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ABSTRACT

At present the cloning of disease genes relies on the application of forward
and reverse genetics which requires prior knowledge of either the protein or the
location of the gene locus underlying the disorder. In the present study a third
alternative, a lateral approach, which focuses in at the level of expressed sequences
(mRNA) is examined. This approach is used in the present study to explore its

potential in the isolation of X-linked chorio-retinopathy candidate genes.

The strategy developed for this approach uses a probe derived by the PCR
amplification of a chorio-retinal cDNA library to screen a hamster/human X hybrid
genomic library made in 4 phage vectors. The immediate achievement of this cross
screen is the direct association of tissue expression with chromosome specificity. The

initial application and evaluation of this approach is presented in the following thesis.
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CHAPTER ONE
INTRODUCTION



1.000)INTRODUCTION

The human choroid and retina are affected by many genetically inherited
disorders, at least 30 of which are known to be located on the human X-
chromosome. Our initial interest in retinal expressed sequences arose from family
studies examining two distinct X-linked retinal degenerative disorders, choroideremia
and Norrie’s disease (MacDonald et cl., 1987a, b; Polomeno et al., 1987; Wong et al.,
1988).

In general the symptoms and manifestations of chorio-retinal disorders are
highly heterogeneous, however, a common theme is an impairment of the visual
process. A better understanding of individual genetic disorders that affect the retina
will further the understanding of the biology and biochemistry of the retina. The
present study was designed to further our understanding of the choroid and retina
by identifying X-specific expressed sequences in the tissue, a first step in the
application of a candidate gene approach to the isolation of genes underlying known

X-linked chorio-retinal disorders,

1.100) GENES AND ALLELIC VARIATION

One of the cornerstones of genetic dogma is that an active structural gene
codes for an RNA transcript, which in turn gives rise to a functional protein. Each
gene will have a specific location in the genome on a specific chromosome, a gene

locus. Variations within an individual gene may arise through mechanisms such as
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point mutations and recombination. If these changes occur in the germ line, they can
be passed on to future generations. Thus different variants of a specific gene may
occupy the same gene locus on independent chromosomes of the same type.
Individual genes which occupy the same gene location are said to be "allelic".
Individuals who have two alternate alleles at a specific autosomal gene locus (one on
each of the chromosomes of an autosome pair) are said to be heterozygous at that
gene locus; in cases where both alleles are identical, the individual is said to be
homozygous. With respect to X specific gene loci, normal females have the potential
to be genetically homozygous or heterozygous while normal males are almost always

hemizygous (since they have only one copy of the gene).

Changes in the genetic code which are reflected in the structural gene product
may affect the quality or the quantity of the finished gene product which in turn may
result in the formation of a normal variant or abnormal variant. If the abnormal
variant differs significantly from normal function then the inheritance of such a gene

may have pathological and/or clinical consequences.

1200) CLINICAL PERSPECTIVES

In most cases the understanding of a given genetic disorder is limited. In the
very simplest cases, genetic disorders are inherited directly as either a mendelian
dominant or recessive trait. A recessive condition arises when a heterozygous

condition (with the presence of the disease allele) at the disease locus does not give
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rise to the disorder. A dominant trait leads to the disease condition regardless of
heterozygosity or homozygosity of the disease gene, while recessive traits will arise
only if the disease allele is homozygous or hemizygous. Often the segregation of X-
linked and autosomal traits follows a distinct pattern of inheritance and careful

family analysis of specific disorders is sufficient to conclude or refute localization to

the X-chromosome.

Hereditary chorio-retinal dystrophies encompass a clinically diverse group of
genetically distinct disorders that play a primary role in the etiology of blindness in
man. The manifestation and progression to blindness in disorders such as retinitis
pigmentosa (RP), choroideremia, and Norrie’s disease are wide and varied. The basic
scenario is that a normal retina (Fig. 1A) degenerates, as in the case of
choroideremia (Fig. 1B), to the state that it is no longer functional or present.
Similarly there appears to be a great heterogeneity even within a given disorder. RP
for example defines a disorder that is characterized by progressive degeneration of
the retina, leading to loss of visual field, night blindness, and ultimately complete loss
of sight (Inglehearn et al., 1990). There are however X-linked, autosomal dominant,
and autosomal recessive forms, with phenotypic heterogeneity in all categories. At
present there are believed to be at least 4-5 distinct RP loci in the human genome.
The familial mode of inheritance and the time of disease onset are both criteria for

the clinical evaluation of the subtype of RP.



FIG. 1| NORMAL AND DISEASED HUMAN RETINAS.

Panet A: Photograph of the fundus of the right eye of a normal individual with an
intact retina and retinal pigment epithelium (orange). The central spot is a fixation
device artifact.

Panel B: Photograph of the fundus of the right eye of a male with Choroideremia
showing widespread choriod/retina! atrophy with sparing of the macula.
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The clinical profile of any specific disorder is important in the diagnosis and
management of the disorder, however it does not necessarily provide a solid
foundation for elucidating the underlying mechanism. In most disease states the
observable features of the disease at the clinical level are the end products of the
underlying lesion and not necessarily the lesion itself. Clinical evaluation does,

however, provide evidence that the disease locus exists.

1.300) BIOCHEMICAL APP

In the past twenty years extensive efforts have been made to study genes
underlying genetic disorders at the DNA level. The primary lesion underlying most
genetic disorders is not known. There are two approaches that are used to clone and

characterize a disease locus at the DIVA level: forward and reverse genetics.

1.310) Forward Genetics

Until recently most methods for cloning specific genes have followed the
strategy of forward genetics, which relies on the prior characterization of the protein.
By knowing the structure of the protein it is possible to devise strategies to isolate
the corresponding gene. With respect to known human genetic disorders the
approach of forward genetics has found a direct application in the characterization
of inborn errors of metabolism. In these genetic disorders the aberrant biochemical
metabolic defect has been well characterized and in a majority of cases the protein

responsible has been purified.
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Gyrate atrophy, for example, is a rare autosomally inherited chorio-retinal
degeneration caused by deficiency of ornithine amino transferase which leads to
blindness (Simell and Takki, 1973). Ornithine amino transferase is constitutively
expressed in most tissues, but is virtually absent in all tissues of patients with gyrate
atrophy. This particular transferase has been purified and biochemically characterized
(Sanada et al., 1976; Lyons et al., 1976; Smith et al., 1977); it is important in the
intracellular production of glutamate and proline from ornithine (Volpe et al., 1969),
and in shuttling excess dietary amino acid carbons to the gluconeogenic pathway via
the tricarboxylic acid cycle (Boernke et al., 1981; Shih, 1981). The ornithine amino
tiansferase gene was subsequently isolated using anti-human ornithine amino
transferase antibodies raised against purified human liver ornithine amino transferase

to screen a liver cONA Agt11 library (Innana et al., 1986; Mitchell ef al., 1988).

Unfortunately for most human genetic disorders the gene product or products
responsible for the individual disorder have not yet been identified and in these cases

the application of forward genetics is futile.

1.320) Reverse Genetics

What is observed and recognized in most genetic disorders are the
manifestations of the disorder and not the primary lesion which underlies it. The
isolation of such disease genes, without prior insight into the structural, physical, or

functional aspects of the primary gene or gene product, has relied heavily on the



localization of the putative disease locus to the human genetic map by standard
mapping procedures and subsequent application of reverse genetics. Once a disease
locus has been mapped the basic strategy has been to focus on the isolation and
characterization of genomic sequences in the vicinity. Thus the ability to limit the
region of localization by the identification of patients with chromosomal anomalies
such as deletions or translocations, fine physical mapping, or the identification of
closely linked flanking markers expedites the search. Each step of the process (the
study of the disorder at the clinical level, the genetic mapping, and the eventual
molecular isolation and characterization of a putative disease gene) however is
intensely time consuming. This strategy focuses on the identification of a specific
locus without prior knowledge of what it is, except that an allele(s) at this locus gives

rise to a disease state.

1.321) Genetic Mapping

The initial step in the reverse genetics approach relies on the ability to map
a specific disease gene locus to a specific region of the genome. The localization of
a gene to a small region of a single chromosome greatly limits the amount of genetic

material that must be screened to isolate the gene.

Although there are several ways to map a given marker such as exclusion
mapping, deletion mapping, irradiation hybrid mapping, somatic cell panel mapping,

and chromosomal in situ hybridization, the task of systematically mapping a disease
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locus to a specific region of the genome is largely reserved for linkage mapping.
Genetic markers with known locations (marker loci) are tested for linkage with the
disease gene of interest. These markers may correspond to known genes or to
polymorphisms that do not necessarily correspond to a gene. In the past, the
available markers used for linkage studies were limited to blood protein
polymorphisms, enzyme polymorphisms, chromatin polymorphisms and the number
of markers was not large enough to provide a complete representation of the
genome. The development of polymorphic DNA markers has revitalized this

procedure.

Linkage is the occurrence of two loci sufficiently close together on the same
chromosome so that their alleles do not assort independently. The distance between
these two loci can be measured indirectly by the amount of recombination that
occurs between them. It is generally assumed that the more distant two loci are, the
more probable that recombination will occur between them. Thus alleles at loci
which are far apart on the same chromosome, or on different chromosomes tend to

assort independently.

The rationale in applying classical linkage analysis to gene mapping is as
follows: if a gene, A, is localized to a specific region, W, of chromosome K and it is
shown that gene B is closely linked to gene A, then logic dictates that gene B must

also be situated near area W of chromosome K.
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Linkage data are obtained from family studies and focus on the segregation
of alleles at specific loci or markers in relation to other loci or markers. Non-allelic
genes which consistently segregate together are probably linked. Matings in which
clear segregation of the alleles at two loci is evident provide informative linkage data
whereas matings in which clear segregation cannot be observed are not informative.
Linkage between two loci is determined mathematically by calculating a LOD score
(log of odds) which compares the likelihood of obtaining the observed data under the
assumption of various values of recombination between two loci with those which

would be obtained if there were independent assortment of alleles at those loci.

Mapping studies have served to localize a number of ophthalmic disorders
including X-linked RP to Xp11 (Bhattacharya et al., 1984), Norrie’s disease to Xpl1
(Bleeker-Wagemaker et al., 1985), choroideremia to Xq21 (Nussbaum et al., 1985),
Lowe’s syndrome to Xq24-26 (Silver et al., 1986), blue monochromy to Xq28 (Lewis
et al., 1987), retinoschisis to Xp22 (Altalo et al., 1989), stationary night blindness to
Xp11.3 (Mussarella et al., 1989), autosomal retinitis pigmentosa to 3q (McWilliam
et al., 1989), and Nance Horan syndrome to Xp22.2-22.3 (Lewis et al., 1990).

1.322) Isolation Strategies
The ideal mapping situation prior to attempts at molecular cloning is to have

two separate markers which are closely linked to the disease locus of interest and
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which flank the disease locus. The usual strategy in this scenario has been to begin
chromosomal walking or jumping from one marker towards the other. Chromosomal
walking involves the isolation of a small DNA fragment from one end of a genomic
recombinant clone(a) and its use to rescreen a genomic library to isolate a second
clone(b) containing additional DNA sequences adjacent but not in clone(a)(Cantor,

1984).

Chromosomal jumping involves the use of a jumping library (Collins ¢ al.,
1984). Inserts of clones in these libraries consists of a genomic fragment (A), a
selectable marker and a second genomic fragment (B) that is not adjacent to A but
is located a sizable distance upstream or downstream from A. Isolation of clones
from these libraries therefore enables the isolation of two sequences that are located
in the genome a significant distance from each other, a jump, In either case, walking
or jumping, the DNA spanning the 2 flanking markers is systematically cloned to

isolate the gene in question.

The use of linkage data and the genetic map as sign posts to hegin the
isolation of a gene has several inherent risks. The first and foremost is the fact that
the linkage map and the physical map do not always coincide. Because the linkage
map is assigned on the basis of recombination rates, which are known to vary from
genomic region to genomic region, it is possible that loci which are close on the

genetic map may in fact be far on the physical map. Conversely it is possible that
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what appears to be genetically distant be in reality physically close. Regardless loci
which are genetically linked are physically syntenic, that is located on the same

chromosome.

The identification of chromosomal abnormalities in the region of interest has
often aided the search of a specific gene. If the individual with the chromosomal
abnormality also suffers from the disorder under study this provides an independent
confirmation of the localization of the disease gene locus. In addition the deletion
or translocation breakpoints will provide a physical boundary for the gene locus. The
identification of such translocations and micro-deletions have already played a major
role in the isolation of several disease loci by reverse genetics: these include the
isolation of the retinoblastoma gene (Friend et al, 1986), Duchenne muscular
dystrophy gene (Monaco et al,, 1986), and chronic granulomatous disease (Royer-
Pokora et al., 1986). Strangely enough, only the isolation of the cystic fibrosis gene
has been accomplished purely on the basis of reverse genetics without the use of
defined chromasomal aberrations (Rommens et al., 1989; Riordan et al., 1989; Kerem

et al., 1989).

Chromosomal abnormalities have been identified in a number of eye disorders
including Lowe’s syndrome (Hodgson et al., 1986), Norrie’s disease (Bleeker-
Wagemaker et al., 1985; Donnai et al., 1988; De La Chapelle et al., 1985; Ohba ef al.,
1986; and Zhu et al., 1989), X-linked RP (Franke et al., 1985; de Saint-Basile ef al.,
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1989), choroideremia (Schwartz et al., 1986: Hodgson et al., 1987; Sui et al., 1988),

and ocular albinism (Schnur ef al., 1989).

One of the best illustrations of reverse genetics in ophthalmic rescarch is its
application in the identification of the choroideremia gene locus (TCD). Early
mapping studies established a close linkage between TCD and DXYSI, an
anonymous DNA marker known to map to Xq13-21 (Nusshaum et al., 1985: Lewis
et al., 1985). Additional studies centered on testing other existing markers known to
be in the region Xq21-22 for linkage with TCD to confirm and refine this location
(Gal et al., 1986; Schwartz et al., 1986; Lesko et al., 1987; MacDonald et al., 1987,
b; Sankila ef al.,, 1987). The TCD map position has been confirmed independently
from linkage studies by the identification of individuals with complex deletions and
translocations in Xq21 who also have choroideremia (Rosenberg ef af., 1986:
Schwartz et al., 1986; Hodgson et al., 1987; Nussbaum et al., 1987; Cremers ¢ al.,
1987; Cremers et al., 1988; Cremers ef al., 1989a; Schwartz et al., 1988). The analysis
of these deletion and translocation patient DNAs allowed the division of Xp21 into

seven distinct physical regions (Cremers et al., 1989).

The fine mapping and generation of anonymous Xq probes revealed that
markers DXS95, DXS165 and DX$233 coincided to the region of X¢21 where the
putative TCD gene might be (Cremers et al., 1989b; Merry et al., 1989). Analysis of

choroideremia patient DNA showed that the marker DXS165 was deleted in several



14

cases. New markers were generated near the DXS165 locus (Cremers et al., 1987;
Cremers et al., 1989a; van de Pol et al,, 1990; Merry et al., 1990), one of which was
found to overlap a majority of the TCD deletions. Portions of this clone were used
to screen a human chorio-retinal cDNA library, and a number of cDNA clones were
isolated, which upon patient analysis, were also found to overlap the defined TCD
deletion region. In addition the DNA analysis of a female with symptoms of
choroideremia and a t(X;13) translocation revealed that the X breakpoint disrupted
the cDNA sequence in such a way that part of the cDNA sequence was deleted
(Cremers et al, 1990). The combined data strongly suggests that the cDNA clone
isolated by Cremers is part of the choroideremia gene. The most surprising finding
of this research, perhaps, is that the putative choroideremia gene is not a retinal

specific gene but is expressed in a variety of tissues.

1.330) Forwatrd gepetics updated

A twist in the forward strategy is the application of the candidate gene
approach. Genes encoding proteins which are known to play an important biological
role in a given tissue are cloned, mapped, and examined as potential candidate genes
for known disease loci which co-localize in the same map region. However it is often
difficult to isolate and purify low abundant proteins or RNAs and it is often difficult
to obtain large volumes of human tissue for extraction. An alternative strategy is to
purify an important protein from another species and to isolated its corresponding

gene. If the function of the relevant gene product is important the sequences will be
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highly conserved between species, and it should be possible to isolate the human

gene by using the alternate-species gene as the probe.

In the past 10 years this approach has been used successfully to define the
underlying lesions of several known human retinal disorders, the most impressive of
which has been the human color vision disorders. Using a bovine rhodopsin gene as
probe (Nathans and Hogness, 1983), genes for the four human visual pigments were
isolated and characterized (Nathans et al., 1986a). The rod pigment (rhodopsin) was
localized to 3q, the blue pigment gene to 7q, and the red and green pigment genes
to Xg. The region of localization of the red and green pigment genes were in the
identical area that encompassed the gene loci known to be responsible for X-linked
inheritance of human color blindness (red and green). Analysis of the red and green
pigment loci in individuals known to be color blind has confirmed that these genes
underlie the disorder (Nathans et al., 1986b): dichromats with no green sensitivity
were missing the green pigment genes whereas dichromats with red sensitivity had
an alteration in the red cone gene. Subsequently blue monochromy was shown to be

due to the absence of both the red and green pigment genes (Nathans et al., 1989).

1.340) Isolation based on markers of gene sequences
A number of strategies have been developed which attempt to exploit the
cloning of expressed sequences. A major branch of research has focused on exploiting

unique characteristics which set aside DNA sequences which code for a gene from
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those which do not, they work on exploiting landmarks within the structural genes

themselves.

Genomic clones can be assayed for the presence of rare cutting restriction
sites which identify genomic regions having a high concentration of the dinucleotide
CpG, a Hpa Il tiny fragment (HTF) island. The presence of HTF islands has been
found to be associated with the presence of gene sequences (Bird, 1986; Lindsay and
Bird, 1987). This association is stronger for ubiquitously expressed genes than for
tissue specific genes. The strategy is to identify genomic clones which digest with
CpG restriction enzymes (an indication of a HTF istand) and then to examine if
these clones harbor gene sequences. This screening technique is not specific for any
particular chromosome. However the genomic region can be limited by using
genomic libraries made from DNA isolated from specific somatic cell hybrids, which
contain only a subset of human chromosomes (Weiss and Green, 1967). Somatic cell
hybrids with a single human X-chromosome have already been used to explore

potential HTF/gene sites on that chromosome (Lindsay et al., 1988)

Another genetic assay to identify transcribed regions utilizes the functional
identification of sequences required for RNA splicing as indicators for exons (Duyk
et al, 1989, Duyk et al, 1990; Auch and Reth, 1990). The basis of the strategy stems
from the observation that during the RNA phase of the retroviral life cycle genomic

sequences of non viral origin are correctly spliced and can be recovered in the
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spliced form. The assay involves the use of a SV40/retroviral exon trap vector. The
primary feature of this vector is that it possesses a single splice donor site next to a
genetically marked intervening sequence followed by a multicloning site. During the
RNA phase of the retroviral cycle, constructs which form an exon-intron-exon motif
undergo a splicing event which removes the genetically marked intervening sequence
(which is part of the vector). Following recovery of the DNA form of the virus, the
loss of the intervening sequence is assayed by a genetic screen in bacterial cells,

Clones which do not have the genetic marker become potential candidates as clones

which harbor gene sequences.

1.350) Problems in the existing methods.

The major problem in the forward approach is that a knowledge of the
primary protein structure is required prior to cloning. In most inherited genetic
disorders the exact molecular lesion underlying the disorder is not known. The
forward approach therefore is useful in identifying only a small number of genetic
disorders. However the approach is potentially useful since the random cloning of
genes that are expressed at the protein level in any specific tissue may in fact lead

to the isolation of potential candidate disease genes.

The major drawback in the application of reverse genetics is that it requires

a considerable commitment of time and manpower to progress from the initial
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localization of the gene to the isolation of that gene. In the case of both Duchenne
muscular dystrophy and cystic¢ fibrosis it took several years of effort by large
laboratories. Undoubtedly a large part of the delay is due to the extremely time

consuming analysis (walking and jumping) inherent to this approach.

As a general approach, the major drawback in the isolation of HTF islands
and the exon trapping technique is that they also require an immense amount of time
and work. An additional problem in the HTF istand method is that not all genes
have associated HTF islands, thus a negative finding (no island) does not necessarily
mean that there is no gene sequence. In the case of the exon trapping technique the
background of false consensus like sequences and genes that may not have introns
are difficult to estimate; likewise a positive finding (a splice site) does not absolutely
correlate with the presence of a gene sequence and a negative finding (no splice site)

is not necessarily confirmation that there is no gene sequence.

1.400) ALTERNATIVE APPROACHES
1.410) A need for more candidate gene markers

Recently the gene for type 1 autosomal dominant retinitis pigmentosa
(ADRP) was localized and isolated. This feat was accomplished by a combination of
the forward and reverse approaches. Standard linkage studies, the initial step in the
reverse approach, in a single large Irish kindred established linkage between type 1
ADRP with D347, an anonymous marker known to be localized to 3q (McWilliam



19

et al., 1989). At the same time forward genetic approaches mapped a number of
retinal genes, particularly those for retinol-binding proteins 1 and 2 and rhodopsin
to this region of the genome (Colantuoni et al., 1986; Demmer et al., 1987; Nilsson
et al., 1988; Nathans et al., 1986a) and these loci immediately became potential
candidate genes underlying type 1 ADRP. Within a year of the localization of Type
1 ADRP it was determined that in some cases = point mutation, a base transversion
of C to A resulting in the change of a proline to a histidine residue, in the rhodopsin

gene leads to type 1 ADRP (Dryja et al., 1990).

The successful isolation of the type 1 ADRP gene illustrates both the need for
careful mapping studies and for genetic markers which correspond to expressed

sequences as opposed to anonymous markers.

1.420) A potential new source of markers

The source for genetic markers corresponding to expressed sequences has so
far relied on forward genetics. The study of disorders at the biochemical level
however is often impeded by the lack of suitable amounts of human tissue for study.
In the case of disease tissue it is difficult to obtain retinal tissue in a state that is
informative from individuals with any of the retinal degenerative disorders such as
RP or choroideremia. The reason for this is that the disorder often manifests at an

early age and the individual often succumbs to complete retinal degeneration and
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blindness long before death, Obtaining postmortem tissue for study of the retina in

these cases would therefore be a futile exercise.

Normal retinal tissue, however, is available for study, although still not in any
great quantities. On average an adult retina weighs approximately 160 mg. Thus it
is virtually impossible to obtain sufficient amounts of retinal proteins from human
tissue for meaningful study. However it is possible to exploit the intermediary

between expressed gene and final gene product, the mRNA population of the tissue.

The human genome spans approximately 3.3 x 10° nucleotide base pairs.
Within this mass of DNA there are approximately 100,000 functional genes
distributed amongst the majority of DNA, which does not encode for a given gene
product. It is estimated that a maximum of 37,000 of these genes are expressed,
represented in the mRNA pool, in a given tissue at a given time (Williams, 1981).
Although the sequences that are expressed in a given tissue may not be tissue

specific, the expression profile is characteristic for each tissue.

When considering a genetic disorder it is important to attempt to understand
the underlying mechanism for the disease condition. In the case of X-linked recessive
disorders such as Norrie’s disease, choroideremia, retinoschisis, and RP the disease
state arises not because of the presence of an abnormal gene product but because

of the absence of the normal gene product, since males who are hemizygous for the
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disease gene are affected by the disorder, while females with a single discase gene
are genetically heterozygote and functionally normal, It is expected therefore that o
mRNA representative of each of the X-linked recessive disease gene loci will be
present in normal retinal tissue. A compounding problem in many of the X-linked
eye disorders, including choroideremia, retinitis pigmentosa and Norrie's disease, is
that these diseases affect both the retina and the choroid of the eye. For this reason

both tissues have been used for analysis in the present study.

1.430) Analysis of a ¢DNA library

A cDNA library is a cloned bank of sequences which reflects the mRNA
population from the tissue from which it was extracted. The identification of
candidate disease clones for any genetic disorder in question could be achicved hy
the sequential chromosome mapping of each unique clone from a chorio-retinal
cDNA library to generate a subset of clones which localize to the chromosomal
region of interest, the region to where the disease gene maps, in a tissue which is
known to be affected by the disorder. Because different messages exist at different
abundances in the mMRNA populution it is possible for some clones in a ¢DNA libra ry
to become under represented by chance, thus at least 1.69 x 10° independent ¢DNA
clones need to be mapped at random to ensure a 99% probability of characterizi ng
a given low abundant sequence (Clarke and Carbon, 1976). Furthermore the vast
majority of the clones mapped in this fashion would localize to chromosomes other

than the X chromosome.
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1.440) Differential cross screening

c¢DNAs present in one type of cell (+cell) but not in another (-cell) can be
identified by differential hybridization. Typically duplicate filters carrying cDNA
clones derived from the (+cell) are screened with radioactive cDNA from the
(+cell) and (-cell) respectively. Clones which hybridize with the (+) but not the (-)
probe are (+cell) specific. An alternative modification is to screen the (+cell) cDNA
library with a radioactive (+cell) cDNA probe that has been subtracted with non-

radioactive (-cell) cDNA,

With respect to ophthalmic disorders the traditional differential cross
screening methodology has been taken in order to isolate abundant retinal specific
sequences on iiie acsumption that abundant retinal specific sequences are likely to
encode proteins of major importance to the tissue (McInnes et al., 1988). Disruption
of these genes will therefore underlie tissue specific diseases. The differential screen
involved the screening of a human retinal ¢cDNA library with cDNA probes derived
from bovine retina mRNA and other human tissues. The frequency of non-
rhodopsin, abundant, retinal specific cDNA clones was found to be approximately 1
%. From this analysis the cloning of ROM1, which is a gene encoding a membrane
protein located in the outer segment of the rod photoreceptor, and HOX10, which
encodes a developmentally regulated homeobox gene in the human retina, have
already provided two additional genes which are highly applicable to the candidate

gene approach (Bascom et al., 1989; Bascom et al., 1990; De Chen et al., 1989; De
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Chen et al., 1990). The application of this strategy, however, does not isolate genes
from a predefined region of the genome (for example the X chromosome) nor will

it identify genes which underlie retinopathies which do not display tissue specific

expression.

1.450) hnRNA

In another strategy, cDNA libraries are made from mRNA of hybrid cell lines.
The human chromosomes in such a hybrid continues to express some of its genes.
A cDNA library made from such hybrids will therefore contain clones derived from
both human and rodent mRNA. A subset of human clones can be differentiated on
the basis of human repetitive sequences (Neve ef al, 1986). This approach is
applicable to any chromosome or sub-chromosomal region as defined by the specific
somatic cell hybrid in hand and attempts to specifically isolate expressed sequences
from a predefined subregion of the genome. The type of clones that will be isolated
with this strategy is limited since the detection system requires that the specific

sequence be expressed in the hybrid cell line and that the expressed sequence itself

contain a human specific repetitive element.

