF50
both of which were strong candidates for insulator activity. The 4 mastigirgg candidates were
then cloned by Dr. D.A. Johnson into pL1 vector and include€,Inhll-12, Inlll-50, and a

deletion of InllF78 (Inlll-7 8 _ 5086 ) .

The work of this thesis included repeating the transformation and the tesfinthalianaof
Inll-10,Inll-12, and Inll+78 (all in pB31), and the transformation and testing.ithalianaof Inl-
3, Inll-12, Inlll-50, and Inllt7 8 _ 56 ( al | in pL1). Results for

results section of this thesis (Table 2.3 A, B, C and Tadlg

2.4.2. Defining insulator function

The assay described in this thesis determined insulator function based on the ability of the
tested sequence to block the interaction/influence of the CaMV 35S enhancer in thervéiosor
35546 core promoter (pC1 and3B or the napin promoter (pL1As described in section 2.3.1,
potential insulators initially survive negative selection in pC1 vector. The inserts were then re

cloned into pB31 and pL1 and transformed iAtdhalianato be tested and scored.

Growth inthe presence of 5FU may arise for other reasons e.g. mutaticodAfduring
transformation or the cloning of a site for binding a strong repressor, as Wel @esence of an
insulator. Therefore, potential insulator sequences were cloned into a sectoid Sequences
tested in pB31 will show no staining when a functional insulator is present, as the sequence is able
to block 35S enhancer influence on core 35S promoter. Staining in any of the tissue types (flowers,
leaves, siliques) was interpretedlask of insulator activity; howeverhé cloning of a site for
binding a strong repressor would present the same paeornng involves assigning an intensity

value for each tissue type for each sample from 0 to 3 (Figure 2.2 A) and adding up theafumbe
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samples for each tissue type that stained. GUS expression is scored where any transgenic sample

t hat contains no staining is added together a:
one of the tissue type she Appendix<hapterr2 dable A2.1foFor e
construct Inlt52pB31, samples which contained staining for each tissue was totaled separately
(flowers: 3 samples; leaves: 1 sample; silique test 1: 0 samples, and silique test 2: 0 samples), and
the values for GU@&xpression were tallied up: 3/15 samples contained at least one stained tissue
and designated ¢6staineddé, and 12/ 15 were iden

tested.

Sequences tested in pL1 are expected to produce either spedifingstar nonspecific
staining. Samples demonstrating insulator activity will show specific staining, meaning the napin
promoter will direct GUS expression specifically in seeds and no other tissues tested as the
insulator will block the constitutive infence on 35S enhancer on the napin promoter. The absence
of an insulator will produce staining in any of the other tissue types. Similar to pB31 samples, each
tissue type for each sample will be assigned a staining intensity value. Samples containig staini
in only seeds are added up as O6specificbd GUS
| east one of the 3 tissue types -s(pfelcoiweircsg, QGU
expression. In addition to these two outcomes we have obsemwvgdies which contained neither
specificornoss peci fi ¢c staining, which we hawplLlall oca
(Appendix Chapter 2 Table A2.2), samples which contained staining were totaled for each tissue
type (flowers: 0 samples; leavdssamples; siliques test 1:2 samples; seeds test 1: 15 samples;
siliques test 2: 1 sample; seeds test 2: 18 samples). The total number of samples which contained
specific GUS expression in seeds were summed (16/18), and the total number of samples which

contained norspecific GUS expression, so staining in at least one of the tissue types, totalled
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(2/18). And finally, 2 samples contained no staining in any tissue. This value was not added into
the total number of samples. In the case of this latter r@gilhave postulated this to be the result

of the activity of a repressor binding to the sequences (see Discussion).

Scoring was stringentif only a small region of any tissues sampled contained GUS staining,
it was scored as positive for staining. Fexample, see Figure 2.2 where samples \Aleakd
Medium-2 are scored as positive (stained) even though few of the siliques stained blue. All samples
were scored independently by at least 2 individuals to reduce bias. At léasthaliana
transformants we tested for each construct, unless samples clearly showed a lack of enhancer
blocking function. All transgenic samples were analyzed by PCR with both SALK primers for
DNA quality and vector specific primers for presence of insert, as well, PCR proderetsent

for PCR sequencing to confirm correct sequence.

2.4.3. Identification and analysis of potential insulator candidates

From the initial screening of oligonucleotide library, 60 potential candidates were obtained
of which 21 were tested in pB31 (Table 2.3,and C) From these, 9 sequences contained no
insulator activity in pB31 (Table 2.3A) and 7 sequences showed promising insulator function in
pB31 based on criteria tested (Table 2.3B). Sampling for additional sequences was incomplete;
however, they arencluded in the thesis for completeness (Table 2.3C). Although the sample sizes
are too small for confident assignment as potential insulators or not, the limited data suggests that
Inl-2, Inlll-63 and Inllt74 are not promising candidates while-thand hill-80 may be worth

further analysis.

Based on plant health, sample size obtained, and staining results, 4 of these sequences were

A

cloned into pL1 and found to possess insulator functior3,Irihll-12, Inlll-50, and Inll}7 8 _ 5 06
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(a deletion of 11#78) (Table 2.4). Thus, of the 21 sequences tested, 4 are strong candidate insulators
- a frequency of 19%. Due to time constraints and a lack of resourcés,lil-10, and Inli$52
were not cloned into pL1. We can conclude from this limited sampling thaf #ie potential

candidates identified in pB31 tested positively for insulator activity when cloned into pL1.

DNA samples were extracted from all transgenic plants with potential insulator inserts. For
each sample, PCR amplification was carried out wahKF and SALKR primers, and vector
specific primers (-6dB5BReand palk dnd NepiOSeqRafar AL1)
separately. Sample electrophoresis gels for various clones with SALK primers, pB31 vector
primers, and pL1 vector primers, are showlkigure 2.3, 2.4, and 2.5, respectively. For samples
amplified with SALK primers, an expected band size of 762bp would indicate successful A.
thaliana DNA extraction and amplification of the A. thaliana specific Atchtoragion. For
samplesin pB31 whichevr e ampl i fi ed wi t h-F@&lhSex@geRer bandisirel 1 30
of ~600bp (cloning of short sequences approximately 150bp) or ~900bp (cloning of long
sequences approximately 450bp) would indicate successful cloning into appropriate pB31 vector.
The amttification of pB31 vector control alone produces a band size of 450bp. Samples in pL1
which were amplified with pL1F and NapinSeqRev primers, with an expected band size of 320bp
(cloning of short sequences approximately 150bp) and 720bp (cloning of lopgnses
approximately 450bp), would indicate successful cloning into the pL1 vector. The amplification
of the pL1 vector control produces a band size of 170bp. Only plants which produce the correct
band size were included in the final analysis. A samg@edid not produce a band was repeated

to confirm its status.

Within the data obtained, we observed results which showed sequences that did not display

100% in one direction (100% staining or 100% no staining). For example, sequences which were
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deemed indators for a group of plants arising from transformants arising from a single clone,
produced samples which were stained as well, and vice versa. In pB31, all 14 sequences which we
have designated as having no insulator function did not show 100% stamplgs, as we would

have expected. Similarly, some sequences which we considered potential insulators, did not show
100% of samples not stained. Instead,-I8pB31 and InlH52pB31 (Table 2.3B) both showed

some samples with stained tissue, although fleas 30% of each sequence showed stained
samples. Similar results were obtained from testing in pxpected insulator function would

display specific staining in all samples, however3pL1l and #12pL1 contained noespecific

stained samples, and ingstingly Inlll-50pL1 and Inlt7 8 56 p L1 produced sam

staining in either seeds nor other tissues (Table 2.4).

Our results are comparable to previously published data. Although other insulator papers
vary in the specific assay system (differenhancers, promoters, etc.), the results produce similar
outcomes in that they rarely yield 100% insulator function in plants (Gudy®aitgéch et al.,

2009; Hily et al., 2009; Singer et al., 2010) or other species even when testing insulators from the

same species (Cai and Levine, 1995; Hagstrom et al., 1996).
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Tabl e

2 .-dducoronidase (GRJS) staining results for all 21 potential Arabidopsis thaliana

insulator sequences tested in pB31 vector, including a positive contrdlhe columns indicate the

sequence number, construct name, size, number of total transformations, the number of individual
transformants tested for flower, leaf and silique staining, and a calculation of the nonspecific expression of
the GUS transgenes veimber of samples with no staining. Samples scored as stained, are a result of at
least 1 of the 4 tissues which contained staining.

A. Results for sequences tested that possessed no insulator activity and control pB31 vector containing no

insert.
GUS staining GUS expression
Seq Construct Size No. No. Flowers Leaves Siliques Stained None
No. Name (bp) trans- plants
formations tested
pB31° 2 62 11 39 38 46/62 16/62
1 Inll-3* 151 1 17 9 6 9 13/17 4/17
2 Inll-7* 150 2 30 11 14 8 19/30 11/30
3 Inlll -4* 440 1 26 16 4 2 17/26 9/26
4 Inll-17* 443 1 36 25 15 2 26/30 4/30
5 Inlll -22* 425 2 36 26 11 3 29/36 7136
6 Inlll-27* 128 1 13 13 4 2 13/13 0/13
7 Inlll -53* 152 1 15 13 14 14 14/15 1/15
8 Inlll -55* 432 2 23 22 5 2 22/23 1/23
9 Inlll-57* 154 1 16 2 8 9 11/16 5/16

Results include data contributions of Batool Gandorah (*)
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B. Results for sequences possessing insuéattivity.

GUS staining GUS expression
Seq Construct Size No. transs No. Flowers Leaves Siliques Stained None
No. Name (bp) formations plants
tested
10  Inl-3° 438 1 51 0 0 0 0/51 51/51
11 Inl-6 438 1 24 0 0 0 0/24 24/24
12 Inll-10 154 1 20 0 0 0 0/20 20/20
13 Inll-1° 427 2 37 0 0 3 3/37 34/37
14 Inlll-50 443 1 11 0 0 0 o/11 11/12
15 Inlll-52 446 1 15 3 1 0 3/15 12/15
16 Inlll-78 433 1 20 0 0 0 0/20 20/20

Results include data contributions of Lara Rasépli (



C. Resultsfor sequences potentially possessing insulator activisufficient sample sizes)

GUS staining GUS expression
Seq Construct Size No. transs No. Flowers Leaves Siliques Stained None
No. Name (bp) formations plants
tested
17 Inl-2* 446 2 6 3 0 0 3/6 3/6
18 Inlll-58* 150 1 3 0 0 0 0/3 3/3
19 Inlll-63* 154 1 7 2 3 5 5/7 217
20 Inlll-74* 153 1 6 3 4 4 4/6 2/6
21  Inlll-80* 451 1 9 1 0 0 1/9 8/9

Results include data contributions of Batool Gandorah (*)



Tabl e

2 .-dlucoronidide €GUS$) staining results for four noveArabidopsis thalianainsulator

sequences in pL1 vector, including a positive control.he columns indicate th@nstruct name and size,
the number of individual transformants tested for leaf, flower, silique and seed staining, and a calculation
of the specific and nonspecific expression of the GUS transgenes.

GUS staining GUS expression
Seq Construct Size No. No. Flowers Leaves Siliques Seeds Specific Non- None
No. Name (bp) Transfor-  plants specific
mations tested

pL1 4 53 41 49 42 41 2/51 49/51 2
1 Inl-3 450 1 20 0 0 2 18 16/18  2/18 2
2 Inll-12 439 1 27 0 1 0 22 22/23 1/23 4
3 Inlll-50 455 1 12 0 0 0 12 12/12 0/12 0
4 Inlll-7 8 _ ! 153 1 12 0 0 0 11 11/11  0/11 1
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Figure 2.3: Example of agarosgel electrophoresis showing PCR amplification of clone Ir6 in pB31

with SALK primers . Each gel contained 14 wells, therefore samples and controls were continued on
separate gels, all with the same PCR components and conditions. TradsgiaiianaDNA samples
containing candidate I8 insulator are shown. Amplification of DNA used SALK_ 049131 RP2 and
SALK_ 049131 _LP2 primers to produce a band with an expected size of 762bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449,434), 298, 267102, 80
1-27: Transgenic plant DNA containing 6pB31 inserts

wt: A. thalianawild type DNA

- - Negative control containing water in place of DNA
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Figure 2.4: Example of agarose gel electrophoresis showing PCR amplification of 6lin pB31 with
1381F and GUSS5BaBhegel cantaineth &4 veells, therefore samples and controls were
continued on separate gels, all with the same PCR components and conditions. Trandgah#maDNA
samples containing candidate insulator8pB31 are shown. Amplification of DNA used 1300LacZF and
GUS56Rev primers with an expected band size of

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-28: Transgenic plant DNA containing 46pB31 inserts (888bp)

V : pB31 control vector (no insert, 450bp)

+: 11-10 in pB31 sequenced control (604bp)

++:1-3 g i nseguBnBet control (587bp)

- - Negative control containing water in place of DNA
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Figure 2.5: Example of agarose gel electrophoresis showing PCR amplification of clone-Biin pL1

with pL1F and NapinSegRev primers Each gel contained 14 wells, therefore samples and controls were
continued on separate gels, all with the same PCR components and conditions. TransiggliaoaDNA
samples containing candidate -BpL1 insulator are shown. Amplification of DNA used JfL and
NapinSegR primers to produce a band with an expected size of 620bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4821), 298, 267, 174, 102, 80
1-21: Transgenic plant DNA containing K3pL1 insertd620bp)

V : pL1 vector (no insert] 70bp)

+ : BEAD1c control (718bp)

- - Negative control containingater in place of DNA
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2.4.4. Bioinformatics and sequence analysis of candidate insulator sequences

The analysis and interpretation of biological data through computational approaches, known as
bioinformatics, is a rapidly emerging field. With increasingly large numbers of biological datasets
organized into searchable online databases available, we have set out to identify important factors
potentially interacting with our novel insulator sequencrhe goal was to perform a preliminary
search within multiple databases to identify known protein binding sites, transcription factors,
repressors, or other regulatory elements, as well as novel motifs, that theoretically bind to our
insulator sequenceand may be required for their function. We have therefore used multiple

databases to collect relevant data to infer potential binding sites.

2.4.4.1. Presence of functional insulator binding motifs in novel sequences

The presence of functional insulator proteinding motifs from nofplant sequences were
searched in MEME Suite 4.12.0 CentriMo. CentriMo is a Local Motif Enrichment analysis
program which identifies usqarovided motifs that show a significant preference for particular
locations in inputted sequencé&3entriMo uses the binomial test to compute the significance of
the number of sequences where the best match occurs in a given region. It then reports the location
and significance of the best region on the forward and reverse sequence for eafRaiheyiet
al., 2009) Novel insulator sequences were entered along with known piateling consensus
sequences from other ngtant species (Su(Hw), Zw5, BEAR2, GAGA Factor, dCTCF, Rapl)

(See Table 2.2). In addition, sequences which were observed not to have insulator activity (Table
2.3A), were also entered to act as a control. Thdtefrom this analysis provided us with multiple
alignments to both our novel insulator sequences, and those which contained no insulator activity.

Although alignments were four(®ee Appendix Figures A2.942.18), there were no significant

53



results (p>@5). Similar to previous theses from our lab (Batool Gandorah (2012) and Lara
Rasooli (2014)), identification of the CCCTC (CTCF) site was found in insulator sequences,

however they also found the same site in sequences with no insulator activity.

2.4.4.2. ldentifi cation of potential regulatory factors

In the search for potential plant regulatory binding elements, numerous amounts of potential
sites were found on all 4 novel insulators {&lInll-12, Inlll-50 and InllF78) through
PlantCARE, New PLACE, JASPAR Corand WEEDER2.0 motif discovery tool (See Appendix
Tables A2.3A2.18), and include, but not limited to, elements in enhancer and promoter regions,
zinc finger factors, MYB transcription factors, and homeodomain factors. Determining these
potential bindingmotifs will allow us to create associations between our novel insulators and
possible gene regions, specifically promoters, as it has been suggested that there is a high similarity

that exists between insulators and promoters (ReviewéRdab and Kamakaka, 20).0)

The JASPAR CORE 201@&atabase comprises of transcription factor binding profiles across
multiple species, including plants and Aaants. The search within JASPAR Core determined
that multiple amounts of negplant binding motifs potentially exist on the 5 novel insulatarsfr
Drosophila melanogaster, Saccharomyces cereviaia@ Homo sapiensThe most recurring
motifs among the 6 insulator sequences in this search wHeeziDc finger factor, C6 zinc cluster

factor, and homeo domain factor.

2.4.4.3. Identification of repressor sites

We have explored the possibility of repressor sites present on our putative insulator sequences

due to numerous samples showing reprebkeractivity such as InBpL1, Inll-12pL1 and Inll}
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78 56plL1. These sequences s hotwavidence afrppskitdes wii
repressor binding sites within the sequence. The bioinformatics search found multiple possible
repressor motifs (Appendix Table A19). The EB&¥Sociated amphiphilic repressor,
WBOXNTERF3, was found on If8, Inll-12, and Inlit50. The repressor ARFAT was found on

all 6 insulators, RAV1AT was found on k3|, Inlll-50, and I1}78, MYB2AT was found on In8,
MYB2CONSENSUSAT was found on k8, InllI-50 and Inll}78. The WRKY70S was found in

Inl-3, Inll-12, Inlll-50, and Inll+78.

The bbinformatics analysis provided us with a huge amount of output data, some not
significant such as the results of the CentriMo search. It is clear that the Bioinformatics search is
a preliminary study and further experiments for protein analysis must lectda®termine true

binding sites on our novel insulators.

2.5.Discussion

The discovery of novel plant insulators is critical to understanding the underlying mechanisms
and models of insulation in plants. Their ability to block unwanted gene expression asd act
chromatin barrier elements plays an important role in gene regulation. To date, few plant insulators
have been identified, and therefore our goal was to discover and study novel insulator sequences
to broaden our understanding of these regulatory elenand their possible conservation across
species. As a first step we have devised an experimental approach, the first of its kind, for the
selection of novel insulators functional in all plants. Our approach is based upon the theory that
even random segaces may possess insulator activity if they contain the correct consensus
sequences for insulator binding proteins. To determine whether random sequences are potential

insulators, we devised a system in which candidate sequences from a random oligdeucleot
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library were screened sequentially through 3 vectors to test their ability to block emhancer
promoter interactions: pC1, pB31, and pL1. Ultimately, upon successful testing and development

of this experimental system we can apply such assay to natmainsulator DNA.

2.5.1. Vector rationale

In the initial stages of assay development, multiple factors were considered. An identified
insulator would need to significantly block enhanrpesmoter interactions implying a strong
DNA-protein interaction, possess the capacity to function in muligdeds and retain function
through one round of negative selection and two rounds of subcloning followed by screening. In
addition, the cloned DNA should not contain additional sequences that may interfere with insulator
identification or function such asrepressor. Insulators are classified based on GUS expression in
pB31 and pL1 vectors. In pB31, sequences which are insulators will block the influence of the 35S
enhancer on the 35546 core promoter and no staining will be present in tissues. Seqpédces in
with insulator function will block the influence of the 35S enhancer on the napin promoter so that

staining is directed only in seeds (specific staining).

The first vector, pC1, is a negative selection vector which contains the negative selective
maker gene cytosine deaminas®dA). codA converts the harmlessPBuorocytosine (8-C)
present in selective agar plates into the highly toxic metabolf&udrouracil (5FU) and
eventually 5F-dUMP which irreversibly inhibits thymidylate synthase (TSpdking DNA
synthesis and ultimately leading to cell death. TbeAgene is expressed by CaMV35S core
promoter and CaMV35S enhancer. The presence of a functional insulator between the enhancer
and core promoter will block the influence oadAand plantswill survive selection. We have

chosen theodAselection system for our assay because of the high sensitivity level and obvious
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effects of codA in A. thaliana. A. thaliana plants that do not expresodA are completely
insensitiveto 5FC while those thaxpresscodAarequite sensitive to toxic-5C (Perera et al.,

1993) codAselection is also effective in other plants includioiys (Stougaard, 1993jobacco
(Schlaman and Hooykaas, 199ig¢e (Dai et al., 2001)and soybea(Shao et al., 2015)mplying

that this marker is likely suitable for negative selection in many plant species, as no homologs of
codA have yet beeffiound in plants(Shao et al., 2015)This system is also superior to other
negative slection systems, such as the negative marieaid,(indoleacetamide hydrolase) which
produces significant background of repecific hydrolase activity in most plants interfering with
selection activity(Perera et al., 1993and NR (nitrate reductase) which is sensitive to growth

conditions(Cheng et al., 1991)

The negative selection systemayn allow growth for other reasons as well. During
transformation or plant growth, mutations that inactiva?aould give a phenotype that would
mimic the function of an insulator. The possible insertion of the transgene into a chromosomal
region that dbws selection on hygromycin but not the expressioraafA would also mimic
insulator function as could the cloning of a site for binding a strong repressor. Therefore, further

cloning into additional vectors was necessary.

pB31 is the screening vector which contairisgucuronidase (GUS) reporter gene, in place
of codAgene, expressed by CaMV35S enhancer and the 35546 core promopgesEmnee of an
insulator between these two elements will block interactions, resulting in no blue staining in tested
plant tissues. This vector allows for the simultaneous screening of insulator function in flowers,

leaves, siliques, seeds and stems.
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The final pL1 screening vector contains a GUS reporter gene controlled by the napin seed
specific promoter and the constitutive CaMV35S enhancer. The presence of an insulator between
these two regulatory elements will block the influence of the CaMV35S esthamd staining will
be directed to seeds only. This vector allows us to assess the likelihood of a strong repressor
competing with the enhancer. As we saw with multiple sequences cloned into pL1, some sequences
produced samples with neither specific stagror nonspecific staining. This is a result to expect
when a repressor is present as the repressor reduces the level of transcription from both the napin

promoter and the 35546 core promdt@aszner and Felsenfeld, 2006)

2.5.2. Confirmation of insulator activity in potential insulator sequences

Sequences tested in the pB31 vector were inserted between\t368Mnhancer and 35546
core promoter. The expression of GUS in this system (blue staining in tissues) would signify the
absence of an insulator as there would be influence of the enhancer on the promoter. The presence
of an insulator would result in zestaining in tissues, as the sequence would block the interactions
between the enhancer and promoter. Our findings indicate that 7 sequences substantially blocked
the interactions between the CaMV35S enhancer and 35S46 Core promoter in pB31land include
Inl-3, Inl-6, 1I-10, Inll-12, Inlll-50, 11I-52 and Inll}78 (Table 2.3B). Within these results,
sequences IH12 and IIF52 showed some staining (3/37 and 3/15 samples respectively). Although
only ~8% of samples contained staining fel® and ~20% for IH52, it is important to note that
typical results in literature produce similar outcomes in that rarely do experiments produce the
expected 100% insulator activity (Singer et 2011; Cai et aJ 2001; Muravyoveet al.,2001).
The differences in stainingdhresult from the introduction of one sequence can be attributed to
the fact thatAgrobacteriuramediated transformation causesDNA insertion to be integrated
randomly in any chromosome or locus in plafiersbach et al., 2003; Kim et al., 200Z&nhd
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therefore the exact same DNA sequence can produce varying effects depending on where in the
genome it is inserted. Further investigations could be done to determine whether differences in
staining is due to strength of insulators, insertion sites, oreindled by various test systems. For
example, identification of “-DNA insertion sites for samples tested could determine whether
samples are inserted in similar locations of the genfonang et al., 2007; Majumder and Cai,
2003) In future studies, the usage of the CRISP&&9 system would allow us to modify the
thalianagene to integrate our insulator constrin the same precise locations to test for insulator

function.

The ability of sequences H3, Inll-12, Inlll-50 and InlI}78 to block enhancer influence in our
pB31 system led us to clone these sequences into vector, pL1 (Table 2.4). The capacity of the
sequences to produce insulator function is marked by staimicysh seeds driven by the napin
seed specific promoter. Values determined for sequences in the pL1 vector showed similar activity
percentages. InHB0 and 7 8 _56 produced 100% specific sta
insulator function. I3 andll-12 however showed some nspecific staining in siliques and
leaves respectively. This result is not unexpected. As noted above, most published insulator assay
results have not achieved 100% functexen with varying vectors and vector elements sisch a
differing promotergGudynaiteSavitch et al., 2009; Hily et al., 2009; Singer et al., 20d03sibly
due to the many factors not fully understood about the interactions between primary and secondary
insulator binding proteins. Characterizing these sequences, by creating detetitshpptentially

identify sequences within the cloned DNA necessary for insulator function.
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2.5.3. Deletion analysis of Inlll-78

In I11-78 contains a 433bp DN#at functions exceptionally well as an insulator in the
pB31 vector (100% enhancer blocker activiuring cloning of InllF78 into pL1, a deletion
occurred that allowed the recovery of a 153bp fragment with insulator activity7l®@ll. 56 has
significant insulator activity, with 11/11 samples possessing specific GUS expression in seeds, and
1 sample sbwing no staining. Although 9 more samples would need to be completed for a full
result comparable to other sequences, 100% insulator activity in samples currently tested is a
strong indication of insulator action. The identification of insulator actinitglll-7 8 56 i ndi c a
that relatively small random sequences may be identified by our assay system. Deletion analysis

is a technique frequently employed in insulator studies to identify and localize regions of activity

(Hagstromet al.,1998; Singeetal., 2011).

2.5.4. Insulators and specificity for tissues and other elements

The sequences we have discovered to be novel insulators were tested in flowers, leaves,
siliques, and seeds specifically. However, th
to function in all plant tissues in all higher plants. Plant insulator studies have used various assays
to test for insulator function, utilizing different promoters which target different plant tissue and
testing several types of tissues. Compared td stadies, our assay tests the most tissue types for
enhanceblocking insulator function. Both Hilgt al. (2009 and Singeret al. (2010) used the
flower-specific AGAMOUSsecond introrderived promote(AGIP) to test insulator function in
transgenicA. thalianaand analyzed only leaf and floral tissue. Correspondingly, Siegal.

(2011) tested thArabidopsis thalianagypsylike (Atgypsylike) sequence within leaf and floral

tissues only, although itead used the petalnd stamesspecificPISTILLATApromoter Plp). It
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is important to test insulators in multiple tissue types as the response in differ¢ypein each

plant tissue could vary, creating a different effect. Studies have not shdvimstiiators are cell

type specific, however the likelihood of insulators being functional in one tissue and not another
of the same transgenic plant or sample is a possibility that needs to be considered when testing
insulator function. Our system atterapd test sequences in multiple tissues (roots, flowers, leaves,
siliques, seeds) to determine whether sequences are tissue specific. The novel insulators we have
identified through our assay does not seem to be tissue specific, an advantage for thi®mproduc

of transgenic plants.

Although previous studies have used different vector systems than ours (pC1/pB31/pL1
system) they typically tested fewer tissue types (Simgeal., 2011). We have used deletion
analysis to localize key sequences required fulator function in plants for candidate sequences

in other species described in the next chapter.

2.5.5. Bioinformatics investigation and implications

The field of bioinformatics sets out to answer fundamental biological questions through the
application and ugge of computational approaches. It is increasingly popular for biological studies
to utilize software and online databases to search for potential patterns or functional elements
present within their experimental analyses. We have chosen to use this aeethetl to study
our novel insulator sequences and search for potential binding sites for insulator protein
associations, transcription factors, repressors and other regulatory elements which may be
important to the function of the sequences. Our seanabivied discovering known and novel
regulatory element motifs from both plant and 1mtent species. The databases used for this thesis

contained published and experimentally defined data from multiple sources. The significance in

61



using multiple sourceslalved us to cover a wide range of binding sites found by multiple search

algorithms, as each site discovered binding sites using different models.

From our CentriMo analysis, multiple known protein binding sites were computationally
determined to be found the novel insulator sequences. This is important to our study because it
suggests a link between insulator function in plants and other species. However, it is clear through
results from our analyses that further studies must be done in additioseaititabase search to
find true insulator binding proteins. The results we have obtained can not directly describe any
protein binding sites on our sequences as the program showed no significant protein binding sites
for the consensus sequences we hadesiato the program. The analysis we have done here is
a preliminary search into potentially narrowing experimental procedures and aiding in

experimental designs for efficiency.

Staining results in the pL1 vector for the novel insulators produced samples that showed neither
specific nor norspecific staining. In sequences-Bilinll-12andInllt7 8 56, f ew sampl e
zero staining in any tissue. This result suggests a plitysithirepressor action. The bioinformatics
search produced promising results of this possibility. 6 repressors were found to contain binding
sites on the novel insulators, WBOXNTERF3, ARFAT, RAV1AAT, MYB2AT,
MYB2CONSENSUSAT, and WRKY710S. If these sequemare in fact repressors binding to
our sequence, a possible model which describes why some of our samples show no staining could

be a strong repressor interference.

The abundance in data that is given from bioinformatics analyses may pose problems in
drawing conclusions, as many results contain false positives. The results produced from our search

is an initial step to studying the novel insulator sequences we have discovered.
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2.6. Conclusions

The rigorous 3step system we have developed in this chaptectsefer novel insulators
functional in A. thaliana The system tests sequences in 3 vectors, each containing varying
enhancers, promoters, and reporter genes, to test the potential insulator sequences for insulator
function defined in literature. Throughuosystem, and through the usage of an oligonucleotide
library, we have discovered 4 differeatthalianainsulators we believe will function in all plants:

Inl-3, Inll-12, InllI-50, and Inll}7 8 _ 5 6 . We have found that the
varies between long sequences (~450bp) and short sequences (~150bp). We know that the DNA
sequences themselves are not the only factor involved in insulator function, as the protein binding
sites are a necessary component for function, as described by de¢sme discussed in the
Introduction. The next step in characterizing these novel sequences would be to test for protein
binding sites. Our preliminary bioinformatics analysis identified multiple protein binding sites
from D. melanogastersupporting ouhypothesis of insulator conservation across species. This
initial analysis requires an experimental assessment on the sequences and protein binding sites to
determine whether actual proteins do in fact bind the sequences for insulator function inrplants. |
future studies this can be performed by DNAse footprinting, electrophoretic mobility shift

experiments or more recent tests such as-Chiip and ChlP_Seq, as previously listed.

The process we have proposed for the selection of insulator sequencesicgmdyed. In
subsequent studies the assay could involve selection/screening in pC1 and pL1 exclusively. For
example, new techniques such ag-ursion Cloning removes the problem of specific restriction
sites that were found within the random oligomecijlii@ting direct cloning into pL1 reducing

time, resources, and minimizing data while producing the same results. We believe this assay will
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be useful in other plant species as well, as the use of the napin promoter has been shown to confer

seed specifiexpression pattern in heterologous systé@ien and Lin, 2012; Devi et al., 2010)

This is the first assay to carry out this purpose in plants, and with a lack of plant insulators this
experimental system will incase our fundamental understanding of insulator models and
mechanisms. Insulator discovery and characterization in plants produces a powerful tool for
transgenic plant biotechnology research and ultimately agriculture aridad@pplications, and
we hopehat creating this assay will allow future insulator research to become more efficient. The
ability of insulators to prevent interactions between genetic elements of different genes, and to
minimize or potentially prevent position effects in transgenitstocts, makes these sequences
ideal in research and industrial applications involving expression of multiple gene cassettes. The

study of insulators is therefore vital in the overall advancement of plant biology research.
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3.0Detailed characterization of defined nonplant insulator sequences inArabidopsis

thaliana

3.1. Introduction and previous work

The control of developmentally regulated genes and the partitioning of active and inactive
domains in the genome is an important part in gene regulation controlled mainly by chromatin
insulators and their associated protein complexes. In addition torthesal functions, the onset
of misexpression in introduced transgenes due to enharediated activation or crosstalk with
adjacent promoters, poses an issue in the@waving need for improvement of agronomic crops.

In these scenarios, insulators héseen shown to be ideal candidates in minimizing the unwanted
interactions between regulatory elements withtDNA borders, as well as between multiple
transcriptional gene units of transgenic plants. The function of insulators is dependent on specific
proteins binding to the sequence, which in turn bind nuclear proteins associated with the nuclear
lamina. The primary insulator proteins have been identified in multiple species; for exaple in
melanogastethere existsSu(Hw) (Golovnin et al., 2003; Parkhurst et al., 198B)V5 (Gaszner

et al., 1999)GAGA Factor(Belozerov et al., 2W3; Schweinsberg et al., 2008EAF (Sultana et

al., 2011; Zhao et al., 19989nd dCTCHKHolohan et al., 2007; Moon et al., 200B) yeast, there

exists the insulator protein Rafuet and Sentenac, 1987; Steiner and Philippsen, ,188d)in
vertebraes there exists the insulator protein CTCF. These proteins bind to consensus sequences
on insulators, with variants among species. For example, the CTCF protein binds a consensus site
in multiple vertebrates (summarized in Tables 1.1 in Chapter 1 amd@apter 2). This suggests

that plant proteins may also bind to a consensus site on the DNA insulators we introduce.
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Recent experiments have demonstrated that cloned DNAs frofplaginsources can function
as insulators in the model plafstabidopsis haliana (GudynaiteSavitch et al., 2009; Hily et.a
2009; Jiang et al., 2017; She et al., 2010a; Singer et al.,.28iill) there remains a lack of
literature about how insulators function in plants despite the importance they play. In particular,
those experiments do not define the precise DNA sequences within the cloned DNA that are
responsible for the measured ait}ivThis chapter will investigate negplant insulators through an
analysis ofA. thalianatransgenic lines with the goal of defining these DNA sequences and
potentially identifying different insulator pathways in a plant. We use genetic analyses to
invesigate three cloned ngplant DNA fragments that have insulator activity: the funfgsttbya
gossypiisequence UASrp@Bi and Broach, 1999the human Jcell insulator BEAD1qZhong
and Krangel, 1997)and theD. melanogastegypsy insulator elemer{tCai and Levine, 1995;
Geyer et al., 19860ur assay involves the insertion of potential insulator fragments into the vector
pL1 between a CaMV3enhancer and seed specific napin promoter to test for entidocikeng

activity as described in Chapter 2, Section 2.31 of this thesis.

The 250bp fragment UASrpg (upstream activation site for ribosomal protein genes) from
Ashbya gossypivas initially shown to have insulator activity in yeast, thus signifying that a
sequence from one species can function in a different one. Originally identified as part of the
promoter region withil\. gossypp s TEF ( Transl ation El ongati on
yeast it demonstrated resistance to transcriptional silencingiNbysilencers possessing the
capability of blocking the spread of heterochromdiléa structuregBi and Broach, 1999)n gel
retardation experiments witl\. gossypii protein extrats, Steiner and Philippse(il994)
demonstrated specific protein binding of Rap1 to a homologous Rapl consensus sequence in yeast

T ACACCCRYACAYM (See Chapter 2, Table 2.&raham and Chambers, 1994; Graham et al.,
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1999) The two sequence&CCCATACAT (R1) and ATCCATACATR?2) areessential for high
level expressioriSteiner and Philippsen, 1994)lutation and deletion analysis of Rapl protein
sequences of yeast removes or reduces insulator a¢Bvignd Broach, 1999; Yu et al., 2003)
UASTrpg has been previously testedAinthalianaand found to significantly reduce napecific
interactions when placed between a CaMV35S enhancer and napin pr@@atgnaiteSavitch

et al., 2009)In an attempt to understand the function of UASrpg as an insula&othaliang we
have chosen to recreate the mutations in the Rapl binding sites identit=iri®y and Philippsen
(1994)and Bi and Brach (1999) that are responsible for silenbkrcking activity in yeast and to
test them for activity irA. thaliana If these sites are important we could then postulate that Rapl

like proteins are functional in a plant.

BEAD1c (550bp), the second sequence under examination is the core sequence of the 1.6kb
BEAD1 (blocking element alpha/delig element of the humand e | | receptor (TCR
(Zhong and Krangel, 1997BEAD1 is found adjaceit o t he 36 end of the TC
and adjacent to the 506 end of the TCR U Joini
organi zed within a single genetic | ocus, with
but are differentially redated during Tcell development. Due to the close apposition of BEAD1
between the gene segments, and the predicted function of the element to preacitigeffects
of enhancers/promoters of one gene segment on the enhancers/promoters of the BEB&D the
sequence was initially tested and ultimately identified as an insulator via an enrblackerg
chromatinintegrated construct containingaa ETCR U Enha(m@mwelrt)i mlned War i
Promoter) driving neomycin resistance gene expressiomiahudurkat cell&Zhong and Krangel,

1997) Both the full length BEAD1 and its core sequence, BEAD1c, have been teAtadatiana

and proved to be successful at reducing nonspecific interaction by blocking CaMV35S enhancer
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napn promoter interactiongGudynaiteSavitch et al., 2009)making it the obvious candidate to
characterize. Our deletions analysis on BEAD1c examined the importance of a specific sequence
within BEAD1c for insulator function irA. thaliana. This sequence, coined BEADA, binds
specifically to purified chicken CTCF (CCCHinding factor)(Bell et al., 1999) the highly
conserved insulator protein found in vertebrates which contains multiple consensus sequence
variants in EukaryotispeciegFilippova et al., 1996)Deletion analysis found that BEADA alone

was an effective enhaneblocking element when positioned between a huoagliobin promoter

and an upstream enhancer/ |l ocus c glabinlocud(Belf e gi on
et al., 1999) In a similar fashion, we have experimentally tested deletions of BEAD1c to
characterize fragments within the sequence, with and without the BEADA binding domain to

investigate whether it is essential for insulator functioA.ithaliana.

The highly chaacterized gypsy insulator was initially discovered as a large 7.3kb
retrotransposon involved in multiple spontaneous mutations causing changes in the bithorax
complex ofD. melanogastelBender et al., 1983 he elenent was further examined by an assay
testing the insertion of gypsy in tiellowgene oD. melanogasteryhose expression is controlled
by a series oftissuepeci fic transcriptional enhaTtheer s |
expression of mutd phenotype, alteration of yellow pigment, was observed to be caused by the
transcriptional blocking of gypsy on enhancers located more distal from gypsy, but produces no
effects on enhancers more proximal to the prom¢eyer et al., 1986)T'he mutant phenotypes
were also reproduced with the insertion of a smaller 340bp fragment containing the vital Su(Hw)
binding regions in a yellow gene construct, suggestinglieebti(Hw) binding region is sufficient
to confer the mutant phenotype. The Su(Hw) protein is involved in the regulation of gypsy through

its interaction with 12 sites on the elementwelve copies of the consensus sequence:
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YRYTGCATAYYY (see Chapter 2, Tde 2.2)(Adryan et al., 2007Parkhurst et al., 1988; Spana

et al., 1988) The interaction was later found to be directly responsible for the effect of gypsy, as
deletions or other alterations in the Su(Hw) binding sites result in a decrease or abolishment of the
mutagenic consequence of gyg&eyer et al., 1988; Smith and Corces, 1992)e insulating

effects of this 340bp fragment became one of the most chazadtgypsy sequences tested in
various other speci€€ai and Shen, 2001; Nagaya et al., 2001; She et al., 2010a; Singer and Cox,
2013; Singer et al., 201.0%everal studies have shown that the element functions to protect against
position effects iPA. thaliana(Jiang et al., 2017; She et al., 20%0k)ythermore a gypsiike
sequence found in thA. thaliana genomedisplays enhancer blocking effects when inserted
between a CaMV35S enhancer and Pip (petal stamerspecific PISTILLATA promoter)
(Singer and Cox, 2013WWe have tested this 340bp gypegulator in our assay, to determine
whether this sequence is able to block enhapomnoter interactions between a CaMV35S
enhancer and seed specific napin promoter. We have also created deletions of the twelve Su(Hw)

protein binding sites to analyze atherA. thalianauses a similar site for insulator function.

In addition to deletion and mutation analysis, insulator sequences under examination have also
been tested for orientation dependence by cloning an inverted version of the fragment and testing
for enhanceblocking activity. This approach may provide a better understanding on the

mechanism of insulator function in plants.

Through these analyses, we hope to identify regions within insulators that are crucial to plant
insulator function, potentiall determining sequences and mechanisms of conservation among

species.
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3.2. Hypothesis and Objectives

The hypothesis for this chaptetlsat insulators are conserved across species. This implies that
the modes or mechanisms of insulator activity are conservegled as the insulator protein
binding sites. In order to test this hypothesis our experimental approach was to analyse mutations
of previously identified insulator sequences, UASrpg fAshbya gossypiBEAD1c fromHomo
sapiensT-cells, and gypsy fror@rosophila melanogastersing a transgenisrabidopsis thaliana
system. These sequences may potentially represent three different insulator pathways defined by

UASrgp-Rapl, BEAD1eCTCF and gypsibu(Hw) interactions in their original hosts.

3.3. Materials and Methods

3.3.1. Molecular techniques, plant material and growth conditions

BEAD1c 56 end, BEAD1c 306end del etions were
restriction enzymes followed by repair and ligation. All other sequences were synthesized by Bio
Basic Inc? subcloned into the pL1 vectoG(dynaiteSavitch et al., 20Q9Figure 2.1C), and
transformed intdA. thalianato be tested for GUS expression and insulator function. Molecular
techniques, plant growth conditions and pL1 vector elements are describeapiteCty Section
2.3. Table 2.1 provides a description of each sequence synthesized, subcloned into pL1, and tested
for insulator function. Sequences originating from UASrpg containing mutations for protein
binding site as identified and analysed in ydast et al., 2003) in which 2 cytosine nucleotides

were replaced with 2 adenosines. Primers for PCR amplification can be found in table 2.1, and

4 https://www.biobasic.com/
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primers used for hrusion cloningot B EADA and UAS 306 @CTC can be
Table 2.1. To create imvsions, PCR was performed to introduce restriction sites (Hindlll and

Pstl) in the inverse orientation to the initial fragment.

The assay used in this chapter, analogous to Chapter 2, tests sequences on their ability to
function as enhancdalockers in tle pL1 vector, specifically. Vector components were previously
described in Chapter 2, Section 2.3.1 and Figure 2.1C. Sequences of previously defined insulators
(BEAD1c, UASrpg and gypsy) and the generated variants were individually inserted between the
CaMV 35S enhancer and the seed specific napin promoter driving a GUS reporter gene, and
transgenic plant tissue samples (flowers, leaves, siliques, and seeds) were analyzed for GUS
staining. Sequences tested in pL1 will produce either specific staining epeoiiic staining.
Samples demonstrating insulator activity will show specific staining, meaning the napin promoter
will direct GUS expression specifically in seeds and no other tissues tested as the insulator will
block the constitutive influence of 35&nhancer on the napin promoter. The absence of a
functional insulator will produce staining in other tissues as well. In samples which contain neither
specificnornospeci fic staining (no staining in any
Scoringwas stringent if even a small region of a single tissue (out of 4 tissue samples) contained
GUS staining, it was recorded as positive for staining. All samples were scored independently by
at least 2 individuals to reduce bias. The full scoring stratagybe found in Chapter 2, section
2.4.2. At least Prabidopsistransformants were tested for each construct, unless samples clearly
showed a lack of enhancer blocking function. All transgenic samples were analyzed by PCR with
both SALK primers for DNA qality and vector specific primers for presence of insert, as well, 5
PCR products were sent for PCR sequencing to confirm correct seg8endatly, to the prior

chapter, all DNA samples were extracted from transgenic plants with permutated insudatsr ins
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For each sample, PCR amplification was carried out with SALKF and SALKR primers, and pL1
vector specific primers: pL1F and NapinSeqR. Sample electrophoresis gels for various clones with

SALK primers and pL1 vector primers are shown in Figure 3.4&guate 3.5, respectively.
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Table 3.1: Summary of all sequences sutioned into pL1 and tested for GUS expression for
insulator function.

Sequence Name Size  Description* Sequence
(bp) Organism
UAS_ 506en 149 56 end of UASrpg Ashbya gossypii
UAS _mR1 149  Dinucleotide mutation (C@, AA) on 1*Rapl Ashbya gossypii
site (R1)
UAS_mR2 149  Dinucleotide mutation (C@, AA) on 2"YRapl Ashbya gossypii
site (R2)
UAS_561 N149 Reverse compl ement ¢Ashbyagossypii
UAS_ 306en 109 36 end of UASrpg Ashbyagossypii
UAS_ 306 S 100 UAS _30end sequence Vv Ashbyagossypii

Su(Hw) consensus sequence

UAS_30 pC 104 UAS_30end sequence v Ashbyagossypii
CTCF consensus sequence

UAS_ 361 N109 Reverse complement &f AS _ 3 6 e nd Ashbya gossypii

UASTrpgINV 246 Reverse complement of UASrpg Ashbya gossypii

BEAD1c 5 265 56 end of BEADI1lc Homo sapiens

BEAD1c 3301 30 end of BEADI1lc Homo sapiens

BEAD1cINV 548 Reverse complement of BEAD1c Homo sapiens

gBEADA 509 BEAD1c sequence with a deletion of the c« Homo sapiens
binding protein sequence

aypsy 340 Original gypsy sequence Drosophila

melanogaster
gypsy _ mS 286 gypsy sequence with deletion of 12 Su(H Drosophila
sites melanogaster
*Specific mutations aréescribed in the text. Maps indicating the position of the mutations and
the deleted segments are found in Figure 3.1, 3.2, and 3.3.
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1bp 145bp 246bp

R1 R2
Hind|l| | [GCCCATACAT [ JATCCATACAT] | [Su(Hw)] [ETeFl | Pstl UASrpg
Hindlll | f— | Pstl UASrpgINV
Hindlll e [GCCCATACAT] [ATCCATACAT] | pstl UAS_5’end
Hindlll [— | Psti UAS_5'INV
_ UAS_mR1
Hindlll | [GCAAATACAT] [ATCCATACA Pstl -
indill | | Ll il | Ps (R1: CC > AA)
_ UAS_mR2
Hindlll | ==y [GCCCATACAT| [ATAAATACAT] | Pstl (R2: CC > AA)
Hindin =====_1Su(Hw)| [cTcel | st UAS_3'end
Hindill | <— | Pstl UAS_3'INV
. | m— | | [&EFI] st UAS_ASu(Hw)
Hindlll
i m— | Su(Hw) | | 1 pst UAS_ACTC
In

Figure 3.1 Clone map and names of all UASrpg sequence permutatior@range rectangles represents the insuls¢muence bordered by
restriction sites. Length (in bp) of the full sequence is indicated at the top. Sequence orientation is representedripnslaBlotential protein
binding sequences are indicated between red bars. Deletions within the sequepresésited by white rectangles between red bars, and nucleotide
mutations are shown in blue italicized text. Not drawn to scale.
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1bp 265bp 548bp

Hindlll | > | BEADA | | Pstl BEAD1c
Hindlll | <4 | BEADA | | Pstl BEAD1cINV
Hindil] || e— | [Stu/Pstl BEAD1c_S’end
HindIll/Stu | BEADA | e—- | Pstl BEAD1c_3'end
Hindlll > | | | pstl ABEADA

Figure 3.2 Clone map and names of all BEAD1c sequence permutatioBdue rectangles represent the insulator sequence bordered by restriction
sites. Length (in bp) of the full sequence is indicated at the top. Sequence orientation is represented by black ant@vgrdete binding
sequences are indicated betweenhba. Deletions within the sequence is represented by white rectangles between red bars. Not drawn to scale.
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1bp 340bp

Hindlll [ ISul |Sul ISul Jsul [ISul [sul Isul ISul Jsul [Sul [su] [Sul | Psu EYpPSY

Hindlllhl_ll_ll_llllllllllllllIlII.PstI gypsy_Asu(Hw)

Figure 3.3 Clone map and names of all gypsy sequence permutatio@een rectangles represent the insulator sequence bordered by restriction
sites. Length (in bp) of the full sequence is indicated at the top. Sequence orientation is represented by black art@vgréteiarbinding
sequences are indicated between red bars. Deletions within the sequence are represented by white reetemgied bars. Not drawn to scale.
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3.3.2. Statistical analysis

Integration of FTDNA is random, thus producing pseurkplicates.To determine
significance of deleted, mutateahd inverted sequences compared to their original insulator
sequences®? e a r s o-sqdased €4 was performed, followed by the 4host comparison test
Pairwise Nominal Independence Tasteach insulator group. Tests wel@nein the R program,

and statistically significant results were judged basedonapvalmf OO0 . 05 .

3.3.3. Bioinformatics/BLAST analysis

To study the association between the-ptant insulators studied and the plant genome, we
performed ProteuiProtein BLAST analyses (https://blast.ncbi.nlm.nih.gov/Blast.cgi) between the
associated insulator bindjrproteins of the noeplant insulators and th&rabidopsisgenome for
potential protein orthologs. These included Rapl, (NCBI Accession No. P11938.2), CTCF
(Accession NoP49711.}), and Su(Hw) (Accession No. NP524349), as well as secondary proteins
Mod(mdg4) (Accession No. NP732623), CP190 (Accession No. NP524359.2, and dTopors
(Accession No. NP1261083). Sequences with insulator activity possessing unidentified protein
binding sites were examined for potential binding protein consensus sequenaficdgpe
UAS_306end). This was done in DNAman Lynnon Cc
Al i gnment and Multiple Alignment program, as
program, aligning UAS_ 306end s enqcasdrantT@blea2rith k n o w

Chapter 2.
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3.4.Results

3.4.1. Statement of contributions

pCAMBIA-derived pL1 plasmid vector used was previously constructed by Dr. L.
GudynaiteSavitch. Undergraduate students who contributed to the collection and analysis of
transgenic plantsiclude Hassan Badreddine, Onkar Bhanushaki, Adina Popescu, Linda Dam and
Shukria Ahmadi. Adina Popescu cloned BEAD1lc _5
BEAD1c 306 end into pL1, and Hassan Baddreddi ne

pL1.

3.4.2. Defining insulator function

The insulator sequences, UASrpg and BEAD1c were previously tested by GuBanaitdh
et al. (2009) inA. thalianafor enhancer blocking properties. Their study determined that these
cloned sequences significantly blocked &®ancer influence on seed specific napin promoter in
the pL1 vector. Specifically, this study observed that out of 26 transgenic plants containing the
UASTrpg construct, 24/26 showed specific GUS expression and 2/26 showsgeuiiic GUS
expression. Inite case of BEAD1c, 48/55 transgenic samples expressed specific GUS staining and
7/55 expressed nespecific GUS staining. These results are indicative of strong insulator activity
for both sequences. Lastly, the gypsy insulator which was tested kst 8hé€2010b)and more
recently Jiangt al.(2017)in Arabidopsis concluded that flanking this insulator in their transgenes
counteracted position effects facilitagi high and precise expression of their transgenes, and
generally increased independent transgene transcription levels, respectively. In addition to testing
the gypsy sequence for its potential to reduce position effects, SingdiSehgér and Cox, 2013)

tested a gypsiike sequence from. thalianain a construct similar to the one in this thesis. Their
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results showed that this gypbke sequence was suasful in blocking enhancgromoter
interactions. We therefore want to test whether a single gypsy insulator can have similar

transcriptional blocking effects, within our enhanblcking assay.

The assay system introduced sequences from different spacies for testing iA. thaliana
It required that prexisting proteins in the host that would normally interact with their plant target
sequence, were able to functionally interact with a heterologous, but evolutionarily conserved

introduced sequenc&his may present a limitation and will be addressed in the Discussion.

3.4.3. Characterization of previously defined nonplant insulators

Three nomplant insulators were analyzed in this thesis: UASrpg frlsshbya gossypii,
BEAD1c ofHomo sapiensand the gypsinsulator fromDrosophila melanogasteRermutations
of these insulators1 the form of deletions, base pair mutations, and sequence inversions, were
tested to further characterize their ability to impede enhgmoenoter interactions within the pL1
vecta and isolate the significant fragments within the sequence for their function. Table€ 3.2A
represents the data obtained from these analyses. To determine significance in the permutated
sequences, we compared their insulator abilities (the percentaged$pecific GUS staining) to

the insulator ability of the original insulator sequences.

The first candidate insulator to be investigated WasSrpg from Ashbya gossypiiBi and
Broach, 1999 Their analysis, which was based upon an assay testing iktames of sequences
to transcriptional repression when interposed
and the E silencer in the ye&stcerevisiaddentified that multiple UASrpg sequences (from both
S. cerevisia@andA. gossypji were able to block silencer effects and function as heterochromatin

barrier elements, or insulators. Specifically, they found that testing a DNA fragment containing
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the Rapl binding sites on UASrpg alone were necessary and sufficient in sileroé@ngactivity

(Bi and Broach, 1999)Later studies confirmed this through mutations in the Rapl sites,
identifying that the Rapl sites were directly involved in barrier actifty et al., 2003) Two
regions in the 506 end of t he fungakPRbindilgSr pg ¢
sequences for Rapl as identified3iginer and Philippsen (19941 (GCCCATACAT) and R2
(ATCCATACAT). Due to the high similarity between transcriptional repression at the HM loci in
yeast and position effects in higher eukaryotes (reviewedBiayunstein et al. 1997), ev
hypothesized that the Rapl binding sites, are important for insulator acti®ityhialianaas well.
Following the observations made {BudynaiteSavitch et al., 2009)ho identified that UArpg

is in fact a functional and successful insulatohithaliana,we created fragments of this insulator

and followed a similar mutation analysis to study the possible association of the sequence and

Rapl sites in plants.

The data in Table 3.2A represents the results for transgenic constructs containing the
mani pul ated sequences of the UASrpg insul ato
candidate insulator protein binding sites R1 and R2, retains insulator fur@®®nqf samples
show seed specific staining) but at a level lower than UASrpg where 92.3% of samples show seed
specific staining (Gudyna#Bavitchet al. 2009). The decline in insulator function of 32.3% is
significant (=0.0216 and perhaps indicates thhis region alone is not sufficient for the activity
for UASrpg. Despite a decline, we went on to determine whether there was still an association
with the R1 and R2 sites on this fragment wit
UASrpg was done to test the effects of the loss of the two Rapl protein binding sites using the
approach of Yu et al. (2003). Both UAS_mR1 (CC to AA mutation in the first Rapil Rit¢ and

UAS_mR2 (CC to AA mutation in the second Raplisi®?) reduced enhancebtocking activity.
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When compared to UAS 56end, UAS mR1 showed a
(p=0.109) and UAS_mR2 showed a reduction of 51% in insulator activity (p=0.000589). These
results indicate that although mutations in both sequerszhsce insulator function, only the

decline for UAS_mR2 is significant perhaps pointing to a larger role for R2 in insulator activity

of UASrpg inA. thaliana,a heterologous interactioAt this time, we do not know why there is a

difference between thelRand R2 variants.

Our initial subcloning strategy focused on the Rapl sequences identified by Yu et al. (2003);
however, we also included a clone containing
insulator activity was observed forA S _ 3 at® g comparable to the full UASrpg sequence
(92.3%), suggesting that this fragment alone is sufficient for insulator function. To further analyze
the potential influence of neplant proteins on insulator function, we searched for sequences
withnUAS36end that may bind to other protein con
Two potential candidates were identified and tested; a sequence showing homology to the binding
site consensus sequence of the gypsy insulator protein Su(Hw), and anotheceetnosving

homology to the binding site consensus sequence of the vertebrate insulator protein CTCF.

Del etion of the 9bp potential Su (gBurkduded ndi ng
insulator activity by 54.9% (p=0.0000292) suggesting a potentialafothis site in insulator
function of UASrpg inA. thaliana Following the line of reasoning described above for the
UASrpgRaptlike protein interaction mediated by the sequence R2, the interaction between the
9bp Su(Hw) consensus binding sequence arglldwlike protein defines another insulator
evolutionaryconserved system iA. thaliana Deletion of the 5bp CTGHke core binding
sequence CTQ@QCIC) ptodudes a Beduction of 14.6%, which was not statistically

significant (p=0.210), thus not sumping a direct role for this sequence. More experiments will
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confirm this finding, for example, creating larger deletions that remove more of the CTCF
consensus sequence ofr i nvestigating tofe i nsu

backgroundThese possibilities are described in the Discussion.

The second insulator under examination is the human insulator, BEZBdeg and Krangel,
1997) which contains a sequence coined BEADA that contains high homology to the enhancer
bl ocking CTCF site of the 506cHS4 chicken insul
also binds specifically to purified CTGBell et al., 1999)CTCF is an eleveninc finger DNA
binding protein thais highly conserved in vertebratésilippova et al., 1996)and binds to
numerous vertebrate insulators, whose consensus sites have been analysed forldnbkimcer
activity. (Bell et al, 1999) Specificallyy, when the BEADA sequence
(CCCAGGCCTGCACTGCCGCCTGCCGGCAGGGGTCCAGT@yas analyed by Bell et. al.
(1999), the site alone proved to be an effective enhancer blocker as the deletion of the BEADA
sequence largely eliminated insulator activity compared to the whole sequence. Interestingly,
although BEADA binds to CTCF and has high hoogyl to the CTCF site of the chicken insulator,
it does not contain the specific CCCTC core. This implies high variation in consensus sequence
across species. We have created several deletions to determine whether this highly conserved

sequence, BEADA, waaso critical in oulA. thalianaenhanceblocking assay.

The data obtained for analysis of the second insulator, BEAD1c, is represented in Table 3.2B,
including the positive control carried out by Gudyn&evitch(2009) In a way similar to the
previous analysis, we have created 3 deletions of the BEAD1c human insulator. When the
sequence containing the 56 end of B-Blgcking c |, BE £
activity, we saw a significameduction of specific GUS expression by 59.2% (p=0.0000000818)

suggesting that this fragment may not play a large role in insulator function and the deleted
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fragment plays a |l arger role. Testing insul at
which contains the majority of the BEADA sequence, showed a reduction by only 18.3%
compared to the full BEAD1c sequence (p=0.0820) which is not significant. This result confirms
that the fragment containing t heofBBADMdNAI s mor
thaliana conceivably due to BEADA sequence (the CTCF binding site) on this fragment which is
responsible for insulator action in a variety of vertebrates. This led us to directly test whether the
BEADA site is in fact responsible for inktor activity inA. thalianaby creating a sequence which

removes the BEADA site completelgtlBEADA. The sequence with this deletion reduced
enhanceblocking activity by a significant 24.1% compared to the full sequence of BEAD1c
(p=0.0484), suggestinthe importance of this site in insulator functiorAinthaliana.However, it

also may indicate that other sequences within the cloned fragment that we have not analysed may

have insulator function as was previously observed with UASrpg.

The final insulato analysis tested thB. melanogastegypsy insulator This 340bp DNA
fragment has been well characterize®irmelanogasteand has been studiedAn thalianaas an
element possessing the ability to protect against position effiatsy et al., 2017; She et al.,
2010a; Singer and Cox, 2013 addition, a gypsyike sequence has also been tested\.in
thaliana (Singer and Cox, 20130ur goal is to test whether the gypsy sequence can block
interactions between the CaMV35S enhancelr raapin promoter to determine whether it is also
able to function in this assay system. | was also interested in characterizing this sequence to
understand what exactly is involved in its function, as the gypsy insulator protein, Su(Hw), has not
been idenfied in A. thaliana.Our study of this sequence involved an insertion of the full sequence
in our pL1 vector, as well as a sequence in which we deleted all 12 of the potential -SBkéHw)

protein binding sites. When the full gypsy sequence or the dele@sninserted between the
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enhancer and promoter we observed no specific GUS expression (Table 3.2C). We can deduce

from these results that this element is not a functional insulator in our assay system.

An NCBI ProteinProtein BLAST search was done on tilé known insulator proteins to
determine whether protein orthologs existed in #rabidopsisgenome. Protein accession
numbers were added ardabidopsis thalianadatabase was chosen. Téearch discovered no

protein orthologs for Rapl, Su(Hw), or CTCF.

In this section we demonstrated that insulators from-plant species could function
successfully as enhaneelocking elements irA. thaliana The results for all three insulator
sequences that were tested suggested that associated insulator prditegrsiigs were dependent
on the fragment tested. In UASrpg, only one Rapl binding sequence was observed to be important
in insulator function. There was evidence for gypsy function when the So@téw) bindingsite
was removed from URSopipsgoBthsSuliw)tbindmgsite werehremoved
from gypsy. The removal of a CTCF binding sitefrorM S 3 6end di d not show
activity while removal of theCTCF binding site from BEAD1c did reduce insulator activity
significantly. Thesaesults together point to the importance of context of other sequences in the

transgene as being important and will be described in the Discussion.

3.4.4. Does sequence orientation affect insulator activity?

In addition to characterizing insulator sequences va#pect to their protein binding sites,
studies have also tested sequences in their inverted forms (reverse sequences) to determine whether
insulator function is orientation dependent. Some vertebrate studies have found insulator
sequences to function bettin one orientation over the oth@&ell and Felsenfeld, 2000; Hark et

al., 2000) Similar results were found in a plant study of the TBS (Transformation Booster
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Sequence) which tested its ability to block enhancer promoter interactions betRipefpetat

and stameispecific PISTILLATA) promoter and CaMV 35S enhancer construct. Histochemical

GUS analysis within floral and leaf tissues of transgénithalianadetermined that the forward

TBS sequence showesignificantly greater insulator actiyitthan the same sequence when
reversedSingeret al., 2011)In a similar fashion, we have tested various sequences within the

pL1 vector for insulator activities. The analysis encompassed testing the inverted sequences of
BEAD1Cc, UASTr pg, UAS 56end, and UASfor®vd@rceamdd ( Tab

inverse are defined with respect to their orientation adjacent to the gene of inteitest

Inverting UASrpg (UASrpgINV) decreased enhanrbkercking activity by a significant 42.3%
(p=0.00462), compared to the original UASrpg forward sequiee . The 1 nversion o
(UAS_5061 NV) d e ebloekiags axtvity byn32% rfpe@000136) compared to its
forward sequence, and inverting WAcRngadwend (UA
by 28.6% (p=0.0130) compared to its forward sme. Inversion of these three sequences
significantly reduced insulator activity, suggesting a possible relationship between insulator

orientation and activity of UASrpg iA. thaliana

The inversion of the full length BEAD1c insulator (BEAD1cINV) only decreased the ability
of the sequence to block enhanpeosmoter interactions by 3.4% (p=1.0) compared to the forward
BEAD1c sequence, indicating that orientation of the 548bp BEAD1c seguweres not play an

A

effect on itds insulating function in our ass

Overall, the inversion analysis demonstrated that orientation plays a substantial role in

insulator function of the UASrpg sequence in our assay, while there is no significant effect in
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sequence orientation in the BEAD1c sequence. The difference in size may be a factor in helping

to understand and interpret these results as will be deliberated in the Discussion.
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Tabl e 3 :glicoronidase (GBS) staining results for the deletions anchutations of nonplant
insulator sequences in the pL1 vectofThe columns indicate the construct name and size, the number of
individual transformants tested for leaf, flower, silique and seed staining, and a calculation of the specific
and nonspecifiexpression of the GUS transgenes. * indicates data produced from Gu® aaitd

(2009).

A. Datarepresentingonstrucs containing UASrpg sequence deletions and dinucleotide mutations.

GUS staining GUS expression
No.

Construct Size plants Flowers Leaves Siliqgues Seeds Specific Nonspecific None
Name (bp) tested

pL1 53 41 49 42 41 2/51 49/51 2
UASrpg* 246 26 0 0 2 26 24/26  2/26 0
UAS_50e1 149 37 0 9 8 34 21/35  14/35 2
UAS_mR1 149 18 5 10 11 13 5/16 11/16 2
UAS_mR2 149 21 12 18 14 20 2/21 19/21 0
UAS_306e1109 41 1 1 1 33 32/33  1/33 8
UAS_®Su (100 20 1 2 11 18 8/19 11/19 1
UAS_oCT (104 20 0 1 4 16 14/17  3/17 3
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B. Datarepresentingonstrucs containing BEAD1c sequence deletions

GUS staining GUS expression
No.

Construct Size plants Flowers Leaves Siliqgues Seeds Specific Nonspecific None
Name (bp) tested

BEAD1c* 548 56 3 4 7 55 48/55  7/55 1
BEAD1c_5end 265 32 16 16 19 32 9/32 23/32 0
BEAD1c_3'end 301 31 0 1 8 29 20/29  9/29 2
gBEADA 509 20 2 2 7 19 12/19  7/19 1
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C. Datarepresentingonstrucs containing gypsy sequence deletions.

GUS staining GUS expression
No.
Construct Size plants Flowers Leaves Siliqgues Seeds Specific Nonspecific None
Name (bp) tested
gypsy 352 20 8 17 19 8 0/20 20/20 0
gypsy.pSu ( F 268 9 5 5 7 6 1/8 7/8 1
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Tabl e 3 .-ducoronidase (GRJS) staining results for the inversions of neplant insulator
sequences in the pL1 vectoiThe columns indicate the construct name and size, the number of individual
transformants tested for leaf, flower, silique and seed staining, and a calculation of the specific and
nonspecific expression of the GUS transgenes. * indicates data from Gu«Saaditch (2009).

GUS staining GUS expression
No.

Construct Size plants Flowers Leaves Siliqgues Seeds Specific Nonspecific None
Name (bp) tested

UASrpg* 246 26 0 0 2 26 24/26  2/26 0
UASIrpgINV 246 20 1 2 10 17 9/18 9/18 2
UAS_506e1 149 37 0 9 8 34 21/35  14/35 2
UAS_5061 1149 26 16 20 22 25 2/25 23/25 1
UAS_306er1109 41 1 1 1 33 32/33  1/33 8
UAS_361 1109 21 1 5 2 17 14/20  6/20 1
BEAD1c* 548 56 3 4 7 55 48/55  7/55 1
BEAD1cINV 548 20 0 1 3 18 16/19  3/19 1
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Figure 3. 4: Example of agarose gel el ectrophoresi

pB31 with SALK primers. Each gel contained 14 wells, therefore samples and controls were continued
on separate gels, all with the same PCR components and conditions. TraAsgadizpsis thaliandDNA
samples containing candidatgBEADA insulator are shown. Amplification of DNAused
SALK 049131 RP2 and SALK 049131 LP2 primers to produce a band with an expected size of 762bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449,434), 298, 267, 174, 102, 80
1-20: Transgenic plant DNA containim@3EADA inserts

wt: Arabidopss thaliana wild type DNA

- - Negative control containing water in place of DNA
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Figure 3.5: Example of agarose gel electrophoresstiowing PCRa mp | i fi cati on of cl on:¢
pL1 with pL1F and NapinSeqRev primers Each gel contained 14 wells, therefore samples and controls

were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thaliandNA sample containing candidagBEADA insulator are shown. Amplification of

DNA used pL1F and NapinSegR primers to produce a band with an expected size of 679bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-20: Trangenic plant DNA containingBEADA inserts (679)

V : pL1 control vector (no insert, 170bp)

+ : BEAD1c sequenced control (718bp)

- . Negative control containing water in place of DNA
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3.5. Discussion

The eukaryotic genome contains a multitude of factors andeelsnall working together to
produce the various transcriptional outputs required for gene expression. Insulator sequences are
a necessary element in this machinery. Insulators control gene regulation by creating boundaries
in the genome preventing unwaditieteractions between distinct genes. To function, these DNA
sequences contain protein binding sites where specific primary and secondary proteins bind,
creating loops in the chromatin to separate regulatory elements, or gaps to segregate active and
inacive chromatin. The hypothesis is that the function of-plamt insulators is conserved in
plants, along with their protein binding sites, ultimately sharing very similar mechanisms. In fact,
the proteins bind consensus sequences on the sites, demanstagittions of protein binding
sites within eukaryotic species, and possibly between species. The functiorpddnbinsulators
suggests that the mechanism involved may be conserved. Our goal is to stugpldnorsulator
sequences (BEAD1c, UASrpand gypsy), through deletions, mutations and inversions and study
the effects of their potential protein binding sitesAinthaliana,and ultimately describe the

potential mechanism at work A thaliana

3.5.1. Functional insulators in plants

The most compramsive research on insulators has focuse®.omelanogasteas a model
system Most D. melanogasteimsulators have been studied and characterized, guiding thinking
about models and mechanisms for the function of eukaryotic insulator species. The structure of
chromatin is highly conserved in eukaryotes, suggesting that these mechanisms can alsalbe applie
to plants and that insulators of other species are also functional in plants. Research on insulator

testing across species has been very successful, such as fungal sequence®irapeaBtoach,
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1999)or chicken sequences in human cell lig€kung et al., 1993Multiple studies tried this
hypothesis by testing insulator function of Ralant sequences in plant species. Examples include
testing the yeast AR$ SAR (Allen et al., 1993)the chicken lysozyme MARMIynarova et al.,
1994; Nagaya et al., 200&hd the sea urchin Ars insulai®fagaya et al., 200.ljor their alility

to protect against positional effectsNintabacum.

Studies have been testing both plant and-plant insulator sequences for functionAn
thaliana.Hily et al. (2009) initially showed that a TBS (transformation booster sequencelPfrom
hybridafunctions as a successful enhanrglercking insulator irA. thaliana.Their assay consisted
of a TBS sequence cloned between a CaMV 35S enhancer and adjmedic AGAMOUS
second introrderived promoter (AGIP) and assayed for histochemical and flubren@US
expression in one tissue type (leaves). Their analysis showed that most transgenic lines containing
the TBS sequence lacked detectable GUS expression in le®8% which is indicative of

insulator function in their assay.

A gypsylike sequencg2258bp) inA. thalianawas also found to elicit enhandgliocking
effects(Singer and Cox, 2013Jhe assay determined whether the Atgylilsy fragment was able
to reduce CaMV 35S enhanemediated constitutive activation of a nearby pesald stamen
specific PISTILLATA promoter (Plp) when situated between the two. Two tissue types, leaves
and flowers, were analyzed by histochemical and fluorometric assays for GUS expression. The
analysis showed 75% of lines displayed a reduction of 35S enhanceredeatitivation of Plp
with GUS only in flower tissue (indicative of insulator function), compared to the vector control

which displayed GUS staining in leaf and flower tissue in every line.
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In studies which tested ngalant insulators irA. thaliang similar approaches have been made.
(GudynaiteSavitch et al., 2009emonstrated that UASrpcA( gossyp) and BEAD1c H.
sapien3 were successful at blocking CaMV 35S enhamagrin promoter int@actions when
placed between the two. In their histochemical analysis, 92.3% of UASrpg transformed samples
and 87.3% of BEAD1c transformed samples had a pattern of GUS expression indicating insulator

function.

In all of these studies 100% insulator funatiar 0% insulator function was rarely observed.
The ability of sequences to reduce, but not completely eliminate misexpression or position effects
is common among insulator studies. In our assay the possibility of deletion of targeted sequences
to reduce bt not completely eliminate insulator function could be due to multiple sequences on
the insulator. For example, deletion of CTCF
activity of BEAD1c to zero in our assay, possibly because within the seqgefcé o r 30

BEAD1c) there are other sequences contributing to its function.