A modification in the above strategy has been to focus on the use of hybrid
cell line heterogeneous nuclear RNA (hnRNA), RNA isolated from the nucleus
consisting of unprocessed primary transcripts, as template for cDNA library synthesis

instead of mature mRNA. ¢cDNA synthesis from hnRNA is primed with
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oligonucleotides derived from intronic 5’ consensus splice donor sites (Liu et al,
1989). The cDNAs generaied are expected to be copies of the upstream exon and the
next intron. As intron sequences are more likely to contain highly repeated
sequences, the resulting cDNA library is screened with labeled human genomic DNA

to identify clones containing human cDNAs among the rodent cDNAs,

Another modification of the hybrid ¢DNA approach makes use of
oligonucleotide primers derived from Alu sequences (Corbo, 1990). The primers used
in this method are human specific (Nelson et al., 1989). Thus, the cDNA library

generated in this case will be of human origin,

The major drawback in use of hybrid cell lines in the above strategies is that
only a subset of human genes within the genomic region under scrutiny will be
expressed. Clones that are isolated, therefore, will not necessarily represent a total

set of genes and in such a system it is difficult to anticipate what will be expressed,

1.460) Lateral Genetics

If the forward approach is the isolation of a gene on the basis of protein
information and the reverse approach is the isolation of a gene based on its genomic
location (DNA), then the isolation of a gene at the level of mRNA can perhaps be
viewed as a lateral approach which bridges the forward and reverse strategies in its

ability to shed light at both the protein and DNA level of organization (Fig. 2).



FIG.2 APPROACHES TO THE ISOLATION OF DISEASE GENES.
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The ability to bring together a probe which is representative of the expressed
sequences within a given tissue together with genomic libraries representing selected
human chromosomes is intriguing. The successful marriage of these two will aliow

the direct association of tissue gene expression with chromosome specificity.

The use of a probe reflecting the mRNA population, whether it be
radiolabeled mRNA or cDNA derived from a given tissue has been used sparingly
in the screening of genomic libraries (Paulsen et al., 1986; Scherer et al., 1981:
Tashima et al., 1981; Hochgeschwender et al., 1989). The primary reason for this has
been the finding that this cross screening tends to lead to the selection of false
positives (Williams, 1981). This problem however can be overcome by removal of
the repetitive fraction of the probe by prehybridization of the probe to repetitive
sequences bound to a membrane (Tokarskaya et al., 1980), competition of the probe
with an excess of repetitive sequences during hybridization (Tashima et al., 1981),
pre-association of the probe with a source of repetitive DNA (Paulsen et al., 1986;
Sealy et al., 1985), and removal of repetitive sequences using genomic DNA linked
to DNA-cellulose (Brison et al., 1982; Hochgeschwender et al., 1989). Other
investigators however have been able to isolate specific genomic clones harboring
expressed sequences without removal of the repetitive fraction of the mixed cDNA

probe (Scherer et al., 1981).
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The major problem in studying diseases of the human eye is not necessarily
the technical aspects but rather the low amounts of specific human tissue that are
available for scientific research. In general, approximately 200-250 ug of total RNA
can be extracted from a pair of human choroid/retinas. In this total extracted RNA,
2-5% will represent poly(A)+ RNA (4-10 ug), a portion of the total RNA that is
enriched in mRNA sequences. The optimized quantity of poly(A)+ for ¢cDNA
synthesis is approximately 10 #g. In a good year it is feasible to collect 2-3 pairs of
choroid/retinas from organ donors: this collection however occurs sporadically. It is
therefore difficult to anticipate the total amount of human chorio-retinal RNA that

would be available for study at any given time.

In order to overcome this problem a simple alternative strategy has been
devised and will be discussed in this thesis. Briefly, instead of relying on an
unpredictable supply of choroid/retinas for mRNA as the probe source, chorio-
retinal poly(A)+ RNA was used to generate a human chorio-retinal cDNA library.
A method was devised which consisted of the amplification of the inserted human
chorio-retinal cDNA sequences by the polymerase chain reaction (PCR)(Saiki et al.,
1985, Mullis and Faloona, 1987, Saiki et al., 1988). The specifications of this
procedure enabled the screening of genomic libraries constructed in similar based
vectors as that used for the ¢cDNA library. The ¢DNA library together with the

amplification procedure represents a continual probe source.
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In order to isolate potential X-specific chorio-retinal expressed sequences a
genomic library was constructed from a human/hamster hybrid cell line, whose only
human component is a single X-chromosome. This library was screened with the
PCR amplified human chorio-retinal cDNA library probe. Theoretically human
clones identified in this way should be derived from the human X-chromosome and
should harbor chorio-retinal expressed sequence. Clones which are verified with
respect to these qualifications can then be used in a candidate gene approach to see
if they are relevant to any of the known X-linked chorio-retinopathies. The
development and critical examination of this lateral screening strategy will be the
subject of this thesis. The proposed study involves the completion of four distinct
steps:

1. The synthesis of a representative chorio-retinal cDNA library.
2. The synthesis of a random human X-specific genomic library.
3. The development of the library cross screening procedure.

4, Initial verification of the results of the proposed cross screen.
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CHAPTER TWO
MATERIALS AND METHODS
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2.100) RNA

2.110) Eye samples;

The human retina lies between the vitreous and the choroid layer of the eye
(Fig. 3). As stated earlier both the choroid and the retina are affected in a number
of X-linked eye disorders, as such both tissues have been obtained for the present
study.

Human choroid/retina samples were provided by Dr. 1. MacDonald
(Department of Ophthalmology, Ottawa General Hospital). Human eyes were
enucleated by the ophthalmic surgeon within 6 h, postmortem. A stab incision was
made 2 mm posterior to the limbus and the corneal button was removed with a 2
mm cuff of sclera. A complete cyclo-dialysis was performed along with 3 axial cuts
of the scleral coat toward the optic nerve. The anterior segment, iris, lens and cilary
body were removed and in all cases an attempt was made to expulse the vitreous.
The remaining choroid and retina, from pars plana posteriorly was then amputated
at the optic nerve and snap frozen in liquid nitrogen and stored at -70°C until RNA
extraction. In cases where the vitreous would not cleanly separate from the retinal
layer, the entire choroid/retina/vitreous was snap frozen in liquid nitrogen and

stored as described above,

2.120) Isolation of RNA
2.121) Isolation of Total RNA: Total RNA was isolated from flash frozen human

choriod/retina tissue using the LiCl/urea procedure (Auffray and Rougeon, 1979)



FIG. 3 GENERAL ANATOMY OF THE HUMAN EYE.

The retina lies between the vitreous and the choroid. Located between the choroid
and the retina is the retinal pigment epithelium. The neural retina consists of over
50 distinct cell types. Shown in the inset are the neural cells involved in the direct
neural pathway to the brain. This neural relay includes the photoreceptor cells (P;
both cone and rod photoreceptor cells), the bipolar cells (B), and the ganglion
cells(G).
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with minor modifications (Tenniswood and Simpson, 1982). Frozen tissue was
weighed and ground to a fine powder in liquid nitrogen, homogenized on ice in a
fixed initial volume of extraction buffer (20 ml/gm of tissue: 3 M LiCl, 6 M urea in
50 mM NaOAc, pH 5.5) and sonicated (3X 15 sec bursts set at 30 cycles, with 1
minute cooling intervals between bursts). SDS was added to 0.1% and the sample

was incubated at 4°C overnight.

The sample was centrifuged at 16,000 rpm for 30 min and the pellet was
recovered, drained, and resuspended in wash buffer (4 M LiCl, 8 M urea in 50 mM
NaOAc, pH 5.5) with 0.1% SDS up to the initial volume. The sample was re-
centrifuged as described above and the pellet was recovered and dissolved in half the
initial volume of 50 mM NaOAc pH 5.5 and extracted with an equal volume of
phenol (saturated in 50 mM NaOAc pH 5.5) and an equal volume of chloroform.
The organic and aqueous phases were separated by centrifugation (1000 rpm, 5 min,
room temperature) and the aqueous phase was retained. The organic phase was re-
extracted with 50 mM NaOAc and the aqueous phases were pooled. The combined
aqueous phases were re-extracted in an equal volume of phenol/chloroform and once
with chloroform. The RNA was precipitated from the aqueous phase by adding
1/10th volume 3 M NaOAc pH 5.5 and 2.5 volumes of cold ethanol. The RNA was
precipitated at -20°C overnight and pelleted at 10,000 rpm for 1 h at 0°C. The pellet

was recovered. dried and redissolved in water. The final product was stored at -70°C.
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2.122) Isolation of Poly(A)+ RNA: Poly(A)+ RNA was prepared using oligo-

(dT)cellulose chromatography (Aviv and Leder, 1972). Total RNA was boiled for
2 min and chilled on ice for 7 min. An equal volume of 2X binding buffer (1 M
NaCl, 40 mM Tris pH 7.6, 2 mM EDTA) was added and the RNA was added to
oligo(dT) cellulose that had been equilibrated with 2X binding buffer, and incubated
at 37°C on a rotary mixer for 4 h. The slurry was packed into a column. The
poly(A)- fraction was first eluted by passing a minimum of 10 bed volumes of binding
buffer through the column. Poly (A)- RNA, was precipitated by addition of cold
ethanol and an overnight incubation at -20°C. The poly(A)- RNA was pelleted by

centrifugation (13,000 rpm, 60 min, at 0°C) and redissolved in sterile double distilled

water.

Poly (A)+ RNA was eluted from the column by passing 3 bed volumes of
sterile water through the column and coll~c'ng the eluate. Poly (A)+ RNA was
precipitated overnight at -20°C after addition of 1/10th volume 3 M NaOAc and 2.5
volumes ethanol. The poly (A)+ RNA was pelleted at 10,000 rpm for 90 min at 0°C.
The peliet was air dried and redissolved in sterile double distilled water and stored

at -70°C.

«.123) Quantification of RNA: The concentration of RNA was estimated by
measuring optical density (0.D.) at 260 nm wavelength. The ratio of O.D.;,/0.D..,

was used to assess purity. Ratios of 1.5-2.0 were considered to indicate negiigible
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protein or phenol contamination. Typical yields were approximately 80 ug of total

RNA per gram wet weight of choroid/retina/vitreous tissue.

2,130) Characterization of RNA

The functional quality of the isolated RNA samples were examined by in vitro
translation in an mRNA dependent rabbit reticulocyte lysate system (Pelham and
Jackson, 1976) using [*S]-methionine as the radioactive label. The reticulocyte lysate
system was supplied by Promega Biotec (Madison, Wisconson). In vitro translation
was carried out by adding 2 ug of RNA to 35 ul of nuclease treated lysate, 20 uM
amino acid mixture (minus methionine), 50 uCi of *S-methionine in a total volume
of 50 ul. The cocktail was allowed to incubate at 30°C for 1 h. Aliquots of 2ul were
remcved, spotted onto GF/C filters, and the amount of incorporated radiolabel was
determined by trichloroacetic acid precipitation. The remaining in vitro translation

product was stored at -20°C.

The translation products were analyzed by one and two dimensional
polyacrylamide gel electrophoresis, PAGE (O’Farrell, 1975; Newbold et al., 1982).
One dimensional PAGE was carried out ir 10 or 15 % SDS slab gels under
denaturing conditions. Bio-Rad low molecular weight SDS-PAGE protein markers
were used as molecular weight standards. After electrophoresis the gels were stained
with Coomassie blue, destained, and fixed with 7% acetic acid. After fixing, the gels

were prepared for fluorography (Bonner and Laskey, 1974), dried down under
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vacuum and then exposed to Cronex X-ray film in a Kodak X-Omatic cassette with

intensifying screens.

In the case of two dimensional PAGE, the labeled translation products were
first electrophoresed in isofocusing tube gels using LKB pH 3-10 ampholines,
followed by one dimensional PAGE for the second dimension (Newbold et al., 1982).
Isofocusing gels using unlabeled reticulocyte lysate were run concurrently, cut into
1 cm long discs, placed in 1 ml of distilled water and the pH measured (these served
as a measure of pl for the sample gels). After second dimension electrophoresis the

gel was processed as described for one dimensional PAGE.

2.200) PREPARATION OF CHORIQ-RETINAL ¢DNA LIBRARY
2.210) cDNA Synthesis

Poly(A)* RNA was used as the template for cDNA synthesis. cDNA was
synthesized using a medification (Rutledge et al., 1988) of the method described by
Gubler and Hoffman, 1983 (Fig. 4).



FIG. 4 SYNTHESIS OF ds-cDNA

For first strand synthesis, 6 ug of poly(A)+ RNA was incubated in a final volume of
30 ! with 100 mM Tris-HCl pH 8.3, 130 mM KCl, 10 mM MgCl,, 2.5 mM DTT, 4
g oligo(dT)w,,s. 1 mM dATP, 1 mM TTP, 1 mM dGTP, 1 mM dCTP, and 50 uCi
of a[**P]-dATP. After heating to 60°C for 2 min,

24 units of AMYV reverse transcriptase was added and the mix was incubated at 42°C
for 30 min.

For second strand synthesis the reaction volume was brought up to 100 ul with 50
mM Tris-HCl pH 7.8, 10 mM MgCl, 20 mM DTT, and 50 ug/ml BSA. RNase H (2
units) and DNA polymerase 1 (25 units) were added and the reaction was incubated
at 15°C for 2 h.

The sample was then extracted with phenol/chloroform/isoamy! alcohol (25:24:1)
and passed through a 1 mi G-50 spun column to remove unincorporated nucleotides
(Maniatis, Fritsch and Sambrook, 1982), Subsequently the ds-cDNA was size
fractionated on a Sepharose 4B column.
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A 1 ul aliquot of the eluate, in 5 ml of scintillation fluid was counted in a
Beckman L1800 scintillation counter. The total incorporation of radioactivity was

used to estimate the final yield of ds-cDNA using the equation:

EQUATION 1

ds-cDNA (ng) =

yield uCi dNTP used x 2.2 x 10°
2.220) Size fractionation of cDNA

Prior to cloning, the cDNA was size fractionated in a 1 ml Sepharose 4B
column to size select for the larger cDNA fragments. One drop (30 ul) fractions were
collected and radioactivity measured by the Cerenkov method in a Nuclear Chicago
Isocap 300 scintillation counter. From the profile of incorporated counts vs fraction,
the fractions containing the larger cDNA species were pooled. The radioactivity
associated with this pool was determined by counting a 1 ul aliquot in a Beckman
L1800 scintillation counter and the total yield of ds-cDNA was estimated as above,
The cDNA pool was precipitated at -20°C overnight in the presence of 0.3 M NaCl

and ethanol and redissolved in sterile double distilled water.

One ul of the size fractionated cDNA pool was sized by electrophoresis on a
2% slab gel in a Tris-acetate buffer system. A Hind III digest of A DNA (H3L) was
used as a standard molecular weight marker. The gel was stained with ethidium

bromide (1 #g/m!) and photographed. The gel was dried down under vacuum on a
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Savant gel drier and autoradiographed using Cronex X-ray film in a Kodak X-Omatic

X-ray cassette with intensifying screens.

2.230) Cloning into_igt10
The size selected cDNA was inserted into the Eco Rl site of the phage vector
Agt10 (Hyunh ef al., 1985) using a commercially available cloning kit (Amersham,

Oakville, Ontario). A summary of the procedure is presented in Fig. 5.

The bacterial host used for the human retinal cDNA library was NM514, The
bacteria L87 was used as a control host in the assaying of cloning efficiency. In both
cases frozen liquid cell stocks of each cell line were established and stored at -70°C.
Cells to be used for phage infection were grown in 50 ml of L-broth supplemented
with 0.4% maltose at 37°C on a shaker until the O.D.,, reached 0.5. The bacteria
were cooled on ice, pelleted at 4°C and resuspended in 15 ml of cold 10mM MgSo0,
or SM buffer. In all cases prepared plating cells were stored at 4°C and used within

3 days.

In the plating of phage a fixed number of phage particles was added to 200
ul of plating cells and incubated at 37°C for 30 min, The phage and cells were then
added to melted top agar (3 ml for small plates and up to 6 ml for large plates)
mixed and poured onto a L-agar plate. The layer of top agar was allowed to solidify

and the plate was incubated at 37°C overnight.



FIG. § ¢<DNA CLONING INTO AGT10

¢DNA cloning into Agt10 was carried out using a Agt10 cloning kit (Amersham,
Oakville, Ontario). In all cases enzymes required as well as their respective buffers
were supplied. Following is a brief summary of the cloning protocol.

1) Preparation of the ds-cDNA for ligation into the vector

The ds-cDNA to be inserted (up to 1 ug) was first methylated with Eco RI
methylase (20 U) at 37°C for 1 h to protect internal Eco RI sites. The reaction was
stopped by heating the reaction tube at 70°C for 10 min.

The ds-cDNA was ligated to Eco RI linkers (1 ug) by the addition of 5 U T4 Ligase.
The ligation was carried out at 15°C for 20 h. The reaction was stopped by heating
the reaction tube at 70°C for 10 min.

The ds-cDNA was digested with Eco RI (100 U) at 37°C for 5 h in order to activate
the linkers. The reaction was stopped by heating the reaction tube at 70°C for 10
min.

The reaction mix was loaded onto a column in order to remove excess linkers. 200
ul fractions were eluted and collected by the addition of 200 ul of STE. In total 10
fractions were collected. The radioactivity was measured by Cerenkov counting, The
two major peaks within the first 6 fractions were pooled and the DNA was
precipitated.

2) Ligation of ds-cDNA to Agt10 arms
50 ng of ds-cDNA was ligated to 1 ug of Agt10 arms with 2.5 U of T4 ligase in a final
reaction volume of 10 ul. The reaction was carried out at 15°C for 16-20 h.

3) Packaging of recombinants into viable phage

The DNA was precipitated ~nd resuspended in 2.5 z! of TE buffer, The packaging
extracts provided by Amersham were added directly to the DNA and the mix was
incubated at 20°C for 2 h.

4) Storage and infection of bacteria

Packaged libraries are stored in 0.5 ml of SM buffer with the addition of 10 zl of
chloroform. Libraries generated were plated out as outlined in materials and methods
using bacterial cell lines NM514 and L87.
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cDNA LIBRARY
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2.300) DNA EXTRACTION
2.310) Blood

Peripheral blood from individuals were collected in vials containing EDTA,
and DNA was isolated according to the meihod of Dr. D. Hoar (Molecular
Diagnostic Laboratory, Alberta Children’s Hospital, Calgary). Ten ml of whole blood
was incubated at 37°C for 5 min with 50 ml of NH,Cl/Tris solution (17 mM Tris-
HCl, 140 mM NH,Cl, pH 7.65; prewarmed to 37°C) and centrifuged at 2000 rpm for
10 min at room temperature. The supernatant was decanted and the pellet was
washed twice with saline (0.85% NaCl). The remaining cell pellet was resuspended
in 3 ml of high TE (100 mM Tris-HCI (pH 7.5), 10 mM EDTA). Immediate cell
lysis was induced by quick injection of 2 ml of lysis buffer (100 mM Tris-HCI, 40 mM
EDTA, 0.2% SDS, pH 8.0) with a 10 ml syringe through a 26 gauge needle. Ten ml
of high TE were added and the solution was extracted twice with an equal volume
of phenol/chloroform (saturated in high TE) and once with an equal volume of
chloroform/isoamyl alcohol (24:1). The organic and the aqueous phases were

separated by centrifugation at 4000 rpm for 10 min at room temperature,

The DNA was precipitated by adding one tenth volume of 3 M NaOAc and
2.5 volumes of ice cold ethanol. In most circumstances the DNA precipitated
immediately and was spooled onto a sterile siliconized glass hook, transferred to 10
ml of TE buffer (10 mM Tris-HCI (pH 7.5), 1 mM EDTA) and dissolved at 4°C

overnight on a rotary mixer. When the DNA was in solution, DNAse-free RNAse A
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was added to a final concentration of 100 ug/ul and the sample was incubated at
37°C for 1 h. SDS was added to a final concentration of 1% and proteinase K was

added to a final concentration of 100 ug/ul, the tube was inverted and incubated at

37°C overnight.

The DNA solution was extracted twice with an equal volume of phenol/
chloroform and once with chloroform/isoamyl alcohol (24:1). The DNA was
precipitated and redissolved in 1 ml of TE buffer. In cases where the DNA did not

redissolve after one day additional TE buffer was added.

2.320) Human placenta

Human placenta was obtained fresh, flash frozen in liquid nitrogen and kept
at -70°C until DNA extraction (Gross-Bellard ef af, 1973). Frozen placental tissue
was ground to a fine powder in liquid nitrogen, Seven grams of ground tissue was
added to 45mi of solution 1 (100 mM EDTA, 200 mM Tris-HCI pH 8.0, 1% SDS)
and the tissue was homogenized. Proteinase K was added to 30 ug/ml and the tube

was incubated at 60°C overnight,

The tube was allowed to cool slowly to 25°C. 1/250 th volume of diethyl
pyrocarbonate was added and the solution was incubated at 25°C for 30 min. NaCl
was added to a final concentration of 200 mM and the solution was extracted twice

with an equal volume of phenol/chloroform and once with chloroform/isoamyl
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alcohol (24:1). DNA was precipitated by addition of 2.5 volumes of ice cold ethanol
and was collected by spooling. The DNA was dissolved in 10 ml of TE overnight at
4°C on a rotary mixer.

DNAse-free RNAse A was added to 50 ug/ml and incubated at 37°C for 1 h.
Proteinase K was added to 250 ug/ml and incubated at 60°C for 3 h. The solution
was then extracted once each with phenol/chloroform and chloroform/isoamyl
alcohol (24:1). The DNA was precipitated by the addition of cold ethanol and
retrieved by spooling. The DNA was re-dissolved in TE overnight at 4°C on a rotary
mixer at 4°C. The DNA solution was incubated at 60°C for 1 h to ensure that all the

DNA was in solution,

2.330) Cell cultures

Two cell lines, 82082a and 1103, were obtained from Dr. J.L. Hamerton
(University of Manitoba, Winnipeg, Manitoba), 82082a is a hamster/human somatic
cell hybrid cell line with a single human X chromosome as its only human

component (Riddell er al., 1986). 1103 is the hamster parent of 82082a and is HPRT".

1103 cells were grown in McCoy's SA medium (HSC modified, Gibco)
supplemented vith 2.2% NaHCO,, 100 U/ml Penicillin G, 100 ug/ml streptomycin
and 10% bovine serum albumin, 82082a cells were grown in the same medium as
defined above except that it was further supplemented with 1 #M thymidine, 10 uM

hypoxanthine, 3.2 uM aminopterin, and 10 pM glycine (HAT selective medium) in
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order to maintain a selection for the human X-chromosome by requiring the

expression of the human HPRT gene. In both cases cell lines were maintained at

37°C in 4% CO,.

DNA was extracted from the cell lines using modifications of standard
protocols (Maniatis et al., 1982). Cells were disaggregated from the culture plates
using 0.05% trypsin and 0.5 mM EDTA in a buffered saline solution and harvested,
Cells were spun down and washed three times with buffered saline solution and
resuspended in TE and homogenized with 10 strokes in a glass/teflon homogenizer.
Proteinase K was added to a final concentration of 20 ug/ml and the solution was
incubated at 60°C overnight. The remaining steps in the extraction protocol were

essentially as described for the isolation of DNA from human placental tissue.

2.340) X-cell pane] DNA
DNA from various established cell lines (676x175; 749; 617x347) were a gift
from Dr. JL. Hamerton. Taken collectively the samples generate a human

chromosome X panel for mapping of DNA markers.

2.400) MEASUREMENT OF DNA CONCENTRATION

The concentration of DNA was estimated by measuring O.D. at 260 nm
wavelength, The ratio of 0.D.260/0.D.280 was used to assess purity. Ratios of 1.5-

2.0 were considered to indicate negligible protein or phenol contamination.
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2.500) PREPARATION OF THE 82082a GENOMIC LIBRARY

2.510) Digestion of genomic DNA

High molecular weight (HMW) DNA (20-40 ug), extracted from the 82082a
cell line as described above, was digested with Mbo I in a series of enzyme dilutions
(Fig. 6). The tubes were incubated at 37°C for 1 h and placed on ice. The reaction
wis stopped by addition of EDTA to 20 mM. 10 ul of T1, 8 and 9 were set aside.

‘The remainders of T1-8 were pooled.

2.520) Isolation and purification of DNA fragments

The aliquots of T1, 8, 9, the pooled samples and molecular size markers were
clectrophoresed at 4°C at 40V for 16-18 h in 0.5% low melting agarose. The lanes
consisting of T1, 8, 9 and molecular size markers were stained with ethidium bromide
(1 pg/ml) and visualized by 306 nm UV transillumination. After viewing these
control lanes to ensure that adequate digestion occurred, the gel area corresponding
to 17-23 Kb fragments was excised from the unstained pooled DNA lanes and
extracted using a modification of Maniatis et al., (1982). The excised gel pieces were
dissolved in 5 volumes of 20 mM Tris pH 8, 1 mM EDTA (preheated to 65°C) and
incubated at 65°C for 1-2 h. The sample was then left at room temperatuie for 30
min to cool and extracted with an equal volume of phenol saturated in high TE. The
aqueous phase was isolated by ceatrifugation at 20°C and re-extracted once with
phenal/chloroform and once with chloroform/isoamyl alcohol (24:1). The DNA was

precipitated, air dried briefly and resuspended in up to 200 ul of TE buffer.



FIG. 6 GENERATION OF GENOMIC FRAGMENTS FOR CLONING

High molecular weight DNA (40 pg), extracted from the 82082a cell line as descnbed
above, was digested with Mbo [ in a series of enzyme dilutions. The DNA (40 pg) was
diluted 0 0.067 pg/pl in 1X Mbo I buffer and aliquoted into 9 microfuge tubes on ice,
1/5 th of the volume into tube 1 and 1/10th into each of tbes 2-9, excluding tube 8.

Mbo I (2.5 U/pg of DNA) was added to tube 1 and mixed gendy. Half the volume of
ube ! was transferred to tube 2 and mixed gently. Subscquent two fold dilutions were
carried out to tubc 8. The tubes were incubated at 37°C for 1 h and placed on ice.
EDTA was added to 20 mM in order to stop the reaction.

For electrophoresis 10 pl of tube 1, 8 and 9 were used as controls to monitor the digestion
profile. The remainders of tube 1-8 were pooled and run in the minimum number of
wells that would hold its volume.
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2.530) Construction of Genomic library

Genomic fragments were cloned into the phage vector EMBL3 (Promega
Biotec, Madison, Wisconsin) using the protocol supplied by the manufacturer for
ligation and packaging of recombinant phage forming units. In brief 0.35 ug of

genomic insert was ligated to 2 ug of vector arms with 2.5 U of T4 DNA ligase at

21°C for 6 h before packaging (Fig. 7).

The bacterial host strain used for this library was the E. coli strain MB406.
Frozen liquid cell stocks of the cell line was established and stored at -70°C. Cells
to be used for phage infection were grown in 50 ml of L-broth supplemented with
0.4% maltose at 37°C on a shaker until the O.D., reached 0.5. The cultures were
then cocled on ice and pelleted at 4°C. The cell pellet was resuspended in 15 ml of
cold 10 mM MgS0; or SM buffer. In all cases plating cells were stored at 4°C and

used within 3 days.

The phage were plated as follows: a fixed number of phage particles was
added to 200 ul of plating cells and incubated at 37°C for 30 min. The phage and
cells were added to melted top agar (3 ml for small plates and up to 6 ml for large
plates), mixed and poured onto an L-agar plate, The layer of top agar was allowed

to solidify and the plate was incubated at 37°C overnight.



FIG. 7 GENOMIC CLONING IN EMBLJ

1) Generation of cloning fragments

Genomic fragments for cloning were gencrated as already described. In brief, cloning
fragments were generated by a scries of Mbo 1 digestions of HMW genomic DNA. The
fragments were sized by clectrophoresis and the specific size of fragments to be cloned
were isolated directly from the preparative gel. For cloning 0.35 pg of genomic cloning
DNA fragments was precipitated and resuspended in 2 pl of sterile water, heated at 52°C

for 10 min and then chilled on ice for 7 min prior to ligation.

2) Ligation of genomic fragments to EMBL3

Ligation of the genomic DNA fragments to 2 pg of vector urms was accomplished in a
final reaction volume of 10 pl with 2.5 U of T4 DNA ligase at 21°C for 6 h. EMBL3
veclor arms were obtained from Promega Biotee (Madison, Wisconsin).

3) Packaging of recombinants into viable phage

The packaging system used was obtained from Promega Biotec (Madison, Wisconsin).
An entire tube of packaging extract was added to the ligation tube, mixed and incubated
at 21'C for 2 h.

4) Storage and infection of bacteria

Packaged libraries were stored in 450 pl of SM buffer with the addition of 20 pl of
chloroform. Libraries were plated out as defined in materials and methods using the
bacterial cell line Mb406.
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2.600) SURCLONIN F INDIVIDUAL_A CLONE

Specific EMBL3 genomic clones and Agt10 cDNA clones were subcloned into
the vector PTZ19R. EMBLS3 clones were digested with either Bam HI, Eco R, or
Sal I/Eco RI while inserts from Agt10 clones were released by an Eco RI digestion.
Fragments generated from 500 ng of intact DNA were ligated to similarly linearized
dephosphorylated vector (500 ng) with 1 U of T4 ligase at 21°C for 3h. The resulting
recombinant constructs were used to transform competent E. coli DHSa bacteria by
heat shock. Transformation was performed by adding 200 ul of competent cells to
cach ligation reaction and incubation on ice for 30 min and 42°C for 3 min. 400 gl
of 2YT medium was added to each tube and the cells were further incubated at 37°C
for one h and then on ice for S min. The transformed bacteria were plated out on
LLB-Amp plates containing isopropylthio-B-D-galactoside (IPTG) and 5-bromo-4-
chloro-3-indolyl-B-D-galactoside (X-gal) and incubated at 37°C overnight. In the
selection system imposed by the plasmid, colonies with recombinant plasmids are

white while those with intact plasmid (unaltered) are blue.

Competent cells were derived from a growing culture of E. coli DH5a cells
(O.D. 0f 0.5) in 100 ml of 2YT broth. The cells were chilled on ice and pelleted
by centrifugation. The cell pellet was resuspended in 40 ml of Tfbl (30 mM KOAc,
100 mM RbCl,, 10 mM MnCl,, 15% glycerol, pH5.8) and incubated on ice for 5 min.
The cells were pelleted and resuspended in 4 mi of Tfbll (10 mM MOPS, 75 mM

CaCl,, 10 mM RbCl,, 15% glycerol, pH 5.8) and incubated on ice for 15 min. Cells
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were used directly for transformation or stored in 200 ul aliquots at -70°C and

thawed just prior to use.

2.700) 1ISOLATION OF INTACT CLONES
2.710) Preparation of plasmids

Plasmids were grown in selective medium as defined by the specific suppliers.
Plasmid DNA was extracted from 250 or 20 m! cultures using standard protocols

(Birnboim and Doly, 1979).

2.720) Agtl0 Clones

Recombinant Agt10 DNA was isolated from 10° independent clones from the
unamplified human chorioretinal ¢cDNA library using a plate lysate technique
(Maniatis er al., 1982). The extraction of phage DNA from the lysate was performed
using a modification of the protocol of Y. Myal (University of Manitoba, Department
of Physiology, Winnipeg, Mauitoba, unpublished). MB406 bacteria were infected
with phage in order to obtain high density plating on L-agar plates, incubated at 37°C
overnight, and the phage were recovered by elution into SM buffer (20 ml per plate).
The phage lysate was incubated at 37°C with DNAse (10 ug/ml) and RNAse A (100
pg/ml) for 1 h. Cellular debris was pelleted by centrifugation at 3000 rpm for 30
min at 4°C. The supernatant was isolated, NaCl was added to 1 M, PEG $000 was
added to 1% and allowed to dissolve completely and incubated on ice for 1 h, The

sample was subsequently mixed on a rotary mixer at 4°C overnight.
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Phage were pelleted by centrifugation at 11,000g for 10 min at 4°C and the

pellet was redissolved in SM (500 u! per original volume). SDS was added to 100
mM and proteinase K was added to 300 u#g/ml and incubated at 65°C for 1 h. The
sample was then extracted, once with an equal volume of phenol (saturated with TE),
phenol/chloroform and once with chloroform/isoamyl alcohol (24:1) During each
extraction the sample was gently mixed for 5 min before micro-centrifugation and
subsequent recovery of the aqueous phase. The DNA was precipitated with an equal
volume of isopropanol, recovered by spooling, washed with 70% ethanol, and

redissolved in TE,

2.730) EMBL3 Clones

Recombinant genomic EMBL3 DNA was isolated using a column technique
(Helms ef al., 1987). High titre stocks (10° pfu/ml) of each respective clone were
made by successive amplification of phage titres, Five ul of the phage stock was
dotted onto a lawn of MB406 cells on an L-agar plate and incubated at 37°C for 8
h. The area of lysis was transferred into 200 x4l of SM buffer and the phage was
eluted at 4°C overnight. 300 ul of MB406 plating cells were added to the phage
eluate and incubated at 37°C for 1 h. The total contents were transferred to 5 ml
of prewarmed L-broth supplemented with 100 mM MgSO, and incubated at 37°C for
6 h with shaking. 100 ul of chloroform was added to the culture to complete cell
lysis. An equal volume of water was added to the phage and the entire solution was

centrifuged to pellet cell debris. The subsequent supernatant was isolated.
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The supernatant was passed through a column made in a 10 ml syringe with
a sterile glass wool plug and packed with pretreated DES2 preswollen beads (DES2
was acidified to a pH of below 2 with 0.1 N HCl and then brought back up to a pH
above 7.0 by successive washes with 0.1 M Tris-HCI pH 8). 5 ml of chase buffer (10
mM Tris-HCI pH 8, 10 mM MgOAc, 60 mM MaOAc) was applied to the column
followed by 1 ml of elution buffer (10 mM Tris-HCl pH 8, 50 mM MgOAc).
Subsequently 3 additions of 0.6 ml of elution buffer were made (in these cases the

eluate from the column was isolated into separate tubes for DNA extraction).

Each tube was extracted once each with an equal volume of phenol,
phenol/chloroform and chloroform/isoamyl alcohol (24:1). In each extraction the
tubes were mixed by inversion for 5 min and the phases were separated by micro-
centrifugation for 5 min at room temperature. Subsequently S ul of phenolized
dextran, 1/10 th volume of 3 M NaOAc and 2.5 volumes of ice cold ethanol were
added to each tube. The tubes were incubated at -70°C for at least 30 min to
complete DNA precipitation. The DNA was pelleted by micro-centrifugation at 4°C
for 30 min. The supernatant was decanted and the pellet was allowed to air dry

before redissolving in 30 ul of TE.

2.800) SYNTHESIS OF DNA PROBES
2.810) Isolation of cloned DNA fragments

2.811) Isolation on glass beads: Clones were digested with specific restriction
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enzymes to release the insert from the vector under the conditions suggested by the
enzyme supplier. The digested samples were electrophoresed on a 0.7% agarose gel
using a TAE buffer system to size fractionate the DNA fragments (Mianiatis et al.,
1982). The gel was stained with ethidium bromide (1 ug/ml) and the electrophoretic
pattern was visualized on a 306 nm UV transilluminator. The fragment corresponding
to the cloned insert was cut out of the gel and retrieved by binding the DNA to glass
beads (Gene Clene™, Bio101, La Jolla, CA) in the presence of Nal, followed by the

elution into TE buffer, pH 8 (Vogelstein and Gillespie, 1979).

2.812) Paper isolation: Insert DNA was isolated using NA-45 DEAE Membrane
(Schleicher and Schuell Inc, Keene, N.H.) as suggested by the manufacturer. Clones
were digested with specific restriction enzymes and electrophoresed as above except
that ethidium bromide was added to the agarose prior to casting the gel. The
electrophoretic pattern was visualized by UV transillumination. The fragment
corresponding to the cloned insert was visualized and a piece of treated DEAE
membrane was inserted into the gel just below it. The insert fragment was
electrophoresed onto the membrane. The DNA was subsequently eluted off the
membrane in a high salt buffer (1 M NaCl, 0.1 mM EDTA, 20mM Tris pH 8) at

65°C (Dretzen et al,, 1981).

2.813) Low Melting Agarose: Clones were digested and size fractionated as described

above except that low melting agarose was used. The gel was stained with ethidium
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bromide (10 ug/ml) and the electrophoretic pattern was visualized by UV
transillumination. The fragment corresponding 10 the cloned insert was excised and
weighed. Three volumes of sterile water was added to the sample and boiled for 10

min. Before cooling the sample was divided into 50 sl aliquots and stored at 4°C.

2,814) Polymerase Chain Reaction (PCR);: Recombinant Agt10 insert DNA from
intact clones were PCR amplified (Saiki et af, 1985) using the GeneAmp DNA
amplification Reagent Kit (Perkin-Elmer Cetus, Ottawa, Ont.) and Agtl0 Eco Rl
forward and reverse sequencing primers (New England Biolabs, Waverly, MA). In

total, 25-30 cycles as described in Fig. 8 were performed.

2.820) Radioactive labeling of probes

2.821) End labeling of single stranded oligonucleotides (oligo): Oligos were end
labeled according to Sambrook et al., (1989). 100 ng of oligo was mixed with 1x
polynucleotide kinase buffer (50 mM Tris/4Cl pH 7.5, 10 mM MeCl,, S mM
dithiothreitol, 0.1 mM spermidine-HCl, 0.1 mM EDTA pH 8.0), 5 uCi y*P ATP, and
20 units of polynucleotide kinase to a final volume of 50 ul and incubated for 30
minutes at 37°C. The reaction was stopped by the addition of 1 a1 of 500 mM EDTA
and unincorporated nucleotides were removed by passing the reaction down o
Sephadex G50 spun column. Oligomers were custom synthesized by the University
of Ottawa Biotechnology Research Institute (Ottawa, Ontario). The specific activity

of the final probe ranged from 107-10° cpm/ug of DNA.



FI1G. 8 THE POLYMERASE CHAIN REACTION (PCR).

The polymerase chain reaction consists of the continuous cycling of three steps,
denaturation of the double stranded DNA template, annealing of specific DNA
primers which flank the segment of DNA to be amplified, and the 5’ elongation from
these primers to regenerate the respective second strands.

Amplification of the chorio-retinal cDNA library consisted of 25-30 cycles as defined
in the figure except that the denaturation period of the initial cycle was extended to
10 min and the elongation of the final period was extended to 13 min. The final
PCR product was extracted with an equal volume of chloroform and precipitated.
The yield of amplified DNA could be estimated by gel analysis, spectrophotometric
analysis, or addition of a[**P]dATP and a{**P}dCTP during amplification.
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2.822) Nick translation: Plasmids and genomic DNA were nick translated following
the standard procedure of Rigby ef al., (1977) using a commercially available kit
(Amersham, Oakville, Ont.). The specific activity of the final probe ranged from 10’-

10* cpm/ug DNA.

2.823) Multiprime: In initial experiments isolated DNA was oligo-labeled as
described by Feinberg and Vogelstein (1983) using a commercially available kit
(Amersham, Qakville, Ont.). In later experiments oligo labeling was performed using
the NEN Random Primer extension labeling system (NEN, Dupont, Lachine,

Quebec). The specific activity of the final probe ranged from 10%-10° cpm/ug DNA.

2.824) Depletion of repetitive sequences from probes: Two methods for depletion of
repetitive sequences were used:

i) Preassociation: Radioactive probe was mixed with an excess of sheared human
genomic DNA in the ratio of 1:10,000 probe to genomic DNA (unless otherwise
noted) in 5XSSC, The DNA mix was boiled for 10 min and incubated at 68°C for
15 minutes (Sealey et al, 1985). The preassociated probe was used directly for
hybridizations.

ii) Subtraction: Denatured multiprimed labeled probe was mixed with a maximum
of 100 ug of human genomic DNA-bound celiulose in a ratio of | to 500
(probe:DNA-cellulose) in hybridization solution (509 formamide, 0.75 M NaCl, 50
mM sodium phosphate buffer (pH 6.8), 5 1inM EDTA, 1 x Denhardt’s, 100 zg/ml
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denatured calf thymus DNA). The mix was incubated at 80°C for 2 min and then
transferred to 37°C (with mixing) for 12 h. The DNA-cellulose was pelleted and the
supernatant was isolated. The probe in the supernatant was remelted at 80°C for 10
min, cooled to 37°C and remixed with the DNA-cellulose pellet. The tube was again
incubated at 37°C for 12 h with mixing. The cycle of melting and reannealing of
probe to DNA-cellulose was carried out for 3 days. The DNA-cellulose was
prepared according to Hochgeschwender ef al,, (1989) and the specific batch of
human genomic DNA-bound cellulose used in the present study was a kind gift from

Dr. M. Brennan (Bethesda, Maryland).

2.900) ANALYSIS OF NUCLEIC ACIDS

2.910) Clone Analysis

2.911) Plaque lift analysis: Plates of the respective phage library were chilled at 4°C
for 1 h before lifts were taken. Lifts vere taken using Hybond N filte:s (Amersham,
Oakville, Ont) and  processed according to Allday and Jones (1987).
Prehybridization, hybridization, filter wash conditions and autoradingraphy were as

defined in section 2.932.

2.912) Phage dot analysis: Five ul of isolated phage stocks were dotted onto a pre-
poured lawn of competent bacterial host cells in a grid pattern. The plate was
allowed to absorb the liquid phage and was then incubated at 37°C overnight. For

further analy: s a plaque lift was taken and processed as described above (sec.2.932).
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Prehybridization, hybridization, filter wash conditions and autoradiography were as

defined in section 2.932.

2.913) Grunstein-Hogness Hybridization: Transformed bacterial colonies were
picked onto a Hybond membrane placed on top of an L-plate with ampicillin. The
colonies were allowed to grow at 37°C overnight. The membranes were then
submitted to four 5 min treatments as follows. Membranes were placed onto 10%
SDS (colony side up) and in succession transferred to solution 1 (0.5 N NaOH, 1.5
M NaCl), solution 2 (1.5 M NaCl, 0.5 M Tris-HC] pH 8.0), and solution 3 (2xSSC).
The lifts were allowed to dry before heat baking at 80°C (under vacuum) for 2 h,
Prehybridization, hybridizatior, filter wash conditions and autoradiography were as

defined in section 2.932.

2.920) Electrophoresis

2.921) RNA: RNA was electrophoresed in formaldehyde gels (Sambrook et al.,
1989). RNA samples were prepared for electrophoresis by diluting in -~ solution of
final concentration of 1xMOPS buffer (20 mM morpholinopropanesulfonic acid, 5
mM NaOAc, 1 mM EDTA, pH 7.0), 17.5% formaldeiyde, 50% deionized
formamide, followed by an incubation at 55°C for 15 min and quick cooling on ice.
If bands were to be visualized ethidium bromide was added to a final concentration
of 25 ug/ml prior to icubation. 10 ul of loading buffer (0.25% bromophoriol blue
(w/v), 0.25% xylene blue (w/v), 1ImM EDTA pH 8.0, 50% glycerol) was added to
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each sample and loaded onto a 2.5% agarose gel (made in 18% formaldehyde and
IxXMOPS buffer). Electrophoresis was carried out in a buffer consisting of 8.3%
formaldehyde and 1xMOPS buffer. Gels were run at 30 volts for 16 h. Ethidium

bromide stained samples were visualized by UV transillumination and photographed

using an orange filter and Iiford FP4 film.

2.922) DNA: DNA samples were either run intact or predigested with restriction
endonucleases. In the case of EMBL3 clones digestion was carried out essentially as
recommended by the suppliers, with the exception of the digestion time which was
extended to 6 h. Full digestion of genomic DNA was carried out overnight. In all
cases 1/10th volume of 10X TAE loading buffer was added 1o the DNA samples
and incubated at 65°C for 5 min prior to loading,

DNA samples were electrophoresed on 0.5-2.0% Tris-acetate/agarose gels
(TAE buffer system) depending on the specific experiment (Maniatas et al., 1982).
In the case of low melting agarose gels were cast and run as previously described
(Maniatis et al,, 1982). After electrophoresis the gels were stained with ethidium

bromide (1 ug/ml) and photographed as described above.

2.930) Southern analysis

2.931) Transfer: DNA samples fractionated on agarose gels were processed and
transferred directly to nylon membranes (Hybond N or HybondN+, Amersham,

Oakville, Ont) by capillary blotting using the protocols provided by the supplier.
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In the case of the Hybond N membrane, gels were pre-soaked in 0.25 M HCI

for 15 min, denatured in 1.5 M NaCl, 0.5 M NaOH for 30 min, and neutralized in
1.5 M NaCl, 0.5 M Tris-HCI pH 7.2 for 30 min prior to capillary blotting using
20XSSC as transfer buffer. When 1.5 M NaCl, 0.25 M NaOH was used as transfer
buffer, the gel was presoaked in 0.25 M HCI for 15 min and denatured in 1.5 M
NaCl, 0.5 M NaOH for 30 min before setting up for capillary blotting. In both cases
the transfer was carried out overnight and the final blot was baked at 80°C under

vacuum for 2 h prior to prehybridization.

In the case of Hybond N+, gels were soaked in 0.25 M HCI for 20 min prior
to capillary blotting using 0.4 N NaOH as transfer buffer. Blotting was carried out

for 2-3 h. The resultant blot was immediately ready for prehybridization.

2.932) Hybridization: Prioi to hybridization, blots were prehybridized in 6XSSC,
5xDenhardt’s solution, 0.5% SDS and 3 mg of heat denatured sonicated calf thymus
DNA at 65°C for 4 h. Hybridization was carried in the same buffer with 100 ng of
denatured radiolabeled probe at 65°C for 24 h. In cases when the amount of
radiolabeled probe was jow 10% dextran sulphate was added to both the
prehybridization and hybridization solutions to enhance the degree of hybridization,
In cases where the probe to be used was derived from a EMBL3 genomic clone, the
probe was pre-annealed to 100 ug of total human DNA at 65°C for 15 min prior to

incubation with the blot. Filters were subsequently washed at 65°C (two washes in
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2 x SSC for 15 min, one wash in 2 x SSC and 0.1% SDS for 30 min). A final high

stringency wash in 0.1 x SSC for 10 min at 65°C was included as required. Blots were
wrap;ed in plastic and autoradiographed using Cronex X-ray film in a Kodak X-

Omatic X-ray cassette with intensifying screens.

2.940) Slot blot analysis;

The slot blot apparatus supplied by Schieicher and Schuell Inc (Keene, N.H.)
and the manufacturer’s instructions for DNA samples were used. The resultant slot
blot filter was baked at 80°C for 2 h. Prehybridization, hybridization, filter wash

conditions and autoradiography were as defined above (section 2.932),

2.950) Nucleic acid sequencing:

Sequencing was performed by the chain termination method (Sanger, Milken
and Coulson, 1977) in the presence of a[*S}-dATP and T7 and SP6 primers, using
Sequenase™, a modified version of the T7 DNA polymerase (Tabor and Richardson,
1987). Samples were run on 6-289 polyacrylamide, 8M urea gels at 50W, 2000 V, and
30mA for 2.5-5 h. The DNA was fixed within the gel with 5% methanol, 5% acetic
acid prior to drying. Autoradiography was performed at room temperature using
Cronex-4DC film and a single intensifying screen. Computerized analysis of the

sequences obtained and comparison with the GenBank database were performed

using Microgenie™ computer software (Queen and Korn, 1984) (Beckman,

Mississauga).
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2.960) S1 Nuclease Protection Assay:
The protocol used is essentially as defined by Sambrook et al, (1989). A

minimum of 1 ug of total RNA in 30 ul of hybridization buffer (40 mM PIPES pH
64, 1 mM EDTA, 04 M NaCl, 80% deionized formamide) was mixed with
approximately 1x10° to 1x10° cpm of labeled oligomer probe. The mix was heated
at 85°C for 10 min and then allowed to hybridize at 30°C overnight. The reaction was
chilled on ice and 300 ul of pre-chilled S1 buffer (0.21 M NaCl, 5 mM NaOAc pH
4.5, 4.5 mM ZnSO,, 20 ug/ml single stranded DNA, 200 U/ml S1 nuclease) was
added. The S1 nuclease digestion was performed by incubating the reaction at 37°C
for 2 h, The reaction was chilled on ice and 80 ul of stop buffer (4 M NH,OAc, 50
mM EDTA, 50 ug/ml yeast tRNA) was added. The reaction products were
precipitated and the pellets were redissolved in sequencing loading buffer and

analyzed on a 6% polyacrylamide sequencing gel.
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PTER THREE
ISOLATION OF CHORIO-RETINAL RNA AND THE

SYNTHESIS OF ¢cDNA LIBRARIES
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3.000 INTRODUCTION

At the inception of the present project in 1986 no known human chorio-retinal
cDNA libraries were available; this necessitated the need to construct one for the
present study. Later in that year however Nathans and co-workers published their
work on the isolation of the human opsin genes in which they had made and
screened such libraries. In the last three years other groups have made retinal cDNA
libraries and such libraries are now commercially available. The chorio-retinal
library generated in the present study represents one of the first libraries for the

human eye.

3.100) RNA
3.110) RNA Yield

The isolation of intact RNA from human choroid/retina tissue depends greatly
on the ability to obtain fresh tissue. On samples obtained approximately 6 h post
mortem the yield of total RNA is approximately 200 + 70 zg per pair of human
choroid/retinas (Table 1). The yield of total RNA on retina samples obtained 12 h
or more post mortem and samples which were initially snap frozen without
predissection of vitreous material gave lower yields (not shown). Although the
LiCl/urea method for RNA isolation has bee'n used successfully in the isolation of
RNA from many tissues the present application is the first with human

choroid/retina tissue. As such, it is a necessity to verify the quality of the RNA.



TABLE 1  SUMMARY OF TOTAL RNA YIELDS EXTRACTED FROM HUMAN
CHORIOD/RETINA SAMPLES,

Tissue samples used for extraction were flash frozen in liquid nitrogen within 6 hours
post mortem and stored at -70°C until needed. Total RNA was extracted using a
LiCl/urea method (Auffray and Rougeon. 1979; Tenniswood and Simpson, 1982).
RNA yields from 11 independent extractions have ranged from 136 ug of total RNA
per human choriod/retina sample to 294 g RNA per sample. The mean yield of
total RNA extracted was determined to be 207 ug of RNA with a standard deviation
(sd) of 66 ug per individual choriod/retina sampie. One sample consists of a pair of
choriod/retinas isolated from the same donor.



# RETINA TOTAL RNA YIELD(®) RNA YIELD PER
SAMPLES i _ AMPLE(;g)
1
2
3
4
s 1 152 152
6 1 138 138
7 1 246 246
8 1 284 84
9 1 146 146
10 1 160 160
11 1 174 174
SAMPLE SIZE (N) 11
MEAN YIELD 207
I I N S S S
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3.120) Integrity of the Total RNA extracted
Total RNA consists of rRNA, tRNA, hnRNA as well as mRNA species. The

two most prominent RNAs are the 28 and 18S ribosomal subunits which are clearly
visible upon denaturing gel analysis (Fig. 9). General degradation will affect the RNA
pool as a whole and any signs of degradation of total RNA can be reflected visually
in the integrity of the 28S and 18S bands. The tightness of the 28S and 18S bands of
the chorio-retinal total RNA extracted suggest that there is no evident degradation
thus demonstrating that the LiCl/urea method is satisfactory for isolation of intact

RNA from human choroid/retina tissue.

3.130) Analysis of translation products

The functional integrity of the total chorio-retinal RNA was tested by
translation in an in vitro translation system and analysis of the translation products,
Discrete protein bands are present in both the PAGE (Fig. 10) and 2 dimensional
gel analysis (Fig. 11) of chorio-retinal translation products. In the SDS-PAGE
analysis proteins are separated solely on the basis of molecular weight. In the 2
dimensional analysis proteins are first separated on the basis of isoelectric focusing
points and then according to molecular weight. The control reaction for the in vitro
translation assay is to run the system without the addition of RNA, Analysis of this
control reaction reveals the translation products inherent to the reticulocyte system
which represents the background of the system (Fig. 10, lane 1). Analysis of the in

vitro translation products of chorio-retinal RNA by both methodolugies revealed



FIG. 9 ANALYSIS OF TOTAL HUMAN CHORIO-RETINAL RNA BY
FORMALDEHYDE GEL ELECTROPHORESIS,

Tota! RNA (10 ug) isolated from 8 independent samples was visualized in a 1%
formaldehyde gel after ethidium bromide staining, Electrophoresis was carried out
at 30V for 16 h as defined in material and methods.

The two most prominent RNA bands are the 28S and 18S ribosomal bands. In all
cases they present as tight discrete bands without any signs of degradation, thus
inferring that the method of RNA isolation permits the structural preservation of the
chorio-retinal RNA.
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CHORIO-RETINAL TOTAL RNA




FIG. 10 PAGE ANALYSIS OF CHORIO-RETINAL RNA in vitro TRANSLATION
PRODUCTS.

Chorio-retinal RNA was translated using a mRNA dependent rabbit reticulocyte
lysate system. Shown here are translation products from two independent translation
reactions which were analyzed on 10% SDS slab gels under denaturing conditions.
The lysate contro! represents the inherent translation products of the reticulocyte
lysate system used and is generated by running an translation reaction without the
addition of any external RNA. In each case approximately 10° cpm of translation
product was loaded per lane.
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IN VITRO TRANSLATION

PRODUCTS OF




FIG. 11 TWO DIMENSIONAL PAGE ANALYSIS OF CHORIO-RETINAL jn vitro
TRANSLATION PRODUCTS.