The heterologous assays may produce varying results to one another for multiple reasons (for
example the function of CTCF in human cells vs plant systems). It was hypothbsizearitances
in insulator function may be due to two competing factors: the conserved mechanism of insulator
sequences to require their specific binding proteins, and the sequence divergence between plants
and recognition sitegGudynaiteSavitch et al., 2009)n order to fully determine true insulators,
we believe it is necessary to thoroughly study sequences in plants and characterize them via

sequence manipulations.
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3.5.2. Protein binding

The sequences under examination (deleted and mutated fragments) were tested in the pL1
vector for insulator function based on their ability to block interaction between the 35S enhancer
and seed specific napin promoter, when placed between them. Thesacalkgslated transgenic
samples which expressed histochemical GUS expression in leaf, flower, silique, and seed tissues.
Specific, norspecific, and no GUS staining was determined for each transgenic sample. Those
samples with specific GUS staining in de@nly, signified an ability to block enhangeomoter

interactions and ultimately insulator function in plants.

The sequences under investigation come frompiant species. They contain protein binding
sites which have been found to be functionalnomnplant species, and the sequences are
homologous to insulator protein binding site consensus sequences. Since these insulator sequences
function in A. thaliana, this thesis proposes that the mechanism behind insulator function is
conserved in plants antherefore the proteins are conserved. However, we would expect
divergence in the proteins and sites due to the evolutionary distance between plants and the source

organisms.

Our overall deletions and mutations analysis of UASrpg, BEAD1c, and gypsy pladadeéth
sufficient data to claim the presence of multiple proteins are involved in insulator funcfon in
thaliana. The characterization of UASrpg by nucleotide mutations in the protein binding sites,
showed that on the 56 @& nasitd, R? fvas bighicanginvolvechie s e c
insulator function for UASrpg, although R1 wa
computational discovery and deletion analysis, a Su(Hw) binding sequence was observed to be
important for insulator functio of UASrpg, yet a CTCF potential binding sequence did not. In

contrast, deletion analysis of the CTCF binding site in BEAD1c, BEADA, reduced insulator
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function significantly, suggesting its importance in insulator function in our assay. Interestingly,
thegypsy sequence containing 12 Su(Hw) protein binding sites, did not function as an insulator in
our enhanceblocking assay, despite one Su(Hw) site playing a significant effect in UASrpg as

previously mentioned.

It is unclear why in our assay, certarmof@in binding sites are important for insulator function
in one fragment and not in another. I n the an
resulted in a significant decline in insulator function. However, dinucleotide mutation of the R1
site did not produce significant decline in insulator activity. Still, we believe this does not rule out
the significance of R1 in insulator functionAn thalianacompletely, as studies have shown that
the function of Rapl sometimes relies on multiple Rsipgs for full insulator functioriBi and
Broach, 1999; Yu et al., 20Q3j an enhanceblocking study of the 3 Rap1 sites (R1, R2 and R3)
in the S. cerevisaelEF2UAS insulator, deletional analysis of the sequences found that the
insulator furction of deleted fragments would only work in particular combinations of the Rapl
sequences. For example, R1 and R2 alone would not significantly act as ingBlieaoasBroach,
1999) This suggests that their activities likely require the coatgid actions of more than one
Rapbinding sites. Similarly, a mutation study of the THBFAS insulator found that mutations
in two of the three Rap1l sites abolished its barrier activity, indicating that the association of Rapl
with the TEF2UAS insulatorat more than one site was required for insulator fungianet al.,
2003) These findings suggest that the function of Rapl likely requires the coordinated actions of
multiple Rapl binding sites. Mutation of our R1 site decreased insulator function, although it was
not statisticly significant. The significance of both Rapl binding sites for insulator function in

yeast compared tA. thaliana,which only showed significance in one site, could also be due to
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differences in assay systems. Heterologous assays test insulators \ffignendi

enhancer/promoters, including slight differences in chromatin structure in the example of yeast.

Further analysis would be beneficial in determining whether R1 DNA sequence in this assay
is functioning in a similar way to that same R1 DNA sequence in the assays of Yu et al. (2003)
and Bi and Broach et al. (1999), which binds to the Rap1 proteinrotién. For example, an
experimental approach to test this theory would be to clone another sequence containing mutations
in both R1 and R2 sites and testing it for enhaibbacking abilities in the pL1 vector. The result
would identify whether there ia difference in function compared to the mutation in R2 alone,
identifying whether there is some coordinated action from R1 that is only significant with R2. It

would also be beneficial to increase sample sizes for all mutation constructs.

In the case ofhe CTCF binding site, the observation that it functions in BEAD1c and not in
UASrpg (UAS 36end) may be due to the | ength of
core sequence (CTCCC) according to the approach of Batool Gandorah and Lara Rasooli.
However, true protein binding sites would likely require experimental approaches to determine
whether CTCF actually binds to a sequence in UASrpg. In contrast to the experimentally
determined BEADA sequence (CTCF site) in BEAD1c, the length of the sexpudeleted in our
UAS 36end analysis (5bp) significantly differ
core consensus sequence we have deleted may not have been a large enough deletion to have
played a significant change or to have been functidnabrder to test this possibility, a protein
binding analysis (Chromatin Immunoprecipitation (ChIP) or DNA electrophoretic mobility shift
assay (EMSA)) mu st be done to determine whicl
there, deletion of the experentally determined site would provide a better conclusion on the

importance of the CTCF site in UASrpg.
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The gypsy element has been highly characterizddl imelanogasteand recently has been
shown to function irA. thaliana.Studies have tested thegsence for its ability against position
effects(Jiang et al., 2017; She et al., 2018b)l a gypsyike sequence frorA. thalinacan function
as an enhancdalocker (Singer and Cox, 2013)0ur analysis has shown that although the full
length gypsy with its 12 consensus sites for Su(Hw), is not functional in our assteyyéthin
the 36end of UASrpg containing only one Su(Hw
It is surprising that deletion of one consensus sequence alone significantly reduced insulator
activity in one insulator and not the other. Sevpaoasibilities should be considered. For example,
the function of UASrpg 36 fragment may not be
all. It is possible that the deletion of the 9bp seque@&QTGCATA) may have affected an
overlapping sequenceeducing the efficiency of an unidentified plant insulator protein to bind. In
accordance to the BLAST analysis which did not find any Su(Hw) protein ortholég¢haliang
Su(Hw) may not be a factor in enhanbéwcking insulator function in our spéiciassay. Another
possibility could be that the gypsy sequence is enhaaceromoterspecific and notiunctional
with the seed specific napin promoter. Studies have shown that some insulators are specific to
certain regulatory elements and even spd@eslynaiteSavitch et al., 2009; Nagaya et al., 2001)
To test this, it would be necessary to clone the gypsy insulator into varying vectors containing

varying enhancers and promoters to determine any differences in results.

3.5.3. The role of insulator orientation

The inversion analysis of the UASrpg el ement
significant reductions in enhanellocking activity in the pL1 veor for all 3 experiments when
tested in the reverse orientation, suggesting that these insulators are orientation depéndent in
thaliana which has been commonly found in other stu¢ddshyankar et al., 2007; Barges et al.,

99



2000; Bell and Felsenfeld, 2000; Bell et al., 1999; Hark et al., 2000; Singer et al., R0é\lipw

by Westet al.(2002)suggested that insutas often contain additional regulatory elements due to
their length, such as an upstream enhancer in the case of the &poiEnsulator(Antes et al.,
2001)or t he 5 06rHSkbf i tnhsegldbmibons(€heing etfal., 19935ince enhancer
blocking insulators are known to be functional only when situated between the enhancer and
promoter, compound elements contagnboth enhancer and enhanbéwcking activities display
polarity. When an insulateenhancer element is orientated with the insulator closer to the
promoter, that enhancer as well as others more distal will be blocked. When the combination
element is reersed, the distal enhancers are still blocked, but the insalssociated enhancer is

now free to activate the reporter. However, with the case of our sequences, the length is much
shorter than those previously studied. We believe that in a similaorfiastr sequences are polar
dependent in a way that the reverse orientation creates new end sequences which may interfere

with insulator activity.

The BEAD1c sequence did not however produce an orientation dependent outcome compared
to the UASrpg analysiwith regards to the sequence inversion experiments. In contrast to UASrpg,
the ability of reverse sequence of BEAD1c to block enhape@moter interactions remained
intact and insulator activity was comparable and statistically similar. This resukémasibserved
previously as well in Fab7 and gypsy insulators which were tested in forward and reverse
orientations, within a construct containing an enhanceopfa and anHsp 70promoter inD.
melanogaste(Tchurikov et al., 2009)Larger sequences such as Fab7 (1.2kb), BEAD1c (548bp)
and gypsy (340bp) have orientation dependence for function while smaller sequences UASrpg

(246bp), UAS 56end (149bp), and UAS 36end (10
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dependence. Perhaps the variation in size affects the insulator function, sequences smaller than

~300bp start to show a size effect on orientation.

3.5.4. The influence of enhancers, promoters, and other genomic elements

The effectiveness of insulators seems to be influenced by various genomic and structural
factors, and not necessarily species specifiseReh has shown that insulators in one context will
function exceptionally, while a change in a single element, such as an enhancer, may reduce their
functionality dramatically. For example, the 16bp NI29 insulator which was reported to eliminate
interacton between the CaMV35S enhancer and core promatettiraliana(Gan and Xie, 2002),
however was unable to abolish interactions between the tCUP enhancer and napin promoter, or a
CaMV35S enhancer and napin promoteAirthaliana(GudynaiteSavitch et al., 2009)n these
cases, the activity, or lack of activity, could be due to the nature of enhancers involved. The activity
of a strengthened enhancer, directing higher levelsanktription, is more difficult to block, as
described by Scotit al.(200l)wh o t ested i nsul ators against a
with increased number of transcription factor binding sites which increases levels of promoter
activity), and found that chromatin insulation is less effective at blocking the Mega enhancer
compared to the single FBE1 enhancer, indicating that the nature of regulatory interactions within

a gene impacts the effectiveness of an insulator.

The inability of gypsy to function as an enhanrbkacker in ourA. thalianaassay, despite
being effectie in minimizing position effects of transgemic thaliana,may not be a surprising
outcome considering the insulatords compl ex n
changes in chromatin structure and nuclear organization. The gypsy seseemseto be more

selective in plant transgenics as we see more variances in insulator function between plant species,
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and within the same species. For example, although gypsy is effective in mitigating position effects
in A. thaliang when 2 sequences flara transgendJiang et al., 2017)if is unsuccessful in
achieving the same function in transgenic tobacco celEgaya et al., 2001)The gypsy
sequenceob6s I-kocking abilitieseénrolr assay eould in part be due to a requirement
of multiple sequences for function in plants. Since no ortholog of Su(He)gypsy insulator

protein, is found irA. thaliang its function is not currently understood in plants.

3.5.5. Insulator conservation across species

Insulator function across multiple species helps us predict whether there is an association
between species andtimately conservation in mechanisms. There is growing evidence ef non
plant insulators able to function in plants, permitting us to believe that current insulator models
may be applied to plants. The ability of the fmant sequences investigated in tthesis to
function successfully as insulators An thalianasuggests there may be some conservation of
insulators across species inferring the conservation of proteins. It is clear that insulators may
function differently in heterologous systems dueadances in enhancers/promoters or chromatin
structure in the case of yeast. This analysis has identified multiple possible binding sites for Rapl

like, CTCFlike, and Su(Hwdlike plant proteins.

The direct mutation and deletion analysis of previoustgm@ned consensus sequences for
RapXUASrpg (R2) and CTCIBEAD1c (BEADA), significantly reduced insulator function in
transgenicA. thaliana.The mode of action of these proteinsAinthalianahas not been studied
previously. We believe though, that fls@ction of these sequences in our assay, provides evidence
that they are conserved, and possibly their mechanism of action as well. The models previously

described in the Introduction of this thesis include (1) the Promoter Decoy Model, (2) the Physical
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Barrier Model and (3) the Loop Domain Model. These models are not necessarily mutually
exclusive. Still, there is no single inclusive model of insulator fundfidatharu and Ahange

2015)

A growing collection of evidence has been made for the Loop Domain model, which is the
model of focus in this thesis. It has best described the function of the highly characterized gypsy
insulator, suggesting that insulator function is dugheoformation of chromatin loops from the
binding of Su(Hw), and its secondary proteins Mod(mdg4), CP190, dTopors, to the nuclear lamin.
These loops separate enhancers and promoters interfering with their direct interaction. Vertebrate
insulators contaimg CTCF binding protein sites have also been found to function by binding to
nucleolar proteins found inside the nucleolus, forming chromatin loops by tethering chromatin to
the surface of the nucleol@gusufzai et al., 2004)Similar to the gypsy element, CTCF has been
found to interact with a secondary element, cohesion, a critical partner of @ Tt&feiating inter
and intra chromosomal interactions necessary for insulator fun¢ang and Corces, 201\Ve
postulate that the function of BEAD1c A thalianaand the significance of the CTCF binding
site for insulator function in our assadicates a conserved mechanism of this protein in plants,
and that the insulators which we have studied function via the Loop Domain Model. Further studies
will be required to determine whether plants function following one of the other models as well,

since these models are not mutually exclusive, and the function of insulators is very complex.

3.6. Conclusions

Our genetic analysis of previously defined fsmant insulators has identified multiple protein
binding sites that show significance in insulator fiortin A. thaliana Rapl site in UASrpg,

Su(Hw) site in UASrpg, and CTCF site in BEAD1c. The identification of these sites suggests
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possible protein conservation between the species and therefore infer conservation of mechanisms.

The identification and atysis of these protein binding sites is the first in plant systems.

Further analysis on the protein binding sites will be required to confirm whether these
sequences can activate insulator activity alone or in tandem. For example, cloning the BEADA
sequace and the Rapl binding site sequences in tandem, and testing for enhancer blocking
abilities in the pL1 vector would infer whether these sites alone are essential for function.
Identification of the proteins that bind these sites would also clarifyrthles in insulator function.
Literature and our BLAST analysis has not identified protein orthologs of Rap1, Su(Hw), or CTCF
in A. thaliana HoweverA. thalianadoes contain numerous zifinger proteins similar to Su(Hw)
and CTCF. This suggests thatrinenay be aA. thalianalike CTCF or Su(Hw) insulator protein.
Experimental analysis would be necessarg identify actual proteins binding to our DNA using
techniques such as Chromatin Immunoprecipitation (ChIP) or DNA electrophoretic mobility shift

(EMSA).

Once more research on plant insulators and their binding proteins are readily available, we can
build stronger models to support their function. The idea that no one insulator model describes all
insulator function is evident in the data produced herewé&save observed from the deletion
anal ysis in UASrpg in which the 36end al one
compared to the full UASrpg sequence, multiple systems may be at work in a single insulator, and
possibly interfering with onanother. This suggests that perhaps insulators in plants have multiple
roles as in the example of the scs (special chromatin structure) insulatoD frovelanogastor
containing both enhancétocking and barrier element functiof@ai and Levine, 1995; Kellum
andSchedl, 1992; Vazquez and Schedl, 1984)was described in the Introduction. The ability of

the insulators investigated here to functiorAinthalianasuggests that insulators are conserved
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across species and like other species, plants contain multiple, functional insulators. The protein
binding sites that were found to be significant to their function suggests that in turn their protein
binding sites are also conserved. This implies that the mechanisms by which other species function

may be used to describe plant insulation once furtherndsesadone.

4.0Thesis summary and future directions

4.1.Chapter 2 and Chapter 3 results summaryand implications

We hypothesized that plants have multiple insulator types able to block unwanted interactions
between enhancers and promoters, and that insulatoes@lutionarily conserved across species.
The implications of this statement are that the mechanism(s) behind insulator function as well as
the protein binding sites and the insulator proteins themselves are conserved. We described in this
thesis a seletn method which not only tests but also identifies novel insulator sequen&es in
thalianausing a random oligonucleotide librafjhe results of this threstep analysis identified
four insulator sequences we believe will be functional in all plants3,linll-12, Inlll-50 and
Inlll-78. We also believe that we have identified essential sites of the three previously defined
nonplant insulator sequences, UASrpg frévshbya gossypiBEAD1c fromHomo sapiensand
gypsy fromDrosophila melanogasteifo dde, few studies have identified plant insulators or their
associated insulator proteins. The data obtained in this thesis will be beneficial to understanding

and identifying the mechanisms behind insulators.

In Chapter 2, we presented ard@pth analysifo select for insulator sequenaEsnovausing
our threestep selection method. Candidate sequences were cloned sequentially into three
selection/screening vectors: pCl, pB31, and pL1. Each containing the cauliflower mosaic virus
(CaMV) 35S enhancer and various promoters fused to a reporteiEgamevector has been chosen
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to test the sequence for different properties and addressing possible limitations of one another,
such as mutations during transformations in pC1, or repressor competition in pL1. In addition, our
system rigorously tests seaques in multiple tissue types, assessing for tissue specificity,
compared to most published studies. The novel sequences we have revealed to possess insulator
function in A. thalianaare approximately 150bp and 450bp long, and through a preliminary
bioinformatics study we have identified numerous factors which may bind to these novel
insulators. The goal of this bioinformatics search was to find potential protein binding sites of
insulators from noiplant species to test the hypothesis of conservatiorsolator function across
species. Unfortunately, the results for potential protein binding sites on our sequences tested
positive for sequences from our analysis which had no insulator function as well. In addition,
matches were not statistically signifitaand therefore results remain to be ineffectual and suggest
the possibility of false positives. Furthermore, our search for repressor sites produced similar
outcomes. Supplementary analysis for potential protein binding sites on these novel sequences
mug be done in order to discover true potential protein associations. We also point to ways in

which the technology can be streamlined and improved.

The results in Chapter 2 show a way forward that can be used to detect novel, functional
insulator sequenceas a step towards detecting multiple insulator pathways and further test our
hypothesis. Unlike the results presented in Chapter 3, no candidate sequences need to be identified

prior to testing.

In Chapter 3, we present a comprehensive characterizatiprewbusly defined noplant
insulators inA. thaliana.Our goal was to localize sites important in insulator function, specifically
potential protein binding consensus sites. In particular, we have identified three protein binding

sites potentially invaled in insulator function irA. thaliana.A Rapl site (R2) on UASrpg, a
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Su(Hw) site on UASrpg, and a CTCF site (BEADA) on BEAD1c. It is unclear why in our assay
certain protein binding sites are important for insulator function in one fragment and maitiara

In UASrpg, although the sequence contains two Rapl proteins, our results suggest that only R2 is
significantly important in insulator function of UASrpg. Further mutational analysis of the Rapl
sites should be done to make any conclusion on tiéfisence of R1, since the mutation on the

R1 site did in fact reduce some insulator activity in UASrpg. We propose creating a sequence with
mutations in both Rap1 sites, as well as cloning R1 and R2 in tandem and testing the abilities of

these fragment®tact as insulators. This would provide a more rounded analysis on the sequence.

The significance of CTCF protein site in BEAD1c and not in the UASrpg sequence could be
attributed to multiple reasons. First, it is clear thatetk@erimentally determined site on BEAD1c
is much longer in length (17bp) compared to the one we deleted on UASrpg (5bp). This difference
in size may be a factor for why the observations differed between the two insulators. It is possible
that the CTCCC detion we produced is much too short in size for any function of the protein.
Second, it may be possible that there is actually no CTCF site on UASrpg at all. In order to test
this theory experimental analysis would have to be done such as Chromatin jpnecypitation
(ChIP) or DNA electrophoretic mobility shift assay (EMSA) to determine true protein binding

factors to our sequences.

It was also interesting to find that gypsy and its Su(Hw) binding site (twelve tandem sequences
of the Su(Hw) consensus sepces) was not able to function as an insulator in our assay. The
gypsy insulator has been shown to be functional in mulipkhalianastudies. It is possible that
this sequence is enhancer or promoter specific, as has been shown in numerous stisdikegor

(GudynaiteSavitch et al., 2009; Nagaya et al., 20@), gypsy may not be an enhanb&ycking
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insulator in plants, as most studies have tested the gypsgrsmror gypslike sequences for

positional effects onlyJiang et al., 2017; She et al., 2010a; Singer and Cox, 2013)

Although the genetic analysis of Chapter 3 identified an importance in multipl&tos
binding sites, it is necessary to carry out future research on protein binding of these sites to
determine the specific plant protein involved. As studies have shown, proteins will bind to
consensus sequences, indicating possible variations obsti@een species. The function of the
sequences identified here suggests that plant insulation is conserved across species and proteins or

their orthologs are conserved.

The results from this thesis have helped us propose potential models to explasntiaaisms
at work. From the investigation of the human insulator, BEAD1c, specifically the BEADA site
deletion analysis, we have identified this site to be criticl.ithaliana.The BLAST search on
the CTCF protein identified similar zinc proteins pras@ A. thaliana.This highly conserved
protein has been revealed to be critical in multiple insulator species and shown to interact with
multiple nuclear substrates contributing to chromatin localization and organization in the nucleus,
producing chromat loops(Yang and Corces, 201Ihrough the evidence presented here and the
published |Iiterature on CTCF, we postulate th
|l oop model o0. This model suggest goboth grimary amdn s u |l a't
secondary) are responsible for creating physical loops with chromatin fiber, separating enhancers
and promoters into independent domains. This separation blocks the two regulatory elements from
communicating with one another. The nexpsin testing whether this concept is true, is to
continue experimental research to identify the specific plant protein which binds to the BEADA

site, according to Bell et al.o6s (1999) met ho
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suggestd to be CTCF, a knockdown of its nuclear associated proteins to determine whether

insulator function becomes impaired would be necessary.

From the data obtained from UASrpg, we may expect to find multiple models involved in plant
insul ation. The del etion analysis pertaining I
activity to the full UASrpg sequence, suggested the possibilitgufiple systems occurring in
the insulator involved in function for the wh
requires multiple models to explain its function, and further research on insulator sequences and
primary and secondary pratebinding sites must be done to fully understand the mechanisms at

work.

The results from Chapter 3 demonstrate that multiple protein binding sites are conserved in
plants, providing a direction to identifying conserved models to explain and furthesurest

insulator hypotheses.

4.2. Future directions

Chromatin insulators are an important class of DNA regulatory elements found in multiple
species from fungi, to yeast, to humans. The overall role of insulators and their associated proteins
in the genome of mbsukaryotes is to organize the massive amounts of chromatin into structurally
and functionally independent domains. Using what we know about insulators in flies and
vertebrates, and the research presented here, we can expand our fundamental underfstanding
gene regulation and organization. Moreover, insulators can be valuable tools in biotechnology as

they prove to function well in transgenics and successful at protecting against position effects.

In addition to genetic analyses, as the one here, thimgation of this research should identify

specific protein factors associated with the novel insulators identified in Chapter 2, as well as ones
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associated with the protein binding sites identified in Chapter 3. Well defined approaches to
determine thesproteins include Gel Shift Assay or Electrophoretic Mobility Shift Assay (EMSA)
and Yeast Onélybrid to discover associated primary proteins, and YeastHylid to discover

secondary proteins.

EMSA is anin vitro approach to identify primary insulatomlgiing proteins in nuclear extracts
by a reduction in mobility of DNA and determining their migration patterns on polyacrylamide or
agarose gels. Functional insulator sequences determined in our edtlankigry assay can be
PCRamplified with biotinylatedorimers and attached to streptavitheads for isolation of the
binding protein(s). Eluted proteins even in mixtures can be identified (Desveaux et al., 2000) by
reference to databases following electrospray mass spectrometry which gives the protegeseque
of the generated fragments. Yeast @hrid is another possibli vivo approach to identify
primary insulator binding proteins where the bait is the insulator sequence (single or double
stranded). AnA. thalianacDNA library will be created from legpolyA + RNA as per the
manufacturerds recommendation and putative

sequencing allow the screening of a large number of clones.

Isolated candidates would be sequenced (DNA, Yedwstblid) or the sequence recoedr
form the peptide sequence (EM$4Asisted purification) and analysed for DNA binding motifs,
not previously weklcharacterized etc. cDNAs for the best candidates will be expressed and used
for antiserum production (Schnell et al., 2010) and GFP fusidhsenmade (Angers et al., 2006)
to generate the tools for further analyses. EMSA will confirm the DNA binding ability with
microscopy and immunochemistry used to localize the protein within the nucleus and compare to
previous distributions. Identificatio of both insulator sequence and protein provides strong

support for the evolutionary conservation of insulation.

110



The hypothesis that several proteins are involved in the function of insulators, as in Drosophila,
would be tested by identifying secondargteins associated with the primary proteins discovered
in the above experiments (EMSA and Yeast-®Glyerid). The identification of interacting proteins
would be attempted by using a yeaghybrd system in which the bait beconteg insulator
binding facta. The c¢cDNA wil/l be cloned using the Pro
interacting proteins sequenced. They will be analysed in a similar manner as fehyhadl
system. Promising candidates could be tested for interaction with pumgigldta binding factor
by a pull down assay that uses the antibody previously generated. The identification of proteins
interacting with IRBF would further support the evolutionary hypothesis and link insulation to

chromatin remodeling.

We believe the insulaterwe have found in this thesis are ideal sizes for transgenic
experiments, as the genetic engineering of plants require elements to prevent inappropriate
enhancepromoter interactions or position effects should be relatively short sequences and easy
to clone. With the integration of multiple genes, increasing the necessity to block misexpression,

it is clear the future of agriculture and crop science relies on these special regulatory sequences.
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Appendix T Chapter 2

A

; ; TS dTTP
cytosine » uracil > > > » dUMP — dTMP —— ———» h
thymine
DNA
synthesis

5-F uridine

— 5F-dUMP
codA / ----\4 / \x

5FC — 5-FU — (5-F)UMP —— —— dUMP —

Figure A2.1: The toxic metabolic pathway of SFlurocytosine (5FC) to 5-Fluorouracil (5-FU) catalyzed by the

product of codagene expression(A) Normally cytosine is metabolized toacil and eventually to deoxythymine
triphosphate (dTTP) critical for DNA synthesis. (B) Cytosine deaminase enzyme encoctatiopnverts 5-C to

5-FU, which is processed tofluoro-deoxyuridine monophosphate @BRJMP) indirectly via the intermediate F

uridine or directly by uracil phosphoribosyltransferase (upp)dBMP irreversibly inhibits thymidylate synthase

(TS) activity, and as a result the cells are deprived of deoxythymidine triphosphate (dTTP) necessary for DNA

synthesis. Modified fronhttp://aac.asm.org/content/47/4/1275/F3.expansion.html
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DNA Analysis of Arabidopsis thalianaransformed with Inl -6pB31sequence
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Figure A2.2. Example of agarose gel electrophoresis showing PCR amplification of hélin pB31
with 1381F and GCHahpd eontainedld ivelke thesefore samples and controls were
continued on separate gels, all with the same PCR components and conditions. Traradpahipsis
thaliana DNA samples containing candidate insulator6pB31 are shown. Amplification ddNA used
1300LacZF and GUS506Rev prinm8®hs with an expected

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4v81), 298, 267, 174, 102, 80
1-28: Transgenic plant DNA containing h6pB31 insert$888bp)

V : pB31controlvector (no insert, 450bp)

+: 11-10 in pB31 sequenced control (604bp)

++ : |-3pin pB31 sequenced contr@dq2bp)

- - Negative control containing water in replace of DNA
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Al ignment oe6pB3hd samples and consensus sequeche4l0but put from Seque

<Input_Inl -6pB31 #1
>Inl - 6pB31_S2 #1
>Inl - 6pB31_S7 #1
>Inl - 6pB31_S8 #1
>Inl - 6pB31_S9 #1
>Inl -6pB31_S10 #1

Inl -6pB31 #1
Consensus

<lnput_Inl -6pB31 #51
>Inl - 6pB31_S2 #51
>Inl - 6pB31_S7 #51
>Inl - 6pB31_S8 #51
>Inl - 6pB31_S9 #
>Inl -6pB31_S10 #51

Inl - 6pB31 #51

<Input_Inl  -6pB31 #101

>Inl -6pB31_S2  #101
>Inl -6pB31_S7  #101
>Inl -6pB31_S8  #1

>Inl -6pB31_S9  #101
>Inl - 6pB31_S10  #101

Inl - 6pB31 #101

<Input_Inl -6pB31 #151

>inl -6pB31_S2  #151
>Inl -6pB31_S7  #151
>inl -6pB31_S8  #151
>Inl -6pB31_S9  #151
>Inl -6pB31_S10  #151

GGATCCGAGA CAAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGGGGCGC
GGATCCGAGA CAAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGGGGCGC
GGATCCGAGA C AAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGGGGCGC
GGATCCGAGA CAAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGGGGCGC
GGATCCGAGA CAAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGGGGCGC
GGATCCGAGA CAAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGGGGCGC

GGATCCGAGA CAAGCCGCGC CCAAAGACCT GGCCGGAATA AGGGG GGCGC

TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT
TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT
TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT
TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT

TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT
TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT

TTGTGATCAC ACGGGGAGGC GCAGGGACAC GAGAAGCGGC AGGGGGTCGT

AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCCTCCTGA
AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCCTCCTGA
AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCCTCCTGA

AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCCTCCTGA
AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCCTCCTGA
AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCC TCCTGA

AACTGGGGAA AGGCCGGGTG GGGGACAGCG GTGGGTATGC CTCCTCCTGA

ATTCAGGAGG AGGTTGCACG CGCATCCCGA ATGAACCGCT AACCTCTCCT
ATTCAGGAGG AGGTTGCACG CGCATCCCGA ATGAACCGCT AACCTCTCCT
ATTCAGGAGG AGGTTGCACG CGCATCCCGA ATGAACCGCT AACCTCTCCT
ATTCAGGAGG AGGTTGCACG CGCATCCCGA ATGAACCGCT AACCTCTCCT
ATTCAGGAGG AGGTTGCACG CGCATCCCGA ATGAACCGCT AACCTCTCCT
ATTCAGGAGG AGGTTGCACG CGCATCCCGA ATGAACCGCT AACCTCTCCT
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Inl - 6pB31 #151 ATTCAGGAGG AGGTTGCACG CGCA TCCCGA ATGAACCGCT AACCTCTCCT

<lnput_Inl -6pB31 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
>Inl - 6pB31_S2 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
>Inl - 6pB31_S7 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
>Inl - 6pB31_S8 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
>Inl - 6pB31_S9 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
>Inl -6pB31_S10 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
Inl - 6pB31 #201 TCCTTGTTTT CTTCCCACTC TTCGCCTCCG CCTTGCAGCT AATTCACTTT
<lnput_Inl -6pB31 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTCGGATCC GAGACAAGCG
>Inl - 6pB31_S2 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTCGGATCC GAGACAAGCG
>Inl - 6pB31_S7 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTCGGATCC GAGACAAGCG
>Inl - 6pB31_S8 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTCGGATCC GAGACAAGCG
>Inl - 6pB31_S9 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTCGGATCC GAGACAAGCG
>Inl -6pB31_S10 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTC GGATCC GAGACAAGCG
Inl - 6pB31 #251 ACTGCTTTAT TTGTACACAT AATTTGCTTG TCTCGGATCC GAGACAAGCG
<lnput_Inl -6pB31 #301 GGAGGTTGGG GAGCCATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
>Inl - 6pB31_S2 #301 GGAGGTTGGG GAGCCATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
>Inl - 6pB31_S7 #301 GGAGGTTGGG GAGCCATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
>Inl - 6pB31_S8 #301 GGAGGTTGGG GAGCCATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
>Inl - 6pB31_S9 #301 GGAGGTTGGG GAGCCATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
>Inl -6pB31_S10 #301 GGAGGTTGGG GAGCCATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
Inl -6pB31 #301 GGAGGTTGGG GAGC CATGAG CGCCATGAAC GCGGAAACGG CGGTGAGAAG
<lnput_Inl -6pB31 #351 ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAAAGG
>Inl - 6pB31_S2 #351 ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAAAGG
>Inl - 6pB31_S7 #351 ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAAAGG
>Inl - 6pB31_S8 #351 ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAA AGG
>Inl - 6pB31_S9 #351 ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAAAGG
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>Inl -6pB31_S10 #351

Inl - 6pB31 #351

<Input_Inl -6pB31 #401
>Inl - 6pB31_S2 #401
>Inl - 6pB31_S7 #401
>Inl - 6pB31_S8 #401
>Inl - 6pB31_S9 #401
>Inl -6pB31_S10 #401

Inl - 6pB31 #401

ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAAAGG

ATCGGAGTGG TAGGTGTATA CGGAGTTGTG CAGCTGGATG ACAGAAAAGG

GAGGGGTATT AGAGCGTAAA GGGCCTCCTC CTGAATTC
GAGGGGTATT AGAGCGTAAA GGGCCTCCTC CTGAATTC
GAGGGGTATT AGAGCGTAAA GGGC CTCCTC CTGAATTC
GAGGGGTATT AGAGCGTAAA GGGCCTCCTC CTGAATTC
GAGGGGTATT AGAGCGTAAA GGGCCTCCTC CTGAATTC
GAGGGGTATT AGAGCGTAAA GGGCCTCCTC CTGAATTC

GAGGGGTATT AGAGCGTAAA GGGCCTCCTC CTGAATTC
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DNA Analysis of Arabidopsis thalianaransformed with Inl 1-10pB31sequence
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Figure A2.3: Example of agarose gel electrophoresis showing PCR amplification of IrlLOin pB31

with 1381F and GCHachmd entainedld eltke thesefore samples and controls were
continued on separate gels, all with the same PCR components and conditions. Traradpahipsis
thalianaDNA samples containing candidate insulatof{t0pB31 are shown. Amplificationf@NA used
1300LacZF and GUS506Rev primdds with an expected

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4@831), 298, 267, 174, 102, 80
1-20: Transgenic plant DNA containing Ifl0pB31 insert$604bp)

V : pB31controlvedor (no insert, 450bp)

+: 11-10 in pB31 sequenced control (604bp)

++ : |-3pin pB31 sequenced contr@&7bp)

- . Negative control containing water in replace of DNA
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Alignment of
>[nput_Inll

<l
<Il
<l
<Il
<l

- 10pB31 #1
-10pB31_S3  #1
-10pB31_S4  #1
-10pB31_S8  #1
-10pB31_S9  #1
-10pB31_S11  #1

Inll - 10pB31 #1
Consensus
>Input_Inll - 10pB31 #51
<Il -10pB31_S3 #51
<Il -10pB31_S4 #51
<Il -10pB31_S8 #51
<Il -10pB31_S9 #51
<Il -10pB31_S11 #51
Inll - 10pB31 #51
>Input_Inll - 10pB31 #101
<Il -10pB31_S3 #101
<Il -10pB31_S4 #101
<Il -10pB31_S8 #101
<Il -10pB31_S9 #101
<Il -10pB31_S11 #101
Inll - 10pB31 #101
>Input_Inll - 10pB31 #151
<Il -10pB31_S3 #151
<Il -10pB31_S4 #151
<Il -10pB31_S8 #151
<Il -10pB31_S9 #151
<Il -10pB31_S11 #1151
Inll - 10pB31 #151

filnl 1 -10pB310 samples and consensus sequence

output from Sequ encher 4.10.1
GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCTTTCCGC
GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCTTTCCGC
GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCTTTCCGC
GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCTTTCCGC
GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCTTTCCGC
GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCTTTCCGC

GAATTCAGGA GGAGGCATAT GTCCCCATTG ACCCCTCCGC CCCT TTCCGC

TGGATCTACC ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG
TGGATCTAC C ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG
TGGATCTACC ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG
TGGATCTACC ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG

TGGATCTACC ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG
TGGATCTACC ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG

TGGATCTACC ACCTCCGCCC TAGCCCCCGT GTATCGGCCT TTCGAATGTG

CGTAATGAAC CCTCC CCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCGG
CGTAATGAAC CCTCCCCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCGG
CGTAATGAAC CCTCCCCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCGG
CGTAATGAAC CCTCCCCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCGG
CGTAATGAAC CCTCCCCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCGG
CGTAATGAAC CCTCCCCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCG G

CGTAATGAAC CCTCCCCCCC TTCGTCGCTC CTACCCCTCG CTTGTCTCGG

ATCC
ATCC
ATCC
ATCC
ATCC
ATCC

ATCC
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DNA Analysis of Arabidopsis thalianaransformed with Inl 1-12pB31sequence
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Figure A2.4: Example of agarose gel electrophoresis showing PCR amplification oflir12in pB31

with 1381F and GHachmd entainedld veltke thesefore samples and controls were
continued on eparate gels, all with the same PCR components and conditions. Transgdndopsis
thalianaDNA samples containing candidate insulatof-t2pB31 are shown. Amplification of DNA used
1300LacZF and GUS506Rev prinmbs with an expected

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4@31), 298, 267, 174, 102, 80
1-20: Transgenic plant DNA containing +6PpB31 insertg877bp)

V : pB31controlvector (no insert, 450bp)

+: 11-10 in pB31 sequenced control (604bp)

++ : I-3pin pB31 sequenced contr@d&7bp)

- . Negative control containing water in replace of DNA
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Alignment of filn Il - 12pB310 samples and consensus sequence output from Sequencher 4.10.1
Sinput_Inll - 12pB31 #1 GAATTCAGGA GGAGGTACCT TTCT CCATAG ACTCTCGGAT
>l -12pB31_S5  #1 GAATTCAGGA GGAGGTACCT TTCTCCATAG ACTCTCGGAT
>l -12pB31 S4  #1 GAATTCAGGA GGAGGTACCT TTCTCCATAG ACTCTCGGAT
>l -12pB31_S3  #1 GAATTCAGGA GGAGGTACCT TTCTCCAT AG ACTCTCGGAT
>l -12pB31 S1  #1 GAATTCAGGA GGAGGTACCT TTCTCCATAG ACTCTCGGAT
Il -12pB31 S2  #1 GAATTCAGGA GGAGGTACCT TTCTCCATAG ACTCTCGGAT
Il -12pB31  #1 GAATTCAGGA GGAGGTACCT TTCTCCATAG ACTCTCGGAT
Consensus
>input_Inll - 12pB31 #41 GCTTGAATTC CATATTGCTA CGTATGGTTG AATCCTCCCC
>l -12pB31_S5  #41 GCTTGAATTC CATATTGCTA CGTATGGTTG AATCCTCCCC
>l -12pB31_S4  #41 GCTTGAATTC CATATTGCTA CGTATGGTTG AATCCTCCCC
>l -12pB31_S3  #41 GCTTGAATTC CATATTGCTA CGTA TGGTTG AATCCTCCCC
Il -12pB31 S1  #41 GCTTGAATTC CATATTGCTA CGTATGGTTG AATCCTCCCC
>l -12pB31 S2  #41 GCTTGAATTC CATATTGCTA CGTATGGTTG AATCCTCCCC
Il -12pB31  #41 GCTTGAATTC CATATTGCTA CGTATGGTTG AATCCTCCCC
Sinput_Inll - 12pB31 #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTTAAGTGC
>l -12pB31 S5  #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTTAAGTGC
>l -12pB31_S4  #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTTAAGTGC
>l -12pB31_S3  #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTT AAGTGC
>l -12pB31 S1  #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTTAAGTGC
>l -12pB31 S2  #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTTAAGTGC
Il -12pB31  #81 TCCTGCCTCC CCACCCAACT CTCCACGTGC TTTTAAGTGC
Sinput_Inll - 12pB31 #121 TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT
>l -12pB31_S5  #121 TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT
Il -12pB31_S4  #121 TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT
>l -12pB31 S3  #121 TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT
Il -12pB31 S1  #121 TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT
Il -12pB31 S2  #121 TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT
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Inll - 12pB31 #121
>[nput_Inll - 12pB31 #161
>|| -12pB31_S5 #161
>|| -12pB31_S4 #161
>[I -12pB31_S3 #161
>/l -12pB31_S1 #161
>[I -12pB31_S2 #161

Inll - 12pB31 #161
>[nput_Inll - 12pB31 #201
>|| -12pB31_S5 #201
>[I -12pB31_S4 #201
>|| -12pB31_S3 #201
>[I -12pB31_S1 #201
>|| -12pB31_S2 #201

Inll - 12pB31 #2
>Input_Inll - 12pB31 #241
>[I -12pB31_S5 #241
>|| -12pB31_S4 #241
>[I -12pB31_S3 #241
>|| -12pB31_S1 #241
>[I -12pB31_S2 #241

Inll - 12pB31 #241
>Input_Inll - 12pB31 #281
>|| -12pB31_S5 #281
>[I -12pB31_S4 #281
>|| -12pB31_S3 #281
>[I -12pB31_S1 #281
>[I -12pB31_S2 #281

TTGGACGGAG CTTGTCTCGG ATCCGAGACA AGCGACTTGT

GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA
GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA
GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA
GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA
GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA
GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA

GACCAAATAG ACCGGGTAGA CAGCTGGCAA ATGCCGTGGA

ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG
ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG
ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG
ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG
ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG
ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG

ACGAAGGTGG GGTGCGGTTG GCCGGCGGGA GGGAAGGAAG

GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT
GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT
GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT
GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT
GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT
GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT

GACAGGGGAG AGGAGAATAA TCAGCCATAC GCGGGTACCT

CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA
CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA
CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA
CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA
CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA
CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA
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Inll - 12pB31 #281
>Input_Inll - 12pB31 #321
>|| -12pB31_S5 #321
>[I -12pB31_S4 #321
>|| -12pB31_S3 #321
>[I -12pB31_S1 #321
>|| -12pB31_S2 #321

Inll - 12pB31 #3
>Input_Inll - 12pB31 #361
>[I -12pB31_S5 #361
>|| -12pB31_S4 #361
>[I -12pB31_S3 #361
>|| -12pB31_S1 #361
>[I -12pB31_S2 #361

Inll - 12pB31 #361
>Input_Inll - 12pB31 #401
>|| -12pB31_S5 #401
>[I -12pB31_S4 #401
>|| -12pB31_S3 #401
>[I -12pB31_S1 #401
>[I -12pB31_S2 #401

Inll - 12pB31 #401

CCTCCTGAAT TCAGGAGGAG GCGTTGTTTC TCCCCTCACA

TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC
TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC
TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC
TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC
TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC
TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC

TATTGATTTT CTTGTGCCAC CTCTGCTGTC TATCTCTTTC

ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT
ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT
ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT
ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT
ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT
ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT

ACACTCTTCC CTCCTTTTAG CCTCTACGTG CTATGTGGAT

TTCCTGGCAT AGGCTTGTCT CGGATCC
TTCCTGGCAT AGGCTTGTCT CGGATCC
TTCCTGGCAT AGGCTTGTCT CGGATCC
TTCCTGGCAT AGGCTTGTCT CGGATCC
TTCCTGGCAT AGGCTTGTCT CGGATCC
TTCCTGGCAT AGGCTTGTCT CGGATCC

TTCCTGGCAT AGGCTTGTCT CGGATCC
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DNA Analysis of Arabidopsis thalianaransformed with Inl 11 -50pB31sequence
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Figure A2.5: Example of agarose gel electrophoresis showing PCR amplification ofllh-50in pB31

with 1381F and GCHahpd ontainedld ivalke thesefore samples and controls were
continued on separate gels, all with the same PCR components and conditions. Traradpahipsis
thalianaDNA samples containing candidate insulatot0pB31 are shown. Amplificationf®@NA used
1300LacZF and GUS506Rev prim®bs with an expected

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4@), 298, 267, 174, 102, 80
1-11: Transgenic plant DNA containing lH50pB31 insert$893bp)

V : pB3l controlvector (no insert, 450bp)

+: 11-10 in pB31 sequenced control (604bp)

++ : I-3pin pB31 sequenced contr@d&7bp)

- - Negative control containing water in replace of DNA
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Alignment of filnl Il -50pB310 samples and consensus sequence output from Seq uencher 4.10.1

<Input_Inlll - 50pB31 #1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACGTGATAGA
>[Il -50pB31_S8 #1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACGTGATAGA
>[Il -50pB31_S6 #1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACGTGATAGA
>[Il -50pB31_S4 #1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACGTGATAGA
>[Il -50pB31_S2 #1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACGTGATAGA
>[Il -50pB31_S3 # 1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACGTGATAGA
Inlll - 50pB31 #1 GGATCCGAGA CAAGCCGGCA AGCTCGGGCG CGCAGGCGCC ACG TGATAGA
Consensus
<Input_Inlll - 50pB31 #51 AGGAGAGGAA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
>[Il -50pB31_S8  #51 AGGAGAGG AA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
>[Il -50pB31_S6  #51 AGGAGAGGAA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
>[Il -50pB31_S4  #51 AGGAGAGGAA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
>[Il -50pB31_S2 #51 AGGAGAGGAA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
>[Il -50pB31_S3  #51 AGGAGAGGAA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
Inlll  -50pB31 #51 AGGAGAGGAA GTGAGAGATA AACAGAAGGA GGAGGCCCGA TATGGTTGAG
<Input_Inlll - 50pB31 #101 GCGTCGCAGT GCGA CGGGAA AAGTAAGGCC ACGCGGAGAC cTCCcTCCTGA
>[Il -50pB31_S8  #101 GCGTCGCAGT GCGACGGGAA AAGTAAGGCC ACGCGGAGAC CTCCTCCTGA
>[Il -50pB31_S6  #101 GCGTCGCAGT GCGACGGGAA AAGTAAGGCC ACGCGGAGAC CTCCTCCTGA
>[Il -50pB31_S4  #101 GCGTCGCAGT GCGACGGGAA AAGTAAGGCC ACGCGGAGAcC cTCcCcTCCcTGA
>[Il -50pB31_S2  #101 GCGTCGCAGT GCGACGGGAA AAGTAAGGCC ACGCGGAGAC CTCCTCCTGA
>[Il -50pB31_S3  #101 GCGTCGCAGT GCGACGGGAA AAGTAAGGCC ACGCGGAGAcC cTCcCcTCCT GA
Inlll - 50pB31 #101 GCGTCGCAGT GCGACGGGAA AAGTAAGGCC ACGCGGAGAC CTCCTCCTGA
<Input_lInlll - 50pB31 #151 ATTCAGGAGG AGGCCGACTT TGCGGGCCTT TGTACTCAGC TAACAACTCG
>[Il -50pB31_S8  #151 ATTCAGGAGG AGGCCGACTT TGC GGGCCTT TGTACTCAGC TAACAACTCG
>[Il -50pB31_S6  #151 ATTCAGGAGG AGGCCGACTT TGCGGGCCTT TGTACTCAGC TAACAACTCG
>[Il -50pB31_S4  #151 ATTCAGGAGG AGGCCGACTT TGCGGGCCTT TGTACTCAGC TAACAACTCG
>[Il -50pB31_S2  #151 ATTCAGGAGG AGGCCGACTT TGCGGGCCTT TGTACTCAGC TAACAACTCG
>[Il -50pB31_S3  #151 ATTCAGGAGG AGGCCGACTT TGCGGGCCTT TGTACTCAGC TAACAACTCG
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Inlll - -50pB31 #151

<Input_Inlll - 50pB31 #201
>|ll -50pB31_S8 #201
>|ll -50pB31_S6  #201
>[Il -50pB31_S4  #201
>|ll -50pB31_S2  #201
>/l -50pB31_S3  #201

Inlll - 50pB31 #201

<Input_Inlll - 50pB31 #251
>|ll -50pB31_S8  #251

>|ll -50pB31_S6  #251

>|ll -50pB31_S4  #251

>[Il -50pB31_S2  #251

>/l -50pB31_S3 # 251

Inlll - -50pB31 #251

<lnput_Inlll - 50pB31 #301
>|ll -50pB31_S8  #301
>IIl -50pB31_S6  #301
>Ill -50pB31_S4  #301
>IIl -50pB31_S2  #301
>Ill -50pB31_S3  #301

Inlll - -50pB31 #301

<Input_Inlll - 50pB31 #351
>l -50pB31_S8  #351
>lll -50pB31_S6  #351
>l -50pB31_S4  #351
>lIl -50pB31_S2  #351
>lll -50pB31_S3 #351

ATTCAGGAGG AGGCCGACTT TGCGGGCCTT TGTACTCAGC TAACAACTCG

CCACGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG
CCACGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG
CCACGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG
CCA CGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG
CCACGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG
CCACGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG

CCACGGTCGC ATATTTCCCG TGTAAAGCGT TTCTACGCGT CGTCCTTGCG

CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC
CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC
CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC
CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC
CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC

CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC

CGACCTCCTG CGTGACCGAG CCACCTCGGA ACCGTTACTT GTCTCGGATC

CGAGACAAGC AGATTACGCG AGG ACGGGAG GGGCACAAAT GCACGAAATA
CGAGACAAGC AGATTACGCG AGGACGGGAG GGGCACAAAT GCACGAAATA
CGAGACAAGC AGATTACGCG AGGACGGGAG GGGCACAAAT GCACGAAATA

CGAGACAAGC AGATTACGCG AGGACGGGAG GGGCACAAAT GCACGAAATA

CGAGACAAGC AGATTACGCG AGGACGGGAG GGGCACAAAT GCACGAAATA
CGAGACAAGC AGATTACGCG AGGACGGGAG GGGCACAAAT GCACGAAATA

CGAGACAAGC AGATTACGCG AGGACGGGAG GGGCACAAAT GCACGAAATA

AAGCGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGTACG CGCTATGTGC
AAGCGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGTACG CGCTATGTGC

AAG CGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGTACG CGCTATGTGC

AAGCGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGTACG CGCTATGTGC
AAGCGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGTACG CGCTATGTGC
AAGCGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGTACG CGCTATGTGC
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Inlll

-50pB31  #351

<Input_Inlll - 50pB31 #401

>
>l
>
>l
>

Inlll

-50pB31_S8  #401
-50pB31_S6  #401
-50pB31_S4  #401
-50pB31_S2 # 401
-50pB31_S3  #401

- 50pB31 #401

AAGCGAGTGC ATGCCGCCAG TAGCAACATC CTGGTGT ACG CGCTATGTGC

GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC
GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC
GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC
GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC

GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC
GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC

GTGGTACGGA CGCGGGTCGA GCAGAGGGCC TCCTCCTGAATTC
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DNA Analysis of Arabidopsis thalianaransformed with Inlll -78pB31 sequence
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Figure A2.6: Example of agarose gel electrophoresis showing PCR amplification ofllh-78in pB31

with 1381F and GHachmd entainedld vetke thesefore samples and controls were
continued on separate gels, all with the same PCR compammhtsonditions. Transgeni&rabidopsis
thalianaDNA samples containing candidate insulatotli8pB31 are shown. Amplification of DNA used
1300LacZF and GUS506Rev primB®bs with an expected

M : DNA ladder with sizes (in bp) 1353, 81587, (458, 449434), 298, 267, 174, 102, 80
1-20: Transgenic plant DNA containing IliH78pB31 insertg833bp)

V : pB31controlvector (no insert, 450bp)

+ : I-3pin pB31 sequenced contrdg7bp)

- - Negative control containing water in replace of DNA
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Alignment of flnl Il -7 8 p B 3 damples and consensus sequence output from Sequencher 4.10.1

>Input_Inlll -78 #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
>[Il -78pB31_S2 #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
<[l -78pB31_S4 #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
>[Il -78pB31_S5 #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
>[Il -78pB31_S6  #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
>[Il -78pB31_S7  #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
Inlll - 78pB31 #1 GAATTCAGGA GGAGGGTTCG TTTGGATTTC ATGCAGCTCC GCTCCGGATC
Consensus
>Input_Inlll -78 #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTTGTTGCT CCTGGGCGTC
>l -78pB31_S2  #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTTGTTGCT CCTGGGCGTC
<[l -78pB31_S4 #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTTGTTGCT CCTGGGCGTC
>[Il -78pB31_S5  #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTTGTTGCT CCTGGGCGTC
>l -78pB31_S6  #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTTGTTGCT CCTGGGCGTC
>[Il -78pB31_S7  #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTT GTTGCT CCTGGGCGTC
Inlll  -78pB31 #51 AATCTTCCAT TCTAGCTTAG TGCCTCTTCC ATTTGTTGCT CCTGGGCGTC
>Input_Inlll -78 #101 TCCCCCGGGA CTAGTCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
>[Il -78pB31_S2  #101 TCCCCCGGGA CTAGTCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
<Ill -78pB31_S4 #101 TCCCCCGGGA CTAGTCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
>[Il -78pB31_S5  #101 TCCCCCGGGA CTAGTCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
>[Il -78pB31_S6  #101 TCCCCCGGGA CTAGTCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
>[Il -78pB31_S7  #101 TCCCCCGGGA CTAGTCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
Inlll - 78pB31 #101 TCCCCCGGGA CTAG TCTGTG CCGTTGTGCT TGTCTCGGAT CCGAGACAAG
>Input_Inlll -78 #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGAcGTCGT
>[Il -78pB31_S2  #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGACGTCGT
<l -78pB31_S4  #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGAcGTCGT
>[Il -78pB31_S5  #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGACGT CGT
>[Il -78pB31_S6  #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGAcGTCGT
>[Il -78pB31_S7  #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGACGTCGT
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Inlll - 78pB31 #151 CTTACGGCGC GATGAGGGGG AGACCAAATA ACGAAATCAC CGGACGTCGT

>Input_Inlll -78 #201 GCATAAGCGT CGCGCAAGGG TCTCAGGGAG AGAGGTGTAA CAGGCGTGTC
>l -78pB31_S2  #201 GCATAAGCGT CGCGCAAGGG TCTCAGGGAG AGAGGTGTAA CAGGCGTGTC
<l -78pB31_S4 #201 GCATAAGCGT CGCGCAAGGG TCTCAGGGAG AGAGGTGTAA CAGGCGTGTC
>/l 1-78pB31_S5 #201 GCATAAGCGT CGCGCAAGGG TCTCAGGGAG AGAGGTGTAA CAGGCGTGTC
>l -78pB31_S6  #201 GCATAAGCGT CGCGCAAGGG TCTCAGGGAG AGAGGTGTAA CAGGCGTGTC
>l -78pB31_S7 #201 GCATAAGCGT CGCGCAAGGG TCTCAGG GAG AGAGGTGTAA CAGGCGTGTC
Inlll - 78pB31 #201 GCATAAGCGT CGCGCAAGGG TCTCAGGGAG AGAGGTGTAA CAGGCGTGTC
>Input_Inlll -78 #251 GCTCCGCGGG GGTTAAGGGT GCCTCCTCCT GAATTCAGGA GGAGGTCCAC
>l -78pB31_S2  #251 GCTCCGCGGG GGTTAAGGGT GCCTCCTCCT GAATTCAGGA GGAGGTCCAC
<l -78pB31_S4  #251 GCTCCGCGGG GGTTAAGGGT GCCTCCTCCT GAATTCAGGA GGAGGTCCAC
>l -78pB31_S5  #251 GCTCCGCGGG GGTTAAGGGT GCCTCCTCCT GAATTCAGGA GGAGGTCCAC
>/l -78pB31_S6  #251 GCTCCGCGGG GGTTAAGGGT GCCTCCTCCT GAA TTCAGGA GGAGGTCCAC
>l -78pB31_S7  #251 GCTCCGCGGG GGTTAAGGGT GCCTCCTCCT GAATTCAGGA GGAGGTCCAC
Inlll - 78pB31 #251 GCTCCGC GGG GGTTAAGGGT GCCTCCTCCT GAATTCAGGA GGAGGTCCAC
>Input_Inlll -78 #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
>/l -78pB31_S2 #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
<l -78pB31_S4 #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
>/l -78pB31_S5 #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
>l -78pB31_S6  #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
>/l -78pB31_S7  #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
Inlll - 78pB31 #301 CTCCCTCTCT CGCGCTATTC GCCCGCTCCC ACTCCCTCTT ACCCGCTTCT
>Input_Inlll -78 #351 TCAAGCTAGC GTCCCTGTAC ACGTAACCAT CTTCCCTTTC GCCCGTCCTG
>l -78pB31_S2  #351 TCAAGCTAGC GTCCCTGTAC ACGTAACCAT CTTCCCTTTC GCCCGTCCTG
<l -78pB31_S4  #351 TCAAGCTAGC GTCCCTGTAC ACGTAACCAT CTTCCCTTTC GCCCGTCCTG
>|Il -78pB31_S5 #351 TCAAGCTAGC GTCCCTGTAC ACGTAACCAT CTTCCCTTTC GCCCGTCCTG
>/l -78pB31_S6  #351 TCAAGCTAGC GTCCCTGTAC ACGTAACCAT CTTCCCTTTC CCCCGTCCTG
>|Il -78pB31_S7 #351 TCAAGCTAGC GTCCCTGTAC ACGTAACCAT CTTCCCTTTC CCCCGTCCTG
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Inlll

-78pB31  #351

>Input_Inlll -78 #401

>
<l
>
>l
>

Inlll

-78pB31_S2  #401
-78pB31_S4  #401
-78pB31_S5  #401
- 78pB31_S6 #401
-78pB31_S7  #401

- 78pB31 #401

TCAAGCTAGC GTCCCTGTAC ACGTAACCAT

GCTATCCGCG TGACGTGAGC TTGTCTCGGA TCC

CTTCCCTTTC GCCCGTCCTG

GDT HTCCGGG TTAWYCNNCC TTGMCTAGAA RCC

GCTATCCGCG TGACGTGAGC TTGTCTCGGA TCC

GCTATCCGCG TGACGTGAGC TTGTCTCGGA TCC
GCTATCCGCG TGACGTGAGC TTGTCTCGGA TCC

GCTATCCGCG TGACGTGATC TTGTCTCGGA TCC

GCTATCCGCG TGACGTGAGC TTGTCTCGGA TCC

++

* ok ppkppx

+ x4
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DNA Analysis of Arabidopsis thalianaransformed with Inl -3pL1 sequence
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Figure A2.7: Example of agarose gel electrophoresis showing PCR amplification of cloimt-3in pL1

with pL1F and NapinSegRevprimers. Each gel contained 14 wells, therefore samples and controls were
continued on separate gels, all with the same PCR components and conditions. Traradphipsis
thaliana DNA samples containing candidate -BpL1 insulator are shownAmplification of DNA used

pL1F and NapinSegRrimers to produce a band with an expected sif2adp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 481), 298, 267, 174, 102, 80
1-21: Transgenic plant DNA containing K3pL1 insert620kp)

V : pL1 controlvector (no insert, 170bp)

+ : BEAD1c sequenced control (718bp)

- . Negative control containing water in replace of DNA
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Alignment of

>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_
>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
Consensus
>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_
>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_
>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_

filnl - 3pL10 samples and consensus sequence output from Sequencher 4.10.1
- 3pL1 #1 AAGCTTGAAT TCAGGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
s2 #l AAGCTTGAAT TCAGGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
S3 #l AAGCTTGAAT TCAGGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
sS4 #l AAGCTTGAAT TCAGGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
S6 >#l> TCAGGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
s #l AAGCTTGAAT TCA GGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
#1 AAGCTTGAAT TCAGGAGGAG GCTCTCAGCC CGCCCTTCTC CCGGCTACGT
_3pll  #51 GTCTTTTACC CCCCCCTCTG TCCCCTTGTG GCATTGAGCA TATCGTTTCT
s2 #51 GTCTTTTACC CCCCCCTCTG TCCC CTTGTG GCATTGAGCA TATCGTTTCT
S3  #51 GTCTTTTACC CCCCCCTCTG TCCCCTTGTG GCATTGAGCA TATCGTTTCT
sS4 #51 GTCTTTTACC CCCCCCTCTG TCCCCTTGTG GCATTGAGCA TATCGTTTCT
S6  #41 GTCTTTTACC CCCCCCTCTG TCCCCTTGTG GCATTGAGCA TATCGTTTCT
S8 #51 GTCTTTTACC CCCCCCTCTG TCCCCTTGTG GCATTGAGCA TATCGTTTCT
#51 GTCTTTTACC CCCCCCTCTG TCCCCTTGTG GCATTGAGCA TATCGTTTCT
3pL1  #101 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
s2 #101 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
S3  #101 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
sS4 #101 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
S6  #91 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
ss  #101 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
#101 AAAGTCCGCC CGTCTTAGGC ATTTGGGACC CAGCTTTAAC TGTTGCTTGT
3pLl  #151 CTCGGATCCG AGACAAGCAG TAATAGA AAG GAATGGTAAC TGGAGAAGTA
S2 #151 CTCGGATCCG AGACAAGCAG TAATAGAAAG GAATGGTAAC TGGAGAAGTA
S3  #151 CTCGGATCCG AGACAAGCAG TAATAGAAAG GAATGGTAAC TGGAGAAGTA
sS4 #151 CTCGGATCCG AGACAAGCAG TAATAGAAAG GAATGGTAAC TGGAGAAGTA
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>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_
>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_
>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
>Input_Inl
<Inl -3pL1_
<Inl -3pL1_
<Inl -3pL1_
>Inl - 3pL1_
<Inl -3pL1_
Inl - 3pL1
>Input_Inl

S6 #141 CTCGGATCCG AGACAAGCAG TAATAGAAAG GAATGGTAAC TGGAGAAGTA
S8 #151 CTCGGATCCG AGACAAGCAG TAATAGAAAG GAATGGTAAC TGGAGAAGTA

#151 CTCGGATCCG AGACAAGCAG TAATAGAAAG GAATGGTAAC TGGAGAAGTA
_3pL1  #201 AGGCCGGGAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG
S2 #201 AGGCCGGGAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG
S3 #201 AGGCCGG GAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG
sS4 #201 AGGCCGGGAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG
S6 #1901 AGGCCGGGAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG
S8 #201 AGGCCGGGAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG

#201 AGGCCGGGAA GCTTCACGAA GCCGCGGGAG GGAGAGAATA TGCACGCCAG
_3pl1  #251 GTCAGGGAGG ACCCGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC
S2 #251 GTCAGGGAGG ACC CGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC
S3 #7251 GTCAGGGAGG ACCCGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC
sS4 #251 GTCAGGGAGG ACCCGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC
S6 #241 GTCAGGGAGG ACCCGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC
S8 #251 GTCAGGGAGG ACCCGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC

#251 GTCAGGGAGG ACCCGAAGGG AAAAAGTCGG GGAAGACCTG GGTCCTCCTC
_3pll  #301 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC
S2 #301 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC
S3 #301 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC
sS4 #301 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC
S6 #2901 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC
S8 #301 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC

#301 CTGAATTCAG GAGGAGGTCA ATGGCTTGTC GCACTAACCC ACCCTCGCTC
_3pl1  #351 ACCATTTTCC CCGCCGTGCA GCGCGTTATC TGACTTCCTC GCGATCTTTA
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<Inl -3pL1_S2  #351
<Inl -3pL1_S3  #351
<Inl -3pL1_S4  #351
>Inl -3pL1_S6  #341
<Inl -3pL1_S8  #351
Inl - 3pL1 #351
>lnput_Inl -3pL1  #401
<Inl -3pL1_S2  #401
<Inl -3pL1_S3  #401
<Inl -3pL1_S4  #401
>Inl -3pL1_S6  #391
<Inl -3pL1_S8  #401
Inl - 3pL1 #401

ACCATTTTCC CCGCCGTGCA GCGC

ACCATTTTCC CCGCCGTGCA GCGCGTTATC TGACTTCCTC GCGATCTTTA
ACCATTTTCC CCGCCGTGCA GCGCGTTATC TGACTTCCTC GCGATCTTTA
ACCATTTTCC CCGCCGTGCA GCGCGTTATC TGACTTCCTC GCGATCTTTA
ACCATTTTCC CCGCCGTGCA GCGCGTTATC TGACTTCCTC GCGATCTTTA
ACCATTTTCC CCGCCGTGCA GCGCGTTATC TGACTTCCTC GCGATCTTTA

GTTATC TGACTTCCTC GCGATCTTTA

CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG
CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG
CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG
CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG
CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG
CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG

CCCGCGGTTT GGAATAGCTG CGGTACCTCG CTTGTCTCGG ATCCCTGCAG
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Figure A2.8: Example of agarose gel electrophoresis showing PCR amplificatiarf clone Inll-12 in

pL1 with pL1F and NapinSegRev primers.Each gel contained 14 wells, therefore samples and controls
were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thaliandNA samples containingandidate InH12pL1 insulator are shown. Amplification of

DNA usedpL1F and NapinSeqR primers to produce a band with an expected size of 620bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 441), 298, 267, 174, 102, 80
1-36: Transgeniglant DNA containing InBpL1 insert620bp)

V : pL1 controlvector (no insert, 170bp)

+ : BEAD1c sequenced control (718bp)

- . Negative control containing water in replace of DNA

142



Alignment of "Inll
<Input_Inll -12pL1 #1
>Inll -12pL1 S4  #1
>Inll -12pL1 S5 #1
>Inll -12pL1 S6  #1

>inll -12pL1_S12 #1
>inl 1-12pL1_S13  #1

Inll -12pL1 #1

Consensus
<Input_Inll -12pL1 #51
>Inll -12pL1 S4  #51
>Inll -12pL1 S5 #51
>Inll -12pL1 S6  #51

>Inll -12pL1_S12 #51
>inll - 12pL1_S13  #51

Inll -12pL1 #51

<Input_Inll - 12pL1 #101
>inll - 12pL1 S4  #101
>inll -12pL1 S5  #101
>inll -12pL1_S6  #101
>inll -12pL1_S12 #101
>inll - 12pL1_S13 #101
Inll -12pL1  #101
<lnput_Inll  -12pL1 #151
>inll -12pL1_S4  #151
>inll -12pL1_S5  #151
>inll -12pL1_S6  #151
>inll - 12pL1_S12  #151

>Inll -12pL1_S13 #151

-12pL1"

samples and consensus sequence output from Sequencher 4.10.1

CTGCAGGGAT CCGAGACAAG CCTATGCCAG GAAATCCACA TAGCACGTAG
CTGCAGGGAT CCGAGACAAG CCTATGCCAG GAAATCCACA TAGCACGTAG
CTGCAGGGAT CCGAGACAAG CCTATGCCAG GAAATCCACA TAGCACGTAG
CTGCAGGGAT CCGAGACAAG CCTATGCCAG GAAATCCACA TAGCACGTAG
CTGCAGGGAT CCGAGACAAG CCTATGCCAG GAAATCCACA TAGCACGTAG
CTGCAGGGAT CCGAGACAAG CCTATGCCAG GAAATCCACA TAGCACGTAG

CTGCAGGGAT CCGAGACAAG CCTATGCC AG GAAATCCACA TAGCACGTAG

AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC
AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC
AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC
AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC
AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC
AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC

AGGCTAAAAG GAGGGAAGAG TGTGAAAGAG ATAGACAGCA GAGGTGGCAC

AAGAAAATCA ATATGTGAGG GGAGAAACAA CGCCTCCTCC TGAATTCAGG
AAGAAAATCA ATATGTGAGG GGAGAAACAA CGCCTCCTCC TGAATTCAGG
AAGAAAATCA ATATGTGAGG GGAGAAACAA CGCCTCCTCC TGAATTCAGG
AAGAAAATCA ATATGTGAGG GGAGAAACAA CGCCTCCTCC TGAATTCAGG
AAGAAAATCA ATATGTGAGG GGAGAAACAA CGCCTCCTCC TGAATTCAGG
AAGAAAATCA ATATGTGAGG GGAG AAACAA CGCCTCCTCC TGAATTCAGG

AAGAAAATCA ATATGTGAGG GGAGAAACAA CGCCTCCTCC TGAATTCAGG

AGGAGGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT
AGGAGGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT
AGGAGGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT
AGGAGGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT
AGGAGGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT
AGGAGGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT
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Inll -12pL1 #151 AGGA GGTACC CGCGTATGGC TGATTATTCT CCTCTCCCCT GTCCTTCCTT

<Input_Inll -12pL1 #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCACGG CATTTGCCAG
>Inll -12pL1_S4 #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCACGG CATTTGCCAG
>Inll -12pL1_S5  #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCACGG CATTTGCCAG
>Inll -12pL1_S6  #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCA CGG CATTTGCCAG
>Inll -12pL1_S12 #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCACGG CATTTGCCAG
>Inll -12pL1_S13 #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCACGG CATTTGCCAG
Inll -12pL1 #201 CCCTCCCGCC GGCCAACCGC ACCCCACCTT CGTTCCACGG CATTTGCCAG
<Input_Inll -12pL1 # 251 CTGTCTACCC GGTCTATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
>Inll -12pL1_S4  #251 CTGTCTACCC GGTCTATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
>Inll -12pL1_S5  #251 CTGTCTACCC GGTCTATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
>Inll -12pL1_S6  #251 CTGTCTACCC GGTCTATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
>Inll -12pL1_S12 #251 CTGTCTACCC GGTCTATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
>Inll -12pL1_S13 #251 CTGTCTACCC GGTC TATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
Inll -12pL1 #251 CTGTCTACCC GGTCTATTTG GTCACAAGTC GCTTGTCTCG GATCCGAGAC
<Input_Inll -12pL1 #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAGGCA
>Inll -12pL1_S4  #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAG GCA
>Inll -12pL1_S5  #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAGGCA
>Inll -12pL1_S6  #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAGGCA
>Inll -12pL1_S12 #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAGGCA
>Inll -12pL1_S13 #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAGGCA
Inll -12pL1 #301 AAGCTCCGTC CAAGCACTTA AAAGCACGTG GAGAGTTGGG TGGGGAGGCA
<Input_Inll -12pL1 #351 GGAGGGGAGG ATTCAACCAT ACGTAGCAAT ATGGAATTCA AGCATCCGAG
>Inll -12pL1_S4  #351 GGAGGGGAGG ATTCAACCAT ACGTAGCAAT ATGGAATTCA AGCATCCGAG
>Inll -12pL1_S5  #351 GGAGGGGAGG ATTCAACCAT ACGTAGCAAT ATGGAATTCA AGCATCCGAG
>Inll -12pL1_S6  #351 GGAGGGGAGG ATTCAACCAT ACGTAGC AAT ATGGAATTCA AGCATCCGAG
>Inll -12pL1_S12 #351 GGAGGGGAGG ATTCAACCAT ACGTAGCAAT ATGGAATTCA AGCATCCGAG
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>Inll -12pL1_S13 #351

Inll -12pL1 #351

<Input_Inl 1-12pL1 #401
>Inll -12pL1_S4  #401
>Inll -12pL1_S5  #401
>Inll -12pL1_S6  #401
>Inll -12pL1_S12 #401
>Inll -12pL1_S13 #401