A representative two dimensional PAGE analysis of chorio-retinal RNA translation
products is shown here, The first dimension was performed in an isofocusing tube
gel using LKB pH 3-10 ampholines followed by a second electrophoresis on a 15%
SDS slab gel under denaturing conditions. In total 3 x 10° cpm of translation product
was Joaded onto the isofocusing tube gel. The background bands inherent to the
reticulocyte lysate system have been boxed in; the background indicated was
determined by two dimension PAGE analysis of reticulocyte lysate translation
products without addition of external RNA (gels not shown).
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discrete protein bands indicating that the chorio-retinal RNA isolated was

functionally intact.

3.140) Isolation of chorig-retinal poly(A)+ RNA

Because of the relatively low amounts of total RNA extracted per retina pair,
total extracted RNA from several samples were pooled prior to the isolation of poly
(A)+ RNA. The yield of poly(A)+ enriched RNA from total RNA using the
oligo(dT)-cellulose methodology was approximately 29%-5%. The electrophoretic
profile of both the poly(A)+ and the poly(A)- fractions are presented in Fig. 12. As
stated earlier the two most abundant RNAs are the 28S and 18S ribosomal subunits.
These two RNAs segregate into the poly(A)- fraction. The level at which they
remain in the poly(A)+ fraction is therefore a measure of the efficiency of the
separation procedure. As is evident in lane 2 of Fig. 12 (poly(A)+ sample) both the
bands that correspond to the 28 and '8S bands that are very prominent in the
poly(A)- lane are not detectable over the intensity of the other species of RNA in

that fraction.

3.200) cDNA: INTRODUCTION

A cDNA library represents a clone bank of the expressed messages within a
given tissue. The generation of such a library consists of the isolation of high quality
total RNA and poly(A)+ RNA, synthesis of a cDNA copy of each RNA species and

the subsequent incorporation of this cDNA into a vector.



F1G. 12 ANALYSIS OF THE POLY(A)- AND POLY(A) + FRACTIONS ISOLATED
FROM TOTAL HUMAN CHORIO-RETINAL RNA,

Total chorio-retinal RNA was fractionated into a poly(A)- and poly(A)+ fraction by
oligo-(dT) cellulose chromatography. Shown here is the electrophoretic analysis of
10 ug of the poly(A)- fraction and 5 ug of the poly(A)+ fraction. Electrophoresis
was carried out in a 1% agarose gel using a formaldehyde buffer system for 16 h at
30 volts.

In general the poly(A)+ fraction represents a RNA fraction enriched in mRNA
species, while the poly(A)- fraction represents a mRNA depleted fraction. What is
clear from the analysis is that the 28S and 18S ribosomal sequences clearly segregate
into the poly(A)- fraction and appear as discrete bands, thus indicating that the
structural integrity of the RNA has been preserved. In addition visualization of the
18 and 28S bands cannot be observed above the RNA smear in the poly(A)+
fraction suggesting that the method of fractionation is efficient.
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VNH+(V)A
VNH -(V)A
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3.210) Synthesis of ds-cDNA and size fractionation

6ug of poly(A)+ RNA was used as template in the synthesis reaction. Based
on the amount of incorporated radioactivity in the resulting sample it was calculated

(using equation 1) that approximately 500 ng of ds-cDNA was synthesized.

EQUATION 1
ds-cDNA (ng) = nmole cold JNTP added x 326 x total counts x 4
yield uCi dNTP used x 2.2 x 10°

= 30nm x326 x 1.3x10° x4

50uCi x 22x10°

= 470 ng ds-cDNA

The synthesized ds-cDNA was size fractionated prior to cloning in order to
assure that only longer sequences would be cloned. The elution profile demonstrates
that the first peak of ds-cDNA was eluted from the column between fractions 7-15
(Fig. 13). These fractions were pooled, precipitated and used for the cloning
experiments. In total 260 ng of size fractionated ds-cDNA was recovered for further

manipulations.

In order to determine the average size of the pooled fractions isolated above,
1 ul of the pooled eluate was electrophoresed (Fig. 14). From this analysis it was

determined that the size of the fractionated ds-cDNA isolated ranged from 200 bp



FIG. 13 THE ELUTION PROFILE OF SIZE FRACTIONATED ds-cDNA

Prior to cloning the ds-cDNA was size fractionated on a Sepharose 4B column. One
drop fractions were collected and radioactivity was measured by the Cerenkov
method in a nuclear Chicago Isocap 300 scintillation counter. The data is presented
as the percentage of recovered radioactivity versus fraction number. The bulk of the
radioactivity elutes in two peaks. One which spans from fraction 7 to 15 and a
second one which spans fractions 19-22. The early peak harbors the larger ds-cDNA
species and as indicated by the region highlighted in grey. Fractions 7-15 were
pooled and used for the cloning procedure.
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FI1G. 14 DETERMINATION OF THE AVERAGE LENGTH OF ds-cDNA IN THE
SIZE FRACTIONATED ds-cDNA POOL.

In order to determine the average length of the ds-cDNA to be used for cloning 1
ul of the pooled fraction gathered after fractionation on a Sepharose 4B column was
sized by electrophoresis on a 2 % agarose gel using a TAE system. The gel was
dried down under vacuum on a Savant gel drier and autoradiographed. Analysis of
the autoradiograph shows that the length of ds-cDNA synthesized ranged from 200
bp up to 2000 bp. The average length is approximately 500 bp. Hind IIl digested
ADNA was used to generate a molecular size marker during electrophoresis and was
visualized after ethidium bromide staining and UV transillumination prior to the
drying down of the gel.
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to 2000 bp with au average length, based on the maximum intensity on the

autoradiograph, of about 500 bp.

3.220) Cloning into the vector
The ds-cDINA at this point was biunt ended. However, since the cloning of
blunted ended sequences is not efficient, Eco RI linkers were added to the ends of

ds-cDNA and the modified ds-cDNA was shuttled into the Eco RI Agt10 cloning site

(Fig. 5). In total, starting from 6 ug of poly(A)+ RNA, 180 ng of ds-cDNA with

activated Eco Rl linkers was recovered.

Approximately 50 ng of ds-cDNA was used in single ligations to insert into the
Eco Rl site of Agt10 arms (1 ug) which were subsequently packaged in vitro into
viable phage. In total three such libraries and an additional arms control library
(arms library) were made. The arms library was constructed exactly as the retinal

cDNA libraries except that addition of chorio-retinal cDNA insert was omitted.

In the Agt10 cloning system the Eco Rl insertion site occurs within the phage
repressor gene (cl-). In the normal bacteriophage life cycle it is the expression of this
gene that determines that the phage takes the lysogenic pathway of integration. When
a sequence is inserted into the Eco Rl site it disrupts the cI- gene and inactivates it.
In the absence of cI- expression the lytic pathway of phage integration is favoured.

In a permissive cell host (L87) cI+ phage will undergo lysogeny giving rise to turbid
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plagues while cl- phage will favour the lytic pathway and give rise to clear plajues.
The L87 titre therefore represents the total end products of the cloning procedures,
the majority of which are religated parental Agt10. However selective cell strains
(NM514) with the Hfl+ mutation more effectively differentiate between cl- and cl+
phage. When a Hfl+ (high frequency lysogeny mutation) bacteria is infected with
cl+ phage, the majority of cI+ phage are repressed to the extent that plaque
formation is repressed, cI- phage however undergo the lytic pathway of infection with
normal efficiency (Huynh et al., 1985). Plating the libraries on a Hfl+ cell line

decreases the background of non recombinant plaques.

3230) Initial characterization of the Jibrary

For the initial analysis, Each of the libraries were titred on both the L87
(permissive) and NM514 (selective) bacterial host cell lines (Table 2). The titres of
the arms library gives an indication that the biological selection system of NM514 is
active but not 100% efficient, The NM514 titre (2.0 x 10° pfu/ml) is however much
lower than the L87 titre (5.1 x 10° pfu/ml); the ratio of the arms library L87 to
NMS14 titres (arms selective ratio) represents the proportion of cI+ phage clones
that escape the NM514 selection process. The arms selective ratio is a constant for
all the libraries made using the same batch of Agt10 arms and packaging extracts.
As such the ratio can be used to estimate the non recombinant phage (cI+) back-

ground in each of the retinal cDNA libraries constructed. Since the L87 titres are



TABLE2  TITRATION OF CONSTRUCTED HUMAN CHORIO-RETINAL
¢DNA LIBRARIES.

In total 3 cDNA libraries derived from human chorio-retinal poly(A)+ RNA were
constructed in Agt10. The bacterial cell lines NM514 and L87 were used as the hosts
for infection in the determination of phage titres. The average titres of these
libraries is 2.0x10° pfu/ug of ds-cDNA insert or 1.0x10° pfu/ug of vector. The
combined libraries consists of approximately 3.1x10° independent clones.

The controls for the cloning experiments included:

1. The packaging of intact gt10 phage DNA (intact phage) in order to test the
packaging efficiency of the system.

2, The ligation and packaging of the vector arms alone (gt10 arms) to determine
the inherent background of the system.
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DNA SOURCE INTACT 2116 ARMS CHORIO- CHORIO- CHORIO-
PHAGE RETINAL RETINAL RETINAL
cDNA cDNA cDNA
INSERT DNA 500 ng —-- 50 ng 50 ng 50 ng
|| gtld ARMS e 1lug 1pg 1ug 1ug
L87 TITRE 5.0x10° 5.1x10° 2.2x10° 1.6x10° 1.4x10°
pfu/pg VECTOR
NMS514 TITRE 1.2x10° 2.0x10° L1x10° 1.1x10° 0.9x10°
pfu/yug VECTOR
| L87/NM514 RATIO 431 255 2 15 16
BACKGROUND —— - 862 627 549
pfu/pg VECTOR
ADJUSTED TITRE _— —- L1x10° 1.1x10° 0.9x10°
pfu/pg VECTOR
" %RECOMBINANT - - 98.2 9.1 989
pfu/pg <DNA - e 2.2x10% 22x10° 1.8x10°
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predominantly religated cI+ parental Agt10 phage, the NM514 ¢l + background can

be estimated by using equation 2. The number of true ¢I+ recombinants in each
library plated on NM514 can therefore be estimated using equation 3 and the final
cloning efficiency can be calculated using equation 4, The percentage of
recombinants of each library when plated on NM514 can be calculated using

equation 5. Results are summarized in Table 2.

EQUATION 2

NM514 cl+ = L87 titre
background Arms selective ratio

EQUATION 3

# true recombinants = NMS514 titre - NM514 cl+ background
plated on NM514

(#TR)

EQUATION 4

Cloning efficiency = #TR x 1000
per ug cDNA ng cDNA used

EQUATION §

% recombinant clones= #TR X 100
(cl-) NMS514 titre
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3.240) Physical verification of cloning

In order to determine the physical background of non-recombinants, 11 clones
from the chorio-retinal cDNA library were taken at random and submitted to PCR
amplification. Of these 11 clones 10 were found to have inserts ranging from 200 bp
up to 1 kbp. In order to acquire a better evaluation of the insert size profile of the
library, 1 ng of DNA isolated from a plate lysate of the entire library was PCR
amplified and electrophoretically analyzed (Fig. 20, chapter five). On the basis of

the PCR profile the majority of inserts range from 200bp to 1000bp.

3.250) Theoretical considerations
The typical cell has an estimated 37,000 independent mRNA speéies

(Williams, 1981). These individual species can be categorized according to their
relative abundances within the cell. mRNA sequences which exist at 12,000 copies
per cell are considered to be abundant sequences, those which exist at 300 copies per
cell are categorized as middle abundant sequences, while sequences less than 15
copies per cell are viewed as rare messages (Alberts ef al., 1983). The exact number
and type of unique expressed sequences and their relative abundance will vary from

cell type to cell type.

In the rodent retina the sequence complexity of expressed sequences has been
estimated to be approximately 10,000 unique messages (Susan Lindsay, Newcastle,

England, personal communication). If this is the case then, one might expect to be
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able to find any expressed sequence within a minimum of 10,000-37,000 clones from
a retinal cDNA  library if all unique sequences have an equal chance of being
cloned. However, because of the differences in relative abundances of different
mRNA species, abundant sequences will have a higher probability and a higher
frequency of being cloned than rare sequences. In order to ensure the representation
of any sequence irrespective of its abundance a minimum number of clones that must

be present can be estimated using equation 6 (Clarke and Carbon, 1978).

EQUATION 6

N = In‘ !-E)
in [1- (1/n)]

P=  the probability of obtaining a given sequence
n=  the minimum number of clones to be representative of the mRNA population

N= the number of clones needed to be representative of the mRNA population

To ensure that a given low abundant sequence is present in the population of clones
(within a 99% probability) it is necessary to have between 4.6 x10* - 1.7 x10° clones.
As shown in Table 2 there are a total of 3.1 x 10° clones in the three human chorio-
retinal cDNA libraries constructed, roughly twice the upper limit of clones necessary

to ensure full representation of expressed sequences.
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3.260) The cDNA libraries are representative

It is difficult to determine whether the libraries are truly representative of the
mRNA population. One of the few groups of messages that have been well studied
at the molecular level in the retina are the opsins. The most abundant of the opsins
is rhodopsin which has been estimated to represent 0.5-1 % of the mRNA population
of the human retina (Nathans et o!., 1986a; Mclnnes et al., 1988). The red and green
opsins are slightly less abundant. These two genes are highly homologous to each
other and are expressed at a level which is approximately 10-20 times lower than that
observed for rhodopsin (Nathans et gl., 1986a). In order to determine whether the
present retinal cDNA library was representative, the distribution of the red and green
opsins was examined. A clone, HS7, corresponding to the cDNA sequence of the red
pigment gene was used to screen a small portion of the unamplified chorio-retinal
library. The relative abundance of the red opsin sequence in the library was
determined to be roughly 0.1 %, a number which agrees with previous estimations

(Nathans et al., 1986a).
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CHAPTER FOUR
SYNTHESIS OF A HUMAN X-SPECIFIC GENOMIC LIBRARY
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4.000) NA FOR | BRAR

The human genome spans approximately 3.3 x 10° nucleotide base pairs and
is organized into 23 discrete chromosomal units. The human X-chromosome
represents 5.84% of the genetic material (Maynard-Smith et al., 1961). Since we were
attempting to isolate X-linked retinal sequences we decided to limit the genetic
region to be manipulated to only that of the X-chromosome. This was achieved by
the use of the human hamster hybrid somatic cell line 82082a as the DNA source for
the genomic libraries made. 82082a consists of a single human X-chromosome in a
hamster genetic background (Riddell et al., 1986). The added advantage of this
particular line is that it also lacks intact hamster X-chromosomes (H.S.Wang, Ottawa,
Ont, personal communication). Although human chromosomes are lost at random in
such somatic cell hybrids the human X chromosome can be selected for by growing
the cells in HAT medium. In such a medium expression of the human hypoxanthine
phosphoribosyltransferase, a gene locus present on the human X-chromosome is

required, ensuring a continued selection for the human X-chromosome.

4.100) BACTERIOPHAGE LAMBDA BIOLOGY

The vector chosen for the present study was EMBL3 which is a lambda phage
based replacement vector. In this vector enzymatic cleavage of the vector DNA
generates three distinct regions, a left and right arm which represent the genetic

information required for propagation of the phage and a middle fragment (stuffer
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region), which can be replaced by non-lambda DNA, In general, recombinant phage
molecules which are smaller than 78% or larger than 105% of the native phage
genome size are not packaged into viable phage efficiently. Since the normal phage

genome size is approximately 50 kb this places a restriction of 9-23 kb as the size of

foreign DNA that can be inserted into the vector.

An added advantage to using the EMBL3 vector is its inherent high cloning
efficiency without the requirements for a recombinant permissive host, which have
been implicated in selecting against the cloning of certain types of sequences
(Wyman et al., 1986; Frischauf er al., 1987). In the present study the bacterial cell

line MB406 which is a recombinant non-permissive host was used in the propagation

of the EMBL3 library.

4.200) INSERT ISOLATION
4.210) Theory

Generation of a representative genomic library relies on the ability to clone
and maintain a total genomic set of random genomi~ DNA fragments. Generation
of such cloning fragments is maximized by mechanical shearing of DNA. However,
since the efficiency of cloning such fragments is not very high, most methods rely on
the generation of quasi-random fragments by partial digestion of DNA with
restriction enzymes that cleave the target DNA frequently. Under normal

circumstances a digestion profile of HMW DNA is performed in order to determine
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the conditions at which the maximum number of fragments are present at the
fragment size of choice for cloning (9-23 kb). When this parameter is known a large
scale digestion under those conditions is performed. The resulting fragment pool is
size fractionated by either density gradient centrifugation or preparative gel
electrophoresis to select those fragments whose size is suitable for cloning, Although
this method is widely used to prepare genomic libraries it is questionable whether
it gives the best representation of the genome. The basic assumption in the
rationale of the restriction generated fragment profile is that the number of
restriction sites for a frequent cutting 4-mer enzyme such as Mbo I is equally and
randomly distributed in the genome, therefore giving an expected restriction site once

every 256 base pairs.

The recognition site for Mbo I is GATC, and the frequency at a statistical
level will rely on the GC content of a specific region of the genome. The GC
content of genomic DNA is known to vary from region to region from as much as 73
to 22% (Normore et al., 1976, Bernardi et al., 1985; lkemura et al., 1990). The
repetitive DNA in higher eukaryotes further biases restriction site representation
(Tartoff, 1975). In addition endonuclease activity also varies greatly with the DNA
substrate and activity for each site can be modified by neighbouring sequences
(Brooks 1987). 1t is likely that certain regions of the genome will have more Mbo
I sites than others and that the susceptibility of any specific site to endonuclease

digestion will vary. If this is the case then each genomic region (and in fact each site)
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will have its own set of individual optimal digestion conditions. Thus, the use of a
single optimized digestion condition to generate genomic fragments for insertion is

unlikely to produce a representative collection of genomic fragments.

In order to account for these variables, a modification in the approach of
genomic insert isolation was made in the present study. Instead of a single set of
optimized digestion conditions an entire digestion profile was performed on small
amounts of HMW genomic DNA from the hamster/ human X hybrid cell line $2082a
(Riddell et al., 1986) and the entire profile was pooled. Fragments of 17-23 kb were
then isolated from this mix by manual insert isolation following low melting agarose
electrophoresis. In addition the insert size used was a minimum of 17 kb, to ensure
that DNA fragments that are cloned represent single fragments, and not the cloning

of two independent DNA fragments that have been ligated together and cloned.

It is difficult to show unequivocally whether the precautions taken in the
making of the 82082a library are warranted. However the recent cloning of the 5’
end of the human prolactin inducible protein gene (PIP) has suggested that the
genomic cloning methodology defined in this thesis may enhance the cloning of
sequences previously defined as unclonable sequences (Myal et al., 1991). In a
number of screening experiments with a partial PIP clone the 5’ end of the gene was
not found to be represented in a total of five independent human genomic libraries

constructed using standard methodologies and using a recombination permissive host,
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this included a commercially available EMBL3 genomic library made with genomic
fragments generated by a partial Mbo I digestion. The screening of an amplified
EMBL3 human genomic library made using the modified methodology (defined in

the present thesis) identified a single phage clone encompassing the entire PIP gene.

The modifications used in the present methodology included the use of a
recombination non-permissive host and the manner in which the inserts are isolated.
A fundamental question therefore is whether the presence of the 5’ end of the PIP
gene in the library is due to the use of the recombination non-permissive host or due
to the method of insert isolation employed. If the maintenance of the 5’ end of PIP
is due to the use of a recombination non-permissive host then placing the clone with
the 5’ end into a bacterial host that allows recombination should result in the
eventual loss of the 5’ end fragment. Studies in which the 5’ end PIP clone has been
propagated in a recombination permissive host for at least two generations has not
resulted in the loss of the 5’ fragment (Wong et al., 1991). It would appear therefore
that the insert isolation technique employed is the major factor in the successful

cloning of sequences that might not otherwise be cloned.

4.220) Isolation of DNA fragments from 820823
In general 20-40 ug of HMW genomic DNA was digested by Mbo I as

described in methods and analyzed by agarose gel electrophoresis (Fig. 15 A). The

gel area corresponding to 17-23 kb fragments was excised from the unstained pooled



FIG. 15 ANALYSIS OF THE GENOMIC FRAGMENTS TO BE USED FOR
CLONING.

Panel A; The DNA fragments generated by Mbo I digestion (FIG. 6) were
electrophoresed in a 0.5% LMA gel using TAE as buffer. Electrophoresis was carried
out at 4°C at 40 V for 16 to 18 h. Analysis of DNA from tubes 1, 8, and 9 of the
digestion profile give an indication of the efficiency of the digestion over all. Tube 9
represents undigested DNA. Tube 1 should show a high degree of digestion as this is the
tube with the highest concentration of restriction enzyme while tube 8, with the lowest
concentration of enzyme, should show much less evidence of restriction. Shown are lanes
1-5 which consisted of control lanes which have been ethidium bromide stained.

Lane 1: [ pg of intact lambda DNA

Lane 2: 10 ul of intact genomic DNA (tube 9)

Lane 3: 10 pl of DNA mix from tube 1

Lane 4: 10 pl of DNA mix from tube 3

Lane 5: 1 pg of Hind IlI digested lambda DNA

The remaining lanes (not shown) consisted of the pooled sample, which was loaded into
the minimal number of wells that would hold its volume. These lanes which were to be
used for the generation of cloning fragments were not at any time stained with ethidium
bromide.

Panel B: DNA (350 ng) recovered for cloning has been electrophoresed in 0.9% agarose
using TAE as buffer (lane 2). The insert migrates as a tight band, indicating very little
degradation if any, in the size region from which it was initially isolated (between the 23
and 9 kbp fragments of the Hind 1II digested ADNA standards, lane 1 and 3).
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38

DNA lanes and the DNA was extracted. On average 5-10% of the initial starting
HMW DNA were recovered as clonable fragments. A second gel was run on the

recovered cloning fragments to ensure the quality and size of the DNA (Fig. 15 B).

4.300) SYNTHESIS OF 820823 GENOMIC LIBRARY

For the construction of EMBL3 genomic libraries 0.35 ug of this DNA was
ethanol precipitated and cloned according to protocols from the supplier (Promega
Biotec, Madison, Wisconsin). Several libraries were constructed using these protocols

and on average the titres of these libraries were 2.1x 10° pfu/ug insert (Table 3).

4.310) Average insert size

Because of the nature of the vector system all phage constructs within the
library will contain an insert, Specific clones from the library were analyzed to
determine the average insert size within the library (Fig. 16). In all cases inserts
were liberated from the vector by a prolonged Sal I digestion. A number of clones
appear to consist of at least two different independent phage recombinants, the

majority of clones, however, contain a single insert, with an average insert size of 19

kb (Table 4).

4.320) 82082a library consists of hamster and human clones
82082a consists of a single human X chromosome in a tetraploid hamster

genetic background. The hamster genetic component of 82028a is estimated to be



TABLE 3  TITRATION OF CONSTRUCTED 82082a GENOMIC LIBRARIES.

In total 3 genomic libraries derived from 82082a genomic DNA were constructed in
the A phage based vector EMBL3. The bacterial cell line MBA406 was used as the
host for infection. The average titres of these libraries is 2.1x10° pfu/ug of genomic
insert or 3.7x10° pfu/ug of vector. The combined libraries consists of approximately
1.1x10° independent clones.

The controls for the cloning experiments included:

1. The ligation and packaging of the vector arms alone (EMBL3) to determine
the inherent background of the system.
2. The ligation and packaging of a 16 kbp genomic control insert to test the

ligation efficiency and packaging efficiency of the cloning system.
3. The packaging of intact phage DNA (cI857 Sam 7 DNA) in order to test the
packaging efficiency of the system.
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FIG. 16 ELECTROPHORETIC ANALYSIS OF INSERT SIZES FROM
INDEPENDENT CLONES ISOLATED FROM THE 82082a GENOMIC
LIBRARY.

An aliquot of the 82082a genomic library was used to infect MB406 bacterial cells and
low density plating was performed. A number of plaque isolates were taken. DNA was
extracted from each of the isolates. Inserts from thirteen 82082a genomic clone isolates
were released from the vector by prolonged Sai | restriction Jigestions. Electrophoresis
of the digested products was carried out in (,$% agarose gel using a TAE buffer
system. Bands were visualized under UV iransillumination after ethidium bromide
staining. Bands migrating consistently throughout the lanes at approximately 20 and 9
kbp represent the left and right EMBL3 vector arms respectively. The sizes of inserts
observed ranged from 20 kbp (lanes 9. 10. 12. 13) 10 8.6 kbp (lane 7, the second band).
In a number of instances (lanes 3, 6, 7. 10.12. and 13) a minimum of two distinct
recombinants werc evident. An analysis of individual insert sizes is presented in Table
4. In all cases 1 pg of digested DNA has been loaded per lane.
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TABLE 4 MOLECULAR SIZING OF CLONE ISOLATES TAKEN FROM THE
82082a GENOMIC LIBRARY.

Genomic inserts from each isolate were liberated by a prolonged Sal I digestion. The
molecular size was determined from the electrophoretic profile of the digested DNA
(Fig. 16). A summary of the determined insert sizes is presented in this table. Ina
number of cases specific isolates appear to contain two independent insert bands.
Because the EMBL3 vector is limited to accepting genomic fragments ranging in size
from 9-23 kbp in length, a number of the isolates with two inserts consist of two
distinct recombinants while others are more likely to consist of a single recombinant
sequence with an internal Sal I site. In total 19 distinct recombinants, ranging in
insert sizes from 8.6 to 20 kbp, were observed. The average insert size observed was
17.9 kbp with a standard deviation of 2.6 kbp.
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LANE IN FIG. | BAND SIZES APPARENT CLONE SIZE (Kbp)

16 (Kbp)

1 125 1 CLONE 1A: 185
6.0

2 174 1 CLONE 2A: 174

3 19.1 2 CLONE 3A: 191
158 CLONE 3B: 158

4 174 1 CLONE 4A: 174

5 174 1 CLONE 5A: 174

6 19.1 2 CLONE 6A: 19.1
174 CLONE 6B: 174

7 19.1 1 CLONE 7A: 191
86 CLONE 7B: 86

8 174 .1 CLONE 8A: 174

9 200 1 CLONE 9A: 200

10 20.0 2 CLONE 10A: 200
158 CLONE 10B: 158

11 158 1 CLONE 11A: 183
2.5

12 200 2 CLONE 12A: 200
19.1 CLONE 128B: 19.1

13 200 2 CLONE 13A: 200
191 :
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9 times (9009%) that of the human genome, while the human X chromosome
represents 5.84% of the human genome. Thus the ratio of human DNA to hamster
DNA is roughly 1:154. If all clones are of the same size then one should find one

human genomic clone for every 154 82082a clones screened (0.66 %).

Human and hamster clones are differentiated from each other by screening
the library with radiolabeled total human genomic DNA to identify human clones
and total hamster genomic DNA to identify hamster specific sequences (Fig. 17).
The detection system is based on the presence of species specific repetitive DNA in
the clones (Gussella et al., 1980; Korenberg et al., 1987). In total 8000 clones from
the 82082a library were screened with radioactively labeled total human genomic
DNA. Fifty one clones were found to hybridize with the human probe, the remaining
clones that did not hybridize with the human probe were assumed to be of hamster
origin, The expected frequency of human clones in the 82028a library is 0.66%. The
observed number of human hybridizing clones is 51 in 8000 screened. Application
of a goodness of fit test, with 95% confidence limits (Table 5), reveals that the
observed frequency of human clones is in agreement with the expected frequency.
It would appear therefore that the human and hamster fragments in the cloned
library are representative of the genomic DNA pool with no species preference in

the cloning procedure.



FIG. 17 SCREENING OF THE 82028a GENOMIC LIBRARY FOR HUMAN
SEQUENCES.

Panel A: A plaque lift of approximately 1000 genomic clones was screened with nick
translated human genomic DNA (specific activity; 10° cpm/ug). Labeling,
hybridization and wash conditions were as defined in material and methods.

Panel B: A duplicate plaque lift was subsequently screened with nick translated
hamster genomic DNA (specific activity: 10° cpm/ug). Areas which are circled
represent plaques which show hybridization with both the human genomic and
hamster genomic probes. Areas which are circled and indicated by an arrow
represent clones which hybridize with the human probe only.
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TA\BLES SUMMARY OF A GOODNESS OF FIT TEST BETWEEN THE
OBSERVED DISTRIBUTION OF HUMAN CLONES AND THE
EXPECTED DISTRIBUTION OF HUMAN CLONES IN THE 82082a
HYBRID GENOMIC LIBRARY,
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HUMAN OBSERVED EXPECTED # X2,
SPECIFICTIY # CLONES CLONES
(' THEORETICAL)
HU+ 51 52.8 0.06
HU- 7949 7947.2 0.00
TOTAL X2, 0.06
xzo.ou. df:3 3.84
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Although the use of total human genomic DNA can select for human specific
clones it can also in some instances cross hybridize with hamster sequences as well
(and vice versa). In order to examine the extent of this cross hybridization the 51
human positive clones were subsequently screened with a hamster genomic probe,
three groups of clones were found. Twenty six of the clones showed strong
hybridization with the hamster probe, 8 showed a much lower degree of hybridization
and 17 did not hybridize. The eight clones that showed weak hybridization with the
hamster probe all showed strong hybridization with the human probe and were
assumed to be human clones. Thus, in total 25 clones could be confidently
categorized as human specific although all clones presented with intense

hybridization with the total human genomic probe.
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CHAPTER FIVE
PCR AMPLIFICATION



G7
5.000) INTRODUCTION

To perform an efficient cross screening between the chorio-retinal cDNA
library and the EMBLS3 library it is essential to isolate the inserted cDNA free from
any contamination with A DNA, While the isolation of insert DNA from single clones
is a simple procedure, the isolation of DNA insert from a heterogeneous population
of clones is a more complex endeavour. In the present study the isolation of insert
DNA from an entire chorio-retinal A cDNA library to screen a A phage genomic

EMBL3 library carries with it specific risks and difficulties.

There are several major difficulties; foremost is the isolation of the insert
without phage DNA contamination. The initial attempts to screen the genomic
library with conventionally isolated inserts (glass beads, electroelution, DEAE paper)
from the chorio-retinal cDNA library were not successful. The primary reason for
this is a A sequence contamination of the insert preparation. This arises presumably
from random shearing of vector sequences during manipulations. In the case of a
given cDNA gt10 clone the vector sequence represents approximately 90% of the
total sequence. The screening of the genomic library with these particular pools of
¢DNA inserts resulted in the hybridization to every genomic clone present in the

screen (Fig. 18), a phenomenon which we named the Christmas Tree effect.

The successful isolation of insert DNA from a heterogeneous pool of cDNA

clones was made possible by the use of the polymerase chain reaction (PCR) (Wong



FIG. 18 THE CHRISTMAS TREE EFFECT.

Duplicate plaque lifts of clones from the 82028a genomic library were screened with
manually isolated insert generated from the chorio-retinal cDNA library and with
labeled ADNA. All plaques were found to hybridize to the A probe as well as to the
¢DNA library derived probe. The conclusion from these screens was that manual
isolation of insert from an entire ¢cDNA library carried with it a high enough
background of lambda vector sequence contamination to obscure any specific
hybridization based on the cDNA insert alone.

Panel A: A plaque lift of the genomic library was screened with a multiprime labeled
insert (specific activity; 10°® cpm/ug) isolated from the chorio-retinal cDNA library.
¢DNA library insert was isolated using NA-45 DEAE membrane during
electrophoresis.

Panel B: A duplicate plaque lift was screened with nick translated lambda DNA
(specific activity; 10° cpm/ug).
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et al., 1989). This technique allows the amplification of specific regions of DNA
between two specific oligonucleotide primers which hybridize to opposing strands
(Saiki et al., 1985; Mullis and Faloona, 1987; Saiki et al., 1988). The technique has
had an instant application in the analysis of single DNA fragments with respect to
gene structure, nucleotide sequencing and restriction fragment length polymorphism
studies, in each case focusing on a single discrete DNA sequence (Saiki et al., 1985;
Scharf et al., 1986; Wong et al., 1987; Chelley et al., 1988; Stofl >t et al., 1988; Sarkar
and Sommer, 1988; Bugawan ef al., 1988). In the described screening procedure, PCR
is used in a different manner and that is to simultaneously amplify a heterogeneous

population of sequences cloned into a common cloning vector (in this case Agt10).

5.100) DNA SOURCE FOR AMPLIFICATION

DNA was isolated from the unamplified cDNA library using a plate lysate
technique. In total 5.5x10% clones (an entire library) were plated out at high density
and used to generate a lysate in a total of 40 mls of SM. The titre of the lysate after

amplification was 9 x 10" pfu/ml.

For DNA extraction 30 mls of this lysate was used. The yield from these
extractions was approximately 500 g of DNA. The DNA was stored in a final

concentration of 100 ng/ul.
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5200) PRIMER

The primers used for the reaction were the forward and reverse sequencing
primers for the Agt10 vector (Fig. 19). In this way the primers selected were specific
for the vector and not the human cDNA insert. Amplification of insert therefore is
independent of the particular insert, although the size of the insert may affect the
efficiency of amplification. This variable can be limited by extending the elongation

time to 5 min, thus allowing the complete amplification of clones with large inseruz.

The cross screening strategy described is made possible by the nature of the
vectors used to generate the cDNA and genomic libraries respectively. Although both
Agt10 and EMBL3 are A based vectors and therefore have regions that will cross
hybridize, the cloning site in each vector is different. In the case of Agt10 the cloning
site is an Eco Rl site in the IMM434 region of the Agt10 genome, a region which is
totally absent from the EMBL3 DNA. Thus the use of Agt10 sequencing primers
slightly upstream and downstream of the insert site in the PCR reaction allows the
amplification of insert DNA and small portions of the Agt10 IMM434 region that will
not hybridize with EMBL3 sequences. The polymerase chain reaction can therefore
be used to specifically amplify and radioactively label the human retina cDNA inserts
of a Agt10 phage cDNA library. The labeled DNA, which is essentially free of
labeled A arms, can be used to screen the EMBL3 genomic library made with DNA
isolated from a human/hamster somatic cell hybrid cell line whose only human

component is a single X chromosome. Human clones which display positive



FIG. 19 PRIMER SEQUENCES USED FOR Agtl0 LIBRARY PCR
AMPLIFICATION.
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.17 'REVERSEPRIMER -~
3'(ATGGGACCTI'CTI‘I‘ATGAGTATI‘C)S'

5'(AGCAAGTTCAGCCTGGTTAAG)?
| . FORWARD PRIMER =

"I":::: 22 gt10
B V434 (gt CLONING SITE)
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hybridization contain, by definition, sequences from the human X chromosome which
are expressed in the human retina (which may consist of both unique as well as

repetitive expressed sequences).

5.300) THEORETICAL CONSIDERATIONS

In theory the polymerase chain reaction allows the doubling of a given amount
of DNA template in each consecutive cycle. Thus if a single DNA sequence were
amplified through 25 PCR cycles a total of 3.3 x 107 copies of this sequence would
be synthesized. However because of the physical limitations of the reaction, the
amplification factor is usually of the order of 10° (Perkin Elmer Cetus, Ottawa,
Ontario). In order to optimize the reaction both the primer concentrations and the
Agt10 library DNA concentrations must be taken into account. In one nanogram of
DNA isolated from the Agt10 cDNA library there are approximately 107 individual
DNA molecules (given that the average insert size is approximately 500 bp, that the
size of the vector is 43.34 kbp, and that the average weight per molecule of
recombinant is 2.4 x 102g). If each of the inserts within these molecules is amplified
10° times then at least 102 molecules of each primer are required for the reaction,
The stock concentration of each primer used is 20 uM, or approximately 10'? primer
molecules per ul. In the amplification procedure performed a total of 10" molecules
of each primer were added to the reaction mix, representing a 100 times excess.
Since nucleotides for DNA synthesis are added in excess and the level of Taq

polymerase was boosted after the first 10 cycles of amplification, these parameters
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should not be limiting to the amplification process. Therefore the final amplification

product should be representative of the cDNA library amplified.

5.400) PCR PRODUCT YIELDS

From the amount of incorporated radioactivity in the PCR product it was
possible to estimate the total yield of insert DNA. On average 2-3 ug of amplified
human Agt10 insert DNA was obtained per nanogram of intact Agt10 recombinant
DNA. A sample of the PCR product, shown in Fig. 20 demonstrates that the PCR
amplified DNA represents a heterogeneous pool of DNA fragments ranging from 200
to 1500 bp in size. Given that the Agt10 genome is 43.34 Kb in size, that the average
insert size is 500 base pairs, and that the input DNA was 1 ng, the production of 2-3
g of amplified DNA represents an amplification factor of approximately 10° times

which is the maximum level of efficiency expected for the amplification system.

5.500) EXPECTED LEVELS OF DETECTION

The detection of a specific sequence by in situ screening will depend on the
frequency of the sequence in the clone bank being screened and the concentration
of the specific probe used. In the present case the library to be screened is a hybrid
genomic library. Given that the library represents a random distribution of the
respective genome then the expected frequency of any specific genomic clone is the
same, The successful identification of that clone will therefors depend on the

concentration of its corresponding probe. In the present case this is not easy to



FIG. 20 ELECTROPHORESIS OF THE PRODUCTS OF PCR AMPLIFICATION
OF cDNA INSERTS FROM A HUMAN CHORIO-RETINAL cDNA AGT10
LIBRARY (P).

PCR amplification of 1 ng of DNA derived from the cDNA library was performed
as outlined in materials and methods. Electrophoresis of the PCR product was
carried out in 1 % agarose at 90V for 2 h. The range of sizes for the products of
PCR span from 200 bp to 1000 bp and is a reflection of the general cDNA insert size
of the respective library.

Lane A: 500 ng of PCR product
Lane B: 1 ug Hind 11I/Eco RI digested A DNA. The sizes of standard marker
bands (in bp) are indicated on the right margin.
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anticipate since the proposed cross screen uses a heterogeneous pool of sequences

that should mirror the population profile of the chorio-retinal mRNA.

It is possible however to estimate the relative abundance of an mRNA
sequence required for detection when used as a general probe. Given that the
¢DNA library mirrors the mRNA population profile, the average radioactivity of 100
ng of labeled PCR ¢cDNA library insert is 1-2 X 10° cpm. Assuming that the average
insert size is 500 base pairs, the radioactivity per clone in an unamplified library is
(1.0 X 10° cpm/ 5.5 X 10*), or approximately 2000 cpm/original clune. In the
experiments described in this thesis the hybridization volume is typically 10 mls,
giving a probe concentration for each original cloned insert of 200 cpm/ml, The
minimum level of radioactivity for detection of any sequence is approximately 1000
cpm/ml (M. Brennan, Bethesda, Maryland, personal communication). Thus at a
theoretical level any specific sequence that is present at least S times in the original
pool will be detectable. At a crude level, therefore, clones with an original frequency
of 5 in 5.5 X 10* or 0.01% should be detectable using the present methodology. This
frequency is consistent with sequences falling within the lower end of middle

abundant messages.

This number represents a very crude estimate. Factors which will undoubtedly
affect it will include the probability that a given sequence is not represented in the

pool of clones sampled for the probe. This will have a more drastic effect on those
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sequences which are present in lower abundance in the normal mRNA. In fact, given
the sample size used for the probe (5.5 X 10*) the probability of finding any sequence
is only approximately 80%. Another factor that will affect the level of detection of
sequences will be the length of the specific insert from which the probe is made as
this will alter the amount of radioactivity incorporated into each sequence.
Estimations made above have been made assuming an average length of 500 base
pairs, however it is known that the probe as a whole consists of a heterogeneous pool
lengths, Taking into these considerations it may be more realistic to expect the
method to be capable of detecting middle abundant messages, or approximately an

mRNA which is represented 10-20 times in the original pool (0.02-0.04%).

In general a mixed cDNA probe should be sufficiently sensitive to detect
message representing the lower levels of middle abundant sequences (20-40 copies
per cell). Thirty per cent of all individual mRNA species within a typical cell,
however, are of rare abundance and would not therefore be expected to be
detectable with a mixed cDNA based probe (Williams, 1981), However a basic
assumption is that genes which are more highly expressed are likely to have a more
important role in the homeostasis of a given tissue. Thus abnormalities in these genes

will more likely give rise to a disease state (MclInnes et al, 1988).
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CHAPTER SIX
CROSS SCREENING STRATEGY
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6.000) INTRODUCTION

The direct application of the proposed screening strategy is to isolate human
X specific genomic clones that harbor sequences which are expressed in
choroid/retina tissue. The isolation of a specific genomic sequence with its cognate
¢DNA is very common. The isolation of genomic sequences using a heterogeneous
pool of cDNA or labeled mRNA has not been performed very often in the past.
Because chorio-retinal mRNA is available in limited quantities screening with cDNA
or labeled mRNA was not a feasible method in the present study. The alternative

was to use one A based library to screen a second A based library (Wong et al,,

1989).

The proposed cross screen used ..uc library, a cDNA library (made in Agt10)
to screen a genomic library (made in the 4 based vector EMBL3). The probe
representing the cDNA library (P probe) was generated through use of the
polymerase chain reaction and was used to screen the genomic library (Fig. 21).
Plaques which hybridized to the P probe (P+ clones) were further screened to
determine the species specificity (human versus hamster), and to identify those which
were human specific. The ¢DNA library used as the source of the probe was the
chorio-retinal cDNA library described in chapter three and the genomic library

screened was the 82082a somatic cell hybrid genomic library described in chapter

four.



FIG. 21 SUMMARY OF THE PROFOSED LATERAL SCREENING STRATEGY.
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6.100) HYBRIDIZATION OF THE P probe
The PCR product probe generated from the chorio-retinal cDNA library was
used directly to screen the 82082a genomic library (Fig. 22 A). For comparison
purposes a plaque lift of the 82028a genomic library has also been probed with Agt10

sequences (Fig. 22 B).

When plaque lifts of the 82082a genomic library were probed with the P
probe only a few of the 82082a clones showed evidence of hybridization (Fig. 22 A).
When the same library was screened with Agt10 DNA all plaques showed evideiice
of hybridization due to the presence of cross hybridization between common A based
sequences (Fig. 22 B). A comparison of the two profiles thus revealed that the P
probe hybridizes through the human cDNA insert and not through the sequencing

primers used in the PCR reaction.

6200) CROSS SCREENING
6.210) Isolation of PCR+ / Human specific clones

Positive clones resulting from the initial screens were picked and used to
establish individual phage stocks. Because of a varied hybridization signal from clone
to clone (an expected observation if clones are being identified on the basis of
different expressed sequences) each of the initial clones were screened a second time
with the P probe by phage dot analysis in order to confirm their status. In total 182

confirmed P+ clones have been isolated from the screening of 19,000 genomic



FIG. 22 SCREENING OF THE 82082a GENOMIC LIBRARY WITH
RADIOLABELED PCR-AMPLIFIED PRODUCT (P probe).

Panel A: Plaque lift of 1000 clones screened with P probe (100 ng, specific activity
of 107 cpm/ug). The labeling of the P probe was performed by the addition
of a[*-P]JdATP and a[*-P]dCTP during PCR amplification of the chorio-
retinal cDNA library.

Panel B: Plaque lift of 400 clones screened with *P-labeled Agt10 DNA (200 ng,
specific activity of 10° cpm/ug).

Plaque lifts of the 82082a genomic library were prehybridized, probed , washed, and
autoradiographed as defined in materials and methods. Arrow heads indicate clones
showing weak hybridization.
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clones. Clones isolated in this way represent genomic clones that harbor sequences

which are expressed in choroid/retina tissue as represented in the P probe,

Because of the nature of the 82082a genomic library, being derived from both

a hamster and partial human genetic background, each clone isolated was examined

for both human and hamster specificity (Fig. 23 A). A summuary of this analysis is

presented in Table 6 A. From this second analysis four distinct subgroups of clones

were found within the 182 P+ clones (Fig. 24):

1)

2)

Human specific clones (P+ HU+ HA-): Clones that demonstrated
hybridization with radiolabeled human genomic DNA but not with
radiolabeled hamster genomic DNA, and clones in which there was
hybridization to both species but the hybridization with human genomic DNA

was much more intense than that seen with hamster genomic DNA.

Hamster specific clones (P+ HU- HA+): Clones that demonstrated
hybridization with radiolabeled hamster genomic DNA but not with
radiolabeled human genomic. DNA and clones in which there was
hybridization to both species but the hybridization with hamster genomic

DNA w=s much more intense than that seen with human genomic DNA.

Bi-species specific clones (P+ HU+ HA+): Clones which showed

hybridization of equal intensity to both genomic probes.



FIG. 23 ALTERNATIVE STRATEGIES IN THE ISOLATION OF
RETINAL/HUMAN SPECIFIC CLONES.
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TABLE 6 SUMMARY OF CROSS SCREENING RESULTS.

82082a genomic clones were screened on the basis of two criteria: with respect to
species specificity (human, HU, and hamster, HA) and with respect to hybridization
with the P probe. In order to determine if the order of screening for these two
criteria was important, two separate aliquots of the library were screened in the
alternative orders (Fig.23). Clones which gave a positive hybridization signal are
indicated by (+) while clones that did not hybridize with the respective probe are
indicated by a (-).

A) In total 19,000 genomic clones from the 82082a library were first screened to
identify clones which hybridized with the P probe. Positive clones (P+) were
subsequently screened for species specificity. In the tabulation of results P+ clones
have been grouped with respect to a number of parameters including their relation
with HA specificity alone, HU specificity alone, and subsequently with respect to
both HA and HU specificity simultaneousiy.

B) In total 8,000 genomic clones from the 82082a library were first screened for
species specificity (HU and HA). Subsequently all HU + clones were probed with the
P probe. In the tabulation of results HU+ clones have been grouped with respect
to a number of parameters including their relation with HA specificity alone, P
specificity alone, and subsequently with respect to both HA and P specificity
simultanecusly.
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FIG. 24 SCREENING OF P+ A EMBL3 CLONES FOR HUMAN AND HAMSTER
SPECIFICITIES.

Fourteen P+ clones were screened for species specificity by phage dot analysis.
One set (A) of phage-dot lifts was probed with ¥P-labeled total human genomic
DNA (specific activity of 10° ecpm/ug). A duplicate set of lifts (B) was probed with
2p.abeled total hamster genomic DNA (specific activity of 10° cpm/ug). Shown here
is a representative sampling of the analysis. Genomic probes were labeled by nick
translation as described in Materials and Methods. Prehybridization, hybridization,
wash conditions and autoradiography were performed as defined in Materials and
Methods.

From this analysis four subgroups of clones can be differentiated:
a) HU + / HA - clones: clones 2, 9, 10, 12, 13

b) HU + / HA + clones: clone 4

¢) HU - / HA + clones: clones 1, 3, 5, 7, 8, 11, 14

d) HU - / HA - clones: clone 6
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4) Species non-distinet clones (P+ HU- HA-): Clones which did not show

hybridization to either human or hamster genomic DNA.

6.220) 1solation of Human/PCR + specific clones

In order to determine whether the nature of the primary screen affects the
final identification of clones the reverse order of screening (a human genomic
primary screen and a P probe secondary screen) was performed (Fig. 23 B). Human
clones which were isolated in the initial characterization of the 82082a library (see
previous results, chapter four) were secondarily screened with the P probe. In total
$1 human positive clones which were isolated from the primary screening of 8000
(82082a) genomic clones were submitted to this secondary screen. A summary of this
analysis is presented in Table 6 B, In total 4 subgroups of clones were identified:
)] Human specific clones harboring chorio-retinal expressed sequences (HU+

HA- P+): Clones that demonstrated hybridization with radiolabeled human

genomic DNA and the P piobe but did not demonstrated any hybridization

with radiolabeled hamster genomic DNA.

2) Bi-species specific clones harboring chorio-retinal expressed sequences (HU +
HA+ P+): Clones that demonstrated hybridization with radiolabeled human
genomic DNA, radiolabeled hamster genomic DNA, and the P probe. In
mast cases the hybridzation with the human probe was stronger than with the
hamster probe.
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J) Human specific clones not harboring chorio-retinal expressed sequences
(HU+ HA- P-): Clones that demonstrated hybridization to the total human
genomic probe only,

4) Bi-species specific clones not harboring chorio-retinal expressed sequences
(HU+ HA+ P-): Clones that demonstrated hybridization to both the total

human and hamster genomic probes but no hybridization with the P probe.

6.300) NATURE OF HYBRIDIZATION

The hybridization of a labeled probe derived from total human genomic DNA
is based on the presence of highly to middle abundant repe*itive sequences. It is
assumed that the hybridization of expressed sequences (mRNA) is based on the
cognate cDNA that corresponds to low copy sequences in the genome and that the
level of detection will depend on the relative abundance.

An important consideration that may be a compounding problem is the degree
of repetitive sequences that are expressed in the RNA pool. If the amount of
repetitive sequences in the derived probe is significant then there should be no
difference between screening a genomic library with this nrobe or screening it with
total genomic DNA. If this is the case, clones that show positive hybridization with
the P probe should be positive with the genomic probe and conveisely, clones which
are negative with the P probe should be negative with the total genomic probe,
resulting in a perfect correlation between positive clones isolated from 2 PCR screen

and those obtained from a total human genomic screen.
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Analysis of the data reveals that there is a significant disconcordancy between
the hybridization patterns with the P probe and with the total genomic probe.,
Approximately 14% of the clones initially isolated using the total genomic probe
were determined to be P-. Conversely 58% of clones initially isolated using the P
probe were determined to be negative with the genomic probe. The conclusion from
these observations is that the detection of genomic clones with the P probe differs
from that of total genomic DNA. This does not exclude, however, the possibility that
the two probes may share a common component as well as those in which they differ
nor does it exclude the possibility that the presence of expressed repetitive sequences

might obliterate the relevant signals when using the P probe.

6.400) A COMPARISON BETWEEN THE TWO CROSS SCREENS

Regardless of the screening order the proportion of P+ /HU +/HA- clones
should remain constant. Theoretically clones which are not potentially detectable
with a specific probe wi'i be negative regardless of whether the specificity is tested
in the primary or the secondary screen. At a first glance this consistency exists with
the frequency of P+/HU+ /HA- clones at 0.30% (P probe primary screen) and
0.26% (Human primary screen) and it appears that there is little difference in the

exact order of the cross screen. However a more careful analysis is warranted.

The genomic library screened is derived from a human/hamster hybrid cell

line. Thus analysis of the two sets of positive clones for hamster orthologous
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sequences may be used as an indication as to whether the two sets of clones
represent the same sub-population. From an initial inspection of the data it appears
that the clones isolated with the Human genomic probe as the primary sereen
conforms to a 1:1 ratio HA+ /HA- while the clones isolated with the P probe as the
primary screen adheres to a 1:2 ratio HA+ /HA-. Goodness of fit tests of these ratios
to the observed frequencies of HA+ and HA- clones for the alternative screening
situation is presented in Table 7. The observed HA+/ HA- ratio (human primary
screen) can be statistically excluded from the proposed 1:2 ratio. The observed
HA+ /HA- ratio (PCR primary screen) can be statistically excluded from the

proposed 1:1 ratio.

A test for homogeneity (Table 8) shows clearly that the frequency of clones
which hybridize with the hamster genomic probe is not independent of the nature of
the primary screen. This observation however is not all together unexpected since the
P probe is much less stringent than the human genomic probe in its permissive

selection of hamster clones.

It is perhaps more important to determine if the HU+/P+ population
resulting from the 2 screenings are similar. In a direct comparison of the clone
subgroups, two of the four from each screening are directly comparable: the

P+/HU+/HA+ and P+/HU +/HA- subgroups. A statistical analysis for gocdness



TABLE 7

GOODNESS OF FIT TESTS BETWEEN THE OBSERVED
PROPORTION OF HA+ / HA- CLONES OBSERVED IN THE
SUBSET OF CLONES ISOLATED IN THE PCR CHORIO-RETINAL
c¢DNA LIBRARY PRIMARY SCREEN VERSUS THE HUMAN
SPECIFICITY PRIMARY SCREEN (AND VICE VERSA).
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(A)
HAMSTER PCR 1° SCREEN EXPECTED 2
SPECIFICITY DISTRIBUTION
(among all P + OBSERVED | BASED ON HUMAN
1° SCREEN (HA-/+)
clones) DISTRIBUTION RATIOS
HA - 62 91.0 972
HA + 120 91.0 9.2
TOTAL ESTIMATED 18.4
X
X2 405, ar:1 3.84
S e ——— ————— e ———————————
(B)
HAMSTER HUMAN 1° EXPECTED x
SPECIFICITY SCREEN DISTRIBUTION o
(among all HU + BASED ON PCR 1
clones) OBSERVED | SCREEN(HA/*)
DISTRIBUTION
HA - 25 17.0 3.7
HA + 26 340 1.8
TOTAL ES';‘IMATED 55 “
X
xz 0.05. df:1




TABLES  ANALYSIS OF THE HA+ / HA- DISTRIBUTION WITHIN THE
SUBPOPULATION OF CLONES ISOLATED FROM EACH OF THE
TWO PRIMARY SCREENS.

Summary of a test for homogeneity analysis examining the distribution of hamster
specificity among the P+ and HU+ genomic clones isolated as a result of the P and
HU primary screens, respectively. A summary of the estimated Chi square (X3
values are presented in the last column.