Inll -12pL1 #401

GGAGGGGAGG ATTCAACCAT ACGTAGCAAT ATGGAATTCA AGCATCCGAG

GGAGGGGAGG ATTCAACCAT ACGTAGCAAT ATGGAATTCA AGCATCCGAG

AGTCTATGGA GAAAGGTACC TCCTCCTGAA TTCAAGCTT
AGTCTATGGA GAAAGGTACC TCCTCCTGAA TTCAAGCTT
AGTCTATGGA GAAAGGTACC TCCTCCTGAA TTCAAGCTT
AGTCTATGGA GAAAGGTACC TCCTCCTGAA TTCAAGCTT

AGTCTATGGA GAAAGGTACC TCCT CCTGAA TTCAAGCTT
AGTCTATGGA GAAAGGTACC TCCTCCTGAA TTCAAGCTT

AGTCTATGGA GAAAGGTACC TCCTCCTGAA TTCAAGCTT
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Figure A2.9: Example of agarose gel electrophoresis showing PCR amplification of clone IH50in

pL1 with pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore samples and controls
were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thalianddDNA samples containing candidate IRHOpL1 insulator are shown. Amplification

of DNA usedpL1F and NapinSeqR primers to produce a band with an expected siZshpf 62

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4821), 298, 267, 174, 102, 80
1-13: Transgenic plant DNA containingllh-50pL1 insertg625bp)

V : pL1 cortrol vector (no insert, 170bp)

+ : BEAD1c sequencedontrol (718bp)

- - Negative control containing water in replace of DNA
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Alignment of "Inlll

>[nput_Inlll
<[l -50pL1_S1
<l -50pL1_S2
<[l -50pL1_S3
<[l -50pL1_S5
>l -50pL1_S5

Inlll - 50pL1
Consensus

>[nput_Inlll
<[l -50pL1_S1
<[l -50pL1_S2
<[l -50pL1_S3
<[l -50pL1_S5
>[Il -50pL1_S5

Inlll - 50pL1

>[nput_Inlll
<Il I-50pL1_S1
<[l -50pL1_S2
<[l -50pL1_S3
<[l -50pL1_S5
>[Il -50pL1_S5

Inlll -50pL1

>Input_Inlll
<l -50pL1_S1
<l -50pL1_S2
<l -50pL1_S3
<l -50pL1_S5
>lIl -50pL1_S5

- 50pL1" samples and consensus sequence

-50pL1 #1

#1
#1
#1
#1
SH1>

#1

- 50pL1 #51

#51
#51
#51
#51
#37

#51

-50pL1 #101

#101
#101
#101
#101
#87

#101

- 50pL1 #151

#151
#151
#151
#151
#137

output from Sequencher 4.10.1

AAGCTTGAAT TCAGGAGGAG GCCCTCTGCT CGACCCGCGT CCGTACCACG
AAGCTTGAAT TCAGGAGGAG GCCCTCTGCT CGACCCGCGT CCGTACCACG
AAGCTTGAAT TCAGGAGGAG GCCCTCTGCT CGACCCGCGT CCGTACCAC G
AAGCTTGAAT TCAGGAGGAG GCCCTCTGCT CGACCCGCGT CCGTACCACG
AAGCTTGAAT TCAGGAGGAG GCCCTCTGCT CGACCCGCGT CCGTACCACG
GAGGAG GC CCTCTGCT CGACCCGCGT CCGTACCACG

AAGCTTGAAT TCAGGAGGAG GCCCTCTGCT CGACCCGCGT CCGTACCACG

CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGCTTT
CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGC TTT
CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGCTTT
CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGCTTT
CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGCTTT
CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGCTTT

CACATAGCGC GTACACCAGG ATGTTGCTAC TGGCGGCATG CACTCGCTTT

ATTTCGTGCATTTGTGCCCC TCCCGTCCTC GCGTAATCTG CTTGTCTCGG
ATTTCGTGCA TTTGTGCCCC TCCCGTCCTC GCGTAATCTG CTTGTCTCGG
ATTTCGTGCATTTGTGCCCC TCCCGTCCTC GCGTAATCTG CTTGTCTCGG
ATTTCGTGCA TTTGTGCCCC TCCCGTC CTC GCGTAATCTG CTTGTCTCGG
ATTTCGTGCATTTGTGCCCC TCCCGTCCTC GCGTAATCTG CTTGTCTCGG
ATTTCGTGCA TTTGTGCCCC TCCCGTCCTC GCGTAATCTG CTTGTCTCGG

ATTTCGTGCA TTTGTGCCCC TCCCGTCCTC GCGTAATCTG CTTGTCTCGG

ATCCGAGACA AGTAACGGTT CCGAGGTGGC TCGGTCACGC AGGAGGTCGC
ATCCGAGACA AGTAACGGTT CCGAGGTGGC TCGGTCACGC AGGAGGTCGC
ATCCGAGACA AGTAACGGTT CCGA GGTGGC TCGGTCACGC AGGAGGTCGC
ATCCGAGACA AGTAACGGTT CCGAGGTGGC TCGGTCACGC AGGAGGTCGC
ATCCGAGACA AGTAACGGTT CCGAGGTGGC TCGGTCACGC AGGAGGTCGC
ATCCGAGACA AGTAACGGTT CCGAGGTGGC TCGGTCACGC AGGAGGTCGC
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Inlll -50pL1

>[nput_Inlll
<l -50pL1_S1
<[l -50pL1_S2
<l -50pL1_S3
<[l -50pL1_S5
>l -50pL1_S5

Inlll -50pL1

>[nput_Inlll
<[l -50pL1_S1
<l -50pL1_S2
<[l -50pL1_S3
<l -50pL1_S5
>[Il -50pL1_S5

Inlll -50pL1

>[nput_Inlll
<[l -50pL1_S1
<[l -50pL1_S2
<[l -50pL1_S3
<[l -50pL1_S5
>[Il -50pL1_S5

Inlll - -50pL1

>Input_Inlll
<l -50pL1_S1
<l -50pL1_S2
<l -50pL1_S3
<l -50pL1_S5

#151

- 50pL1 #201

#201
#201
#201
#201
#187

#201

- 50pL1 #251

#251
#251
#251
#251
#237

#251

- 50pL1 #301

#301
#301
#301
#301
#287

#301

- 50pL1 #351

#351
#351
#351
#351

ATCCGAGACA AGTAACGGTT CCGAGGTGGC TCGGTCACGC AGGAGGTCGC

GCAAGGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC
GCAAGGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC
GCAAGGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC
GCAAGGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC
GCAA GGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC
GCAAGGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC

GCAAGGACGA CGCGTAGAAA CGCTTTACAC GGGAAATATG CGACCGTGGC

GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGC CTC CTCCTGAATT
GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGCCTC CTCCTGAATT
GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGCCTC CTCCTGAATT
GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGCCTC CTCCTGAATT
GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGCCTC CTCCTGAATT
GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGCCTC CTCCTGAATT

GAGTTGTTAG CTGAGTACAA AGGCCCGCAA AGTCGGCCTC CTCCTGAATT

CAGGAGGAGG TCTCCGCGTG GCCTTACTTT TCCCGTCGCA CTGCGACGCC
CAGGAGGAGG TCTCCGCGTG GCC TTACTTT TCCCGTCGCA CTGCGACGCC
CAGGAGGAGG TCTCCGCGTG GCCTTACTTT TCCCGTCGCA CTGCGACGCC
CAGGAGGAGG TCTCCGCGTG GCCTTACTTT TCCCGTCGCA CTGCGACGCC

CAGGAGGAGG TCTCCGCGTG GCCTTACTTT TCCCGTCGCA CTGCGACGCC
CAGGAGGAGG TCTCCGCGTG GCCTTACTTT TCCCGTCGCA CTGCGACGCC

CAGGAGGAGG TCTCCGCGTG GCCTTACTTT TCCCGTCGCA CTGCGACGCC

TCAACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT
TCAACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT
TCAACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT
TCA ACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT
TCAACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT
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>l -50pL1_S5 #337 TCAACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT

Il -50pL1  #351 TCAACCATAT CGGGCCTCCT CCTTCTGTTT ATCTCTCACT TCCTCTCCTT
>Sinput_Inlll - 50pL1 #401 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
<l -50pL1 S1  #401 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
<l -50pL1 S2  #401 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
<lll -50pL1 S3  #401 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
<l -50pL1 S5  #401 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
>l -50pL1 S5 # 387 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
Il -50pL1  #401 CTATCACGTG GCGCCTGCGC GCCCGAGCTT GCCGGCTTGT CTCGGATCCC
>input_Inlll - 50pL1 #451 TGCAG
<l -50pLl S1  #451 TGCAG
<lll -50pL1 S2  #451 TGCAG
<l -50pL1 S3  #451 TGCAG
<lll -50pL1 S5  #451 TGCAG
Il -50pL1 S5  #437 TGCAG
o o1 sast g
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Figure A2.10: Example of agarose gel electrophoresis showg PCR amplification of clone InllI-7 8 _ 5 6
in pL1 with pL1F and NapinSeqRev primers. Each gel contained 14 wells, therefore samples and
controls were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thaliana DNA samples containing candidate Iafl 8 pBbE16 insulator are shown.
Amplification of DNA usedpL1F and NapinSegR primers to produce a band with an expected size of

323p.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 4@), 298, 28, 174, 102, 80
1-15: Transgenic plant DNA containingllh-7 8 pblanserty323bp)

V : pL1 controlvector (no insert, 170bp)

+ : BEAD1c sequencedontrol (718bp)

- - Negative control containing water in replace of DNA
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Alignment of "Inlll
<Input_Inlll -78 5' #1
>[Il -78-5_S4 >#1>
>Inlll -78 5 S8 #1
>Inlll -78 5' S12 #1
>Inlll -78 5' S13 #1
>Inlll -78 5' S15 #1
Inlll -78 5'pL1 #1
Consensus
<Input_Inlll -78 5' #51
>l -78-5'_S4 #50
>Inlll -78 5' S8 #51
>Inlll -78 5 S12 #51
>Inlll -78 5 S13 #51
>Inlll -78 5' S15 #51
Inlll -78 5pL1 #51
<Input_Inlll -78 5 #101
>[Il -78-5_S4 #100
>Inlll -78 5' S8 #101
>Inlll -78 5 S12 #101
>Inlll -78 5' S13 #101
>Inlll -78 5 S15 #101
Inlll -78 5'pL1 #101
<Input_Inlll -78 5' #151
>[Il -78-5_S4 #150
>Inlll -78 5 S8 #151
>Inlll -78 5' S12 #151
>Inlll -78 5 S13 #151
>Inlll -78 5' S15 #151
Inlll -78 5'pL1 #151

- 78 _5'pL1" samples and consensus sequence

output from Sequencher 4.10.1
AAGCTTGTCT CGGATCCGAG ACAAGCACAA CGGCACAGAC TAGTCCCGGG
AGCTTGTCT CGGATCCGAG ACAAGCACAA CGGCACAGA C TAGTCCCGGG
AAGCTTGTCT CGGATCCGAG ACAAGCACAA CGGCACAGAC TAGTCCCGGG
CAGCTTGTCT CGGATCCGAG ACAAGCACAA CGGCACAGAC TAGTCCCGGG
CAGCTTGTCT CG GATCCGAG ACAAGCACAA CGGCACAGAC TAGTCCCGGG
CAGCTTGTCT CGGATCCGAG ACAAGCACAA CGGCACAGAC TAGTCCCGGG

CAGCTTGTCT CGGATCCGAG ACAAGCACAA CGGCACAGAC TAGTCCCGGG
*

GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAA GCT AGAATGGAAG
GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAAGCT AGAATGGAAG
GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAAGCT AGAATGGAAG
GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAAGCT AGAATGGAAG
GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAAGCT AGAATGGAAG
GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAAGCT AGAATGGAAG

GGAGACGCCC AGGAGCAACA AATGGAAGAG GCACTAAGCT AGAATGGAAG

ATTGATCCGG AGCGGAGCTG CATGAAATCC AAACGAACCC TCCTCCTGAA
ATTGATCCGG AGCGGAGCTG CATGAAATCC AAACGAACCC TCCTCCTGAA
ATTGATCCGG AGCGGAG CTG CATGAAATCC AAACGAACCC TCCTCCTGAA
ATTGATCCGG AGCGGAGCTG CATGAAATCC AAACGAACCC TCCTCCTGAA
ATTGATCCGG AGCGGAGCTG CATGAAATCC AAACGAACCC TCCTCCTGAA
ATTGATCCGG AGCGGAGCTG CATGAAATCC AAACGAACCC TCCTCCTGAA

ATTGATCCGG AGCGGAGCTG CATGAAATCC AAACGAACCC TCCTCCTGAA

TTC
TTC
TTC
TTC

TTC

TTC
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Table A2.1: GUS staining in different tissues of individuaArabidopsis thalianaransgenic lines.The
intensity was assessed visually using the following scale: 3 (strong), 2 (medium), 1 (week), and 0 (none),

as shown in Figure 2.2A. Data represents scoring of tissues in pB31 vector for all sequences tested.

Size

Construct Name (bp) Sample # Flower Leaf Silique 1 Silique 2
pB31 control 1 3 3 3 0
2 0 0 0 0
3 3 0 2 0
4 3 0 3 0
5 0 3 3 0
6 0 3 3 1
7 0 0 0 2
8 3 0 3 1
9 0 3 3 0
10 0 0 0 0
11 0 2 1 0
12 0 1 0 0
13 0 2 2 0
14 0 1 0 0
15 0 3 2 0
16 0 1 1 0
17 1 3 3 0
18 0 1 1 0
19 1 3 3 0
20 0 1 1 0
21 2 3 3 0
22 0 0 0 0
23 0 0 0 0
24 0 1 1 0
25 1 3 3 0
26 0 0 0 0
27 0 0 0 0
28 0 0 0 0
29 0 3 0 0
30 0 2 3 0
31 0 3 3 0
32 0 1 1 0
33 0 3 3 0
34 2 3 3 0
35 0 1 0 0
36 0 0 0 0
37 1 3 3 0
38 0 1 0 0
39 3 3 3 0
40 0 1 1 0
41 0 1 0 0
42 0 2 2 0
43 0 0 0 0
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44
45

46

47

48

49

50
51

52
53
54
55
56
57
58
59

60
61

62
Total

10

34

39

11

46

Staining:

16

None:

446

CLO-2 (pB31: pCAM 1368B5S46GUS)

Total

3
3

Stained:

None:

438

CLO-B (pB31: pCAM 1368B5S46GUS)

10
11
12
13
14
15
16
17
18
19
20

153



21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37

38
39
40

41

42

43

44
45

46

47

48

49

50
51

Total

Stained:

51

None:

438

CLO® (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17
18

154



19
20
21
22
23
24

Total

Stained:
None:

24

151

CLO 1B (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17

Total

13

Stained:

None:

~150

CLO W (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17
18
19
20
21

22
23

155



24
25
26
27
28
29
30

14

11

Total

19
11

Stained:
None:

154

CLO HLO (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

33
34

35

36
37

38
39
40

Total

156



Stained:
None:

40

CLOHL2 (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

33
34
35
36
37

Total

Stained:

34

None:

440

CLO I#4 (pB31: pCAM 13085S46GUS)

10

157



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Total

16

17

Stained

None

443

CLO W7 (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

15

25

Total

26

Stained:

158



None:

425

CLO 122 (pB31: pCAM 13085S46GUS)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31

32

33
34
35

36

11

26

Total

29

Stained:
None:

128

CLO 7 (pB31: pCAM 13085S46GUS)

10
11
12

159



13
Total

13

13

Stained:
None:

CLOIIBO (pB31: pCAM 136B6S46GUS)

10
11

Total

Stained:
None:

11

446

CLO 162 (pB31: pCAM 13€86S46GUS)

10
11
12
13
14
15

Total

Stained:
None:

12

152

CLO 163 (pB31: pCAM 13685S46GUS)

10
11
12
13
14

160



15

13

14

13

Total

14

Stained:
None:

432

CLO 165 (pB31: pCAM 13685S46GUS)

10
11
12
13
14
15
16
17
18
19
20
21
22
23

22

Total

22

Stained:
None:

154

CLO 57 (pB31: pCAM 13€B6S46GUS)

10
11
12
13
14
15
16

Total

11

Stained:
None:

150

CLO 158 (pB31: pCANI300:35S46GUS)

161



Total

Stained:
None:

154

CLO 163 (pB31: pCAM 13685S46GUS)

Total

Stained:

None:

153

CLO 474 (pB31: pCAM 13686S46GUS)

Total

Stained:

None:

CLO I8 (pB31pCAM 1306B5S46GUS)

10
11
12
13
14
15
16
17
18
19
20

Total

Stained:
None:

20

451

CLO B0 (pB31: pCAM 13685S46GUS)

162



Total

Stained:
None:

163



Table A2.2: GUS staining in different tissues of individuaArabidopsis thalianaransgenic lines.The
intensity was assessed visually using the following scale: 3 (strong), 2 (medium), 1 (week), and 0 (none),

as shown in Figure 2.2A. Data represents scoring of tissues in pL1 vector for all sequences tested.

Size
Construct (bp) Sample # Flower Leaf Siliquel Seed?2 Silique2 Seed?2
pL1 control:  ter35%iptll-
t op{ HIM-GUSlethos

© 00 ~NO UL WNPE

NNREPRRPRRERRRR
PO OWW~NOUDMWNIEREO

A D DB WWWWWWWWWWNDNDNDNDDNDNDDN
NP OOO~NOUA,WNPRPEPOOOWOWNOOOOU bA~W

N N
w N
P RPNPFPBRRODCWOPAPNAPOOOWNDNOPRPOPEAPEPNAEWWOPARWWNWEIAMNWONOPRLP, WOORMOW®

WNDE_ENPPOWLWOWOANMNMAAEMNOWWWWLWOWWOPREANMMPMNOWWOERMAEAEAEAEEAENMNEAEMAEMMNOPRPPPOWPREAPRPRERP, WA
P RrRAMMMMMMNOPRPMOEARERLRANMNMOPRPOEANWAEAEAENPRPPMMNOPARPRPMMNODAPOPOPRP,P WOOAMLSPS
OO PFRPPFPPFPOOOOCOPMMRPOOERPLPNNOOOWNEMNNRERPERPPRPPPRPPPEPNMNMNMPORLPNMOPRL,ODO
NFPF WOFRPNMNMNWOWPAAPOPRPAMAMOOOWPRARRPOOOWMNDMNWWMNOMNWPMPWWRARPOWORLRMNOOPM~MOW®
O 0O O OO0 00O PMOEFRPNFPPEPNNNPPWFRPPPNFPPPPPONMNPRPRPPPONRPPRERPONLER

N
N
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45

46

47

48

49

50
51

52

53
Total

41

42

49

41

2
49

Specific
Nonspecific

None

pCAMBIA 139

Inl-3  (pL1:
napinGUS)

438

10
11
12
13
14
15
16
17
18
19
20

18

15

Total

16

Specific:

Nonspecific:

None:

427

Inll-12pL1

10
11
12
13

165



14
15
16
17
18
19
20
21

22
23
24
25
26
27

21

14

Total

22
1

Specific

Nonspecific

None

InllF50 (pL1: pCAMBIA 139

napinGUS)

443

10
11
12
13

13

13

Total

13

Specific:

Nonspecific:

None:

InllF78_5'(pL1: pCAMBIA 139

napinGUS)

153

10
11
12
13

166



14

15

16
Total

Specific:
Nonspecific:
None:

O O O o

14

[EnY

O O o o

= N O O

N N W

12

= N O O

N NN

15
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Figure A2.11: Motif probability graph of potential insulator protein binding sites on Inl -3, produced
by MemeSuitebs Centri Mo bioinformatics progr am.
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Table A2.3: Potential plantcis-acting regulatory element binding motifs in Inl-3 from PlantCARE online database. Search done on Oct 28, 2017.

Motif Name Organism Position Strand sequence function
ABRE ngﬁgm 38 + GCAACGTGTC cis-acting element involved in the abscisic agdponsiveness
ABRE Qﬁ?;ﬂgps's 40 + TACGTG cis-acting element involved in the abscisitid responsiveness
ACE Er?;:)ousrillnum 416 - GCGACGTACC cis-acting element involved ilight responsiveness
Box-W1 Pgtrosellnum 310 - TTGACC fungal elicitor responsivelement

crispum

Hordeum N . .
CAAT-box vulgare 77 - CAAT common cisacting element in promoter and enhanegions
CAAT-box \'jlﬂgiergm 313 + CAAT common cisacting element in promoter aedhancer regions
CAAT-box Brassicarapa 115 - CAAAT common cisacting element in promotand enhancer regions
G-Box ﬁ;r;tjllzrshlnum 40 - CACGTA cis-acting regulatory element involvéa light responsiveness
G-box Larix laricina 38 - GACACGTAGT cis-acting regulatory elemeirivolved in light responsiveness
G-box Daucus carota 40 + TACGTG cis-acting regulatory elemeinivolved in light responsiveness
GCN4 _motif  Oryza sativa 316 - CAAGCCA cisregulatoryelement involved in endosperm expression
HSE Iégﬁgréirtiﬁsn 199 + CNNGAANNTTCNNG cis-acting element involved in heat stress responsiveness
MBS Qr;ll?;:]gp&s 131, 181 + TAACTG MYB binding site involved in drougkinducibility
Spl Oryza sativa 24,100 - GGGCGG light responsive element
Spl Zea mays 54,53, 55,333 + CC(G/A)CCC light responsive element
Spl Zea mays 249, 220 - CC(G/A)CCC light responsive element
TATA-box Lycopersicon 48 + TTTTA core promoter element arour®D of transcriptiontsurt

esculentum
TATA-box Glycine max 165 + TAATA core promoter element arour®D of transcriptiorstart
TCCCmotif Spinacia 223 - TCTCCCT part of a light responsive element

oleracea
W box Arabidopsis 519 : TTGACC

thaliana
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http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PC~ACE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PC~Box-W1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BR~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AM~G-Box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27LL~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27DC~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27OS~GCN4_motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27LE~HSE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~MBS%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27OS~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27LE~TATA-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27GM~TATA-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27SO~TCCC-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~W%20box%27&StartAt=0&NbRecs=10

Table A2.4: Potential plant cisacting regulatory DNA binding motifs in Inl -3 from New PLACE online database. Search

done on Nov 13, 2017.

Motif Name Location  Signal sequence Site#

ACGTABREMOTIFAOSOSEM 40 (+) TACGTGTC S000281
ABREMOTIFAOSOSEM

ACGTATERD1

ACGTABREMOTIFA20SEM

41YACGT

40 (+) TACGTGTC S000299

S000415

41 (+) ACGTGKC S000394

ABRELATERD1 41 (+) ACGTG S000414
ACGTATERD1 41 (+) ACGT S000415
GADOWNAT 41 (+) ACGTGTC S000438
DOFCOREZM 47)(AAAG S000265
GT1CONSENSUS 49 GRWAAW S000198
SORLIP1AT 73)(GCCAC S000482
CAATBOX1 78) CAAT S000028
GATABOX 86 GATA S000039
POLLEN1LELATS52 91-J AGAAA S000245
NTBBF1ARROLB 95 ACTTTA S000273
TAAAGSTKST1 95 (+) TAAAG S000387
DOFCOREZM 96 (+) AAAG S000265
EBOXBNNAPA 115) CANNTG S000144
MYCCONSENSUSAT 115)(CANNTG S000407
EBOXBNNAPA 115 (+) CANNTG S000144
MYCCONSENSUSAT 115 (+) CANNTG S000407
DOFCOREZM 130 ¢) AAAG S000265
TAAAGSTKST1 130 TAAAG S000387
MYBCORE 133)(CNGTTR S000176
MYB2AT 133 (+) TAACTG S000177
MYB2CONSENSUSAT 133 (+) YAACKG S000409
MYBCORE 136 (+) CNGTTR S000176
RAVIAAT 137 CAACA S000314
SEBFCONSSTPR10A 143 (+) YTGTCWC S000391
ARFAT 144 (+) TGTCTC S000270
SURECOREATSULTR11 145 GAGAC S000499
ARFAT 156 TGTCTC S000270
SEBFCONSSTPR10A 156 YTGTCWC S000391
SURECOREATSULTR11 156 (+) GAGAC S000499
CACTFTPPCAL 168) (YACT S000449
BOXIINTPATPB 169 (+) ATAGAA S000296
POLLEN1LELAT52 171 (+) AGAAA S000245
DOFCOREZM 173 (+) AAAG S000265
MYBCORE 184)(CNGTTR S000176
MYB2AT 184 (+) TAACTG S000177
MYB2CONSENSUSAT 184 (+) YAACKG S000409
CACTFTPPCAL 194) (YACT S000449
GTGANTG10 211)(GTGA S000378
RHERPATEXPA7 211 (+) KCACGW S000512
CGCGBOXAT 219)(VCGCGB S000501
CGCGBOXAT 219 (+) VCGCGB S000501
-10PEHVPSBD 239 TATTCT S000392

P1BS 233 GNATATNC S000459

P1BS 233 (+) GNATATNC S000459
ROOTMOTIFTAPOX1 234)ATATT S000098
RHERPATEXPA7 239 (+) KCACGW S000512
QELEMENTZMZM13 247 (+) AGGTCA S000254
WBOXNTERF3 248)(TGACY S000457
WBOXNTCHN48 248 () CTGACY S000508
WRKY710S 249)(TGAC S000447
GT1CONSENSUS 267 (+) GRWAAW S000198
GT1CONSENSUS 268 (+) GRWAAW S000198
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000281
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000299
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000394
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000438
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000482
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000028
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000245
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000273
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000387
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000387
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000177
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000409
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000314
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000296
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000245
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000177
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000409
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000392
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000459
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000459
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000098
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000254
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000457
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000508
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000447
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198

GT1GMSCAM4 268 (+) GAAAAA S000453

DOFCOREZM 271 (+) AAAG S000265
LTRECOREATCOR15 274 (CCGAC S000153
PRECONSCRHSP70A 309 6CGAYNRNNNNNNNNNNNNNNNHD
QELEMENTZMZM13 314 (+) AGGTCA S000254
ELRECOREPCRP1 315 TTGACC S000142
WBOXNTERF3 315)(TGACY S000457
WBOXATNPR1 316 () TTGAC S000390
WRKY710S 316)(TGAC S000447
CAATBOX1 318 (+) CAAT S000028
CACTFTPPCAL 331 (+) YACT S000449
SEF3MOTIFGM 335 (+) AACCCA S000115
GTGANTG10 348 () GTGA S000378
GT1CONSENSUS 353 GRWAAW S000198
GT1CONSENSUS 354 GRWAAW S000198
E2FCONSENSUS 355 (+) WTTSSCSS S000476
CGCGBOXAT 371)(VCGCGB S000501
ABRERATCAL 371 MACGYGB S000507
CGCGBOXAT 371 (+) VCGCGB S000501
IBOXCORE 376)(GATAA S000199
GATABOX 377 () GATA S000039
WBOXNTCHN48 380 (+) CTGACY S000508
WBOXHVISO1 381 (+) TGACT S000442
WRKY710S 381 (+) TGAC S000447
WBOXNTERF3 381 (+) TGACY S000457
EECCRCAH1 382 (+) GANTTNC S000494
NODCON1GM 394)(AAAGAT S000461
OSE1IROOTNODULE 394)(AAAGAT S000467
DOFCOREZM 396)(AAAG S000265
TAAAGSTKST1 396) TAAAG S000387
GT1CONSENSUS 397 GRWAAW S000198
CGCGBOXAT 402 () VCGCGB S000501
CGCGBOXAT 402 (+) VCGCGB S000501
CURECORECR 423 GTAC S000493
CURECORECR 423 (+) GTAC S000493
SEBFCONSSTPR10A 433 (+) YTGTCWC S000391
ARFAT 434 (+) TGTCTC S000270
SURECOREATSULTR11 435 GAGAC S000499

S000506
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000453
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000153
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000506
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000254
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000142
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000457
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000390
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000447
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000028
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000115
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000476
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000507
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000199
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000508
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000442
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000447
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000457
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000494
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000461
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000467
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000387
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499

Table A2.5: Potential eukaryotic transcription factor binding motifs in Inl -3 from JASPAR Core online database. Search done on Oct 28, 2017.

Motif Name Organism Start End Strand Predicted sequence Function JASPAR Matrix 1D

SPI1 Homo sapiens 377 383 - AGGAAGT Tryptophan cluster factor MA0080.2
Drosophila Homeo domain factoris HOX-related factors

Ubx melanogaster 165 168 + TAAT MA0094.1
Drosophila SAND domain factor

Deafl melanogaster 209 214 - TTCGTG MA0185.1
Drosophila SAND domain factor

Deafl melanogaster 256 261 - TTCGGG MA0185.1
Saccharomyces C2H2 zinc finger factors

MSN2 cerevisiae 57 61 - AGGGG MAQ0341.1
Saccharomyces C2H2 zinc finger factors

MSN2 cerevisiae 66 70 - AGGGG MAQ0341.1
Saccharomyces C2H2 zinc finger factors

MSN4 cerevisiae 57 61 - AGGGG MAQ0342.1
Saccharomyces C2H2 zinc finger factors

MSN4 cerevisiae 66 70 - AGGGG MAQ0342.1
Arabidopsis thaliana C2H2 zinc finger factors MAQ0982.1

DOF2.4 265 271 AAAAAGT

DOF5.3 Arabidopsis thaliana 264 270 + GAAAAAG C2H2 zinc finger factors MA1071.1
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Table A2.6: Novel motif sequences in InB found using WEEDER2.0 motif discovery tool. Search done on Nov 12, 13 2017.

Motif ~ Sequence Output: Arabidopsis - Tomtom (Motif Comparison Tool of known motifs)

(WEEDER output)

AAAAAGTC

WRKY_tnt.WRKY50 _col_a_ ml (WRKY50), WRKY_tnt WRKY8 col_ml1 (WRKY8), WRKY_tnt WRKY8 colamp_a ml (WRKY8)
WRKY_tnt.WRKY45_col_a_ml (WRKY45), WRKY_tntWRKY17_colanp_a _ml (WRKY17), WRKY_tntWRKY17 col_a_mil (WRKY17),
WRKY_tnt WRKY43 col_a_ml (WRKY43), WRKY_tntWRKY7 col_ml (WRKY7), WRKY_tnt WRKY43 colamp_a_ml (WRKY43)
WRKY_tnt. WRKY24 col_a_mil (WRKY24), WRKY_tnt WRKY40_colamp_a_m1 (WRKY40), WRKY_tnt WRKY11_cola_ml (WRKY11),
WRKY_tnt. WRKY18 colamp_a_ml1 (WRKY18), WRKY_tnt.WRKY7_colamp_a_ml (WRKY7), WRKY_tnt WRKY40_col_ml1 (WRKY40),
WRKY_tnt. WRKY59_col_a_ml1 (WRKY59), WRKY_tnt WRKY25_colamp_a_m1 (WRKY25), WRKY_tnt. WRKY6_colamp_a_m1 (WRKY®6)
WRKY_tnt. WRKY47_mlamp_a_m1 (WRKY47), WRKY_tnt. WRKY31_col_a_m1 (WRKY31), WRKY_tnt. WRKY45_colamp_a_m1 (WRKY45)
WRKY_tnt WRKY71_col_a_ml (WRKY71), WRKY_tnt WRKY21 col_ml (WRKY21), WRKY_tnt.WRKY28 colamp_a_ml (WRKY28)
WRKY_tnt.WRKY29_col_a_m1 (WRKY29), WRKY_tnt WRKY50_colamp_a_m1 (WRKY50), WRKY_tnt. WRKY15_colamp_a_m1l (WRKY15)
WRKY_tnt WRKY15 col_ b m1 (WRKY15), WRKY_tntWRKY3 col_a_ml (WRKY3), WRKY_tnt WRKY65 col_a_ml (WRKY65),
WRKY_tnt. WRKY65_colamp_a_m1 (WRKY65), WRKY_tnt WRKY22_col_m1 (WRKY22), WRKY_tnt. WRKY22_colamp_a_ml (WRKY22)
WRKY_tnt. WRKY27_col_a_m1 (WRKY27), WRKY_tnt WRKY75_colamp_a_m1 (WRKY75), WRKY_tnt. WRKY26_colamp_a_m1 (WRKY26)
WRKY_tntWRKY6_col_a_ml (WRKY6), WRKY_tnt.WRKY21 colamp_a ml (WRKY21), WRKY_tnt WRKY70 col_ml (WRKY70),
WRKY_tntWRKY27_colamp_a_ml (WRKY27), WRKY_tnt WRKY75_col_a_mil (WRKY75), WRKY_tnt WRKY33 col_a ml (WRKY33),
WRKY_tnt. WRKY14_col_a_m1 (WRKY14), WRKY_tnt WRKY14_colamp_a_m1 (WRKY14), WRKY_tnt. WRKY24_colamp_a_m1 (WRKY24)
WRKY_tnt.WRKY28 col_a_ml (WRKY28), zfGRF_tnt.AT3G42860_col_a_ml (AT3G42860), WRKY_tnt.WRKY26_col_a_ml (WRKY26),

WRKY_tnt. WRKY29_colamp_a_m1 (WRKY29)
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AAAAAGTCGG

AAAAGT

LOBAS2_tnt.LBD2_colamp_a_m{@BD2), MYBrelated_tnt.AT3G10580_colamp_a_r(AT3G10580), C3H_tnt.CDM1_colamp_a_mIDM1),
LOBAS2_tnt.LBD2_col_a_miLBD2), WRKY_tnt.WRKY45 col_a mIWRKY45), WRKY_tnt. WRKY50_col_a_mIWRKY50), WRKY t
nt.WRKY17_colamp_a_m{WRKY17), MYB_tnt.MS188_ colamp_a_m@MS188), WRKY_tnt.WRKY17_col_a miWRKY17), WRKY_tnt.
WRKY43_col_a_mIWRKY43), WRKY_tnt. WRKY40 colamp_a_m{WRKY40), WRKY_tnt. WRKY7_col_m1(WRKY7), WRKY_tnt.WR

KY18_colamp_a_mIWRKY18), WRKY_tnt. WRKY8_col_m1(WRKY8), WRKY_tnt. WRKY8_colamp_a miWRKY8)

WRKY_tnt WRKY45_colamp_a_m{@WRKY45), WRKY_tnt. WRKY71_col_a_miWRKY71), WRKY_tntWRKY15_colamp_a_m{WRKY15
),  WRKY_tnt WRKY45_col_a_mIWRKY45), WRKY_tnt WRKY17 colamp_a_m@WRKY17), WRKY_tnt.WRKY22_col mI(WRKY22),
WRKY_tnt WRKY22_colamp_a_m{@WRKY?22), WRKY_tnt WRKY27_col_a_mIWRKY27), WRKY_tnt. WRKY50_col_a_mIWRKY50),

WRKY_tnt. WRKY75_colamp_a_m@WRKY75), WRKY_tnt WRKY11 col_a_mIWRKY11), WRKY_tnt WRKY7_col m1(WRKY7), WR
KY_tnt WRKY8_col_m1(WRKY8), WRKY_tnt WRKY8 colamp_a_ m{WRKY8), C2C2dof tnt.CDF3_colamp_a_niCDF3), WRKY_tnt.