Total number of clones in the analysis : 233
Total number of clones from the P 1° screen 182
Total number of clones from the HU 1° screen : 51
Total number of HA- clones in the analysis : 87

Total number of HA+ clones in the analysis 146
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HA -/+ DISTRIBUTION WITHIN CLONES ISOLATED FROM THE P ‘
CLONE STATUS OBSERVED ¢ OF | EXPECTED # OF x'.
CLONES CLONES

# OF HA- CLONES
FROM ";’Bﬁ('g; 62 68.0 053

# OF HA+ CLONES
:’RO“ Qms‘ggg‘ 120 114.0 032

{ #oPHA- CLONES
FROM ";msg% 25 190 1.89

# OF HA+ CLONES
FROM (HU) PRIMARY 2% 120 113

SCREEN

TOTAL X2, 3.87
" X205, 21 384
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of fit (Table 9) shows that the PCR primary screen distribution of P+ HU+ HA+

to P+ HU+ HA- clones does not fit with the distribution observed in the Human
primary screen (and vice versa). A direct test for homogeneity (Table 10) with
respect to these two subgroups of clones shows that hamster specificity is not
independent of the nature of the primary screen. It is interesting {0 note that in the
PCR primary screen the proportion of HA+ clones drops from 33% (when all P+
clones are considered) to 25% (when only the P+ HU+ clones are considered)
whereas the distribution of HA+ clones isolated in the human primary screen is the

same regardless of the grouping considered.

6.500) SUMMARY

The statistical analysis of the profile of isolated clones allows a small degree
of insight into the validity of the screening procedure. What can be inferred from
the analysis is that the PCR primary screen and the human genomic primary screen

showed a subtle difference in the types of clones that were isolated.



TABLE 9

GOODNESS OF FIT TESTS BETWEEN THE OBSERVED
PROPORTION OF HA+ / HA- CLONES OBSERVED IN THE
SUBSET OF P+ / HU+ CLONES ISOLATED IN THE PCR
CHORIO-RETINAL cDNA LIBRARY PRIMARY SCREEN VERSUS
THE HUMAN SPECIFICITY PRIMARY SCREEN (AND VICE
VERSA).
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(A)

HAMSTER | PCR 1° SCREEN |  EXPECTED 2
SETCY | vy | VTR
‘ones) DISTRIBUTION | 1" SCREEN (A-/4)
HA - 57 38.5 8.9
HA + 20 38.5 8.9
TOTALESTIMATED | - 17.8

(B)

2
X 005,dr1 |

HAMSTER HUMAN 1° EXPECTED x
SPECIFICITY SCREEN DISTRIBUTION
(among P+ /HU+ BASED ON PCR
clones) OBSERVED | 1° SCREEN (HA-
DISTRIBUTION | /+) RATIOS

HA - 21 33.0 43 |
HA + 2 11.0 130 |
TOTALESTIMATED | 173 l

I X? 008,411 3.84 I




TABLE 10 ANALYSIS OF THE HA + / HA- DISTRIBUTION WITHIN THE P+
/ HU+ SUBPOPULATION OF ISOLATED CLONES,

Summary of a test for homogeneity analysis examining the distribution of hamster
specificity among the P+ HU+ genomic clones isolated as a result of the P and HU
primary screens. A summary of the estimated Chi square (X*) values are presented
in the last column.

Total number of clones in the analysis : 121
Total number of clones from the P 1° screen 77
Total number of clones from the HU 1° screen : 44
Total number of HA- clones in the analysis : 78

Total number of HA+ clones in the analysis 43
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E P+ HU+ SUBPOPULATIONS OF

FROM THE (PCR) 57 496 110

# OF HA- CLONES
PRIMARY SCREEN

# OF HiA+ CLONES |

FROM THE (PCR)
’ Y 20 274 199

# OF HA- CLONES

FROM THE (HU)
v 21 284 193

# OF HA+ CLONES

FROM (HU) PRIMARY
SCREEN 23 156 35
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CHAPTER SEVEN
AN INITIAL ANALYSIS OF THE CLONES



1.00m) INTRODUCTION

Ihe resubts of the lateral cton sereen roccdure yielded 78 P+ HU+ HA-
genoomg b nes that are patentinlly Xespecific sequences and hicbor chorin-retinal
caprosecd sequences. To estahlish the status of these clones o physical analysis of a

wilngt fron the poul of P+ 74U+ HA- clones was undertaken.

7.100) ISOLATION OF INDEPENDENT CLONES

Sis clones (87, Rb, RR, R20, RM), and X3) were selected at random from the
pomid of ralated Po HU o HA- specific clones for further characterization, DNA
raslated fromm cach clone was submitted to restriction analysis using several different
restnghon cnsymes (Sal 1/Eco RI; Eco RI; Bam HI; Hind ). The clectraphoretic
jroiie of cach ¢one was found tn be unique, suggesting that cach clone feprezenis

an mkpemicnt sequence from the human component of the R2082a genome (Fig.

™)

Swthetn anahsn of these us profiles demomstrated 1hat only & wbaet of
Fands within cach clone nbiadized with the P peobe. In addition the intensity of
M tenlatmn satadd from Jlone to clone (Fig. 26). Clone 87, which shomed faint
Mtenbisaten on phage it anahysn, dud not show any ybniduation on Southern
arghees It s oot Aevmn if this lack of signal v due to hmstations of detection
tspcatiaon of the peahe) of whether §7 represents the inherent background in the

wlchang WrItCR



FIG. 25 RESTRICTION PROFILES OF 6 P+/HU+ GENOMIC CLONES.

Restriction digestion of clones were performed as defined in materials and methods.
One ug of digested DNA was loaded per lanc and electrophoresis was carried out
in 1% agarose using a TAE system at 30V for 16 h. Bands were visualized after
ethidium bromide staining and UV transillumination.

Lane M1 : Molecular size marker 1, Hind I digested lambda DNA.
Lane M2 : Molecular size marker 2, Eco Rl digested lambda DNA,

Lane } : Sal 1/Eco RI restriction prufile.
Lane 2 : Eco RI restriction 1. ofile,
Lane 3 : Hind III restricticn profile.

Lane 4 : Bam HI restriction profile.
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FIG. 26 SOUTHERN ANALYSIS OF 6 P+ HU+ GENOMIC CLONES PROBED
WITH P PROBE (ANALYSIS OF SAMPLES SHOWN IN FIG. 25)

Lane M1 : Molecular size marker 1, Hind III digested lambda DNA.
Lane 1 : Sal I/Eco RI restriction profile,

Lane 2 : Eco RI restriction profile.

Lane 3 : Hind I1I restriction profile.

Lane 4 : Bam HI restriction profile.

The labeling of the P probe was performed by the addition of «[*-P]dATP and «[*-
PJdCTP during PCR amplification of the chorio-retinal ¢cDNA library (specific
activity of 107 cpm/ug).
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7.200) NATURE OF HYBRIDIZATION: HUMAN VS PCR

To refine the nature of the differences in cross screening at a physical level

a number of P+ HU+ clones were examined for P probe and human specificity

using Southern analysis.

Clones R6, R8, and S7 are shown in Fig. 27. On the left hand side(A) of each
panel is the digestion profile and the subsequent probing of that lane with P probe,
On the right hand side (B) of each pane! is a duplicate digestion profile and the

subsequent probing of that lane with total human genomic DNA.

The results of this experiment show that the P probe, which reflects a profile
of the expressed sequences inherent to choroid/retina tissue, hybridizes to only a
select number of bands. In the Ré6 clone this corresponds to a 8.2 kb band. In the
R8 genomic clone there is intense hybridization to a 4.5 kb fragment and very weak
hybridizatici to a 2.5 kb fragment. No hybridization with the probe was observed in

the analysis of S7.

The hybridization of human genomic DNA is much less discriminatory,
hybridizing to all bands of cach profile. In an extreme case P+ hybridization to a
Sal I/Eco RI digestion of clone S7 failed to identify any hybridizing fragment, while
the human probe appears to hybridize to all possible human restriction bands in all

three clones.



FIG. 27

Panel A:

Panel B:

Lane 1:
Lane 2:

SE

SOUTHERN ANALYSIS OF SPECIFIC DIGESTION PROFILES OF
THREE P+/HU+ CLONES WITH THE P PROBE AND A HUMAN
GENOMIC DNA PROBE.

Set of restriction profiles and the respective autoradiographic results of

Southern analysis using the chorio-retinal P probe. The labelin of the P
probe was performed by the addition of «[*-P)dATP and «[*2-P]dCTP
during PCR amplification of the chorio-retinal ¢cDNA library (specific

activity of 10’ cpm/ug).

A duplicate set of restriction profiles and the respective autoradiographic
Southern analysis using a total human genomic DNA probe (specific

activity of 10® cpm/ug

Photograph of the electrophoretic profile of 1ug of digested DNA.
Autoradiographic result of the respective lane after Southern analysis.

. Bam HI restriction profile.
: Sal 1/ Eco RI double restriction profile.
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There is a 1:1 correlation between the DNA fragments which hybridize with
the P probe and those which hybridize with the genomic probe. However, not all
DNA fragments which hybridize to the genomic probe hybridize to the P probe. This
suggests that the two probes hybridize to different sequences within the restriction
fragments. The hybridization of total human genomic DNA is primarily on the basis
of middle abundant repetitive sequences. The nature of hybridization of the P probe
is not as clearly defined, since it consists of both unique low copy and expressed
repetitive sequences (which appears to constitute a small portion of the P nrobe).
The results presented here suggest that the P probe must be hybridizing
predominantly to sequences that are not abundant in the genome, a conclusion which
is consistent with that made previously by Crampton et al., (1981) based on work

examining the practicalities of using cDNA to probe genomic libraries.

The observation that some fragments hybridize with both the human and the
P probe may at first appear to confuse the issue. However, given that most genes
contain exons, largely low copy sequences, and introns which contain repetitive
sequences, it is not unexpected to find both repetitive and low copy sequences in

restriction fragments greater that one or two kilobases.

7.300) THE EXPECTED NUMBER OF CLONES: A CALCULATION
It is difficult to anticipate the exact number of expressed retinal sequenczs on

the X-chromoscine. However it is generally accepted that there are approximately
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3-4 expressed genes per 10° bp of genomic DNA sequence (Dr. P. O'Connell,

personal communication). The X-chromosome represents roughly 5.84% of the 3.3
x 10° bp in the human somatic haploid genome. This means therefore that the X-

chromosome consists of 1.9 x 10° bp of nucleotide sequences and contains roughly

580-770 active genes.

The average insert size of the 82082a genomic library is approximately 19 kbp
in length. This means that 10,000 independent human clones are required to span
the X-chromosome. On average therefore, if the genes are equally distributed and
assuming that the gene size is not large enough to extend a given gene into two or
more genomic clones, one should find an expressed gene every 13-17 human genomic
clones, an expected frequency of 5.8-7.7%. In the case of the 82082a library which
consists of human and hamster genomic clones, the frequency of a single human
clone is approximately 0.66% or 1 in 154. Thus the expected frequency of human X-
clones that harbor expressed genes in the hybrid library is approximately 0.04%-
0.05%. Due to the sensitivity of the detection system it is expected that genomic
clones corresponding to highly and middle abundant expressed messages will be
detected: since these sequences represent 70% of the total number of different
expressed species in a typical cell a more realistic expected frequency of human X-
clones harboring expressed genes is 0.03%. If the sub-population of P+ HU + HA-
clones represents the group of human clones which harbor chorio-retinal expressed

sequences then the overall observed frequency (0.30%) is roughly ten times that
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which is theoretically expected.

7.400) FACTORS WHICH MAY CONTRIBUTE TO BACKGROUND

The screening of genomic clones using in vitro labeled RNA or ¢DNA often
leads to the selection of fuise positives (Williams, 1981). It is possible that some of
this background may be due to cross hybridization of the P probe to more than one
gene as a result of homologies between genes within gene families or to pseudogene
sequences. However, because the high wash stringencies used in the present study are
likely 1o limit the degree of cross hybridization, it is unlikely that the apparent ten

fold background is solely due to this form of cross hybridization.

A second possibility for the difference between the observed and theoretical
background maybe the presence of poly(dT) tracts in mammalian DNA, which may
hybridize with the poly(A) tracts present in the P probe. Since the ¢cDNA used for
the chorio-retinal library was synthesized using a oligo(dT) primer it is likely that
these tracts will be present in the P probe. However at a practical level it is not clear
to what degree this particular parameter would contribute to the over all background.
First, the screcning of the chorio-retinal cDNA library with chorio-retinal cDNA does
not lead to the cross hybridization of probe to the entire cDNA library, even though
most, if not ali, clones will contain a stretch of poly(A). Secondly, poly(dT) tracts are
present in many mammalian genomes and it is therefore likely that the calf thymus

DNA used in the prehybridization step will compete out this background.
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An inherent source of contamination in the preparation of poly(A)+ enriched
RNA are ribosomal sequences. The degree of contamination will depend on the
stringency with which the poly(A)+ enriched RNA is prepared. Since the ribosomal
genes are present in multiple copies in the genome, rRNA contamination in the P
probe could lead to the isolation of a number of false positive genomic clones.
Ribosomal RNA, however, is copied with a very low efficiency into ¢cDNA and its
representation in the size fractionated cDNA library used in this study should not be
very high (Williams and Lloyd, 1979; Lu and Werner, 1988). In addition: ribosomal
genomic clones should not pose a great problem because they are easily identifiable
by Southern analysis. Ribosomal genes characteristically demonstrate multiple bands
correlating with multiple copies of the gene within the genome. Also, mMRNA used

for cDNA synthesis in the present study did not have significant amounts of 28S and

188 rRNA contamination (Fig. 12, chapter three).

The final possible factor which may contribute to the background
hybridization is the degree of repetitive expressed sequences present in the chorio-
retinal library. Such repetitive sequences are found »rimarily in the 3’ and §'
untranslated regions of mRNA. Not all expressed sequence are necessarily
characterized with repetitive regions, and the proportion of clones harboring
expressed sequences will vary from tissue to tissue. ¢cDNA probes generated from
lymphocyte or brain mRNA have a high proportion of repetitive sequences and tend

to cross hybridize to greater thur: 90% of human clones in standard genomic libraries
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(Hochgeschwender ef al., 1989; Paulson et al., 1986; Tashima et al., 1981). On the

other hand, cDNA probes generated from placental mRNA have been found to cross
hybridize to less than 40% of the clones in a human genumic library (Tashima et al.,
1981). In the present study the P probe derived from the human chorio-reiinal cDNA
library hybridizes to approximately 45% of the human genomic clones in the 82082a

genomic library.

7.500) REPETITIVE SEQUENCES

It is difficult to determine the extent of repetitive sequences in a
heterogeneous pool of sequences or to anticipate the degree of background that they
will present in the screening procedure. In the case of human lymphoblast amplified
c¢DNA libraries as many as 10% of clones contain some form of repetitive sequence

(Crampton et al., 1981).

In order io determine the level of repetitive sequences in the unamplified
chorio-retinal cDNA library which is abundant in the genome, the cDNA library from
which the P probe was derived was screened with labeled human genomic DNA. In
that analysis it was determined that approximately 1.4% of the clones represented in
that library (43 of 3054) contained some sort of repetitive sequence that exists at
reasonable frequencies in the genome. This is not to say that 1.4% of ihe sequence

is repetitive DNA as each clone is likely to contain both repetitive and unique
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sequences. The estimate established here (1.4%) for chorio-retinal cL’NA clones that
show hybridization to a total human genomic probe agrees well with those of others,
2% (B.Hill, Edinburgh, personal communication), and is slightly lower that those
determined for amplified retinal libraries, 5% (P. Monaghan, Edinburgh, personal
communication).

It has been suggested that a probe with 0.1% repetitive sequence is enough
to mask the detection of specific clones in a heterogeneous pool of sequences
reflecting the mRNA pool (K.Davies, Oxford, personal communication). However
it would be unreasonable to assume that the repetitive sequence observed in the P
probe is homogeneous. In lymphocyte mRNA the repetitive sequences belong to a
number of diverse and different repetitive elements, and it has been concluded that
the presence of repetitive elements within expressed sequences makes a minor

contribution to the hybridization signal (Crampton ef al., 1981).

7.520) Contribution of repetitive sequences to hybridization

To establish the contribution of repetitive sequences within the P probe to the
isolation of clones, duplicate phage dot lifts of a number of P+ HU+ HA- clones
were made and probed with the P probe and a P probe from which repetitive
sequences had been depleted by pre-annealing the probe with an excess amount of
sheared total human genomic DNA. A 1000 fold excess of sheared genomic DNA
over a cDNA probe is known to be sufficient to compete out the hybridization of

repetitive sequences to genomic clones (Tashima et al., 1981; Paulsen et al., 1966).
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In the initial study, an 11,000 fold excess of sheared human genomic DNA was
used to reassociate with the P probe prior to the screening of the plaque lifts. In
general the intensity of hybridization after reassociation for all clones showed a
global decrease in signal (Fig. 28). However, in a total of 44 PCR+ HU+ HA-
clones screened, 22 were found to show a more noticeable decrease in hybridization
signal relative to the surrounding clones on the blot and to their unblocked profiles.
Reassociation did not eliminate the hybridization to any of these clones. Except for
the global dulling of the hybridization signals, the relative hybridization intensity to
control non-human clones which were P+ was not affected. Similarly hamster clones
which were P- did not show hybridization with the P or the depleted P probe (not

shown).

Conceptually the reassociation of the probe to excess amounts of human
genomic DNA should immobilize the repetitive fraction of the probe and therefore
prevent it from hybridizing. The fact that 22 clones showed a decrease in relative
hybridization signal in the first experiment is an indication that about 509 of the P+
HU+ HA- clones contain some form of repetitive sequence. This demonstration of
repetitive sequences in the isolated clones is not surprising and is probably a
consequence of the bias introduced into the cDNA synthesis through the use of
oligo(dT) as the primer. This methodology results in the over representation of the

Fend of expressed sequences that may contain s¢petitive elements in the library.



FIG. 28 SCREENI™G OF P+ HU+ CLONES WITH P PROBE DEPLETED OF

REPETITIVE SEQUENCES.
M-PCR - Multiprimed labeled PCR chorio-retinal cDNA library probe
(specific activity of 10° cpm/ug).
PCR-labeled . PCR chorio-retinal <DNA library probe labeled during PCR
product amplification (specific activity of 107 cpm/ug).
Reassociated : M-PCR that has been reassociated with excess amounts of
M-PCR sheared human genomic DNA.

Subtracted M-PCR : M-PCR that has been hybridized to excess human genomic
DNA that has been cross linked to a cellulose matrix.
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However, the observation that the reassociation of the P probe with a massive
excess of sheared human genomic DNA did not obliterate the hybridization signal
suggests either these clones have been identified on the basis of hybridization to
sequences not abundant in the genome or that the depletion method was not
efficient. The observed hybridization profile observed with the depleted P probe
indicates that the hybridization is specific since the clones behaved differently: one
subset of clones showed a marked decrease in intensity (Fig. 28: clones 2, 3, 5, 7, 8),
a second did not show any relative change (Fig. 28: clones 1, 4, 6) and a third subset

demonstrated a relative increase in intensity (Fig. 28: clone 9).

In order to confirm the above findings, a second method for depleting
repetitive sequences from probes was used. Human genomic DNA, coupled to
diazotized ceilulose (DNA-cellulose), was used to subtract repetitive P probe
sequences. The bound repetitive probe was separated from unbound unique probe
by centrifugation. P probe subtracted in this way was used to screen duplicate phage
dot lifts of the plates used for the first set of depletion studics. The results of
hybridization with this probe were the same as those observed in the previous
depletion study (Fig. 28), with the same clones showing a noticeable decrease in

hybridization intensity,
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7.530) Comparison to other studies

There are few studies in the literature which examine the cross screening of
genomic libraries with a heterogenous probe pool representing the expressed
sequences of a specific tissue. One of the earlier studies screened a flow sorted
human X-specific genomic library for X-specific clones harboring lymphoblast
expressed sequences (Paulsen et al., 1986). This study demonstrated the feasibility of
competition of the ¢cDNA pool probe with sheared genomic DNA to remove
repetitive sequences. However this study also reported, rather surprisingly, that an
extremely low proportion of X clones harbor expressed sequences (0.12%), a number
which is 20 fold less than expected for the number of potential active genes on the
X chromosome (2.2%). A more recent study isolating mouse chromosome 16 brain
expressed sequences using similar methodologies also reported the isolation of a
rather low proportion of clones potentially harboring expressed sequences (1.5%), 4

fold less than expected (Hochgeschwender et al., 1989).

In the present study the reverse observation is seen. There appears to be a ten
fold higher than anticipated number of clones that potentially harbor expressed
sequences (0.30% vs 0.03%). However if only the P+ HU+ HA- clones which did
not show a decrease in hybridization signal after depletion of repetitive sequences
are considered, then the percentage of potentially clones falls to 0.15% (bringing the
numbers of clones to only a five fold excess). The present study however does have

some key differences from previously published studies. In contrast to the first study
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mentioned above, the genomic library screened was unamplified and used a

recombinant non-permissive host in plating. In contrast to the second study, the
order of cross screening is reversed. In contrast to both studies this study uses a P

probe derived from a ¢cDNA library.

7.600) SUMMARY

The results of the set of experiments presented in this current chapter suggests
that there is a certain level of background of false positives due to the inherent
nature of the P probe derived from the cDNA library. Although highly repetitive
sequences may play a role in the intensity of hybridization of a given clone,
hybridization does not appear to be exclusively due to these sequences. In addition
it is possible that the biased cloning of the 3’ untranslated region of the nRNAs may
complicate the hybridization profile due to the presence of expressed repetitive
sequences in this region. As such it is important to verify the effectiveness of the
screening procedure by demonstrating that the clones isolated are human X-specific

sequences and harbor chorio-retinal expressed sequences.
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CHAPTER EIGHT
MAPPING OF ISOLATED CLONES
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8.000) X-DOSACE AND SPECIES SPECIFICITY ANALYSIS

The isolation of a human clone from the 82082a genomic library dictates that
it will consist of a sequence from the human X-chromosome, since this is the only
human component of the 82082a cell line. However it is important to determine if
the clones isolated in this manner are representative of the X-chromosome as a

whole, or whether the clones are derived from a biased region of the X-chromosome.

This was accomplished by mapping discrete fragments isolated from selected
P+ HU+ HA- clones to a human X-specific DNA panel. The panel consists of
either Eco RI or Bam HI digested DNA from a series of rodent/human X-somatic
cell lines. The DNA of these hybrids was obtained from Dr. J.L. Hamerton
(Winnipeg, Manitoba), in each case the cytogenetic profile of each line, as reported
by Wieacker et al., (1981), was confirmed on cells from the same cell passage used
for DNA isolation (Dr. C. Gregory, Winnipeg, personal communication). The
collected X-panel represents a gross division of the X-chromosome with the
breakpoints of the three cell lines (676x175, 749, and 617x347) dissecting the X

chromosome into four discrete regions (Fig. 29).

8.100) SELECTION OF GENOMIC FRAGMENTS TO BE MAPPED
The same six clones that were analyzed for independence were used as the
representative group of clones to be mapped. In each case a single DNA fragment

from each clone, generated by a Bam HI or a Sal I/Eco RI digestion, that



FIG. 29 SUMMARY OF THE REGIONS SPANNED BY EACH MEMBER OF THE
X-SPECIFIC HYBRID PANEL USED FOR MAPPING.

The regions defined by the 4 cell lines dissects the X-chromosome into four discrete
regions. The approximate region spanned by each hybrid is illustrated in the figure

a) 676x175 : Xq21.3-qter
b} 749 : Xql2-qter

c) 617x347 : Xpll.3-gter
d) 82082a  : Xqter-Xpter
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hybridized with the P probe was used as probe. In the case of S7 where no
hybridization to the P probe was evident, a series of fragments were isolate at
random and tested for X-dosage by a slot blot analysis (Fig. 30). Of three fragments

tested one was found to display a dosage effect and was chosen for mapping,

Insert DNA for each clone was isolated directly after clectrophoresis in low
melting agarose of the suitably restricted cloned DNA (Fig. 31). The isolated
restriction fragments were multi-prime labeled directly in low melting agarose
without prior purification and repetitive sequences were depleted from the probes
by pre-annealing with an excess of sheared total human genomic DNA (Scaley et al.,

1985). The specific activity of probes generated ranged from 10°-10” cpm/pg DNA.

8.200) SPECIFICITY OF THE X-PANEL

To confirm the specificity of the X-panel, human X-probes of known locations
were mapped on the X-panel defined above. Two known and well characterized
DNA probes, L1.28 and p22.33 were used to test the panel. L1.28 defines the [DXS7
locus which maps to the short arm of the X-chromosome at band Xp11.3 (region 2,
Fig. 29). p22.33 defines the DXS11 locus which maps to the long arm of the X
chromosome between Xq24 and Xq26 (region 4, Fig. 29). In both cases labeled
insert was used to screen the X-panel and in both cases the hybridization pattern was

consistent with the expected pattern of hybridization for the defined regions ( Fig. 32).



FIG. 30 ISOLATION OF A HUMAN X-SPECIFIC FRAGMENT FROM CLONE
S7.

Screening of clone S7 with the PCR library probe did not reveal any positive bands.
As such individual bands (labeled A, B, and C) from a Sal 1/Eco Rl digest (SE) were
isolated. Each band was tested for dosage by using it as a probe against equal
amounts (1 ug) of female DNA (XX) and male DNA (XY) in a slot blot analysis.
In all cases probes were labeled by multiprime labeling and were reassociated with
excess sheared human genomic DNA prior to use. Only one S7:A of the three bands
examined showed evidence of dosage. This band was used in further studies and is
regarded as a fragment which harbors a low copy X-specific human sequence.
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FIG. 31. SUMMARY OF SPECIFIC CLONED FRAGMENTS FROM A RANDOM
SUBSET OF THE HU +/ P + GENOMIC CLONES ISOLATED TO BE
USED AS PROBES IN FURTHER STUDIES,

Six clones were selected at random from the group of clones already isolated.
Discrete fragments were generated by a Sal I(S)/Eco RI(E) or Bam HI(B) digestion.
Specific bands chosen for use as probes are indicated by an arrow. The respective
insert sizes and cutting sites used to generate the fragments are indicated beneath the
gel.



147

23.0

<t n
> o

4.3

SHlvd 3sSva0IA

IJJI.LILLII.LIL‘DI:D

doyzg
dmze
doioY

w o » W o m




FIG. 32 HYBRIDIZATION OF KNOWN PROBES TO THE DNA X-PANEL.

‘The mapping panel was tested by the localization of two X-specific DNA probes of
known map positions.

Panet A: Southern analysis of the Eco RI profile of the proposed X-panel probed
with p22.33. p22.33 recognizes the DNA locus DXS11 and has been localized to
Xq21-Xq26. In the Eco RI profile the probe hybridizes to a non-polymorphic 5.0
kbp fragment. The hybridization profile of (676x175 +: 749 +: 617x347 +) is
consistent with its known map position.

Panel B: Southern analysis of the Bam HI profile of the proposed X-panel proted
with L1.28. L1.28 recognizes the DNA locus DXS7 and has been localized to
Xp11.3. In the Bam HI profile the probe hybridizes to a non-polymorphic 6.0 kbp
fragment. The hybridization profile (676x175 -: 749 -: 617x347 +) is consistent with
its known map position.