WRKY21_col_m1(WRKY21), WRKY_tnt WRKY28_colamp_a_m@WRKY28), WRKY_tnt.WRKY65_colamp_a m{WRKY65), WRKY_t
nt.WRKY21_colamp_a_mWRKY21), WRKY_tnt WRKY70_col mI(WRKY70), WRKY_tnt WRKY17 col_a_mIWRKY17), WRKY_tnt.
WRKY43_col_a_mIWRKY43), WRKY_tnt WRKY27_colamp_a_m{WRKY27), WRKY_tnt WRKY75_col_a_mIWRKY75), C3H_tnt.AT
5G63260_colamp_a_mAT5G63260), WRKY_tnt. WRKY29_col_a_mIWRKY29), WRKY_tnt WRKY50_colamp_a_m{WRKY50), Orpha
n_tnt.BBX31_col_a_miBBX31), C2C2dof_tnt.COG1_colamp_m1(COG1l), WRKY_tnt WRKY14 col_a_miWRKY14), WRKY_tnt WR
KY14_colamp_a_mIWRKY14), WRKY_tnt. WRKY40_colamp_a_m{WRKY40), WRKY_tnt WRKY24_colamp_a_ m@WRKY24), WRKY
_tnt WRKY28_col_a_mIWRKY28), WRKY_tnt WRKY15_col_b_miWRKY15), WRKY_tntWRKY3_col a_m1(WRKY3), WRKY_tnt.W
RKY65_col_a_mIWRKY65), C2C2dof_tnt. AT1G69570_col_a_ntAT1G69570), C2C2dof_tnt.OBP3_colamp_a_ni@BP3), WRKY_tnt.W
RKY43_colamp_a_m{WRKY43), C2C2dof_tnt.dof24_col_a_m@tof24), C2C2dof_tnt.At4g38000_colamp_a_rfAt4g38000) C2C2dof_tnt.
AT1G69570_colamp_a_mAT1G69570), C2C2dof_tnt.Adofl_col_a m@Adofl), WRKY_tnt. WRKY26_col_a mIWRKY26), WRKY_tnt.
WRKY24 col_a_mIWRKY24), C2C2dof tnt.Atlg64620 colamp_a_rfAt1g64620), C3H_tnt. AT5G63260_col_a_n{AT5G63260), C2C2

dof_tnt.dof24_colamp_a_m©of24), C2C2dof_tnt.AT2G28810_colamp_a_rgAT2G28810), C2C2dof_tnt.CDF3_col_a mTDF3), C2C2do
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f_tnt.OBP4_colamp_a_m@©OBP4), WRKY_tnt WRKY29_colamp_a_m{WRKY29), WRKY_tnt WRKY18_colamp_a_m{WRKY18), C2C2
dof_tnt.DAG2_col_a_mh(DAG2), WRKY_tnt.WRKY26_colamp_a_ m{WRKY26), C2C2dof_tnt. AT5G66940_col_a_ nfAT5G66940), C2C
2dof_tnt.Adofl_colamp_a_m(Adofl), C2C2dof_tnt.At5g62940 col_a_nfAt5g62940), C2C2dof _tnt.COG1_col a m{COG1), WRKY_tnt.
WRKY7_colamp_a_mIWRKY7), C2CaHof tnt.AT2G28810_col_a_m(AT2G28810), C2C2dof tnt.AT5G66940_ colamp_a_rAT5G66940),
WRKY_tnt. WRKY40_col_mI(WRKY40), WRKY_tnt WRKY33_col_a_mIWRKY33), C2C2dof tnt. AT5G02460_colamp_a_rAT5G02460
), C2C2dof_tnt.At3g45610_col_a_nfAt3g45610), zfGRF_tnt.AT3G42860_col_a n{AT3G42860), NAC_tnt.NTM1_colamp_a m{NTM1),
C2C2dof_tnt.AT3G52440_colamp_a_rfAT3G52440), C2C2dof_tnt.At1g64620_100ng20cy_b_i#t1g64620), WRKY_tnt WRKY59 col_a_

m1(WRKY59), C2C2dof tnt.OBP3_col_a_mOBP3), C2C2doftnt.DAG2_colamp_a_m(DAG2)

CAMTA_tnt. CAMTA1_col_a_m1(CAMTA1), FAR1_tnt.FAR1_col_a_m{FAR1), FAR1_tnt.FAR1_colamp_a_mFAR1)
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Table A2.7: Potential plantcis-acting regulatory element binding motifs in Inll-12 from PlantCARE online database. Search done on Oct 28 2017.

Motif Name Organism Position Strand sequence function
A-box Petrpsellnum 123 - CCGTCC cis-acting regulatory element
crispum
Arabidopsis CACGTG, . . . . - . .
ABRE thaliana 104, 385 + TACGTG cis-acting element involved in the abscisiccagésponsiveness
ACE Peﬁgc;ts::ggm 102 - ACGTGGA cis-acting element involved in lighiesponsiveness
AE-box Aiﬁgll?aonfls 304 - AGAAACAA part of a module for light response
CAAT-box Hordeum vulgare 54, 322 - CAAT common cisacting element in promoter and enharegjions
CAAT-box Brassica rapa 188, 164 + CAAAT common cisacting element in promoter aedhancer regions
CCGTCCbox Aiﬁgll?aonfls 123 - CCGTCC cis-acting regulatorglement related to meristem specific activation
G-Box Pisum sativum 104 + CACGTG cis-actingregulatory element involved in light responsiveness
G-Box Triticum aestivum 389 - TCCACATGGCA cis-acting regulatory element involved in light responsiveness
G-Box Antirrhinum majus 385 - CACGTA cis-acting regulatory element involved in light responsiveness
G-box Brassica napus 103 - CACGTGG cis-acting regulatory element involved in light responsiveness
G-box Daucus carota 385 + TACGTG cis-acting regulatory element involved in light responsiveness
G-box Nlcotlz_an_a . 335 - CAGACGTGGCA cis-acting regulatory element involved in light responsiveness
plumbaginifolia
G-box A:ﬁgll?aonf's 104 + CACGTG cis-acting regulatory element involved in light responsiveness
G-box Brassica oleracea 384 - TAACACGTAG cis-acting regulatory element involved in ligl@sponsiveness
GT1-motif Solanum tuberosun 394 - AATCCACA light responsive element
Spl Zea mays 74,91, 86 + CC(G/A)CCC light responsive element
Spl Zea mays 227 - CC(G/A)CCC light responsive element
TATA-box Lycopersicon 111, 375 + TTTTA core promoter element arour®D of transcrifion start
esculentum
TCA-element  Brassica oleracea 250 + GAGAAGAATA cis-acting element involved igsalicylic acid responsiveness
circadian Lycopersicon 325 - CAANNNNATC cis-actingregulatory element involved in circadian control

esculentum
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http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PC~A-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PH~ACE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~AE-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BR~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~CCGTCC-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PS~G-Box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27TA~G-Box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AM~G-Box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BN~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27DC~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27NP~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BO~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ST~GT1-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27LE~TATA-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BO~TCA-element%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27LE~circadian%27&StartAt=0&NbRecs=10

Table A2.8: Potential plant cisacting regulatory DNA binding motifs in Inll -12 from New PLACE online database. Search

done on Nov 13, 2017.

Motif Name Location  Signalsequence Site#
CURECORECR 9 GTAC S000493
CURECORECR 9 (+) GTAC S000493
DOFCOREZM 13)(AAAG S000265
POLLEN1LELAT52 14 AGAAA 5000245
EECCRCAH1 39 (+) GANTTNC S000494
ROOTMOTIFTAPOX1 46 (+) ATATT S000098
CAATBOX1 48) CAAT S000028
ACGTABOX 53 TACGTA S000130
ACGTABOX 53 (+) TACGTA S000130
ACGTATERD1 54)YACGT S000415
ACGTATERD1 54 (+) ACGT S000415
ARRI1AT 65 NGATT S000454
UPRMOTIFIIAT 83 (+) CCNNNNNNNNNNNNCCACG S000426
CAREOSREP1 90 (+) CAACTC S000421
IRO20S 97 (CACGTGG S000505
ABRERATCAL 97-f MACGYGB S000507
CACGTGMOTIF 98 CACGTG S000042
EBOXBNNAPA 98 CANNTG S000144
MYCCONSENSUSAT 98)(CANNTG S000407
ABRELATERD1 98)YACGTG S000414
CACGTGMOTIF 98 (+) CACGTG S000042
EBOXBNNAPA 98 (+) CANNTG S000144
MYCCONSENSUSAT 98 (+) CANNTG S000407
ABRERATCAL 98 (+) MACGYGB S000507
ACGTATERD1 99 () ACGT S000415
RHERPATEXPA7 99)(KCACGW S000512
ABRELATERD1 99 (+) ACGTG S000414
ACGTATERD1 99 (+) ACGT S000415
DOFCOREZM 104 ) AAAG S000265
CACTFTPPCAl1 110 (YACT S000449
CMSRE1IBSPOA 116 (+) TGGACGG S000511
PALBOXAPC 117 CCGTCC S000137
SEBFCONSSTPR10A 126 (+) YTGTCWC S000391
ARFAT 127 (+) TGTCTC S000270
SURECOREATSULTR11 128 GAGAC S000499
ARFAT 139X TGTCTC S000270
SEBFCONSSTPR10A 139 YTGTCWC S000391
SURECOREATSULTR11 139 (+) GAGAC S000499
GTGANTG10 153 (+) GTGA S000378
WRKY710S 154 (+) TGAC 5000447
WBOXNTERF3 154 (+) TGACY S000457
EBOXBNNAPA 175 CANNTG S000144
MYCCONSENSUSAT 175)(CANNTG S000407
EBOXBNNAPA 175 (+) CANNTG S000144
MYCCONSENSUSAT 175 (+) CANNTG S000407
EBOXBNNAPA 182-Y CANNTG S000144
MYCCONSENSUSAT 182)(CANNTG S000407
EBOXBNNAPA 182 (+) CANNTG S000144
MYCCONSENSUSAT 182 (+) CANNTG S000407
SV40COREENHAN 190 (+) GTGGWWHG S000123
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000245
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000494
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000098
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000028
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000130
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000130
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000426
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000421
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000505
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000507
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000042
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000042
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000507
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000511
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000137
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000447
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000457
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000123

MYBCORE 209 (+) CNGTTR S000176
MYBPZM 210 CCWACC S000179
-10PEHVPSBD 248 () TATTCT S000392
POLASIG3 250 (+) AATAAT S000088
ARR1AT 253)(NGATT S000454
CGCGBOXAT 263)(VCGCGB S000501
CGCGBOXAT 263 (+) VCGCGB S000501
CURECORECR 269 GTAC S000493
CURECORECR 269 (+) GTAC S000493
POLLEN1LELATS52 301-f AGAAA S000245
GTGANTG10 310)(GTGA S000378
ROOTMOTIFTAPOX1 314 (+) ATATT S000098
CAATBOX1 316 CAAT S000028
ARRIAT 318 (+) NGATT S000454
CIACADIANLELHC 319 CAANNNNATC S000252
EECCRCAH1 319 (+) GANTTNC S000494
GT1CONSENSUS 320 GRWAAW S000198
POLLEN1LELATS2 322 AGAAA S000245
SORLIP1AT 330 (+) GCCAC S000482
GATABOX 345) GATA S000039
NODCON2GM 348 (+) CTCTT S000462
OSE2ROOTNODULE 348 (+) CTCTT S000468
DOFCOREZM 350)(AAAG S000265
GTGANTG10 353)(GTGA S000378
CACTFTPPCA1 356 (+) YACT S000449
NODCON2GM 358 (+) CTCTT 5000462
OSE2ROOTNODULE 358 (+) CTCTT S000468
PYRIMIDINEBOXOSRAMY1A 367 (+) CCTTTT S000259
DOFCOREZM 368)(AAAG S000265
ACGTATERD1 380)(ACGT S000415
RHERPATEXPA7 386)(KCACGW S000512
ABRELATERD1 380 (+) ACGTG S000414
ACGTATERD1 380 (+) ACGT S000415
ARR1AT 391 (+) NGATT S000454
EECCRCAH1 392 (+) GANTTNC S000494
GT1CONSENSUS 393 GRWAAW S000198
SEBFCONSSTPR10A 409 (+) YTGTCWC S000391
ARFAT 410 (+) TGTCTC S000270
SURECOREATSULTR11 419 GAGAC S000499
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000179
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000392
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000088
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000245
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000098
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000028
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000252
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000494
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000245
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000482
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000462
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000468
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000462
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000468
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000259
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000494
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499

Table A2.9: Potential eukaryotic transcription factor binding motifs in Inll -12 from JASPAR Core online database. Search done on Oct 28, 2017.

Name

Arnt

Arnt
Ubx
Mycn

Mycn
ZNF354C
FEV

bap
ADR1

HAP2
MSN2
MSN2
MSN2
MSN4
MSN4

MSN4
YAP5
ISL2
Osl_08196
TCP15
TCP20
TCP23

Organism
Mus musculus

Mus musculus

Drosophila
melanogaster
Mus musculus

Mus musculus

Saccharomyces
cerevisiae
Saccharomyces
cerevisiae
Saccharomyces
cerevisiae
Saccharomyces
cerevisiae
Saccharomyces
cerevisiae
Saccharomyces
cerevisiae
Saccharomyces
cerevisiae

Score

10.3511

10.3511

6.91669

10.5328

10.5328
8.91578
12.0467
11.9861
10.2598

8.68725

8.79054

8.79054

8.79054

9.22701

9.22701

9.22701
9.61465
12.0118
14.5411
15.0766
13.6507

15171

Start

104

104

258

104

104
395
399
113
207

162

77

244

312

77

244

312

39
113
190
190
188
190

End

109

109

261

109

109
400
406
119
213

166

81

248

316

81

248

316

44
120
197
197
197
197

Strand

Predicted sequence Function

CACGTG

CACGTG

TAAT

CACGTG

CACGTG
ATCCAC
CAGGAAAT
TTAAGTG
ACCCCAC

TTGGT

AGGGG

AGGGG

AGGGG

AGGGG

AGGGG

AGGGG
AAGCAT
GCACTTAA
GGGCCCAC
GGGCCCAC
GGGCCCACCA
GGGCCCAC

Basic  helixloop-helix
factors (bHLH) - PAS
domain factors

Basic  helixloop-helix
factors (bHLH) - PAS
domain factors

Homeo domain factors

Basic  helixloop-helix
factors (bHLH)

Basic  helixloop-helix
factors (bHLH)

Heteromeric CCAAT

binding factors

C6 zinc cluster factors
C6 zinc cluster factors
C6 zinc cluster factors
C6 zinc cluster factors

C6 zinc cluster factors

C6 zinc cluster factors

Matrix ID

MAQ004.1

MAO0004.1

MAQ094.1

MAQ104.1

MAQ104.1
MAQ130.1
MAQ156.1
MAQ0211.1
MAO0268.1

MAQ0313.1

MAO0341.1

MAQ341.1

MAQ341.1

MA0342.1

MA0342.1

MAQ342.1
MA0417.1
MA0914.1
MA1050.1
MA1062.1
MA1065.1
MA1066.1
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Table A2.10: Novel motif sequences in Intl2 found using WEEDER2.0 motif discovery tool. Search done on Nov 12, 13 2017.

Motif Sequence Output: Arabidopsis - Tomtom (Motif Comparison Tool of known motifs)

(WEEDER output)

AAATAG No motif matches
AAATAGAC No motif matches
AAATAGACCG No motif matches
ACAGCT Tcf21_DBD, MSC_full, UP00258_X(Tgif2_3451.1), TGIF1_DBD, UP00122_XTgifl_2342.2), MA0521.1(Tcfl2), MYF6_full,

TFAP4_full, TFAP4_DBD, TGIF2_DBD

ACGTGC BZR_tnt.At1g78700_col_a_m@#At1g78700), BZR_tnt.At4g18890_colamp_a_nfAt4g18890), bHLH_tnt.bHLH69_ col_a_mi{bHLH69),
BZR_tnt.At4g18890_col_a_m(At4g18890), BZR_tnt.At4g36780_col_a_m@#t4g36780), BZR_tnt.Atlg78700_colamp_a_nfAtlg7870
0), NAC_tnt.ANAC047_colamp_a_d(ANAC047), bHLH_tnt.bHLH31_col_mibHLH31), bHLH_tnt.bHLH77_col a_mibHLH77),

bHLH_tnt.bHLH74_col_a_m{bHLH74)

ACTTGT No motif matches
AGGAGA No motif matches
AGGTGG No motif matches
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Table A2.11: Potential plantcis-acting regulatory element binding motifs in Inlll -50 from PlantCARE online database. Search done on Oct 28 2017.

Motif Name Organism Position Strand sequence function
Petroselinum . .

A-box crispum 134 + CCGTCC cis-acting regulatory element
ABRE Oryza sativa 324 + GCCGCGTGGC cis-acting element involved in the abscisic acid responsiveness
ABRE A;ﬁg:?aon‘f's 417 + ACGTGGC cis-acting element involved in the abscisic a@dponsiveness
ABRE A:ﬂg:?aonfls 416 - CACGTG cis-acting element involved in trebscisic acid responsiveness
CAAT-box Glycine max 4 + CAATT common cisacting element ipromoter and enhancer regions
CAAT-box 'j/?lrlggl:em 6 - CAAT common cisacting element ipromoter and enhancer regions
CAAT-box Glycine max 5 - CAATT common cisacting element ipromoter and enhancer regions
CAAT-box Brassica rapa 121 - CAAAT common cisacting elemenin promoter and enhancer regions
CCGTCGbox A;ﬁg‘?aonfls 134 + CCGTCC cis-actingregulatory element related to meristem specific activation
CE3 Oryza sativa 43 - GACGCGTGTC cis-acting element involved in ABA and VP1 responsiveness
G-Box Pisum sativum 416 - CACGTG cis-acting regulatory element involved in light responsiveness
G-box A;ﬁg:?aonfls 324,413 - GCCACGTGGA cis-acting regulatory element involved in light responsiveness
G-box Aiﬁg‘?aonrf's 413 - GCCACGTGGTA cis-acting regulatory element involved in light responsiveness
GARE-motif Brassica 385 - AAACAGA gibberellinresponsive element

oleracea
1-box F!aver!a 366 - GATATGG part of a light responsive element

trinervia
MBS Zea mays 193 + CGGTCA MYB Binding Site
MNF1 Zea mays 125 + GTGCCC(AIT)(A/T) light responsive element
Spl Zea mays 130 + CC(G/A)CCC light responsive element
box 11 Per:rosellnum 324 + TCCACGTGGC part of a light responsive element

ortense

box S Arabidopsis 186 . AGCCACC

thaliana
circadian Lycopersicon 363 + CAANNNNATC cis-acting regulatory element involved éircadian control

esculentum
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http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PC~A-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27OS~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27GM~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27GM~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BR~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~CCGTCC-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27OS~CE3%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PS~G-Box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BO~GARE-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27FT~I-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~MBS%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~MNF1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PH~box%20II%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~box%20S%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27LE~circadian%27&StartAt=0&NbRecs=10

Table A2.12: Potential plant cisacting regulatory DNA binding motifs in Inlll -50 from New PLACE online database.

Search done on Nov 13, 2017.

Motif Name Location  Signal sequence Site#
SORLIP2AT 8)(GGGCC S000483
CGCGBOXAT 23)(VCGCGB S000501
CGCGBOXAT 23 (+) VCGCGB S000501
VOZATVPP 25 GCGTNNNNNNNACGC S000456
VOZATVPP 25 (+) GCGTNNNNNNNACGC S000456
SV40COREENHAN 30)(GTGGWWHG S000123
CURECORECR 39 GTAC S000493
CURECORECR 31 (+) GTAC S000493
CGCGBOXAT 45)(VCGCGB S000501
CGCGBOXAT 45 (+) VCGCGB S000501
CURECORECR 49 GTAC S000493
CURECORECR 49 (+) GTAC S000493
DPBFCOREDCDC3 51 (+) ACACNNG S000292
RAV1AAT 60-] CAACA S000314
CACTFTPPCAl1 66 (+) YACT S000449
GRAZMRAB28 70 CATGCCGCC S000220
GCCCORE 79 GCCGCC S000430
RYREPEATLEGUMINBOX 75 (+) CATGCAY S000100
RYREPEATBNNAPA 75 (+) CATGCA S000264
CACTFTPPCAl1 79 (+) YACT S000449
DOFCOREZM 85)(AAAG S000265
TAAAGSTKST1 85 TAAAG S000387
POLASIG1 86)(AATAAA S000080
TATABOX5 87 (+) TTATTT S000203
RHERPATEXPA7 92)(KCACGW S000512
EBOXBNNAPA 97-Y CANNTG S000144
MYCCONSENSUSAT 97)(CANNTG S000407
EBOXBNNAPA 97 (+) CANNTG S000144
MYCCONSENSUSAT 97 (+) CANNTG S000407
PALBOXAPC 111 (+) CCGTCC S000137
ARRI1AT 123)(NGATT S000454
SEBFCONSSTPR10A 130 (+) YTGTCWC S000391
ARFAT 131 (+) TGTCTC S000270
SURECOREATSULTR11 132 GAGAC S000499
ARFAT 143X TGTCTC S000270
SEBFCONSSTPR10A 143 YTGTCWC S000391
SURECOREATSULTR11 143 (+) GAGAC S000499
CACTFTPPCAl1 149 (YACT S000449
MYBCORE 153)(CNGTTR S000176
MYB2CONSENSUSAT 151 (+) YAACKG S000409
MYBCOREATCYCB1 152 (+) AACGG S000502
SORLIP1AT 164)(GCCAC S000482
WBOXNTERF3 171)(TGACY S000457
WRKY710S 172)(TGAC S000447
GTGANTG10 173 ¢) GTGA S000378
CGACGOSAMY3 196 (+) CGACG S000205
CGCGBOXAT 198)(VCGCGB S000501
CGCGBOXAT 198 (+) VCGCGB S000501
POLLEN1LELAT52 204 (+) AGAAA S000245
-300CORE 21) TGTAAAG S000001
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000483
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000456
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000456
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000123
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000292
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000314
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000220
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000430
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000100
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000264
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000387
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000080
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000203
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000137
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000409
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000502
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000482
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000457
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000447
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000205
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000245
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000001

DOFCOREZM 211)(AAAG S000265
TAAAGSTKST1 211 TAAAG S000387
DPBFCOREDCDC3 215 (+) ACACNNG S000292
GT1CONSENSUS 220 (+) GRWAAW S000198
ROOTMOTIFTAPOX1 223 ATATT S000098
PRECONSCRHSP70A 228 (+) SCGAYNRNNNNNNNNNNNNNNNHDS000506
SORLIP1AT 234)(GCCAC $000482
CAREOSREP1 239 CAACTC S000421
CACTFTPPCAL 252 (YACT S000449
CURECORECR 253 GTAC S000493
CURECORECR 253 (+) GTAC S000493
DOFCOREZM 257 (+) AAAG S000265
SORLIP2AT 260)(GGGCC S000483
TBOXATGAPB 266 () ACTTTG S000383
DOFCOREZM 267 (+) AAAG S000265
LTRECOREATCOR15 276)(CCGAC S000153
DRECRTCOREAT 2760)(RCCGAC S000418
CBFHV 270)(RYCGAC S000497
SURECOREATSULTR11 299 GAGAC S000499
CGCGBOXAT 302)(VCGCGB S000501
ABRERATCAL 302 MACGYGB S000507
CGCGBOXAT 302 (+) VCGCGB S000501
SORLIP1AT 306)(GCCAC S000482
CACTFTPPCAL 313 (+) YACT S000449
DOFCOREZM 315 () AAAG S000265
GT1CONSENSUS 31§ GRWAAW S000198
HEXAMERATH4 321 (+) CCGTCG S000146
CGACGOSAMY3 322)(CGACG S000205
CACTFTPPCAL 327 (+) YACT S000449
CGACGOSAMY3 332 (+) CGACG S000205
CIACADIANLELHC 340 (+) CAANNNNATC S000252
GATABOX 346 GATA S000039
SORLIP2AT 350 (+) GGGCC S000483
GT1CONSENSUS 366 GRWAAW S000198
IBOXCORE 367)(GATAA S000199
GATABOX 368) GATA S000039
INRNTPSADB 373 (+) YTCANTYY S000395
GTGANTG10 374)(GTGA S000378
CACTFTPPCAL 375 (+) YACT S000449
BOXIINTPATPB 387-) ATAGAA S000296
GATABOX 390 GATA S000039
GTGANTG10 392 () GTGA S000378
RHERPATEXPA7 392 (+) KCACGW S000512
CACGTGMOTIF 393 CACGTG S000042
EBOXBNNAPA 393 CANNTG S000144
MYCCONSENSUSAT 393)(CANNTG S000407
ABRELATERD1 393 () ACGTG S000414
CACGTGMOTIF 393 (+) CACGTG S000042
EMBP1TAEM 393 (+) CACGTGGC S000119
EBOXBNNAPA 393 (+) CANNTG S000144
ABREATCONSENSUS 393 (+) YACGTGGC S000406
MYCCONSENSUSAT 393 (+) CANNTG S000407
IRO20S 393 (+) CACGTGG S000505
ABRERATCAL 393 (+) MACGYGB S000507
ACGTATERD1 394YACGT S000415
BOXIIPCCHS 394 (+) ACGTGGC S000229
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000387
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000292
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000098
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000506
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000482
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000421
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000483
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000383
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000153
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000418
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000497
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000507
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000482
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000146
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000205
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000205
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000252
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000483
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000198
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000199
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000395
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000296
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000042
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000042
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000119
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000406
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000505
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000507
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000229

ACGTABREMOTIFA20SEM 394 (+) ACGTGKC S000394

ABRELATERD1 394 (+) ACGTG S000414
ACGTATERD1 394 (+) ACGT S000415
SORLIP1AT 396)(GCCAC S000482
CGCGBOXAT 405)(VCGCGB S000501
CGCGBOXAT 405 (+) VCGCGB S000501
SEBFCONSSTPR10A 425 (+) YTGTCWC S000391
ARFAT 426 (+) TGTCTC S000270
SURECOREATSULTR11 427) GAGAC S000499
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000394
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000482
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499

Table A2.13: Potential eukaryotic transcription factor binding motifs in Inlll -50 from JASPAR Core online database. Search done on Oct 28, 2017.

Name Organism Start End Strand Predicted sequence Function Matrix ID
Mus musculus Basic helixloop-helix factors (bHLH) PAS domain

Arnt 399 404 + CACGTG factors MA0004.1
Mus musculus Basic helixloop-helix factors (bHLH)} PASdomain

Arnt 399 404 - CACGTG factors MA0004.1

Dof3 Zea mays 89 94 - AAAGCG C2H2 zinc finger factors Dof-type MA0021.1

Dof3 Zea mays 215 220 - AAAGCG C2H2 zinc finger factors Dof-type MA0021 1

SpI1 Homo sapiens 382 388 - AGGAAGT Tryptophan cluster factorsEtsrelatedfactors MA0080.2

SPIB Homo sapiens 384 390 - AGAGGAA Tryptophan cluster factorsEtsrelated factors MA0081. 1
Drosophila Homeo domain factors

Ubx melanogaster 128 131 + TAAT MA0094.1

Mycn Mus musculus 399 404 + CACGTG Basic helixloop-helix factors(bHLH) MAO104.1

Mycn Mus musculus 399 404 - CACGTG Basic helixloop-helix factors (bHLH) MAO104.1

Mycn Mus musculus 399 406 - GCCACGTG Basic helixloop-helix factors (bHLH) MAO104.3
Drosophila SAND domain factors

Deafl melanogaster 97 102 + TTCGTG MA0185.1
Drosophila Homeo domain factoris HD-sine factors

Optix melanogaster 396 400 - TGATA MA0199.1
Saccharomyces C2H2 zinc finger factord factors with multiple

FZF1 cerevisiae 395 400 + CTATCA dispersed zinc fingers MA0298.1
Saccharomyces C6 zinc cluster factors

HAL9 cerevisiae 163 167 - CGGAA MA0311.1
Saccharomyces C2H2 zinc finger factors

MSN2 cerevisiae 111 115 - AGGGG MA0341.1
Saccharomyces C2H2 zinc finger factors

MSN4 cerevisiae 111 115 - AGGGG MAO0342.1
Saccharomyces Basic helixloop-helix factors (bHLH)

TYE7 cerevisiae 398 404 - CACGTGA MA0409.1
Arabidopsis Basic helixloop-helix factors (bHLH)

PIF4 thaliana 399 406 + CACGTGGC MAO0561.1
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Table A2.14: Novel motif sequences in InIH50 found using WEEDER2.0 motif discovery tool. Searctlone on Nov 12, 13 2017.

Motif Sequence (WEEDER output) Output: Arabidopsis - Tomtom (Motif Comparison Tool of known motifs)

AAACGC No motif matches
AAACGCTT No motif matches
AAACGCTTTA No motif matches
ACGCAC No motif matches
AGGAGG C2H2_tnt.TF3A_col_a_m(TF3A)
AGGATG No motif matches
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Table A2.15: Potential plantcis-acting regulatory element binding motifs in Inlll -78 from PlantCARE online database. Search done on Oct 28 2017.

Motif Name Organism Position Strand sequence function
Petroselinum . .

A-box crispum 393 + CCGTCC cis-acting regulatory element
ABRE A;ﬂg‘?aonfls 370 - TACGTG cis-acting element involved in the abscisic a@dponsiveness
CAAT-box 'jﬂggfén 50 + CAAT common cisacting element in promoter aethancer regions
CAAT-box Brassica rapa 175 + CAAAT common cisacting element in promotand enhancer regions
CAAT-box Brassica rapa 81 - CAAAT common cisacting element in promotand enhancer regions
CCAAT-box Hordeum 121 - CAACGG MYBHv1 binding site

vulgare

Arabidopsis . . . s -

CCGTCCbox thaliana 393 + CCGTCC cis-acting regulatory element related to menstgpecific activation
CGTCA-motif %gzxﬂ 411 - CGTCA cis-acting regulatorglement involved in the MeJfesponsiveness
G-Box Antr::g}bnsum 370 + CACGTA cis-actingregulatory element involved in light responsiveness
G-box Zea mays 196 - CACGAC cis-actingregulatory element involved in light responsiveness
G-box Zea mays 412 - CACGTC cis-actingregulatory element involved in light responsiveness
G-box Daucus carota 370 - TACGTG cis-actingregulatory element involved in light responsiveness
GC-motif Zea mays 102 + CCCCCG enhancetike element involved in anoxic specific inducibility
GC-motif Zea mays 257 - CCCCGs enhancetike element involved in anoxic specific inducibility
GT1-motif Arab|(_jop5|s 261 + GGTTAA light responsive element

thaliana
Spl Zea mays 300 + CC(G/A)CCC light responsivelement
TCC_ACCT— Petroselinum 296 + TCCACCT
motif hortense
TCCC motif Spinacia 225 - TCTCCCT part of a light responsive element

oleracea
TCT-motif Aiﬁg‘?aonrf's 337 + TCTTAC part of a light responsive element
TGACG-motif '?/?Jrlgglrjem 411 + TGACG cis-acting regulatory element involved in thieJA-responsiveness
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http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PC~A-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~ABRE%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BR~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27BR~CAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CCAAT-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~CCGTCC-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~CGTCA-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AM~G-Box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27DC~G-box%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~GC-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~GC-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~GT1-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27ZM~Sp1%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PH~TCCACCT-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27PH~TCCACCT-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27SO~TCCC-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27AT~TCT-motif%27&StartAt=0&NbRecs=10
http://bioinformatics.psb.ugent.be/webtools/plantcare/cgi-bin/show_site_info.htpl?QWhere=ID_of_Site%20like%20%27HV~TGACG-motif%27&StartAt=0&NbRecs=10

Table A2.16: Potential plant cisacting regulatory DNA binding motifs in Inlll -78 from New PLACE online database.

Search done on Nov 13, 2017.

Motif Name Location  Signal sequence Site#
RBCSCONSENSUS 19 AATCCAA S000127
ARRI1AT 18 (+) NGATT S000454
RYREPEATBNNAPA 24 (+) CATGCA S000264
CAATBOX1 44 (+) CAAT S000028
ARRI1AT 45 () NGATT S000454
CACTFTPPCAl1 63)(YACT S000449
NODCON2GM 68 (+) CTCTT S000462
OSE2ROOTNODULE 68 (+) CTCTT S000468
EBOXBNNAPA 74-Y CANNTG S000144
MYCCONSENSUSAT 74)(CANNTG S000407
EBOXBNNAPA 74 (+) CANNTG S000144

MY CCONSENSUSAT 74 (+) CANNTG S000407
RAV1AAT 78] CAACA S000314
SURECOREATSULTR11 92 GAGAC S000499
MYB2CONSENSUSAT 115)(YAACKG S000409
MYBCOREATCYCB1 115 ¢) AACGG S000502
MYBCORE 115 (+) CNGTTR S000176
SEBFCONSSTPR10A 124 (+) YTGTCWC S000391
ARFAT 125 (+) TGTCTC S000270
SURECOREATSULTR11 126 GAGAC S000499
ARFAT 137YTGTCTC S000270
SEBFCONSSTPR10A 137 YTGTCWC S000391
SURECOREATSULTR11 137 (+) GAGAC S000499
SURECOREATSULTR11 164 (+) GAGAC S000499
TATABOX5 170 €) TTATTT S000203
ARRI1AT 179)(NGATT S000454
GTGANTG10 181)(GTGA S000378
ACGTCBOX 187 GACGTC S000131
ACGTCBOX 187 (+) GACGTC S000131
ACGTATERD1 188)ACGT S000415
ACGTATERD1 188 (+) ACGT S000415
CGACGOSAMY3 189 CGACG S000205
RHERPATEXPA7 191)(KCACGW S000512
CGACGOSAMY3 202)(CGACG S000205
SURECOREATSULTR11 214 GAGAC S000499
MYBCORE 232 () CNGTTR S000176
CGCGBOXAT 248)(VCGCGB S000501
CGCGBOXAT 248 (+) VCGCGB S000501
GT1CORE 255 (+) GGTTAA S000125
E2FCONSENSUS 311 (+) WTTSSCSS S000476
BS1EGCCR 319 AGCGGG S000352
BOXCPSAS1 320 (+) CTCCCAC S000226
CACTFTPPCAl1 324 (+) YACT 5000449
NODCON2GM 330 (+) CTCTT S000462
OSE2ROOTNODULE 330 (+) CTCTT S000468
BS1EGCCR 339 AGCGGG S000352
CURECORECR 369 GTAC S000493
CURECORECR 361 (+) GTAC S000493
ABRELATERD1 364 ACGTG S000414
ACGTATERD1 365)(ACGT S000415
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000127
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000264
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000028
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000462
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000468
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000144
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000407
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000314
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000409
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000502
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000203
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000454
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000131
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000131
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000205
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000205
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000176
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000125
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000476
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000352
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000226
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000449
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000462
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000468
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000352
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000493
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415

ACGTATERD1
MYBI1AT
DOFCOREZM
E2FCONSENSUS
PALBOXAPC
GATABOX
MYBST1
REBETALGLHCB21
CGCGBOXAT
ABRERATCAL
CGCGBOXAT
GTGANTG10
HEXMOTIFTAH3H4
ASF1IMOTIFCAMV

TGACGTVMAMY 405 (+) TGACGT
WRKY710S 405 (+) TGAC
ACGTATERD1 407YACGT
RHERPATEXPA7 407)(KCACGW
ABRELATERD1 407 (+) ACGTG
ACGTATERD1 407 (+) ACGT
GTGANTG10 409 (+) GTGA
SEBFCONSSTPR10A 415 (+) YTGTCWC
ARFAT 416 (+) TGTCTC
SURECOREATSULTR11 417 ¢) GAGAC

365 (+) ACGT
368 (+) WAACCA
380)(AAAG

381 (+) WTTSSCSS

387 (+) CCGTCC
397- GATA
397)(GGATA
397 CGGATA
400 ¢) VCGCGB
400-{ MACGYGB
400 (+) VCGCGB
404 (+) GTGA
405 ACGTCA
405 (+) TGACG

S000415
S000408
S000265

S000476
S000137
S000039
S000180
S000363
S000501
S000507
S000501
S000378
S000053
S000024
S000377
S000447
S000415
S000512
S000414
S000415
S000378
S000391
S000270
S000499
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https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000408
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000265
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000476
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000137
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000039
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000180
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000363
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000507
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000501
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000053
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000024
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000377
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000447
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000512
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000414
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000415
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000378
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000391
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000270
https://sogo.dna.affrc.go.jp/cgi-bin/sogo.cgi?sid=&pj=640&action=newPlaceSite&site=S000499

Name
GATA2
ECM22

HAP2
MSN2
MSN4
SIP4
SUT1
NACO055

Search done on Oct 28, 2017

Organism
Homo sapiens

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae
Saccharomyces cerevisiae
Saccharomyces cerevisiae
Saccharomyces cerevisiae

Arabidopsis thaliana

Start
403
42

173
165
165

42
255
369

End
407
48

177
169
169

48
261
376

Strand

Predicted sequence Function

GATA-type zinc fingers
GGATA

C6 zinc cluster factors
CTCCGGA

Heteromeric CCAATbinding
TTGGT factors
C6 zinc cluster factors

AGGGG

C6 zinccluster factors
AGGGG

C6 zinc cluster factors
CTCCGGA

C6 zinc cluster factors
CGCGGGG
ACACGTAA

Table A2.17: Potential eukaryotic transcription factor binding motifs in Inlll -78 from JASPAR Core online database.