1103 : Digested genomic DNA isolated from a hamster cell line.
XY : Digested human genomic DNA isolated from a normal male
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8.300) MAPPING OF SPECIFIC GENOMIC CLONES

8.310) Mapping of R8
The R8 subfragment (SF) used for localization was a 4.5 kbp Sal I/Eco RI

fragment which hybridized to a single 9.4 kbp fragment on Southern analysis (Fig.
33). The R8SF hybridizes to 82082a but not with 1103, thus localizing it to the
human X-chromosome. Hybridization of the fragment to 617x347 but not to 676x175

nor 749 further localizes the R8SF to Xp11.4-q11.

8.320) Mapping of X3

The X3SF used for localization was a 5.4 kbp Eco RI fragment. In the initial
phage dot analysis, it was not possible to clearly conclude the species of origin of this
clone since equal intensity hybridization was observed to both human and hamster
sequences. However, the stronger hybridization to hamster genomic DNA coupled
with the hybridization of the probe to a 5.4 kbp (as well as to a number of other
hamster specific bands) hamster band observed in the Southern analysis indicates
that X3 is a hamster derived clone (Fig. 34). In longer exposures of the
autoradiographs a very distinct 7.4 kbp human band appears in the 82082a and the
XX and XY human lanes and is noticeably absent in the 1103 lane. This fragment
is present in the analysis of 617x347 but not to 749 nor 676x175 thus localizing a X3

orthologous sequence to human Xp11.4-q11.
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FIG. 33 MAPPING OF CLONE RS

DNA (5 ug) isolated from chromosome X-specific somatic cell hybrid cell lines, was
digested with Eco RI and subjected to Southern analysis to generate a human X
chromosome specific DNA panel. The panel was probed with a 4.5 kbp Sal 1/Eco
RI fragment isolated from clone R8, The probe was labeled using the multiprime
labeling method and was preassociated before use. Prehybridization, hybridization,
wash and autoradiographic conditions were as outlined in Material and Methods.

The probe hybridizes to a human 9.4 kbp fragment (~). The hybridization pattern
observed is as follows:

676x175
749
617x347
82082a
1103

[ I SO B ]

where (+) indicates hybridization and (-) indicates the absence of hybridization,



150




FIG. 34 MAPPING OF CLONE X3

DNA (5 ug) isolated from chromosome X-specific somatic cell hybrid cell lines was
digested with Eco RI and subjected to Southern analysis to generate a human X
chromosome specific DNA panel. The pane!l was probed with a 5.4 kbp Eco RI
fragment isolated from clone X3. The probe was labeled using the multiprime
labeling method and was preassociated before use. Prehybridization, hybridization,
wash and autoradiographic conditions were as outlined in Material and Methods.

The probe hybridizes to a number of hamster fragments (as indicated diagramatically
by boxes next to the 1103 lane) including to a hamster specific 5.4 Kbp fragment(*)
and to a 8.4 kbp human specific fragment (~). The hybridization pattern observed
for this 8.4 Kbp band is as follows:

676x175 -

749 -

617x347 +

82082a +

1103 -

where (+) indicates hybridization and (-) indicates the absence of hybridization.
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8.330) Mapping of R30

Clone R30 also hybridizaed with both species probes in the phage dot analysis.
However, the relative hybridization signal with the human genomic probe was much
stronger than with the hamster. The R30SF used for localization was a 5.5 kbp Bam
HI fragment. The fragment did not hybridize to 1103, thus confirming that R30 was
a human clone (Fig. 35). R30SF hybridized to a 5.5 kbp fragment in both 617x347

and 749, but did not show evidence of hybridization to 676x175 thus localizing R30
to Xq21-q11.

8.340) Mapping of S7

The S7SF used for localization was a 3.2 kbp fragment. In the Southern
analysis it did not hybridize to 1103 but did identify both a 3.2 kbp fragment as well
as a 2.5 kbp fragment in the human genomic lanes and 82082a (Fig. 36). In the case
of the human lanes there appears to be a clear dosage effect between male DNA and
female DNA, demonstrating that clone S7 is a human X-specific clone. Analysis of
the X-panel with this S7SF identified the same two bands in all three of the hybrids,

thus localizing S7 to Xq21-qter.

8.350) Mapping of R6

R6, based on the phage dot analysis, was clearly a human specific clone. The
RGSF used for localization was a 8.2 kbp Bam HI fragment. This fragment did not
hybridize with 1103 but did hybridize to a 8.0 kbp fragment in all three hybrid lanes



FIG. 38 MAPPING OF CLONE R¥

DNA (5 ug) isolated from chromosome X-specific somatic cell hybrid cell lines was
digested with Bam HI and subjected to Southern analysis to generate a human X
chromosome specific DNA panel. The panel was probed with a 5.5 kbp Bam HI
fragment isolated from clone R30. The probe was labeled using the multiprime
labeling method and was preassociated before use. Prehybridization, hybridization,
wash and autoradiographic conditions were as outlined in Material and Methods.

The probe hybridizes to a human 5.5 kbp fragment (»). The hybridization pattern
observed is as follows:

676x175 -

749 +

617x347 +

1103 -

where (+) indicates hybridization and (-) indicates the absence of hybridization.
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FIG. 36 MAPPING OF CLONE §87

DNA (5 ug) isolated from chromosome X-specific somatic cell hybrid cell lines was
digested with Eco RI and subjected to Southern analysis to generate a human X
chromosome specific DNA panel. The panel was probed with a 3.2 kbp Eco RI
fragment isolated from clone S7. The probe was labeled using the multiprime
labeling method and was preassociated before use. Prehybridization, hybridization,
wash and autoradiographic conditions were as outlined in Material and Methods.

The probe hybridizes to a human 3.2 and 2.5 kbp fragment (#). The hybridization
pattern observed is as follows:

676x175 +
749 +
617x347 +
82082a +
1103 -

where (+) indicates hybridization and (-) indicates the absence of hybridization.
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(Fig. 37). The location of R6 is therefore within Xq21-qter.

8.360) Mapping of R2

The most interesting of the clones may in fact be R20 which shows a very
complex banding pattern in the analysis of human genomic DNA. The R20SF is a
4.0 kbp Sal 1/ Eco RI fragment. It hybridizes very faintly to what appears to be
rodent orthologous sequences presenting with a pair of bands between 9 and 6 kbp
in size. A 5.0 kl'p fragment hybridizes with specificity to 82082a and the human
samples but not to 1103 (Fig. 38). It is assumed that this band is of human origin and
that this particular band stems from the X chromosome. Analysis of the X- panel
shows that this band is not present in any of the cell lines tested. Based on this data,
the 5.0 kbp band identified by the R20SF can be provisionally placed in region
1(Xp11.4-pter).

What is very clear is that R20 is human and as such must be derived from the
human X-chromosome, The complex banding pattern seen in the human lanes
indicate that the R20SF cross hybridizes to a multiplicity of similar gene loci. Since
only one of these bands can be localized to the X-chromosome, it can be concluded

that the remaining bands must be derived from other chromosomal origins.

Since the R20SF probe was pre-associated with total human genomic DNA

prior to its use it can be assumed that repetitive sequences greater than 100 copies



FIG, 37 MAPPING OF CLONE Ré

DNA (5 ug) isolated from chromosome X-specific somatic cell hybrid cell lines was
digested with Bam HI and subjected to Southern analysis to generate a human X
chromosome specific DNA panel. The panel was probed with a 8.2 kbp Bam HI
fragment isolated from clone R6. The probe was labeled using the multiprime
labeling method and was preassociated before use. Prehybridization, hybridization,
wash and autoradiographic conditions were as outlined in Material and Methods.

The probe hybridizes to a human 8 kbp fragment (). The hybridization pattern
observed is as follows:

676x175 +
749 +
617x347 +
1103 -

where (+) indicates nybridization and (-) indicates the absence of hybridization.
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FIG. 33 MAPPING OF CLONE R20

DNA (5 ug) isolated from chromosome X-specific somatic cell hybrid cell lines was
digested with Eco RI and subjected to Southern analysis to generate a human X
chromosome specific DNA panel. The panel was probed with a 4.0 kbp Sal I/Eco RI
fragment isolated from clone R20. The probe was labeled using the multiprime
labeling method and was preassociated before use. Prehybridization, hybridization,
wash and autoradiographic conditions were as outlined in Material and Methods.

The probe hybridizes to a human 5.3 kbp fragment (-). The hybridization pattern
observed is as follows:

676x175 -
749 -
617x347 -
82082a +
1103 .

where (+) indicates hybridization and (-) indicates the absence of hybridization.
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per genome are not factors which affect the observed results. Perhaps a likely
conclusion then is that the R20 clone corresponds to a ribosomal gene sequence,

which are known to exist in multiple copies within the genome.

8.500) SUMMARY

In total six of the isolated clones were mapped by a somatic X specific cell
hybrid panel (Fig. 39). In each case the clones demonstrated X-specificity and
localized throughout the length of the X-chromosome suggesting that the genomic
library used was representative of the X chromosome and that the isolation of clones

was not biased to any specific region of the X-chromosome.

The mapping results also give an indication of the inherent background of
false positives. One of the six clones (X3) initially thought to be of human origin was
found to actually be of hamster origin. Another clone, R20, hybridizes to a complex
network of bands and thus is repetitive in nature. A crude estimate of the
background (false positives) based on this small survey of clones would suggest a

level of approximately 1/3 or 33.3 %.



FIG. 39 REGIONAL LOCALIZATION OF P+ HU+ HA- GENOMIC CLONES
TO THE X-CHROMOSOME BY A X-SPECIFIC HYBRID DNA PANEL,
A SUMMARY.

(-) : No hybridization to the respective hybrid cell line DNA.
(+) : hybridization to the respective hybrid cell line DNA.
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CHAPTER NINE
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9.000) ALTERNATE STRATEGY

There are a number of well established techniques to examine whether or not
a specific genomic fragment is likely to contain an expressed sequence. These
include the screening of genomic clones for HTF islands and the analysis of zooblots.
In the present case the genomic clones isolated are already suspected to harbor some
form of chorio-retinal expressed sequence because of the nature of the initial library

screenings (the use of a PCR amplified chorio-retinal cDNA library probe).

The most direct method to verify whether or not a given genomic fragment
harbors an expressed sequence is to use that genomic fragment to probe Northern
blots of RNA derived from the relevant tissue. Unfortunately this particular approach
could not be used in this study because of the limited availability of human chorio-
retinal RNA. An alternative strategy was devised to establish that the clones isolated

did harbor expressed sequences.

The proposed strategy of analysis is summarized in Fig, 40. In brief, a specific
fragment derived from the genomic clone is used to identify the cognate chorio-
retinal cDNA clone. These cDNA clones are partially characterized by sequencing
in order to search for unique stretches of nucleotide sequences. Oligonucleotides are
then synthesized based on the stretches of unique sequences and used for S1 nuclease
protection to establish whether these sequences are represented in the chorio-retinal

RNA pool. Specific oligonucleotides which are indicative of an expressed sequence



FIG. 40 ALTERNATIVE SCHEME TO DEMONSTRATE THAT THE P+ HU+
HA- GENOMIC CLONES HARBOR EXPRESSED SEQUENCES.
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are subsequently mapped back to the specific genomic clone to confirm the specificity
of the sequence. These studies have been limited to the analysis of one of the
genomic clones, R8. R8 was chosen primarily because of its map location, which
placed it in a region of the X chromosome to which number of X-linked

retinopathies have already been mapped.

9.100) CROSS SCREENING OF ¢DNA LIBRARY

The PTZ19R subclone of R8SF (R8(4)) was used to screen a portion of an
unamplified chorio-retinal ¢DNA library. Clones that demonstrated positive
hybridization were isolated and plaque purified. In total 7 independent R8 ¢cDNA
clones (cR8.P8.1, cR8.P8.2, cR8.P8.3, cR83.3, cR8.1.117, cR8.1.116, cR8SG21) were
isolated from a screening of approximately 3000 cDNA clones. The frequency of R8
cross hybridizing cDNA clones in the library was calculated to be 0.29% which is 6
times less than the frequency of cDNA clones which cross hybridize to total human
genomic DNA (1.2%). Screening duplicate lifts of the ¢cDNA libraty with the
PTZ19R subclone of R6SF (R6(8)) demonstrated that the two specific probes
hybridized in a distinct manner, the majority of clones which hybridized with R8(4)
did not hybridize with R6(8) and vice versa (Fig. 41).

9200) INITIAL ANALYSIS OF R8 ¢DNA CLONE SEQUENCES

The sequencing of the cDNA clones were performed as outlined in Methods.

Single stranded DNA templates for sequencing were generated using one sided PCR



FIG. 41 ISOLATION OF R8 SPECIFIC HUMAN RETINAL cDNA CLONES.

A)  Plaque lift probed with radiolabeled R8(4).
B)  Duplicate plaque lift probed with radiolabeled R6(8).

s Indicates a plaque which shows hybridization with the respective probe.
O:  Indicates a plague which does not hybridize with the designated probe but
does with the other probe.
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of the original Agt10 cDNA clones (cR8.p8.1, cR8.p8.2, cR8.3.3) and by inducing

single stranded synthesis from PTZ19R subclones of cDNA inserts isolated from the

original Agt10 clones (cR8.1.116, cR8.1.117, cR8.01.04, cR8.SG.21).

Analysis of the sequences generated from each clone allowed the ¢cDNA
clones to be placed into 3 distinct groups, group 1( cR8.p8.1, cR8.p8.2, cR8.01.04,
cR8.3.3), group 2( cR8.8G.21) and group 3 (cR8.1.116, cR8.1.117). In the case of
group 1, the clones contained sufficient overlap and identity to generate a single
consensus sequence, The group 1 consensus sequence and the sequences obtained for

the remaining three clones is provided in Fig. 42.

All clones, with the exception of ¢R8.1.116 contained long stretches of
sequence showing homologies to known Alu repetitive sequences. In the case of
cR8.8G.21 this homology is specifically to the human Alu family interspersed repeat
element, BLURG. The remaining clones showed distinct homologies to the average
human Alu family interspersed sequence. The isolation of a group of cDNA clones
that share a common feature of repetitive sequ ences is of concern with respect to the
specificity to which these clones have been isolated. However, if short non-repetitive
sequences could be identified within these sequences then they could be used to
verify the expressivity of the clone and to determine its association with the genomic
clone used to isolate it. In both cR8.1.116 and ¢R8.1.117 there are regions of

sequence which were found to be non-repetitive in nature.



FIG. 42 cR8 BEQUENCES

GATC : Sequences with a degree of homologies to known repetitive
sequences (>85% homology) .
GATC : Low copy (non-repetitive) sequences.

CR8.01-04 BEQUENCE

10 20 30 40 50 60
GAATTCCGGA AATTGAGACC ATCCTGGTTA ACACGGTGAA ATCCCATCTC TACTAAAAAT

CTTAAGGCCT TTAACTCTGG TAGGACCAAT TGTGCCACTT TAGGGTAGAG ATGATTTITA

70 80 90 100 110 120
GCCAGGCAT GGTGGCAGGT GCTGTAGTCC CTACTCGG GGCTGAGG
TGTTTTTTAA TCGGTCCGTA CCACCGTCCA CGACATCAGG TCGATGAGCC CTCCGACTCC

130 140 150 160 170 180
CAGGAGAATG GCGTGAACTC GGGAGGTGGA GCTTCGAGTC AGCCGAGATT GCACCACTGC

GTCCTCTTAC CGCACTTGAG CCCTCCACCT CGAAGCTCAC TCGGCTCTAA CGTGGTGACG

190 200 210 220 230 240
ACTCCAGCCT GGATGACAGA GTGAGACTCT GTCTCAAAAA AAAAAAAAAA AAAAAAAAAA
TGAGGTCGGA CCTACTGTCT CACTCTGAGA CAGAGTTTTT TTTTTTTTTIT TTTTITITTIT

AAAGGATT
TTTCCTAA

cR8.8G 21 SEQUENCE

10 20 30 40 50 60
CTCTCCGGAT CCAAGCTTAT CGATTTCGAA CCCGGGGTAC CGAATTCCCT CACACCTGTA
GAGAGGCCTA GGTTCGAATA GCTAAAGCTT GGGCCCCATG GCTTAAGGGA GTGTGGACAT

70 80
ATCCCAGCAC_TTTGGGAGGC TGAG
TAGGGTCGTG AAACCCTCCG ACTC
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¢R8.1.116 BEQUENCE

10 20 30

PLASMID-GA ATTCCCCCTC GGCACCAGCT
PLTSMID-CT TAAGGGGGAG CCGTGGTCGA

70 80 90
TTGTGTGGTA AAAGTAAAAA AAAAAAAAAA
AACACACCAT TTTCATTTIT TTTTTTTTTT

40 50 60

GCATATGTGT TCACTTTTAT TTAAATAAAC
CGTATACACA AGTGAAAATA AATTTATTTG

100 110
AAAAAAAAAA AAAAAAAAAA
TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT

120

130 140 150
AGATCCTCAC ACTTGATCAG CACTGGAGCT AG
TCTAGGAGTG TGAACTAGTC GTGACCTCGA TC
CcR8.1.117 BEQUENCE

20 30 40

CTTTITTQTI TTTTTTTTTT GAGACAGAGT CTTGCTCTGT IGQIGAGGCE GGAGTGCAG
GAAAAARARAA AAAAAMAAAA CTCTGTCTCA GAACGAGACA ACGACTCCGA CCTCACGTCA

70 80 100 110 120
GGTGTGATCT TGGCTCACTG AAATCTCQGC CTCCGGGTTE AAGTGATTCT CCTGCCTCAG

CCACACTAGA ACCGAGTGAC TTTAGAGGCG GAGGCCCAAG TTCACTAAGA GGACGGAGTC

130 140 150 160 170 180
CTCCCGAGT AGCTGGGATT ACAGG G

GGAGGGCTCA TCGACCCTAA TGTCCGTACG

190 200 210
TAGTAGAGAC AGGTTCACAT ATGCAGCTGT
ATCATCTCTG TCCAAGTGTA TACGTCGACA

250 260 270
AAAATGCTAA GATTACAGCT AGAGCACCAC

TGGTAGTATG AGTCGATTAA AAACATAAAA

220
CTGACTCGAC
GACTGAGCTG

230 240
TCTAGTGATC ACCACTGCTC
AGATCACTAG TGGTGACGAG

280
GCGATCTTTT

290 300
TTTTTTTIIT TTTTTTTTTT

TTTTACGATT CTAATGTCGA TCTCGTGGTG CGCTAGAAAA AAAAAAAAAA AAAAAAAAAA

310 320
GC

TITGAGACAG AGTCTIGCICT GTTGTCGAGG TCGGAGTGCA GTGGTICTGAT CIGGCTCACT
AAACTCTGTC TCAGACGAGA CAACAGCTCC AGCCTCACGT CACCACACTA GACCGAGTGA

330 340 350 360

370 380 390
GAATCTCGCT CGGTTCAGTG ATCTCGCTCA
CTTAGAGCGA GCCAAGTCAC TAGAGCGAGT



TABLE 11 SUMMARY OF OLIGOMER SEQUENCES SYNTHESIZED

R : Reverse strand
GATC : Sequence derived from clone
GATC : Mismatch sequence
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9.300) S1 NUCLEASE PROTECTION ASSAY

Based on the non-repetitive sequences defined above, synthetic
oligonucleotides were made for use in the S1 nuclease protection assay (Table 11).
Two oligonucleotides were made for each non-repetitive sequence, one representing
the forward strand and the second representing the reverse nucleotide strand (r). In
each case a 8-12 nucleotide extension, a stretch of sequence which is not present in
the ¢cDNA sequence, was added to the 3' ends of each oligomer to serve as an
internal control to monitor the efficiency of the S1 digestion. The oligonucleotide
sequences were 5’ end labeled, hybridized to human chorio-retinal RNA, and
subjected to S1 nuclease digestion.

The results of oligomers that demonstrated full S1 nuclease protection are
shown in Fig. 43. Oligomers Hr and Ir both showed evidence of RNA protection with
the appropriate decrease in band size. In each case where a specific oligomer showed
evidence of RNA protection the complementary oligonucleotide did not. Oligo-A and
oligo-Ar did not show evidence of RNA protection (not shown). Oligo-J also did not
show evidence of RNA protection but Jr did show a partial protection in that there
is a shift of approximately 7 nucleotides instead of the anticipated 9 nucleotides (not
shown). The S1 nuclease protection results demonstrate that cR8.1.117 is part of
an expressed gene sequence in the human choriod/retina and that the H and 1
sequences are derived from the sense strands. The expressivity of cR8.1.116 is not as
clear cut although the results of the Jr oligo suggest that it to protects a specific RNA

in the chorio-retinal expressed sequence pool.



FIG. 43 RESULTS FOR OLIGOMERS WHICH SHOWED RNA PROTECTION
DURING THE S1 NUCLEASE PROTECTION ASSAY.

Two non-repetitive oligonucleotide sequences derived from clone cR8.1.117
were found to demonstrate chorio-retinal RNA protection. In each case the
forward strands (H and I) did not show RNA protection. However, the
corresponding reverse strand sequences (Hr and Ir) showed the complete
loss of the mismatch region of the oligonucleotide sequence, thus resulting
in a decreased band size.



169




170
9.400) ALIZATI L ER

Because of the presence of repetitive sequences in the original R8 cDNA
clones it was not possible to use them as specific probes to map back to a specific
genomic clone. Instead, the oligonucleotides synthesized for the S1 analysis, which
represent a cDNA non-repetitive match sequence as well as an artificial mismatch
region, were used in an attempt to define the genomic specificity of the individual
¢DNA clone. Because the oligonucleotide sequences are relatively short and because
there is at most a 12 nucleotide mismatch to each of the probe sequences, a modified
set of hybridization conditions was used (Fig. 44). The oligonucleotide probes (Hr
and Ir) were used to screen the R8(4) genomic subclone and the R6(8) genomic
subclone, which was used as a control. Hr and Ir showed hybridization to the R8(4)
subclone but not to the R6(8) subclone, suggesting that the cDNA sequences are
R8(4) specific. However, because of the decreased stringency of hybridization the

possibility of non-specific hybridization cannot be precluded.

9.500) FURTHER SEQUENCE ANALYSIS
9.510} cR8.1.117 sequence analysis

In the initial screen of the data bank cR8.1.117 showed a 94.4% homology in
a 15 nucleotide stretch with the anti-sense strand of the human dystrophin gene. This
initial observation was interesting because dystrophin is known to be located on the
short arm of the X chromosome just above the region to which clone R8 has been

localized.



FiG. 44 LOCALIZATION OF OLIGOMERS DERIVED FROM cDNA SEQUENCE
TO R8(4) AND R6(8) GENOMIC SUBCLONES.

Lane 1: R6(8) has a 8.0 kbp human genomic insert.
Lane 2 : R8(4) has a 4.5 kbp human genomic insert.

Prehybridization and hybridization were performed as defined in materials
and methods except that 0,5xSSC was used in the prehybidization and
hybridization solutions and that hybridization was carried out at 39°C.
Filter washes consisted of one fifteen min wash with 2xSSc at 39°%
followed by 4x 30 min washes with 2xSSC at room temperature, and a final
30 min wash in 1xSSC. 0.1% SDS at room temperature.

C oligo is a repetitive sequence oligo derived from a R6 cDNA sequence.
This sequence does not overlap with any of the known R8 sequences.

G oligo is a repetitive oligo derived from the cR8 group 1 sequence.
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FIG. 45 A COMPARISON OF THE cR8.1.117 SEQUENCE TO THE mRNA
SEQUENCE OF HUMAN DYSTROPHIN.
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Additional homology screens specifically between ¢R8.1.117 and the human
dystrophin gene have revealed additional regions which show homology to the
dystrophin gene (Fig. 45). The observed homology regions (A, B, C, A) correspond
to the regions spanning nucleotides 13544-13587, 9325-9308, 13142-13118, 13544-
13587, respectively, of the dystrophin cDNA sequence. What becomes apparent from
this analysis is that R8.1.117 shows a high degvee of homology to dystrophin but,
because the identity is not perfect, is not dystrophin. It does however appear to
consist of cassettes of sequences that may have been derived from the dystrophin
gene. Also noted in cR8.1.117 is the short sequence CTAG and its mirror image
GATC which appears just before and just after a dystrophin homology region, In
cR8.1.117, a pair of these 4-mers are present in stretches bridging 2 dystrophin

nomology regions. The significance of these sequences, if any, is not known,

The ¢R8.1.117 coding strand was determined by the S1 protecuion results.
Both the Hr and Ir oligonucleotides are derived from the lower strand and both show
the anticipated pattern of protection, thus the coding strand must be the upper
strand. As such the proposed coding strand has been translated in all three possible
reading frames, one of which demonstrates a long open reading frame (Fig. 46). In
this case there is a clear open reading frame from nucleotide position 1 to 302,

ending with a stop codon at position 303.



FIG. 46 COMPUTER TRANSLATION OF THE c¢R8.1.117 SEQUENCE IN THE
THIRD READING FRAME.

End TGA (bolded)
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10 20 30 40 50 60
CTTTTTTTTTITTTTTTTTTGAGACAGAGTCTTGCTCTGTTGCTGAGGCTGGAGTGCAGT
PhePhePhePhePhePheGluThrGluSerCysSerValAlaGluAlaGlyValGlnT

70 80 90 100 110 120
GGTGTGATCTTGGCTCACTGAAATCTCCGCCTCCGGGTTCAAGTGATTCTCCTGCCTCAG
rpCysAspleuGlySerLeulysSerProProProGlySerSerAspSerProAlaSera

130 140 150 160 170 180
CCTCCCGAGTAGCTGGGATTACAGGCATGCACCATCATACTCAGCTAATTTTTGTATTTT
laSerArgVa1A1aGlyIleThrGlyMetHisHisHisThrGlnLeuIlePheValPheL

190 200 210 220 230 240
TAGTAGAGACAGGTTCACATATGCAGCTGTCTGACTCGACTCTAGTGATCACCACTGCTC
euValGluThrGlySerHisMetGlnLeuSerAspSerThrLeuvValIleThrThralac

250 260 270 280 290 300
AAAATGCTAAGATTACAGCTAGAGCACCACGCGATCTTTTITTTITTTTTTTTTTITTTTT
1nAsnAlaLysIleThrAlaArgAlaProArgAspLeuPhePhePhePhePhePhePheP

310 320 330 340 350 360
TTTGAGACAGAGTCTGCTCTGTTGTCGAGGTCGGAGTGCAGTGGTGTGATCTGGCTCACT
heEndAspArgValCysSerValValGluvValGlyValGlnTrpCysAspLeuAlaHisE

370 380 390
GAATCTCGCTCGGTTCAGTGATCTCGCTCA
ndIlleSerleuGlySerVallleSerLeu
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9.520) ¢R8.1.116 sequence analysis

The cR8.1.116 sequence does nut possess any long stretches of homology to
the Alu consensus sequence. However, there are a number of small stretches (10-15
nucleotides) which show homology to some parts of the Alu consensus sequence,
Between these small Alu runs there exists a stretch of sequence (nucleotide 40-70)
that represents a unique nucleotide stretch. In a data base search this non-repetitive
stretch of cR8.1.116 did not show absolute identity to other sequences in the
Genbank database, however a number of homologies (> 85%) to a number of known
gene sequences were found (Table 12). In all cases homologies seem to be to genes

which code for extracellular proteins.

The initial search of the data bank with non-repetitive regions of cR8.1.116
did not identify any long regions of homology to the human dys:rophin gene.
However in the visual analysis of the cR8.1.116 sequence data it was noted that there
is a short 9 nucleotide homology region between the 3'end of the upper cR8.1.117
strand and the 5’end of the lower cR8.1.116 strand. Because of this observation a

homology analysis between cR8.1.116 and dystrophin was performed.

The results of the homology search revealed that there exists many 10-15
nucleotide stretches which showed homology of greater than 80% to dystrophin
sequences (Table 13). Moreover these cR8.1.116 sequences appear in multiple copies

within the dystrophin sequence. All possible homology regions appear to fall within



TABLE 12 SUMMARY OF HOMOLOGIES (>85%) BETWEEN cR8.1.116
(NUCLEOTIDES 40-75) AND KNOWN GENE SEQUENCES.
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TABLE 13 SUMMARY OF HOMOLOGIES (-80%) BETWEEN cR8.1.116
(NUCLEOTIDES 40-75) AND THE HUMAN DYSTROPHIN GENE
(mRNA SEQUENCE).
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cR81.116 | DYSTROPHIN | MaTcHES | NucLzoTIDES %
HOMOLOGY HOMOLOGY HOMOLOGY
REGION | REGIONS
(>80 %)
| 43-s5 |13503-13489 | 12 15 80
[ as-s7 |13617-13605] 11 13 85
| 47-58 | 13172-13161 [ 10 12 83
| 47-62 | 13501-13486 | 13 16 81
| s0-62 |13s14-13500) 12 15 80
H s52-66 | 13090-13075 ] 13 16 81 |
52.66 | 13125-13110 [ 13 16 gL |
E 59-48 | 13616-13605 | 10 12 83 |
59-48 | 13940-13929 | 10 12 83
f 60-48 | 12907-12895] 11 13 85
B oes-52 |13ses-13536 | 11 13 85
[ 73.50 921-936 13 16 81
75-66 161-170 10 10 100
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the first kb or the last 2 kb of the human dystrophin cDNA sequence. The majority

of the homologies with greater than 80% homology are limited to the far 3’ end of
the dystrophin sequence. These findings together with the identification of one poly
adenylation motif in each strand (54-59; 55-50) of the cR8.1.116 sequence suggest

that it might be derived from the 3’ end of a gene.

9.600) FUTURE STUDIE

Since the mapping of R8 to Xp11.4-Xq11 it has received considerable interest.
This interest comes primarily from the fact that a number of X-linked eye disorder
genes, including constant stationary night blindness, Norrie’s disease, retinitis
pigmentosa 2 and retinitis pigmentosa 3, have also been localized to the vicinity of

this X region.

R8 has recently been registered with the Human Gene Mapping organization
as X.EH.8 (DXS5542). At the present time two additional studies have been planned
for R8. The first line of study therefo.e is to test R8 as a candidate gene for these
known eye disorders. A preliminary study, in collaboration with Dr. T. Bech-Hansen
(Calgary), to examine R8 as a candidate gene for the genetic eye disorder congenital
stationary night blindness (CSNB) has already commenced. The second direction that
the R8 research will take is to define DNA polymorphisms using R8 sequences. In

this wiy R8 can be used in linkage and other genetic studies to more finely define
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the R8 locus relative to known X markers and to be used in future studies to help

define the map location of other unmapped loci.

9.700) SUMMARY

The data presented in this chapter is suggestive that R8 harbors some chorio-
retinal expressed sequence (cR8.1.117). Additionat experiments will be required to
confirm this and are discussed in chapter ten. What is apparent however is that the
potential usefulness of R8 (as discussed above) does not necessarily depend on a

confirmation as to whether it does or does not harbor an expressed gene.
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10.000) LIBRARY TO LIBRARY CROSS SCREENING

In the present body of work a lateral approach has been taken to isolate
genomic clones which should have a preponderance for harboring choroid/retina
expressed sequences as well as being X-linked. The approach developed represents
a simple method of performing library to library cross screening. In the present
study, a ¢cDNA library is used to screen a genomic library, however the general
approach of library to library cross screening can be applied to any combination of
library types (cDNA library to genomic library, cDNA library to ¢cDNA library, and
genomic library to cDNA library). The only requirements are that the size of the
inserts in the library to be used as the probe does not exceed the limitations imposed
by the PCR step and that the cloning sites of the two vectors used to prepare the
respective libraries are different from each other. The advantages of this generalized
approach include the development of a source of probe which is independent of
tissue supply (which may be limited), the use of common vectors so that existing
libraries can be used if desired, and in the present case an association between tissue

expression and chromosome specificity. A discussion of the proposed lateral system

in the light of the present data is presented below.

10.100) POTENTIAL LIMITATIONS
10.110) <DNA libraty probe
The issue of what the P probe should be capable of detecting has already

been discussed in section 5.500. Briefly, sequences that exist at roughly 10-20 copies
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in the initial cDNA library pool should provide significant levels of detection of
cognate clones. If the identification of less abundant expressed sequences is desired
then the P probe should be equalized and subsequently reamplified for use as a

probe (Ko, 1990).

The use of a pool of expressed sequences as a mixed probe does not ensure
the isolation of potential candidate clones for every given disease affecting a
particular tissue. Theoretically it will only lead to the isolation of genes that are
active in the tissue at the specific stage of differentiation at the time the RNA is
isolated. Since the long term goal was to develop a means of identifying genes
underlying adult degenerative disorders, the use of an adult choroid/retina ¢cDNA
library P probe was appropriate for the isolation of candidate clones. However, to
identify genes underlying a disease that is manifested during development (such as
Norrie's disease), it is necessary to use ¢DNA libraries from the appropriate
developmental period. In the case of human research, this is difficult at the present

time.

10.120) False negatives

In some cases it is conceivable that the actual size and distribution of introns
and exons might contribute to the lack or faint hybridization of a given cDNA based
sequence to its cognate genomic clone. This is especially the case if the exons of a

given gene are relatively small and its introns are relatively large.
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10.130) False positives

The number of P+ HU+ HA- genomic clones isolated (0.30 % of the clones
screened) is higher than the number anticipated (0.03%). Based on the estimate
made in section 7.300 (0.03%) it would appear that 90% of the clones isolated
represent false positives. The nature of the isolation of these inherent background
clones is not clearly understood. There are at least two possible explanations for this

(1. the estimated expected frequency of positive clones; 2. the nature of hybridization

of the P probe).

10.131) Estimation of false positives

The estimation of the expected number of positive clones is based on rather
vague estimates of the size of the human genome, on the total number of genes in
the genome, and the total number of genes that might be active in a given cell (see
section 7.300). At the present time there is reason to believe that the human genome
may in fact harbor more than a 100,000 genes (Dr. A. Mackenzie, personal
communication). If this is true then the estimation of expected clones made here
based on the previously accepted information would represent a underestimation,
As a consequence, the number of P+ HU+ HA- clones observed may in fact not

represent a 10 fold higher value than should be expected, and may represent a

relatively accurate estimate,
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10.132) The nature of hybridization

It appears from the initial cross screening data (chapter 6) that the P probe
hybridized in a semi-independent manner relative to total human genomic DNA. 0.41
% of total genomic clones screened were found to be positive with the P probe in
a primary screen and positive with a total human genomic probe in a secondary
screen. In a separate experiment, 0.64% of total genomic clones screened were
positive with the human genomic probe in a primary screen (Table 6). If the P probe
were clearly a human genomic repetitive probe, the same frequency of positive clones
should have been observed in both cases.

The data presented in the characterization of independent clones (chapter 7)
also supports this view. The hybridization of the P probe and the human genomic
probe to individual genomic clones (Fig. 27) indicates that the P probe hybridizes to
very specific bands in the restriction profile as opposed to the human genomic probe
which hybridizes to all bands. The interpretation of this data is that the two probes
are distinct, each hybridizing to a distinct class of sequences. Subsequently the
screening of the choroid/retina cDNA library with a human genomic probe yielded
very few positive clones (approximately 1.4%), indicating that only a few of the
cDNA clones in the library possess sequences which are highly repetitive in the
genome (section 7.510). Taken together, these findings suggest that the sequences
that are abundant in the genome and present in the choroid/retinal cDNA library
do not play a major role in the hybridization of the P probe to specific genomic

clones.
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In addition, on rescreening the P+ HU+ HA- clones with a P probe that had
been depleted for highly repetitive sequences (chapter 7). 50 % of the clones showed
a decrease in relative hybridization intensity but none showed an absolute absence
of hybridization. This indicates that the clones had not been identified on the basis

of sequences which were highly repetitive in the genome.

The data obtained support the hypothesis that the isolation of genomic clones
with the P probe is not achieved on the basis of sequences that are highly repetitive
in the genome. In retrospect, however, this does not preclude sequences that are
slightly repetitive in the genome. Sequences that appear at a high frequency in the
P probe, due to high levels of expression of specific sequences, but are preser.i at
lower copy numbers in the genome may contribute to the isolation of false positive
clones. The level of these types of sequences in the genome would not be sufficient
to deplete the P probe. It would be predicted that these sequences would exist at
high enough levels in the P probe to detect specific clones but exist at levels in the

genome insufficient to detect the same clones.

If the major factor in the isolation of false positive clones are repetitive
sequences then it would be advantageous to use a P probe derived from a cDNA
library constructed using random primers rather than with oligo(dT) primers since
expressed repetitive sequences are found predominantly in the 3’ untranslated regions

of mRNA sequences. This would ensure that the sequences used to generate the P



186

probe would not be biased to the 3’ end of mRNA and would therefore possess a

lower proportion of repetitive sequences,

10.200) MAPPING STUDIES

Since the human somatic cell line 82082a has a single X-chromosome as its
only human component, the human clones isolated from the genomic library originate
from the X-chruiziosome. The mapping of specific clones to refined regions of the X-
chromosome is an important part of the candidate gene approach and an important
initial step in determining if a given clone should be pursued in the elucidation of a

specific genetic disorder.

In the present study, a ~:pping panel that effectively dissects the X-
chromosome into 4 regions was used (Fig. 29). To obtain a more accurate map
position, a more complete X-panel could be used. In addition the efficiency of
characterizing clones and Southern analysis should be simplified and optimized. At
the present time, entire phage clones as opposed to distinct fragments are being used

to probe the X-panel.

The faint hybridization on Southern analysis to the X-panel in chapter 8 was
initially thought to be due to the low specific activity of the probes. Recent changes
in the Southern methodology that we have adopted has shown that the hybridization

conditions and the particular nylon membrane used were probably the more critical
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determinants of the observed results. A marked improvement in hybridization to
background signal has been observed when a charged nylon membrane (Genescreen

Plus) is used and when Denhardt’s solution is eliminated from both the

prehybridization and hybridization solutions.

10.300) EXPRESSION

For a clone to be considered as a potential candidate gene clone it should
harbor an expressed sequence. The most straightforward way to demonstrate that
a particular clone harbors an expressed sequence is to use the genomic clone (or a
small restriction fragment of the clone) to directly probe a Northern blot of
choroid/retinal RNA. Unfortunately the factor that led to the development of the
present lateral strategy, the lack of sufficient amounts of choroid/retina tissue, also
limits the capability of performing this analysis. As a consequence, an alternative

approach to examine the expression of a single clone R8 was taken (section 9.000).

In the case of the analysis of R8, the compounding problem in the isolation
of cDNA clones by the proposed scheme (Fig. 40) was the finding of a number of
different cDNA clones whose only similarity is that they contain some derivation of
the human Alu sequence (section 9.200). It would appear that the reassociation of
the R8 genomic insert with human genomic DNA was not efficient enough to block
hybridization on the basis of Alu repetitive elements. In retrospect, it would have

perhaps been ~.dvantageous to have first attempted to further dissect the R8 4.5 Kb
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fragment in order to derive a smaller fragment free of Alu sequences which still
hybridized with the P probe before proceeding to the screening of the ¢DNA library.

Sequencing of the R8 cDNA clones allowed the synthesis of specific non-
repetitive oligonucleotide sequences (section 9.300; Table 11). These oligonucleotides
(which consisted of a cDNA clone match region and a mismatch region) were used
in the S1 nuclease protection assay to verify that they correspond to expressed
mRNA, as well as to determine the potential sense strand (Fig. 43). The same
oligonucleotides were used to localize back to the R8 genomic 4.5 kb fragment by
Southern analysis (Fig. 44). Because of the mismatch area of the specific
oligonucleotides the hybridization stringency was brought down to accommodate this
factor. Undoubtedly the data would have been more conclusive if the hybridization
was carried out at higher stringency to eliminate the possibility of non specific
hybridization. As it stands, the observed hybridization data (Fig. 44) suggests, but not
conclusively, that an association between the R8.1.117 cDNA derived non-repetitive
sequence (Oligo H and Oligo I) and the R8 4.5 Kb fragment exists. The hybridization
data of the S1 oligonucleotides to the respective R8 fragment could have been
strengthened by direct sequencing of the R8 genomic fragment and the subsequent
comparison of the cDNA to genomic sequence. Alternatively, primers derived from
the H and Ir match region could have been used in a PCR reaction to see if they
could amplify a specific fragment from the R8 genomic clone. In either case a
positive finding would have provided additional support for a direct relationship

between the cDNA clone and the R8 genomic fragment.
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In hindsight, a more practical approach would have been the generation and
screening of different organ RNA blots, irrespective of the availability of human
choroid/retina RNA, in order to obtain evidence of expression in any human tissue,
This strategy was initially considered but again the inability tu obtain human tissue
of any kind other than blood, placenta, or cultured fibroblasts led us to abandon this
approach. Recently, however, there appears to have been a growth of commercialty
available preparations of RNA from different types of human tissue as well as an
emergence of tissue banks who will supply tissues for scientific research, thus making

this avenue one which might now be further pursued.

10.400) COMPLICATIONS

The lateral approach defined in the present work leads to the isolation of
human genomic clones which are derived from the human X-chromosome and which
harbor choroid/retinal expressed sequences. On the basis of the observed data
analysis, the nature of these choroid/retinal sequences can either be unique
sequences or repetitive elements which are present in the P pool of sequences. This
of course complicates matters in that the detection of a specific human genomic
clone with the P probe does not necessarily define that clone as harboring a specific
gene. If however, as discussed previously in this section, the repetitive elements in
the cDNA are of low abundant sequences in the human genome, the clones isolated
with the P probe should have a relative higher probability for harboring gene

sequences than human X-clones taken at random from the library. Due to this
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complication one of two things needs to be developed. Either it will be necessary to
develop an efficient way of differentiating clones which harbor genes and those which
do not or it will be necessary to streamline the detection system so that the

background of false positives is significantly decreased.

10.500) CANDIDATE GENE APPROACH

The initial goal of the present lateral approach was to isolate a subset of
clones which would have the potential to become a candidate gene clone for X-
linked eye disorders due to their X-specificity and expression in the choroid of retina.
Given the time that it has taken to partially characterize the R8 clone, it would be
unrealistic to expect the systematic characterization of all clones isolated in the
defined screenings in any expedient manner. It is therefore important to place a

priority on those clones which should first be analyzed.

The most useful information for identifying clones that should be pursued is
the location of the clone on the map of the X-chromosome. Clones that co-localize
to the same regions as known ophthalmic disorders should be examined first.
Mapping of a clone to a specific region by DNA cell panels provides at best an
approximate localization of that sequence. Because the genetic location defined by
a map panel is usually very broad more than one expressed gene will reside within

a given map region. Thus in addition to a partial characterization of the candidate
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clone, linkage studies to establish if the clone and disease locus co-segregate should
be done in parallel. This ‘vould require the development of a polymorphic marker
system with the clone in question and would require having the DNA from affected
individuals and their families for analysis. Clones showing complete linkage to the
disease locus should then be characterized by sequencing and for expressed
sequences. The expressed sequences should then be analyzed and compared to DNA

sequences isolated from patient DNA to identify differences between the normal and

disease gene.
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CONCLUSION
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The work presented in the present thesis has focused on the development of
a lateral screening strategy. A choroid/retina cDNA library has been used to cross
screen a hamster/human X-specific genomic library in an attempt to isolate human

X-specific genomic clones which harbor choroid/retinal exprcssed sequences.

The work has centred on the synthesis of a representative human
choroid/retinal cDNA library, the synthesis of a random human X-specific genomic
library, and the development of a general library-to-library cross screening procedure.
The verification of the results of the proposed cross screen with respect to the
isolation of human X genomic clones which harbor choroid/retinal expressed
sequences has been partly successful. There does not seem to be a problem in
showing whether a specific clone is or is not an X-specific clone by direct Southern
analysis of X-specific DNA cell panels. Problems have arisen, however, in attempts
to demonstrate that the isolated clones harbor sequences which are expressed in the
choroid or retina. In the case of R8 the existing data, while suggestive, does not
conclusively establish that the clone harbors an expressed sequence. Conclusive
demonstration that the R8 clone harbors an expressed sequence has been
confounded by the possible presence of repetitive sequences within the cDNA clones,
leading to a background of false positives. From the overall analysis of the data it
appears that the high background may be due to repetitive elements which have a
relatively high abundance in the cDNA population (probably due to high e» pression

of a select number of specific genes) but exist at a sufficiently low abundance in the
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genome such that total genomic DNA does not effectively deplete these sequences,
In both cases, suggestions to overcome the problem of validation of expressivity and

to decrease the proportion of false positives have been presented.

In the light of these refinements a modified lateral cross screening strategy
should offer a unique avenue in which to isolate tissue expressed genes with a
predefined chromosome specificity. Within the realm of the choroid/retina project
the refined strategy and the products of the defined work will represent a continuous
well from which additional clones can be drawn. In this way a bank of human X-
genomic clones which harbor choriod/retinal expressed sequences (and which possess
a higher relative probability of harboring an active gene) can be built and used in
future candidate gene and genetic mapping studies. The proposed strategy should
fully augment and complement the candidate gene approach in the isolation of

disease genes.
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APPENDIX ONE
ABBREVIATIONS



AMYV
bp
BSA
cDNA
chorio-retina
cpm
dATP
dCTP
DEAE
dGTP
DNA
DNase
dNTP
ds-cDNA
DTT
EDTA
G-50
gm

h

HA
HA+
HA-
HMW
hnRNA

HU

208
avian rayeloblastosis virus
nucleotide base pair
bovine serum albumin
complementary DNA
choroid and retina
counts per minute
deoxyadenosine 5’-triphosphate
deoxycytidine 5’-triphosphate
diethylaminoethyl
deoxyguanosine 5’-triphosphate
deoxyribonucleic acid
deoxyribonuclease
deoxynucleotide 5’-triphosphate
double stranded cDNA
dithiothrietol
ethylenediaminetetra-acetic acid
Sephadex G-50
gram
hour(s)

Hamster

Positive hybridization to a hamster genomic probe

Negative hybridization to a hamster genomic probe

high molecular weight
heteronuclear RNA
Hpa II tiny fragments

Human
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HU+ Positive hybridization to a human genomic probe

HU- Negative hybridization to a human genomic probe

kb kilobase

kbp kilobase pair

LMA low melting agarose

min minute

mRNA messenger RNA

O.D. optical density

oligo-(dT) oligodeoxythimidylate

p short arm of a chromosome

P probe Probe derived from the PCR products of the amplification of
¢DNA library

P+ positive hybridization with the P probe

P- negative hybridization with the P probe

PAGE polyacrylamide gel electrophoresis

PCR polymerase chain reaction

PEG poly ethylene glycol

pfu plaque forming unit

pH -log,[H*]

pl isoelectric point

PIPES 1,4-piperazinediethanesulfonic Acid

poly(A)+ RNA retained on oligo(dT)-cellulose column

poly(A)- RNA not retained on oligo(dT)-cellulose column

q long arm of a chromosome

RNA ribonucleic acid

RNase ribonuclease
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RP Retinitis Pigmentosa

rpm revolutions per minute
rRNA ribosomal RNA

S Svedberg unit

SDS sodium dodecyl sulfate
SF subfragment

ss-cDNA single-stranded cDNA

t translocation

Taq Thermus aquaticus

TCA trichloroacetic acid

TCD Choroideremia gene

Tris Tris(hydroxymethyl)aminomethane
tRNA transfer RNA

TTP thymidine §'-triphosphate
U unit of enzyme activity
uv ultra violet

\Y volts
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Amersham (Qakville, Ontario):.}”S]-methionine (800 Ci/mmole), {**P]-dCTP (3000
Ci/mmole), {**P]-dATP (3000 Ci/mmole), nick translation kits, multiprime kits, Agt10
cloning kit, Hybond™ nylon membranes, Hybond™N + nylon membranes, restriction
endonucleases.

BDH Canada (Toronto, Ontario): Ficoll, polyvinylpyrrolidone.
Beckman Canada (Mississauga, Ontario): Ready-Solv ET Scintillation fluid.

Bethesda Research Laboratories (Burlington, Ontario): Ampholytes, RNAse H,
restriction endonucleases, Hind III digested A DNA.

Bill’s Camera Craft (Ottawa, Ontario) & Henry's (Toronto, Ontarlo): Cronex X-ray
film, Iiford films, Ilford and Kodak paper and other dark room chemicals.

Bio-Can Scientific Inc (Mississauga, Ontario): Gene clean™ kits

Bio-Rad Laboratories (Canada) Ltd (Mississauga, Ontario): Acrylamide, N'N'-
methylene-bisacrylamide, N,N,N,N,-tetramethylenediamine, Coomassie blue, protein
molecular weight standards, Bovine serum albumin, AG 501-X8D mixed bed resin,
Penicillin, streptomycin.

Bochringer-Mannheim Canada (Dorval, Quebec): Ampicillin, T4 ligase, DNA

polymerase 1, RNAse A, yeast tRNA, calf thymus DNA, Tris, oligo(dT-cellulose),
polynucleotide kinase, RNAse H, restriction endonucleases.

Dupont (Lachine, Quebec): [ZP]-dCTP (3000 Ci/mmole), [?P]-dATP (3000
Ci/mmole), [°S]-dATP (1045 Ci/mmole), NEN™ labeling kits.

International Biotechnologies Incorporated (Torento, Ontario): Polyacrylamide, SDS,
N’,N'-methylene-bisacrylamide, urea, agarose, N,N,N’,N’-tetra-methylendiamine,
ammonium persulfate, TEMED.

Life Sciences (St. Petersburg, FL): AMV reverse transcriptase

Oxoid Canada (nepean, Ontario): Agar, tryptone, bacto-yeast extract.

Perkin-Elmer Cetus (Nepean, Ontario): Gene amplification-DNA amplification kit,
Taq Polymerase.

Pharmacia (Derval, Quebec): random-sequence hexadeoxyribonucleotides, oligo-
dT)cellulose, Sephadex G-50, Sepharose 4B, nucleotides (dNTPs), ampholytes
), restriction endonucleases.

Ejromega Biotec (Madison, Wisconsin): Rabbit reticulocyte lysate, EMBL3 cloning
t.

Sigma (St. Louis, Mo): Oligo dT;, ;4

Universtiy of Ottawa Biotechnology Research Institute (Ottawa, Ontario): Synthetic
oligonucleotides and Agt10 primers.
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US Biochemicals Corp.(Cleveland, Ohio): Sequenase™ DNA sequencing kits.

Whatman BioSystems Inc.(Clifton, New Jersey): DES2-preswollen DEAE cellulose.

All other chemicals, of reagent grade, were purchased from Fisher Scientific Co. Ltd
(Ottawa, Ontario) or BDH (Toronto, Ontario).

BACTERIAL CELL LINES
NMS514: selective bacterial host for the vector Agtl0 (Amersham, Oakville,

Ontario).
L87 : gon—sqle)ctive bacterial host for the vector Agt10 (Amersham, Oakville,
ntario).
MB406: bacterial host for the vector EMBL3 (Promega Biotec, Madison,
Wisconsin).
DHSa : bacterial host for the vector PTZ19R (Promega Biotec, Madison,
Wisconsin).
GENERAL SOLUTIONS
2YT broth 1.6% bactotryptone, 1% bacto-yeast extract, 0.5% NaCl
Denhardt’s 0.2% BSA, 0.02% polyvinyl pyrrolidone, 0.02% Ficoll
High TE 100 mM Tris-HC! pH 8.0, 1 mM EDTA
L-agar 1% bactotryptone, 0.5% bacto-yeast extract, 1% NaCl, 1.5%
bacto-agar, pH 7
L-broth 1% bactotryptone, 0.5% bacto-yeast extract, 1% NaCl, pH 7
MoPS 20 mM morglholonopropanesulfonic acid, 5 mM NaOAc, 1 mM
EDTA, pH 7.0
SM buffer _5’% mM Tris, 100 mM NaCl, 10 mM MgSO,, 0.1% gelatin, pH
SSC 0.15 M Na(l, 0.015 M sodium citrate, pH 7
STE 100 mM NaCl, i0 mM Tris, 1 mM EDTA, pH 7
TAE loading buffer 10x TAE buffer, 50% glycerol, 0.5 mg Xylene Cyanol/ml, 0.25
mg Bromophenol Blue
TAE buffer 40 mM Tris, 20 mM EDTA, 0.23 % glacial acetic acid, pH 7.7
TBE buffer 44 mM boric acid, 44 mM Tris, 20 mM EDTA, pH 83
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TBE loading buffer 20 mM EDTA, 96% deionized formamide, 0.5 mg Xylene
Cyanol/ml, 0.25 mg Bromophenol Blue

TE 10 mM Tris-HCI pH 7.5 or 8.0, 1 mM EDTA

Top agar 1% bactotryptone, 0.5% bacto-yeast extract, 0.5% NaCl, 0.25%
MgS0,, 1% bact-agar, pH 7
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PAUL W. WONG

54 Calder Bay

Winnipeg, Manitoba, Canada
R3T

Telephone: (204)269-0964

202-1725 Riverside Drive
Ottawa, Ontario, Canada
K1G OE6

Telephone: (613)523-6339

CANADIAN

Graduate Student

Ph.D.

September, 1986

University of Ottawa
Deﬁrtment of Biochemistry
Dr.M.P.R. Tenniswood

Department of Biochemistry

University of Ottawa

451 Smyth Road

Ottawa, Ontarin

%1]}{ %MS (613)787-6419
elephone: .
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10.

EDUCATION

Bachelor of Science (First Class Honors), Department of Zoology, University

of Manitoba, May 25, 1983

Masters of Science, Department of Anatomy (Genetics Option), University of
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SCHOLARSHIPS AND ACADEMIC AWARDS
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Thesis
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