Matrix ID
MAO0036.1
MA0292.1

MAO0313.1
MAO0341.1
MAO0342.1
MAO0380.1
MA0399.1
MA0937.1
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Table A2.18: Novel motif sequences in InlH78 found using WEEDER2.0 motif discovery tool. Search done on Nov 12, 13

2017.

Motif Sequence Output: Arabidopsis - Tomtom (Motif Comparison Tool of known motifs)

(WEEDER output)

MYB_tntMYB56_col_a miMYB56), MYB_tnt. MYB56_colamp_a_miMYB56), MYB_

AAATAACG tnt.MYB105_colamp_a_m{MYB105)
AAATAACGAA MYB_tnt.MYB56_col_a mi(MYB56), MYB_tnt.MYB56_colamp_a_miMYB56)
AAATCA No motif matches
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Table A2.19: Results for Repressor Sequence Searthm bioinformatics data

Repressor Insulators (No. Protein Motif Consensus Reference Databases
Type/Gene of sites) Sequence
EAR (ERF- Inl-3 (3) WBOXNTERF3 TGACY Ohtaet al.,2000 Plant CARE
associated
Inll-10 (1)
amphiphilic
repression) Inll-12 (1)
Inll-50 (1)
R/KLFGV Inl-3 (3) ARFAT TGTCTC Ikedaet al.,2009 Plant CARE
Inl-6 (3)
Inll-10 (1)
Inll-12 (3)
Inlll-50 (3)
Inlll-78 (3)
R/KLFGV Inl-3 (1) RAV1AAT CAACA Ikedaet al.,2009 Plant CARE
Inll-50 (1)
Inli-78 (1)
R/KLFGV Inl-3 (2) MYB2AT TAACTG Kawaseet al.,2017 Plant CARE
Inl-6 (1)
R/KLFGV Inl-3 (2) MYB2CONSENSUSAT YAACKG Kawaseet al.,2017 Plant CARE
Inl-6 (1)
Inlll-50 (1)
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WRKY gene

Inlll-78 (1)

Inl-3 (3+2)

Inl-6 (1)

Inll-12 (1)

Inll-50 (1)

Inlll-78 (1)

WRKY710S

TGAC

AAAAAGTC

AAAAGT

Plant CARE

WEEDER2.0
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Appendixi Chapter 3

DNA Analysis of Arabidopsis thaliana r ansf or med wi th UAS_506end sequen

= R TR — - | ——

M123456 7 8, _M910111213,12£ M15161718 M 19 20 21 22

3637 383940NV + ++ +++

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone

UAS 5 inelrl avith pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore
samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddteA S _ 5 sulatdr are shown.
Amplification of DNA used pL1F and NapinSeqR primers to produce a band with an expected size of
31%p.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80

1-40: Transgenic plant DNA containing A S _ 5 @& insdrts 81%p)

V : pL1 contmol vector (no insert, 170bp)

+ : BEAD1c sequencedontrol (718bp)

++ : I-3gq8 sequencedontrol (312bp)

+++ : UASrpg sequencembntrol (416bp)

- . Negative control containing water in replace of DNA
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Al i gnme ntUAcSf_50e mda mpl es and ssequerseontputifrom Sequencher 4.10.1

>Input_UAS 5'end #1

>UAS_5'end_S6B  #1
>UAS 5'end_S7B  #1
>UAS_5'end_S8B  #1
>UAS_5'end_S9B  #1
>UAS 5'end_S12B #1

UAS_5'end
Consensus

#1

>lnput_ UAS 5'end #51
>UAS 5'end_S6B #
>UAS 5'end_S7B  #51
>UAS 5'end_S8B  #51
>UAS 5'end_S9B  #51
>UAS 5'end_S12B  #51

UAS_5'end

#51

>lnput_UAS 5'end #101

>UAS 5'end_.
>UAS 5'end
>UAS 5'end_.
>UAS 5'end
>UAS 5'end_.

UAS_5'end

S6B  #101
S7B  #101
S8B  #101
S9B  #101
S12B  #101
#101

AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAG CTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG

AAGCTTGGCC CAGAATACC C TCCTTGACAG TCTTGACGTG CGCAGCTCAG

GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA

GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA

TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGC AG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG

TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
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DNA Analysis of Arabidopsis thalianaransformed with UAS_mR1 sequence
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone UAS_mR1

in pL1 with 1381F and NapinSeqRev primersEach gel contained 14 wells, therefore samples and
controls were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thaliandNA samples containing candiddAS_mR1linsulator are shown. Amplification

of DNA used1381F and NapinSegR primers to produce a band with an expected §ighpf

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-19: Transgenic plant DNA containingAS_mR1pL1 inserts §4%p)

V : pL1 contmol vector (no insert500bp)

+ : UASrpg sequencecbntrol (746bp)

- - Negative control containing water in replace of DNA
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Al i gnmentUA® MR s ampl es

>lnput_UAS_mR1 #1
<UAS mR1_S3 #1
<UAS_mR1_S458 #1
<UAS mR1_S6 #1
<UAS mR1_S7 #1
<UAS_mR1_S10689 #1

UAS_mR1 #1
Consensus

>lnput_UAS_mR1  #51
<UAS_mR1_S3 #51
<UAS_mR1_S458 #51
<UAS_mR1_S6 #51
<UAS_mR1_S7 #51
<UAS_mR1_S1689 #51

UAS_mR1 #51

>lnput_UAS_mR1 #101
<UAS_mR1_S3 #101
<UAS_mR1_S458 #101
<UAS_mR1_S6 #101
<UAS_mR1_S7 #101
<UAS_mR1_S1089 #101

UAS_mR1 #101

and consensus sequence output

AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
AAGCTTGGCC CAGAATACCC TCCTTGAC AG TCTTGACGTG CGCAGCTCAG

AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG

GGGCATGATG TGACTGTCGC CCGTACATTT AGAACATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGAACATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGAACATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGAACATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTAC ATTT AGAACATACA TCCCCATGTA
GGGCATGATG TGACTGTCGC CCGTACATTT AGAACATACA TCCCCATGTA

GGGCATGATG TGACTGTCGC CCGTACATTT AGAACATACA TCCCCATGTA

TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG

TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACATTTT GATGGC CGCACGGCGC GAACTGCAG
TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG

TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG

TAATCATTTG CATCCATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
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DNA Analysis of Arabidopsis thalianaransformed with UAS_mR2 sequence
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone UAS_mR2
in pL1 with pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore samples and
controls were continued on separate gels, all with the s@RecBmponents and conditions. Transgenic
Arabidopsis thaliandNA samples containing candiddtAS _mR2insulator are shown. Amplification

of DNA used pL1F and NapinSegR primers to produce a band with an expected3digepof

M : DNA ladder with sizesi bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-27: Transgenic plant DNA containingAS_mR2pL1 inserts §1%p)

V : pL1 controlvector (no insert, 170bp)

+ : UASrpg sequencezbntrol (416bp)

- : Negative control containing waterraplace of DNA
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Al i gnmentUA® MR sampl es and consensus sequence output from Sequench

>lnput_UAS mR2 #1 AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
<UAS_mR2_S5 #1 AAGCTTGG CC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
<UAS mR2_S9 #1 AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
<UAS mR2_S12 #1 AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
<UAS mR2 S13 #1 AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
<UAS mR2 S14 #1 AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
UAS_mR2 #1 AAGCTTGGCC CAGAATACCC TCCTTGACAG TCTTGACGTG CGCAGCTCAG
Consensus
>lnput UAS mR2  #51 GGGCAT GATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
<UAS_mR2_S5 #51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
<UAS_mR2_S9 #51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
<UAS _mR2_S12 #51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
<UAS_mR2_S13 #51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
<UAS mR2_S14 #51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
UAS _mR2 #51 GGGCATGATG TGACTGTCGC CCGTACATTT AGCCCATACA TCCCCATGTA
>lnput UAS mR2  #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
<UAS _mR2_S5 #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
<UAS mR2_S9 #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
<UAS mR2_S12 #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
<UAS mR2_S13 #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTG CAG
<UAS mR2_S14 #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
UAS _mR2 #101 TAATCATTTG CATAAATACA TTTTGATGGC CGCACGGCGC GAACTGCAG
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DNA Analysis of Arabidopsis thaliana r ansf or med wi th UAS_ 36end sequen
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone
UAS_306 e nghL1 with pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore
samples and controls were continued on separate gels, all with the same PCR componentfitamc.
TransgenidArabidopsis thaliandNA samples containing candiddt&\S 36 e msgllator are shown.
Amplification of DNA used pL1F and NapinSegR primers to produce a band with an expected size of
27%p.

M : DNA ladder with sizes (in bp) 1353, 81587, (458, 449, 434), 298, 267, 174, 102, 80

1-45: Transgenic plant DNA containing A S _ 3 @& insdrts 27%p)

V : pL1 controlvector (no insert, 170bp)

+ : BEAD1c sequencedontrol (718bp)

++ : I-3gq8 sequencedontrol (312bp)

+++ : UASrpg sequenceambntrol (416bp)

- . Negative control containing water in replace of DNA
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Al i gnmentUAcSf_3fMdesdampl es and consensus sequence output from Sequenc

>Input UAS_3'end  #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS 3end_S4 -18 #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_3'end_S10 - 18 #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_3'end S4 - 23 #1 AAGCTTCGAA AAATTACGGC TCCT CGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_3'end S7 -23 #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_3'end_S12 - 23 #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
UAS_3end  #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
>input_ UAS_3'end #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
<UAS B'end S4 -18 #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
<UAS_3'end_S10 - 18 #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
<UAS_3'end_S4 -23  #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
<UAS_3'end_S7 -23 #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
<UAS_3'end_S12 - 23 #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
UAS_3'end  #51 GCTCCCCTCA CAGACGCGTT GAATTCTCCC CACGGCGCGC CCCTGTAGAG
>Input UAS_3'end  #101 AAACTGCAG
<UAS 3'end S4 -18 #101 AAACTGCAG
<UAS_3'end S10 - 18 #101 AAACTGCAG
<UAS_3'end_S4 - 23 #101 AAACTGCAG
<UAS_3'end S7 -23 #101 AAACTGC AG
<UAS_3'end S12 - 23 #101 AAACTGCAG
oAS 3end . AT
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DNA Analysis of Arabidopsis thalianaransformed with UA'S _ S sequeneeg

1 a5 BT el 1113#13 M 14151617 181

-] -
- -
— -
L L R - S AT -
p— -
pa—y - - -
-
P EE v e B e B e | iln- . -
’ -

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clodAS

@S u ( khywDl with pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore
samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddteA S~ o Sias(l&ior are

shown. Amplification ®DNA used pL1F and NapinSeqR primers to produce a band with an expected
size of270op.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80

1-20: Transgenic plant DNA containingd A S g SplX(irdent$ 27Cp)

V : pL1 controlvector (no insert, 170bp)

+ : UASrpg sequencecbntrol (416bp)

++ : BEAD1csequencedontrol (718bp)

- - Negative control containing water in replace of DNA
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Alignment of "UAS_

>Input_UAS _ deltaSu.#1

<UAS_deltaSu(Hw)_S2 #1
<UAS_deltaSu(Hw)_S4 #1
<UAS_deltaSu(Hw)_S5 #1
<UAS_deltaSu(Hw)_S9 #1
<UAS_deltaSu(Hw)_S10#1

UAS_ deltaSu(Hw) #1
Consensus

>Input_UAS__ deltaSu.#51
<UAS_deltaSu(Hw)_S2 #51
<UAS_deltaSu(Hw)_S4 #51
<UAS_deltaSu(Hw)_S5 #51
<UAS deltaSu(Hw)_S9 #51
<UAS_deltaSu(Hw)_ S10#51

UAS_ deltaSu(Hw) #51

S u gamplés'and consensus sequence output from Sequ encher 4.10.1

AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCTCCCCTC
AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCTCCCCTC
AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCTCCCCTC
AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCTCCCCTC
AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCTCCCCTC
AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCTCCCCTC

AAGCTTCGAA AAATTACGGC TCCTCCTGCG AGCAGGGAAA CGCT CCCCTC

ACAGACGCGT TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG
ACAGACGCG T TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG
ACAGACGCGT TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG
ACAGACGCGT TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG

ACAGACGCGT TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG
ACAGACGCGT TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG

ACAGACGCGT TGAATTCTCC CCACGGCGCG CCCCTGTAGA GAAACTGCAG
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DNA Analysis of Arabidopsis thalianaransformed with UAS_ g C T €=2quence
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone UAS_

C T @ pL1 with pL1F and NapinSeqgRev primers.Each gel contained 14 wells, therefore samples
and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddt&S ¢ C T i@sulator are shown.
Amplification of DNA used pL1F and NapinSeqR primers to produce a band with an expected size of
274op.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-19: Transgenic plant DNA containingAS g C TpCL1 inserts 274bp)

V : pL1 controlvector (no insert, 170bp)

+ : UASrpg sequencecbntrol (416bp)

++ : BEAD1csequencedontrol (718bp)

- - Negative control containing water in replace of DNA
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Alignm entof " UAS CTQp samples and consensus sequence output from Sequencher 4.10.1

>Input_UAS_deltaCTC #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_deltaCTC_S2 #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCT GCGA GCAGGGAAAC
<UAS_deltaCTC_S3  #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_deltaCTC_S5  #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_deltaCTC_S7  #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
<UAS_deltaCTC_S9  #1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC

AT2_CTC # 1 AAGCTTCGAA AAATTACGGC TCCTCGCTGC AGACCTGCGA GCAGGGAAAC
>Input_UAS_deltaCTC #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TA GAGAAACT
<UAS deltaCTC_S2 #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TAGAGAAACT
<UAS_deltaCTC_S3  #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TAGAGAAACT
<UAS_deltaCTC_S5  #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TAGAGAAACT
<UAS_deltaCTC_S7  #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TAGAGAAACT
<UAS_deltaCTC_S9  #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TAGAGAAACT

AT2_CTC #51 GCTCACAGAC GCGTTGAATT CTCCCCACGG CGCGCCCCTG TAGAGAAACT
>Input_UAS_deltaCTC #101 GCAG
<UAS_deltaCTC_S2 #101 GCAG
<UAS_deltaCTC_S3  #101 GCAG
<UAS_deltaCTC S5  #101 GCAG
<UAS_deltaCTC_S7 #101 GCAG
<UAS_deltaCTC_S9  #101 GCAG

A o n
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DNA Analysis of Arabidopsis thaliana r ansf or med wi th BEAD1lc_50end seq
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone

BEADI1c _ibpL& witd pL1F and NapinSegRev primers.Each gel cordined 14 wells, therefore

samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddéeE A D 1 endibsdlator are

shown. Amplification of DNA used plF and NapinSegR primers to produce a band with an expected

size 0f435%op.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-32: Transgenic plant DNA containii§ E A D 1 end@.bHinserts 435p)

V : pL1 controlvector (no insert, 170bp)

+ : UASrpg sequencecbntrol (416bp)

++ : BEAD1csequencedontrol (718bp)

- . Negative control containing water in replace of DNA
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Alignment of

>Input_BEAD1c_5'end #1

<BEAD1c_5'end_S21
<BEAD1c_5'end_S24
>BEADI1c_5'end_S28
<BEAD1c_5'end_S29
<BEAD1c 5'end_S31

#1
#1
>H1>
#1
#1

BEAD1c_5'end #1

Consensus

>Input_BEAD1c_5'end #51

<BEAD1c_5'end_S21
<BEAD1c_5'end_S24
>BEADI1c_5'end_S28
<BEAD1c_5'end_S29
<BEAD1c_5'end_S31

#51
#51
#44
#51
#51

BEAD1c_5'end #51

>lnput_ BEADI1c_5'end #101

<BEAD1c 5'end_S21
<BEAD1c_5'end_S24
>BEAD1c _5'end_S28
<BEAD1c_5'end_S29
<BEAD1c 5'end_S31

#101
#101
#94

#101
#101

BEAD1c_5'end #101

>Input BEAD1c 5'end #151

<BEADI1c_5'end_S21
<BEADI1c_5'end_S24
>BEADI1c_5'end_S28
<BEAD1c 5'end_S29
<BEAD1c_5'end_S31

#151
#151
#144
#151
#151

"BEADL1c _ 5 ésamphes and consensus sequence output from Sequencher 4.10.1

AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT

AGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGG ACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT

AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT

ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTT ATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA

ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA

TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCATCT TCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT

ACCAGGC AGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
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BEAD1c_5'end #151 ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT

>Input_BEAD1c_5'end #201 GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
<BEAD1c_5'end_S21 #201 GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
<BEADI1c_5'end_S24 #201 GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
>BEAD1c_5'end_S28 #194 GGAAGAGGGA TGT TGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
<BEAD1c_5'end_S29 #201 GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
<BEAD1c_5'end_S31 #201 GGAAGAGGGA TGTTGAGGGC CCYGGGGGGG CCNCGKCGGS GWATTGGCTG

BEAD1c 5'end  #201 GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG

+ F* x4 44

>Input_BEAD1c_5'end #251 CCCAGGCCTC TGCAG
<BEADI1c_5'end_S21 #251 CCCAGGGGTC GGAAT
<BEAD1c_5'end_S24 #251 CCCAGGCNGC GGAAT
>BEAD1c_5'end_S28 #244 CCCAGGCNGC GGAAT
<BEAD1c_5'end_S29 #251 CCCAGGNNGC GGAAT
<BEAD1c_5'end_S31 #251 CCCAG

BEAD1c 5'end  #251 CCCAGGCSGC GGAAT

*kk Kk k%
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DNA Analysis of Arabidopsis thaliana r ansf or med wi th BEAD1lc_30end seq

14 15 16 17 M V ++ +++

mere
{

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone

BEAD1c _ i8pL& with pL1F and NapinSegRev primers.Each gel contained 14 wells, therefore
samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddB&AD1c_3@ndinsulator are

shown. Amplification ®DNA used pL1F and NapinSegR primers to produce a band with an expected

size of471bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-17: Transgenic plant DNA containif@EAD1c_3GendplLl inserts 471bp)

V : pL1 controlvector (no insert, 170bp)

+ : UASrpg sequencecbntrol (416bp)

++ : BEAD1csequencedontrol (718bp)

+++ : llI-7pL1 sequencedontrol (628bp)

- . Negative control containing water in replace of DNA
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DNA Analysis of Arabidopsis thdianat r ansf or med wi t h BE(¢obtihued)36end seq

V +++ M1 2 3 4 56 7 89

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone

BEADI1c _iBpL&with 1381 and NapinSeqRev primersEach gel contained 14 wells, therefore
samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddB&AD1c_3&ndinsulatorare

shown. Amplification of DNA used381F and NapinSegR primers to produce a band with an expected

size of801bp.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-9: Transgenic plant DNA containir@EAD1c 3&ndpL1 inserts §01bp)

V : pL1 controlvector (no insert500bp)

+ : UASrpg sequencecbntrol (746bp)

++ : BEAD1csequencedontrol (1,048p)

- - Negative control containing water in replace of DNA
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Alignment of

>Input_BEAD1c_3'end #1

<BEADI1c_3'end_S1
<BEAD1c_3'end_S2
<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEAD1c_3'end_S6

BEADI1c_3'end

>SH1>
#1
#1
#1
SH1>

#1

>Input_BEAD1c_3'end #51

<BEAD1c_3end_S1
<BEAD1c_3'end_S2
<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEADI1c_3'end_S6

BEAD1c_3'end

>Input_BEAD1c_3'

<BEAD1c_3'end_S1
<BEAD1c_3'end_S2
<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEADI1c_3'end_S6

BEAD1c_3'end

#46
#51
#51
#51
#34

#51

end #101

#96
#101
#101
#101
#84

#101

>Input BEAD1c_3'end #151

<BEADI1c_3'end_S1
<BEAD1c 3'end_S2

#146
#151

"BEADL1c _ 3 tsamphkes and consensus sequence output from Sequencher 4.10.1

AAGCTTAGGC CTGCACTGCC GCCTGCCGGC AGGGGTCCAG TCCACGAGAC
TAGGC CTGCACTGCC GCCTGCCGGC AGGGGTCCAG TCCACGAGAC
AAGCTTAGGC CTGCACTGCC GCCTGCCGGC AGGGGTCCAG TCCACGAGAC
AAGCTTAGGC CTGCACTGCC GCCTGCCGGC AGGGGTCCAG TCCACGAGAC
AAGCTTAGGC CTGCACTGCC GCCTGC CGGC AGGGGTCCAG TCCACGAGAC
GCC GCCTGCCGGC AGGGGTCCAG TCCACGAGAC

AAGCTTAGGC CTGCACTGCC GCCTGCCGGC AGGGGTCCAG TCCACGAGAC

CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GAGCTTCCGG TTCTCCCAAG
CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GAGCTTCCGG TTCTCCCAAG
CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GAGCTTCCGG TTCTCCCAAG
CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GA GCTTCCGG TTCTCCCAAG
CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GAGCTTCCGG TTCTCCCAAG
CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GAGCTTCCGG TTCTCCCAAG

CCAGCTCCCT GCTGGCGGAA GTCCATTTCA GAGCTTCCGG TTCTCCCAAG

TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAGT GTCTGTCCCT
TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAGT GTCTGTCCCT
TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAG T GTCTGTCCCT
TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAGT GTCTGTCCCT
TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAGT GTCTGTCCCT
TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAGT GTCTGTCCCT

TCCAAGGATT ATGCTCACTC CCCACCCACA GTCTCTTAGT GTCTGTCCCT

GCTCTAAAGA TGTTGTCTGG GCTTGATATT AATATGAGAG CTGACTGTTC
GCTCTAAAGA TGTTGTCTGG GCTTGATATT AATATGAGAG CTG ACTGTTC
GCTCTAAAGA TGTTGTCTGG GCTTGATATT AATATGAGAG CTGACTGTTC
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<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEAD1c_3'end_S6

BEAD1c 3'end

#151
#151
#134

#151

>Input_BEAD1c_3'end #201

<BEAD1c_3'end_S1
<BEAD1c_3'end_S2
<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEADI1c_3'end_S6

BEADI1c_3'end

>lnput _BEADI1c_3'

<BEAD1c_3'end_S1
<BEAD1c_3'end_S2
<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEAD1c_3'end_S6

BEAD1c_3'end

#196
#201
#201
#201
#184

#201

end #251
#246
#251
#251
#251
#234

#251

>Input_ BEAD1c_3'end #301

<BEADI1c_3'end_S1
<BEAD1c_3'end_S2
<BEAD1c_3'end_S3
<BEAD1c_3'end_S5
>BEAD1c 3'end_S6

BEADI1c 3'end

#296
#301
#301
#301
#284

#301

GCTCTAAAGA TGTTGTCTGG GCTTGATATT AATATGAGAG CTGACTGTTC
GCTCTAAAGA TGTTGTC TGG GCTTGATATT AATATGAGAG CTGACTGTTC
GCTCTAAAGA TGTTGTCTGG GCTTGATATT AATATGAGAG CTGACTGTTC

GCTCTAAAGA TGTTGTCTGG GCTTGATATT AATATGAGAG CTGACTGTTC

CCTTCCTGAT CTAGACCATA ACCATCTTCA AGTTAAATTG CTCCTCCTCT
CCTTCCTGAT CTAGACCATA ACCATCTTCA AGTTAAATTG CTCCTCCTCT
CCTTCCTGAT CTAGACCATA ACCATCTTCA AGTTAAATTG CTCCTCCTCT
CCTTCCTGAT CTAGACCATA ACC ATCTTCA AGTTAAATTG CTCCTCCTCT
CCTTCCTGAT CTAGACCATA ACCATCTTCA AGTTAAATTG CTCCTCCTCT
CCTTCCTGAT CTAGACCATA ACCATCTTCA AGTTAAATTG CTCCTCCTCT

CCTTCCTGAT CTAGACCATA ACCATCTTCA AGTTAAATTG CTCCTCCTCT

TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA
TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA
TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA
TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA
TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA

TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA

TCTAACTGCC CAACCTCACC CACGTCTGAC CATACCCAAG CACAGCTGCA

OO0
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DNA Analysis of Arabidopsis thalianaransformed with @B E A Bdéguence

-M1 2 3456 7 8 910 M11121314151617181920MV
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clogeB E A D A

in pL1 with pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore samples and

controls were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thaliandNA samples containing candidajeB E A DnAulator are shown. Amplification of

DNA used pL1F and NapinSegR primers to produce a band with an expectedesigepof

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-20: Transgenic plant DNA containirpB E A PIAL inserts §7%p)

V : pL1 controlvector (no insert, 170bp)

+ : BEAD1csequencedontrol (718bp)

- . Negative control containing water in replace of DNA
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Alignment of " @®EADA

>Input_deltaBEADA #1
<deltaBEADA_S1 #1
<deltaBEADA_S2  #1
<deltaBE ADA_S4 #1
<deltaBEADA_S5 #1
<deltaBEADA_S10 #1

BEADA_del #1

>Input_deltaBEADA #51
<deltaBEADA_S1  #51

samples and consensus sequence output from Sequencher 4.10.1

AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT
AAGCTTCAGT AATACGGGTA GCTGGGACAT G CCATATTTG GAACACATTT

AAGCTTCAGT AATACGGGTA GCTGGGACAT GCCATATTTG GAACACATTT

ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA

<deltaBEADA_S2 #51 ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA

<deltaBEADA_S4  #51
<deltaBEADA_S5  #51
<deltaBEADA_S10 #51

BEADA_del #51

>Input_deltaBEADA #101

ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAA TT CCACTGGGCA
ATACTAAAAA AGTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA

ATACTAAAAA A GTATTCATT GTTTATCTGA AATTCAAATT CCACTGGGCA

TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

<deltaBEADA_S1 #101 TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

<deltaBEADA_S2  #101
<deltaBEADA_S4  #101
<deltaBEADA_ S5  #101
<deltaBEADA_S10 #101

BEADA_del #101

>Input_deltaBEADA #151
<deltaBEADA_S1  #151
<deltaBEADA_S2  #151
<deltaBEADA_S4  #151
<deltaBEADA S5  #151
<deltaBEADA_S10 #151

TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AA AAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC
TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

TCCTGTGTTT TATCTGGCAA TGCTAGGCAT GCAGAATACC AAAAGTAAGC

ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATG T
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT
ACCAGGCAGG CCAGAGTCCC AC CATGAGCA TCTTCAGGGC CCCTGGATGT

221



BEADA_del #151

>Input_deltaBEADA #201
<deltaBEADA_S1  #201
<delt aBEADA_S2  #201
<deltaBEADA_S4  #201
<deltaBEADA_S5 #201
<deltaBEADA_S10 #201

BEADA_del #201

>Input_deltaBEADA #251
<deltaBEADA_S1  #251
<deltaBEADA_S2  #251
<deltaBEADA_S4  #251
<deltaBEADA_S5  #251
<deltaBEADA_S10 #251

BEADA_del #251

>Input_ deltaBEADA #301
<deltaBEADA _S1  #301
<deltaBEADA_S2  #301
<deltaBEADA_S4  #301
<deltaBEADA_S5  #301
<deltaBEADA_S10  #301

BEADA_del #301

>Input_deltaBEADA #351
<deltaBEADA_S1  #351
<deltaBEADA_S2  #351
<deltaBEADA_S4  #351
<deltaBEADA_S5  #351

ACCAGGCAGG CCAGAGTCCC ACCATGAGCA TCTTCAGGGC CCCTGGATGT

GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG
GGAAGAGGGA TGTTGAGGGC CCAGGGGCT G CCTTGCCGGT GCATTGGCTG
GGAAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG

GG AAGAGGGA TGTTGAGGGC CCAGGGGCTG CCTTGCCGGT GCATTGGCTG

CACGAGACCC AGCTCCCTGC TGGCGGAAGT CCATTTCAGA GCTTCCGGTT
CACGAGACCC AGCTCCCTGC TGGCGGAAGT CCATTTCAGA GCTTCCGGTT
CACGAGACCC AGCTCCCTGC TGGCGGAAGT CCATTTCAGA GCTTCCGGTT
CACGAGACCC AGCTCCCTGC TGGC GGAAGT CCATTTCAGA GCTTCCGGTT
CACGAGACCC AGCTCCCTGC TGGCGGAAGT CCATTTCAGA GCTTCCGGTT
CACGAGACCC AGCTCCCTGC TGGCGGAAGT CCATTTCAGA GCTTCCGGTT

CACGAGACCC AGCTCCCTGC TGGCGGAAGT CCATTTCAGA GCTTCCGGTT

CTCCCAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT
CTCCCAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT
CTCCCAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT
CTCCCAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT
CTCCCAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT
CTCC CAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT

CTCCCAAGTC CAAGGATTAT GCTCACTCCC CACCCACAGT CTCTTAGTGT

CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATATTAA TATGAGAGCT
CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATAT TAA TATGAGAGCT
CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATATTAA TATGAGAGCT
CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATATTAA TATGAGAGCT
CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATATTAA TATGAGAGCT
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<deltaBEADA_S10 #351

BEADA_del #3

>Input_deltaBEADA #401

<deltaBEADA_S1  #401
<deltaBEADA_S2  #401
<deltaBEADA_S4  #401
<deltaBEADA_S5  #401

<deltaBEADA_S10 #401

BEADA_del #401

>Input_deltaBEADA #451

<deltaBEADA_S1  #451
<deltaBEADA_S2  #451
<deltaBEADA_S4  #451
<deltaBEADA_S5  #451

<deltaBEADA_S10 #451

BEADA_del #451

>Input_deltaBEADA #501

<deltaBEADA_S1  #501
<deltaBEADA_S2  #501
<deltaBEADA_S4  #501
<deltaBEADA_ S5  #501

<deltaBEADA_S10 #501

BEADA_del #501

51

CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATATTAA TATGAGAGCT

CTGTCCCTGC TCTAAAGATG TTGTCTGGGC TTGATATTAA TATGAGAGCT

GACTGTTCCC TTCCTGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT
GACTGTTCCC TTCCTGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT
GACTGTTCCC TTCCTGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT
GACTGTTCCC TTCC TGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT
GACTGTTCCC TTCCTGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT
GACTGTTCCC TTCCTGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT

GACTGTTCCC TTCCTGATCT AGACCATAAC CATCTTCAAG TTAAATTGCT

CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA
CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA
CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA
CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA
CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA
CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA

CCTCCTCTTC TAACTGCCCA ACCTCACCCA CGTCTGACCA TACCCAAGCA

CAGCTGCAG
CAGCTGCAG
CAGCTGCAG
CAGCTGCAG
CAGCTGCAG
CAGCTGCAG

CAGCTGCAG
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DNA Analysis of Arabidopsis thalianaransformed with gypsy sequence
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clogypsyin

pL1 with pL1F and NapinSeqRev primers.Each gel contairee14 wells, therefore samples and controls
were continued on separate gels, all with the same PCR components and conditions. Transgenic
Arabidopsis thaliandNA samples containing candidaigpsyinsulator are shown. Amplification of

DNA used pL1F and Nap5eqR primers to produce a band with an expected s&220p.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-22: Transgenic plant DNA containirgypsypL1 inserts $22bp)

V : pL1 controlvector (no insert] 70bp)

+ : BEAD1csequencedontrol (718bp)

++ : llI-7pL1 sequencedontrol (628bp)

- . Negative control containing water in replace of DNA
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Alignment of

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

gypsy
Consensus

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

gypsy

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

gypsy

>| nput_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

"gypsy " samples and consensus sequence output from Sequencher 4.10.1

#1

#1
#1
#1
#1

#1

#51
#51
#51

#51
#51
#51

#51

#101

#101

#101
#101
#101
#101

#101

#151

#151

#151

#151
#151
#151

AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTGCAT
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTGCAT
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA A
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTGCAT
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTGCAT
AAGCTTCACG TAATA AGTGT GCGTTGAATT TATTCGCAAA AACATTGCAT

AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTGCAT

ACATTGCAT

ATTTTCGGCA AAGTAAAATT TTGTTGCATA CCTTATCAAA AAATAAGTGC
ATTTTCGGCA AAGTAAAATT TTGTTGCATA CCTTATCAAA

ATTTTCGGCA AAGTAAAATT TTGTTGCATA CCTTATCAAA AAATAAGTGC
ATTTTCGGCA AAGTAAAATT TTGTTGCATA CCTTATCAAA AAATAAGTGC
ATTTTCGGCA AAG TAAAATT TTGTTGCATA CCTTATCAAA AAATAAGTGC
ATTTTCGGCA AAGTAAAATT TTGTTGCATA CCTTATCAAA AAATAAGTGC

AAATAAGTGC

ATTTTCGGCA AAGTAAAATT TTGTTGCATA CCTTATCAAA AAATAAGTGC

TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGT
TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGTTTTT
TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGTTTTT
TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGTTTTT
TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGTTTTT
TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGTTTTT

TGCATACTTT TTAGAGAAAC CAAATAATTT TTTATTGCAT ACCCGTTTTT

TTTT

AATAAAATAC ATTGCATACC CTCTTTTAAT AAAAAATATT GCATACTTTG
AATAAAATAC ATTGCATACC CTCTTTTAAT AAAAAATATT GCATACTTTG
AATAAAATAC ATTGCATACC CTCTTT TAAT AAAAAATATT GCATACTTTG
AATAAAATAC ATTGCATACC CTCTTTTAAT AAAAAATATT GCATACTTTG
AATAAAATAC ATTGCATACC CTCTTTTAAT AAAAAATATT GCATACTTTG
AATAAAATAC ATTGCATACC CTCTTTTAAT AAAAAATATT GCATACTTTG
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agypsy

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

agypsy

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

agypsy

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B
<gypsy_S12B

gypsy

>Input_gypsy
<gypsy_S1B
<gypsy_S9B
<gypsy_S10B
<gypsy_S11B

#151

#201

#201

#201
#201
#201
#201

#251

#251

#251
#251
#251
#251

#251

#301

#301

#301
#301
#301
#301

#301

#351
#351
#351

#351
#351

#201

AATAAAATAC ATTGCATACC CTCTTTTAAT AAAAAATATT GCATACTTTG

ACGAAACAAA TTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA
ACGAAACAAATTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA
ACGAAACAAA TTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA

ACGAAACAAA TTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA

ACGA AACAAA TTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA

ACGAAACAAA TTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA

ACGAAACAAA TTTTCGTTGC ATACCCAATA AAAGATTATT ATATTGCATA

CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTA ATA AAAAATATTG
CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTAATA AAAAATATTG
CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTAATA AAAAATATTG
CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTAATA AAAAATATTG
CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTAATA AAAAATATTG
CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTAATA AAAAATATTG

CCCGTTTTTA ATAAAATACA TTGCATACCC TCTTTTAATA AAAAATATTG

CATACGTTGA CGAAACAAAT TTTCGTTGCA TACCCAATAA AAGATTATTA
CATACGTTGA CGAAACAAAT TTTCGTTGCA TACCCAATAA AAGATTATTA
CATACGTTGA CGAAACA AAT TTTCGTTGCA TACCCAATAA AAGATTATTA
CATACGTTGA CGAAACAAAT TTTCGTTGCA TACCCAATAA AAGATTATTA
CATACGTTGA CGAAACAAAT TTTCGTTGCA TACCCAATAA AAGATTATTA
CATACGTTGA CGAAACAAAT TTTCGTTGCA TACCCAATAA AAGATTATTA

CATACGTTGA CGAAACAAAT TTTCGTTGCA TACCCAATAA AAGATTATTA

TATTGCATAC CTTTTCTTGC CATACCATTT AGCCGATCAA TTCTGCAG

TATTGCATAC CTTTTCTTGC CATACCATTT AGCCGATCAA TTCTGCAG

TATTGCATAC CTTTTCTTGC CATACCATTT AGCCGATCAA TTCTGCAG
TATTGCATAC CTTTTCTTGC CATA CCATTT AGCCGATCAA TTCTGCAG
TATTGCATAC CTTTTCTTGC CATACCATTT AGCCGATCAA TTCTGCAG
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<gypsy_S12B #351 TATTGCATAC CTTTTCTTGC CATACCATTT AGCCGATCAA TTCTGCAG

gypsy #351 TATTGCATAC CTTTTCTTGC CATACCATTT AGCCGATCAA TTCTGCAG
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DNA Analysis of Arabidopsis thalianaransformed with gypsy_pS u ( Hegyence

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clogypsy

@S u ( khywDl with pL1F and NapinSeqRev primers.Each gel contained 14 wells, therefore

samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containingandidategypsy_ S u ( hsulator are

shown. Amplification of DNA used pL1F and NapinSeqR primers to produce a band with an expected

size of438p.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-8: Transgenigplant DNA containinggypsy_pS u ( bl Jnserts 438bp)

V : pL1 controlvector (no insert, 170bp)

+ : UASrpg sequencezbntrol (746bp)

++ : BEAD1csequencedontrol (718bp)

- - Negative control containing water in replace of DNA
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Alignment of

>Input_gypsy_deltaS.#1

<gypsy_deltaSu(Hw) .#1
<gypsy_deltaSu(Hw)__.#1
<gypsy_deltaSu(Hw) .#1
<gypsy_deltaSu(Hw) .#1
<gypsy_deltaSu(Hw)__.#1

gypsy_delt aSu(Hw) #1

>Input_gypsy_deltaS.#51

<gypsy_deltaSu(Hw)_.#51
<gypsy_deltaSu(Hw)_.#51
<gypsy_deltaSu(Hw)_.#51
<gypsy_deltaSu(Hw)_.#51
<gypsy_deltaSu(Hw)_.#51

gypsy_deltaSu(Hw) #51

>Input_gypsy_deltaS.#101

<gypsy_deltaSu(Hw) .#101
<gypsy_deltaSu(Hw) .#101
<gypsy_deltaSu(Hw)_.#101
<gypsy_deltaSu(Hw) .#101
<gypsy_deltaSu(Hw)_.#101

gypsy_deltaSu(Hw) #101

>Input_gypsy_deltaS.#151

<gypsy_deltaSu(Hw)_.#151
<gypsy_deltaSu(Hw) .#151
<gypsy_deltaSu(Hw)_.#151
<gypsy_deltaSu(Hw) .#151
<gypsy_deltaSu(Hw)_.#151

" gypsy_deltaSu(Hw)

samples and consensus sequence output from Sequencher 4.10.1

AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTTTTC

AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTC GCAAA AACATTTTTC
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTTTTC
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTTTTC

AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTTTTC
AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTTTTC

AAGCTTCACG TAATAAGTGT GCGTTGAATT TATTCGCAAA AACATTTTTC

GGCAAAGTAA AATTTTGTCC TTATCAAAAA ATA AGTGCCT TTTTAGAGAA
GGCAAAGTAA AATTTTGTCC TTATCAAAAA ATAAGTGCCT TTTTAGAGAA
GGCAAAGTAA AATTTTGTCC TTATCAAAAA ATAAGTGCCT TTTTAGAGAA
GGCAAAG TAA AATTTTGTCC TTATCAAAAA ATAAGTGCCT TTTTAGAGAA
GGCAAAGTAA AATTTTGTCC TTATCAAAAA ATAAGTGCCT TTTTAGAGAA
GGCAAAGTAA AATTTTGTCC TTATCAAAAA ATAAGTGCCT TTTTAGAGAA

GGCAAAGTAA AATTTTGTCC TTATCAAAAA ATAAGTGCCT TTTTAGAGAA

ACCAAATAAT TTTTTATCCC GTTTTTAATA AAATACATCC CTCTTTTAAT
ACCAAATAAT TTTTTATCCC GTTTTTAATA AAATACATCC CTCTTTTAAT
ACCAAATAAT TTT TTATCCC GTTTTTAATA AAATACATCC CTCTTTTAAT
ACCAAATAAT TTTTTATCCC GTTTTTAATA AAATACATCC CTCTTTTAAT
ACCAAATAAT TTTTTATCCC GTTTTTAATA AAATACATCC CTCTTTTAAT
ACCAAATAAT TTTTTATCCC GTTTTTAATA AAATACATCC CTCTTTTAAT

ACCAAATAAT TTTTTATCCC GTTTTTAATA AAATACATCC CTCTTTT AAT

AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT
AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT
AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT
AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT
AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT
AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT
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gy psy_deltaSu(Hw) #151

>Input_gypsy_deltaS.#201

<gypsy_deltaSu(Hw)_.#201
<gypsy_deltaSu(Hw) .#201
<gypsy_deltaSu(Hw)_.#201
<gypsy_deltaSu(Hw) .#201
<gypsy_deltaSu(Hw)_.#201

gypsy_deltaSu(Hw) #201

>Input_gypsy_deltaS.#251

<gypsy_deltaSu(Hw) .#251
<gypsy_deltaSu(Hw)_.#251
<gypsy_deltaSu(Hw) .#251
<gypsy_deltaSu(Hw)_.#251

<gypsy_deltaSu(Hw ) .#251

gypsy_deltaSu(Hw) #251

>Input_gypsy_deltaS.#301

<gypsy_deltaSu( Hw)_.#301

<gypsy_deltaSu(Hw) .#301
<gypsy_deltaSu(Hw)_.#301
<gypsy_deltaSu(Hw) .#301
<gypsy_deltaSu(Hw) .#301

gypsy_deltaSu(Hw) #301

AAAAAATATC TTTGACGAAA CAAATTTTCG TCCCAATAAA AGATTATTAT

ATCCCGTTTT TAATAAAATA CATCCC TCTT TTAATAAAAA ATATCGTTGA
ATCCCGTTTT TAATAAAATA CATCCCTCTT TTAATAAAAA ATATCGTTGA
ATCCCGTTTT TAATAAAATA CATCCCTCTT TTAATAAAAA ATATCGTTGA
ATCCCGTTTT TAATAAAATA CATCCCTCTT TTAATAAAAA ATATCGTTGA
ATCCCGTTTT TAATAAAATA CATCCCTCTT TTAATAAAAA ATATCGTTGA
ATCCCGTTTT TAATAAAATA CATCCCTCTT TTAATAAAAA ATATCGTTGA

ATCCCGTTTT TAATAAAATA CATCCCTCTT TTAATAAAAA ATATCGTTGA

CGAAACAAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA
CGAAACAAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA
CGAAAC AAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA
CGAAACAAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA
CGAAACAAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA
CGAAACAAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA

CGAAACAAAT TTTCGTCCCA ATAAAAGATT ATTATATCCT TTTCTTGCCA

TACCATTTAG CCGATCAATT CTGCAG
TACCATTTAG CCGATCAATT CTGCAG
TACCATTTAG CCGATCAATT CTGCAG
TACCATTTAG CCGATCAATT CTGCAG
TACCATTTAG CCGATCAATT CTGCAG
TACCATTTAG CCGATCAATT CTGCAG

TACCATTTAG CCGATCAATT CTGCAG
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DNA Analysis of Arabidopsis thliana transformed with  UASrpgINV  sequence
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Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone
UASrpgINV in pL1 with pL1F and NapinSeqRev primersEach gel contained 14 wells, therefore
samples and controls were continued on separate gels, all with the same PCR componentfitamc.
TransgenidArabidopsis thaliandNA samples containing candiddt&\SrpgINV insulator are shown.
Amplification of DNA usedbL1F and NapinSeqR primers to produce a band with an expected size of
416bp.

M : DNA ladder with sizes (in bp) 1353, 81587, (458, 449, 434), 298, 267, 174, 102, 80
1-23: Transgenic plant DNA containingASrpgINV pL1 inserts 416op)

V : pL1 controlvector (no insertl 7Gbp)

+ : UASrpg sequencecbntrol (416bp)

++ : BEAD1csequencedontrol (718bp)

- . Negative controtontaining water in replace of DNA
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Alignment of

>Input_UASrpgINV #1
<UASIpgINV_S1B #1
<UASIpgINV_S7B  #1
<UASIpgINV_S8B  #1
<UASIpgINV_S9 #1
<UASIpgINV_S15B #1

UAS_INV #1

>Input_UASrpgINV  #51
<UASIpgINV_S1B  #51
<UASIpgINV_S7B  #51
<UASIpgINV_S8B  #51
<UASIpgINV_S9 #51
<UASIpgINV_S15B #51

UAS_INV #51

>Input_UASIrpgINV #101

<UASIpgINV_S1B  #101
<UASIpgINV_S7B  #101
<UASIpgINV_S8B  #101
<UASTrpgINV_S9

UAS_INV #101

>Input_UASIrpgINV  #151

<UASIpgINV_S1B  #151
<UASIpgINV_S7B  #151
<UASIpgINV_S8B
<UASrIpgINV_S9 #151

<UASIpgINV_S15B #151

#101
<UASIpgINV_S15B  #101

#151

"UASrpgINV " samples and consensus sequence output from Sequencher 4.10.1

AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTC TGT
AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT

AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT

GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT
GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT
GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT
GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT
GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT
GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT

GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT

TCGTTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA
TCG TTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA
TCGTTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA
TCGTTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA
TCGTTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA
TCGTTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA

TCGTTCGCGC CGTGCGGCCA TCAAAATGTA TGGATGCAAA TGATTATACA

TGGGGATGTA TGGGCTAAAT GTACGGGCGA CAGTCACATC ATGCCCCTGA
TGGGGATGTA TGGGCTAAAT GTACGGGCGA CAGTCACATC ATGCCCCTGA
TGGGGATGTA TGGGCTTTAT GTACGGGCGA CAGTCTCATC ATGCCCCNGA
TGGGGATGTA TGGGCTAAAT GTACGGGCGA CAGTCACATC ATGCCCCTGA
TGGGGATGTA TGGGCTAAAT GTACGGGCGA CAGTCACATC ATGCCCCTGA
TGGGGAAGTA TGGGCTAAAT MTATGGGCGA CAGTCGCATC AC GCCCCCAA
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UAS_INV #151

>Input_UASrpgINV #201
<UASIpgINV_S1B  #201
<UASIpgINV_S7B  #201
<UASIpgINV_S8B  #201
<UASTrpgINV_S9 #201
<UASIpgINV_S15B  #201

UAS_INV #201

TGGGGATGTA TGGGCTAAAT GTACGGGCGA CAGTCACATC ATGCCCCTGA
*

** 4 * * * *%*

GCTGCGCACG TCAAGACTGT CAAGGAGGGT ATTCTGGGCC CTGCAG
GCTGCGCACG TCAAGACTGT CAAGGAGGGT ATTCTGGGCC CTGCAG
GCTGCACACG TTGAGCCTGS CGGGGAGGGT ATTCTGGGCC CTGCAG
GCTGCGCACG TCAAGACTGT CAAGGAGGGT ATTCTGGGCC CTGCAG
GCTGCGCACG TCAAGACTGT CAAGGAGGGT ATTCTGGGCC CTGCAG
GCTGCACACG TTGAGACTGG CGCGGAGGCT ATTCTGGGCC CTGCAG

GCTGCGCACG TCAAGACTGT CA AGGAGGGT ATTCTGGGCC CTGCAG

* *k Kk Kk k% *
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DNA Analysis of Arabidopsis thaliana t r ansf or med wi t h UAS_501 N

M12 3 456 7 8 910 111283

M 14 1516 17 18 19 20 21 22 23

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone

UAS_ 561 NV iphlFmidNapimSegRev primersEach gel contained 14 wells, therefore

samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddtieA S _ 5 Gnisukaiér ae shown.
Amplification of DNA usedoL1F and NapinSegR primers to produce a band with an expected size of

31%p.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-26: Transgenic plant DNA containing A S _ 5 @lL1knserts 81%p)

V : pL1 controlvector (no insertl7tbp)

+ : BEAD1c sequencedontrol (718bp)

++ : UASrpg sequencexbntrol (416bp)

- - Negative control containing water in replace of DNA
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Alignment of

>Input_UAS_5'INV ~ #1
>UAS_5'INV_S11  #1
>UAS 5INV_S10  #1
>UAS_5INV_S8  #1
>UAS_5INV_S5  #1
<UAS 5INV_S1  #1

UAS_5'INV #1

>Input_UAS_5'INV  #51
>UAS 5IN V_S11 #51
>UAS_5INV_S10 #51
>UAS_5'INV_S8 #51
>UAS_5'INV_S5 #51
<UAS_5'INV_S1 #51

UAS_5'INV #51

>Input_UAS_5'INV
>UAS 5'INV_S11  #101
>UAS_5'INV_S10  #101
>UAS_5INV_S8  #101
>UAS_5INV_S5  #101
<UAS 5INV_S1  #101

UAS_5'INV #101

"UAS _ 5 &'l ddriples and consensus sequence output from Sequencher 4.10.1

AAGCTTTTCG CGCCGTGCGG CCATCAAAAT GTATGGATGC AAATGATTAT
AAGCTTTTCG CGCCGTGCGG CCATCAAAAT GTATGGATGC AAATGATTAT
AAGCTTTTCG CGCCGTGCGG CCATCAAAAT GTATGGATGC AAATGATTAT
AAGCTTTTCG CGCCGTGCGG CCATCAAAAT GTATGGATGC AAATGATTAT
AAGCTTTTCG CGCCGTGCGG CCATCA AAAT GTATGGATGC AAATGATTAT
AAGCTTTTCG CGCCGTGCGG CCATCAAAAT GTATGGATGC AAATGATTAT

AAGCTTTTCG CGCCGTGCGG CCATCAAAAT GTATGGATGC AAATGATTAT

ACATGGGGAT GTATGGGCTA AATGTACGGG CGACAGTCAC ATCATGCCCC
ACATGGGGAT GTATGGGCTA AATGTACGGG CGACAGTCAC ATCATGCCCC
ACATGGGGAT GTATGGGCTA AATGTACGGG CGACAGTCAC ATCATGCCCC
ACATGGGGAT GTATGGGCTA AATGTACGGG CG ACAGTCAC ATCATGCCCC
ACATGGGGAT GTATGGGCTA AATGTACGGG CGACAGTCAC ATCATGCCCC
ACATGGGGAT GTATGGGCTA AATGTACGGG CGACAGTCAC ATCATGCCCC

ACATGGGGAT GTATGGGCTA AATGTACGGG CGACAGTCAC ATCATGCCCC

TGAGCTGCGC ACGTCAAGAC TGTCAAGGAG GGTATTCTGG GCCCTGCAG
TGAGCTGCGC ACGTCAAGAC TGTCAAGGAG GGTATTCTGG GCCCTGCAG
TGAGCTGCGC ACGTCAAGAC TGTCAAGGAG GGTATTCTGG GCCCTGCAG
TGAGCTGCGC ACGTCAAGAC TGTCAAGGAG GGTATTCTGG GCCCTGCAG
TGAGCTGCGC ACGTCAAGAC TGTC AAGGAG GGTATTCTGG GCCCTGCAG
TGAGCTGCGC ATGTTGGGCC TGGCGCGCAG GCTATTCAGG GCCCTGCAG

TGAGCTGCGC ACGTCAAGAC TGTCAAGGAG GGTATTCTGG GCCCTGCAG

* kkk % * k% % * *
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DNA Analysis of Arabidopsis thaliana r ansf or med wi th UAS_3061I NV sequen

y . | —

‘ 1234 56 7 891011121314 15161718_19202122M+Vj

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone

UAS 361 NV i n phlFandWapin®eqgRev primersEach gel contained 14 wellhierefore

samples and controls were continued on separate gels, all with the same PCR components and conditions.
TransgenidArabidopsis thaliandNA samples containing candiddt&S 36 | Nngulator are shown.
Amplification of DNA usedoL1F and NapinSeqR primers to produce a band with an expected size of

27%p.

M : DNA ladder with sizes (in bp) 1353, 815, 587, (458, 449, 434), 298, 267, 174, 102, 80
1-26: Transgenic plant DNA containingAS 36 | N\ inserts 27%p)

V : pL1 controlvecta (no insert170bp)

+ : BEAD1c sequencedontrol (718bp)

- - Negative control containing water in replace of DNA
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Alignment of "UAS _ 3 8'I ddriples and consensus sequence output from Sequencher 4.10.1

>Input UAS_3'INV  #1 AAGCTTTTTC TCTACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
SUAS 31INV_SOB  #1 AAGCTTTTGC TATACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
SUAS 31NV S10  #1 AACCTTTTGC TATACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
SUAS_3INV_S16  #1 AACCTTTTGC TATACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT
SUAS_3INV S20  #1 AACCTTTTTC TATACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT

UAS_3INV  #1 AACCTTTTGC TATACAGGGG CGCGCCGTGG GGAGAATTCA ACGCGTCTGT

* * *

>Input_UAS_3'INV  #51 GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGAGGAG CCGTAATTTT
SUAS 31INV_SOB  #51 GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGACGGG CCCTTATTTT
SUAS_3INV_S10  #51 GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGACGGG CCGAAATTTT
SUAS_3'INV_S16  #51 GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGACGGG CCCCTATTTT
>UAS_3INV_S20  #51 GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGACAGG CCCCAATTTT

UAS_3INV  #51 GAGGGGAGCG TTTCCCTGCT CGCAGGTCTG CAGCGACGGG CCCYAATTTT

*k%k *%k%

>Input_UAS_3'INV  #101 TCGCTGCAG
SUAS 31INV_SOB  #101 TCGCTGCAGC GG
SUAS_3INV_S10  #101 TCA CTGCAG
SUAS_3'INV_S16  #101 TCTCTGCAGA G
SUAS_3INV_S20  #101 TCACTGCAGA GG

s sy st0n o aaa g

* *
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DNA Analysis of Arabidopsis thaliana transformed with BEAD1c_INV sequence

M12 34567829 1011%[2' 131415M + [1.6171819202122M+

- —

- : o | wovooww _*

:P-----------|

Figure A3. : Example of agarose gel electrophoresis showing PCR amplification of clone
BEAD1c_INV in pL1 with BEAD specific primers. Each gel contained 14 wells, therefore samples and
controls were continued on separate gels, all with the same PCR components d@mhsomdansgenic
Arabidopsis thaliandNA samples containing candidd@&AD1c_INV insulator are shown.

Amplification of DNA usedBEAD specificprimers to produce a band with an expected siZ8ip.

M : DNA ladder with sizes (in bp) 1353, 815, 587584449, 434), 298, 267, 174, 102, 80
1-22: Transgenic plant DNA containif@EAD1c_INV pL1 inserts $48op)

+ : BEAD1csequencedontrol 648op)

- . Negative control containing water in replace of DNA
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Alignment of "BEAD1cINV" samples and consensus sequence output from Sequencher 4.10.1

>Input_BEADI1cINV #1 AAGCTTCTGT GCTTGGGTAT GGTCAGACGT GGGTGAGGTT GGGCAGTTAG
<BEADI1cINV_S1 #1 AAGCTTCTGT GCTTGGGTAT GGTCAGACGT GGGTGAGGTT GGGCAGTTAG
<BEADI1cINV_S2 #1 AAGCTTCTGT GCTTGGGTAT GGTCAGACGT GGGTGAGGTT GGGCAGTTAG
<BEADI1cINV_S3 #1 AAGCTTCTGT GCTTGGGTAT GGTCAGACGT GGGTGAGGTT GGGCAGTTAG
<BEADI1cINV_S9 #1 AAGCTTCTGT GCTTGGGTAT GGTCAG ACGT GGGTGAGGTT GGGCAGTTAG
<BEAD1cINV_S10 #1 AAGCTTCTGT GCTTGGGTAT GGTCAGACGT GGGTGAGGTT GGGCAGTTAG

BEADI1cINV #1 AAGCTTCTGT GCTTGGGTAT GGTCAGACGT GGGTGAGGTT GGGCAGTTAG

Consensus
>Input BEAD1cINV #51 AAGAGGAGGA GCAATTTAAC TTGAAGATGG TTATGGTCTA GATCAGGAAG
<BEADI1cINV_S1 #51 AAGAGGAGGA GCAATTTAAC TTGAAGATGG TTATGGTCTA GATCAGGAAG
<BEADI1cINV_S2 #51 AAGAGGAGGA GCAATTTAAC TTGAAGATGG TTATGGTCTA GATCAGGAAG
<BEADI1cINV_S3 #51 AAGAGGAGGA GCAATTTAAC TTGA AGATGG TTATGGTCTA GATCAGGAAG
<BEADI1cINV_S9 #51 AAGAGGAGGA GCAATTTAAC TTGAAGATGG TTATGGTCTA GATCAGGAAG
<BEADI1cINV_S10 #51 AAGAGGAGGA GCAATTTAAC TTGAAGATGG TTATGGTCTA GATCAGGAAG

BEAD1cINV #51 AAGAGGAGGA GCAATTTAAC TTGAAGATGG TTATGGTCTA GATCAGGAAG
>Input BEAD1cINV #101 GGAACAGTCA GCTCTCATAT TAATATCAAG CCCAGACAAC ATCTTTAGAG
<BEADI1cINV_S1 #101 GGAACAGTCA GCTCTCATAT TAATATCAAG CCCAGACAAC ATCTTTAGAG
<BEADIcINV_S2 #101 GGAACAGTCA GCTCTCATAT TAAT ATCAAG CCCAGACAAC ATCTTTAGAG
<BEADI1cINV_S3 #101 GGAACAGTCA GCTCTCATAT TAATATCAAG CCCAGACAAC ATCTTTAGAG
<BEADI1cINV_S9 #101 GGAACAGTCA GCTCTCATAT TAATATCAAG CCCAGACAAC ATCTTTAGAG
<BEADI1cINV_S10 #101 GGAACAGTCA GCTCTCATAT TAATATCAAG CCCAGACAAC ATCTTTAGAG

BEADI1cINV #101 GGAACAGTCA GCTCTCATAT TAATATCAAG CCCAGACAAC ATCTTTAGAG
>Input_ BEADI1cINV #151 CAGGGACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG
<BEADI1cINV_S1 #151 CAGGGACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG
<BEADI1cINV_S2 #151 CAGGGACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG
<BEADI1cINV_S3 #151 CAGGGACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG
<BEADI1cINV_S9 #151 CAGG GACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG
<BEAD1cINV_S10 #151 CAGGGACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG
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BEADI1cINV #151

>Input_BEADIcINV #201
<BEADI1cINV_S1 #201
<BEADI1cINV_S2 #201
<BEADI1cINV_S3 #201
<BEADI1cINV_S9 #201
<BEADIcINV_S10 #201

BEAD1cINV #201

>Input_BEADICINV  #251
<BEADICINV_S1  #251
<BEADICINV_S2  #251
<BEADICINV_S3  #251
<BEADICINV_S9  #251
<BEAD1cINV_S10  #251

BEAD1dNV #251

>Input_BEADICINV  #301
<BEADICINV_S1  #301
<BEADICINV_S2  #301
<BEADICINV_S3  #301
<BEADICINV_S9  #301
<BEADICINV_S10  #301

BEADI1cINV #301

>Input_BEADICINV  #351
<BEADICINV_S1  #351
<BEADICINV_S2  #351
<BEADICINV_S3  #351
<BEADICINV_S9  #351

CAGGGACAGA CACTAAGAGA CTGTGGGTGG GGAGTGAGCA TAATCCTTGG

ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGC CAG CAGGGAGCTG
ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGCCAG CAGGGAGCTG
ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGCCAG CAGGGAGCTG
ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGCCAG CAGGGAGCTG
ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGCCAG CAGGGAGCTG
ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGCCAG CAGGGAGCTG

ACTTGGGAGA ACCGGAAGCT CTGAAATGGA CTTCCGCCAG CAGGGAGCTG

GGTCTCGTGG ACTGGACCCC TGCCGGCAGG CGGCAGTGCA GGCCTGGGCA
GGTCTCGTGG ACTGGACCCC TGC CGGCAGG CGGCAGTGCA GGCCTGGGCA
GGTCTCGTGG ACTGGACCCC TGCCGGCAGG CGGCAGTGCA GGCCTGGGCA
GGTCTCGTGG ACTGGACCCC TGCCGGCAGG CGGCAGTGCA GGCCTGGGCA

GGTCTCGTGG ACTGGACCCC TGCCGGCAGG CGGCAGTGCA GGCCTGGGCA
GGTCTCGTGG ACTGGACCCC TGCCGGCAGG CGGCAGTGCA GGCCTGGGCA

GGTCTCGTGG ACTGGACCCC TGCCGGCAGG CGGCAGTGCA GGCCTGGGCA

GCCAATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC
GCCAATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC
GCCAATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC

GCC AATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC
GCCAATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC
GCCAATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC

GCCAATGCAC CGGCAAGGCA GCCCCTGGGC CCTCAACATC CCTCTTCCAC

ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC
ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC
ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC
ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC
ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC
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<BEADICINV_S10 # 351 ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC

BEADICINV  #351 ATCCAGGGGC CCTGAAGATG CTCATGGTGG GACTCTGGCC TGCCTGGTGC
>Input_BEAD1CINV  #401 TTACTTTTGG TATTCTGCAT GCC TAGCATT GCCAGATAAA ACACAGGATG
<BEADICINV_S1  #401 TTACTTTTGG TATTCTGCAT GCCTAGCATT GCCAGATAAA ACACAGGATG
<BEADICINV S2  #401 TTACTTTTGG TATTCTGCAT GCCTAGCATT GCCAGATAAA ACACAGGATG
<BEADICINV S3  #401 TTACTTTTGG TATTCTGCAT GCCTAGCATT GCCAGATAAA ACACAGGATG
<BEADICINV SO  #401 TTACTTTTGG TATTCTGCAT GCCTAGCATT GCCAGATAAA ACACAGGATG
<BEADICINV S10  #401 TTACTTTTGG TATTCTGCAT GCCTAGCATT GCCAGATAAA ACACAGGATG

BEAD1CINV #401 TTACTTTTGG TATTCTGCAT GCCTAGCATT GCCAGATAAA ACACAGGATG
>Input_BEADICINV  #451 CCCAGTGGAA TTTGAATTTC AGATAAACAA TGAATACTTT TTTAGTATAA
<BEADICINV S1  #451 CCCAGTGGAA TTTGAATTTC AGATAAACAA TGAATACTTT TTTAGTATAA
<BEADICINV S2  #451 cce AGTGGAA TTTGAATTTC AGATAAACAA TGAATACTTT TTTAGTATAA
<BEADICINV S3  #451 CCCAGTGGAA TTTGAATTTC AGATAAACAA TGAATACTTT TTTAGTATAA
<BEADICINV_S9  #451 CCCAGTGGAA TTTGAATTTC AGATAAACAA TGAATACTTT TTTAGTATAA
<BEADICINV_S10 #451 CCCAGTGGAA TTTGAATTTC AGATAAACAA TGAATACTTT TTTAGTATAA

BEAD1CINV #451 CCCAGTGGAA TTTGAATTTC AGATAAACAA TGAATAC TTT TTTAGTATAA
>Input_BEAD1CINV  #501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG
<BEADICINV_S1  #501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG
<BEADICINV S2  #501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG
<BEADICINV_S3  #501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG
<BEADICINV S9 # 501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG
<BEADICINV S10  #501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG

BEAD1CINV #501 ATGTGTTCCA AATATGGCAT GTCCCAGCTA CCCGTATTAC TGCTGCAG
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Table A3.1 GUS staining in different tissues of individuarabidopsis thalianaransgenic linesThe
intensity was assessed visually using the following scale: 3 (strong), 2 (medium), 1 (week), and 0 (none),

asshown in Figure 2.2A. Data represents scoring of tissues in pL1 vector for all sequences tested.

Size
Construct (bp) Sample# Flower Leaf Siliquel Seed2 Silique2 Seed2
pL1 control:  ter35%iptll-
t op{ HIM-GUSlethos
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45

46

47

48

49

50
51

52

53
Total

41

42

49

41

2
49

Specific
Nonspecific

None

' { yp(PLS:pEAMBIA 139

149

napinGUS)

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37

34

0

Total (37)
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21
14

Specific

Nonspecific

None

pL1 (pL1: pCAMBIA

1391 napirGUS)

UAS_mR1

149

10
11
12
13
14
15
16
17
18

13

11

10

Total

Specific

11

Nonspecific

None

pL1 (pL1: pCAMBIA

1391napinGUS)

UAS_nR2

149

10
11
12
13
14
15
16
17
18
19
20
21

14 20

12 18

Total

Specific

19

Nonspecific
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None

I { YN (pL1: pCAMBIA

149

1391napinGUS)

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25

26

25

22

16 20

Total

Specific

23

Nonspecific

None

109

' { ¢ opRIS(pLR pCAMBIA
1391 napirGUS)

10
11
12
13

14
15
16
17
18
19
20
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21
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1

Total (41)

32
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Nonspecific

None
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10
11
12
13
14
15
16
17
18
19
20

16

Total

14

Specific

Nonspecific

None

I { DL (pL1: pCAMBIA

109

1391 napirGUS)

10
11
12
13
14
15
16
17
18
19
20
21

17

Total

14

Specific

Nonspecific

None

UASpg IN\pLL(pL1: pCAMBIA

1391 napirGUS)

246
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10
11
12
13
14
15
16
17
18
19
20

17

10

Total

Specific

Nonspecific

None

265

. 9! 5mOypLD HEAVBIA

1391 napirGUS)

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
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31

32

19 32

16 16

Total (32)

28
23 66

Specific

Nonspecific

None

301

. 9! 5mO ypLD HEAVBIA

1391 napirGUS)

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

29

Total

20 69

Specific

31

Nonspecific

None

9! fpll: pCAMBIA 139

napinGUS)

n.

509
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10
11
12
13
14
15
16
17
18
19
20

19

Total

12

Specific

Non-Specific
None

(pL1: pCAMBIA

1391 napiRGUS)

BEADcC_INV

548

10
11
12
13
14
15
16
17
18
19
20

18

Total

16

Specific

Nonspecific

None

Gypsy (pL1l: pCAMBIA 139

napinGUS)

340
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10
11
12
13
14
15
16
17
18
19
20

19

17

Total

Specific

20

Nonspecific

None

3& L& & y n(pldzpCAMBIA

1391 napirGUS)

386

Total

Specific

Nonspecific

None

(pL1:

gen2#14
pCAMBIA 139fapinGUS)

BEAD_INV

10

11
12
13
14
15
16
17
18
19
20

(pL1:

gen2#15
pCAMBIA 1391 napiBUS)

BEAD_INV
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BEAD_INVgen2#16  (pL1:

pCAMBIA 1391 napiBUS) 21 0 0 0 0 0 2
22 0 0 0 0 0 2
23 0 0 0 0 0 2
24 0 0 0 0 0 2
25 0 0 0 0 0 2
26 0 0 0 2 0 2
27 0 0 0 0 0 2
28 0 0 0 2 0 2
29 0 0 0 1 0 2
30 0 0 0 3 0 2

BEAD_INVgen2#19 (pL1:

pCAMBIA 1391 napiBUS) 31 0 0 0 3 0 2
32 0 0 0 2 0 2
33 0 0 0 2 0 2
34 0 0 0 2 0 2
35 0 0 0 2 0 2
36 0 0 0 3 1 2
37 0 0 1 2 0 2
38 0 0 0 2 0 1
39 0 0 0 1 0 2
40 0 0 0 2 0 2
Total 0 0 4 40
Specific 36
Nonspecific 4
None 0

Analysis of insulator stability in second generation plants

Materials andMethods

In studying the F2 generation of insulators, 4 transgenic plants were selected from the transformation of BEAD1c_INMsThe pla
were left to dry for approximately 4 weeks, and seeds were collected. These seeds were sterilized, plated on hygromycin
kanamycin plates and selected to grow on soil as described in Chapter 2, Section 2.3. Tissue samples were collected and score

according to previous method as well.

Results:

In addition to characterizing neplant insulators, our goal was to confirm te&bility of these insulator sequences in
subsequent generations within our enhandadocking assay. This was done by growing seeds of the F1 generation transgenic
plants already containing a functional insulator sequence, and testing the transgenicftmsuthe F2 generation. A total of 4
transgenic plants from the F1 generation were kept and dried for seed collection. The seeds were collected from transformatio
of BEAD1cINV which produced GUS expression level of 84% (16/20). Seeds were growniahpbatetefor selection and these
F2 generation plants were tested for GUS expression. Results are shown in Table 3.2.

Table A3.2: Enhancegromoter interactions in transgeni@rabidopsis thalianaSummary of the results from the testing of F2
generation of BEAD1cINV constructsifeglucoronidase (GUS) staining. The columns indicate the construct name antiesize, t
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number of individual transformants tested for leaf, flower, silique and seed staining, and a calculation of the specific and
nonspecific expression of the GUS transgenes.

GUS staining GUS expression
No.

Construct Size plants Flowers Leaves  Siliques Seeds Specific Non None
Name (bp) tested specific

Gen2_14 10 0 0 0 10 8/10 2/10 0
Gen2_15 10 0 0 1 10 9/10 1/10 0
Gen2_16 10 0 0 0 10 10/10 0/10 0
Gen2_19 10 0 0 2 10 9/10 1/10 0
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