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ABSTRACT

A 2.5 Mb contig was constructed of YACs and PACs, extending from DXS6849 to

a new marker EC7034R,one megabase distal to UBEl within the p11.3 region of the

human X chromosome. This contig, which has on average three-fold cloned coverage,
was assembled using 37 markers, including 15 new STSs developed from YAC and PAC
end-fragments, for an average inter-marker distance of 70 kb. Marker order was predicted

from STS content, cell hybrid data and SEGMAP analysis. One polymorphic TC
dinucleotide repeat sequence from an endcione was identified. The contig is merged with
a published physical map in the centromeric direction, and provides reagents to aid in the

sequencing of the X chromosome and in the finding of genes for X-linked congenital
stationary night blindness, X-linked retinitis pigrnentosa, and hand Island eye disease.
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CHAPTER 1 - INTRODUCTION
The Human Genome Project is a worldwide research effort whose primary focus

is to develop detailed genetic and physical maps of the human genome and to determine
the complete nucleotide sequence of human DNA (Guyer and Collins, 1995). The

information generated in this project will lead to the location of the estimated 50,000 100,000 genes within the human genome and will provide the framework for studying
how certain DNA variations among humans predispose towards various diseases (Venter
et al., 1996). Achieving this god will enable early detection of disease, diagnosis,

effective preventative medicine, efficient drug development, and personalized therapies.

The mapping and characterization of genes whose function andor location are unknown
will also aid in the eventual identification of genes involved in additional genetic
diseases. Determining the entire sequence of the human genome, although a huge
scientific success, has initiated concern for ethical, legal and social implications. For this

reason, other goals of the human genome project involve: the identification of issues and
the development of policy options to address them; the development of policy options
regarding genetic testing; the acceptance of human genetic variation; and the
enhancement and expansion of public and professional awareness (Collins and Galas,
1993)
The human X-chromosome contains an estimated 160 million base pairs, and

possesses an estimated 5,000 genes (Mandel

et

al., 1992). A number of clinically

important, genetically determined diseases of the eye have been mapped to the proximal

region of the short ann of the X chromosome (Nelson et a!., 1995). The gene responsible
for one form of retinitis pigmentosa, RP3, has recently been identified in this region

(Meindl et a l , 1996; Roepman et al., 1996a; Roepman et aL , 1996b). However, the
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causative genes for other eye diseases that have been mapped to Xp remain to be
identified. For example, X-linked congenital stationary night blindness (CSNB) (BechHansen and Pearce, 1993; Musarella et al., 1989), retinitis pigmentosa (RP2) (Thiselton
et aL, 1996) and hand Island eye disease (AIED) (Alitalo et al., 1991; Glass et al., 1993)

have been mapped by linkage analysis to the region Xp21 - p 11. Further linkage analysis
with affected families and additional polymorphic markers has refmed the critical regions

of these disorders to the Xp 1 1.3-11.22 region. Additionally, RP2 (Thiselton et a2., 1996)
and CSNB (Bech-Hansen and Pearce, 1993; Musarella et al., 1989) reportedly overlap

with the Xp 11.3-p11.23 region.
Linkage analyses represents just part of a positional cloning approach used in
efforts to locate disease genes whose function is unknown. In fact, positional cloning
involves mapping a disease gene to its correct location on a chromosome and assumes no

functional information (Collins, 1995). Successive narrowing of a minimal interval
eventually results in the identification of the specific gene by the process of excluding
more and more genes. Physical mapping of the Xp 11.3 region with YACs followed by
the development of a PAC contig would facilitate the DNA sequencing of the region and
identification of the aforementioned genes. By isolating and characterizing the genes
responsible for these diseases, more conclusive diagnosis and, potentially, treatment of
these disorders may be possible.

POSITIONAL CLONING
The first successful application of the technique of positional cloning (see Figure
1; C o b s , 1992; Collins, 1995) was reported by Stuart Orkin and colleagues with the

cloning of the X-linked gene for chronic granulomatous disease (Orkin, 1986). Since
then, approaches based on this technique have become widely applied to gene discovery.

Figure 1.

Figure depicting the approach taken for positional cloning. Positional cloning involves
mapping the responsible gene to a region on a chromosome and assumes no functional

information. Successive narrowing of the candidate interval eventually results in the
identification of a candidate interval that can be sequenced to determine the presence of
transcripts (modified from Figure 2 (Collins, 1992)).

Positional cloning begins with the collection of pedigrees in which the diseased

gene is segregating. These families are studied with multiple polymorphic markers until
evidence for linkage is identified (Collins, 1992). Once a disease has been linked to
markers on a specific chromosome, additional fme mapping can be applied to narrow the
minimal region. The information that one is able to extract from linkage analysis is

limited by the number of informative meiotic events (Collins, 1992). Once a minimal
genetic region has been defined, the interval can be surveyed for any candidate genes. If
no candidate genes are identifiable, transcripts must be identified from the region.
Identification of patients who have visible cytogenetic rearrangements can greatly assist
the low and high resolution mapping of the responsible gene (Collins, 1992). Many of
the positional cloning successes have relied on such reammgements, and many others

have been aided by the identification of patients carrying deletions of tens or hundreds of
kilobases (kb) (Collins, 1992).

HUMAN DISEASES MAPPED TO X p l l

Positional cloning has successfully been used to map many diseases to the Xp 1l
region of the human X chromosome (see Figure 2). Three retinal disorders are of
panicular interest, namely X-linked congenital stationary night blindness, X-linked

retinitis pigmentosa and h a n d Island Eye disease.
Retinitis pigmentosa is a group of retinal degenerations characterized by
progressive visual field loss, night blindness and pigmentary retinopathy (Aldred et oL,
1994). X-Linked retinitis pigmentosa W R P ) is one of the most severe fonns of RP,with

onset in males in the first decade, progressing to blindness by the third or fourth decade

(Berson et al., 1980). There is convincing evidence that many different loci exist on the
X-chromosome for XLRP (McGuire et ul., 1995; Musarella et al., 1988; Thiselton et aL,

1996; Wirth et oL, 1988). The RP3 locus has been shown to map to a 1 Mb ngion

Figure 2.

Figure depicting a gene map of Xpll.3-pll.23. Genetic markers and known genes in
Xp11.3-p11.23 are shown to the left of the chromosome. Genes implicated in various

genetic disease and candidate intervals for genes involved in ocular diseases are shown to
the right

8
between the markers DXS1110 and OTC,in the Xp21.1 region (Nussbaum et al., 1985;

On et a!., 1990). Recently the identification of a 6.4 kbp microdeletion in an affected
patient resulted in the identification of the RP3 gene (Meindl et al., 1996; Roepman et at.,

1996a; Roepman et aL, 1996b). Another XLRP locus, RP2, has been localized to a 5 cM
region between the markers DXS8083 and DXS6616 (Thiselton et al., 1996) within

Xpl1.3 -p11.23.
Congenital stationary night blindness is a disorder that presents with autosoma1 or

X-linked recessive patterns of inheritance. Clinical features of the X-linked form in
affected males usually includes impaired visual acuity, impairment of night vision and, in

some cases, myopia and nystagmus. Linkage studies initially mapped CSNB to the Xp 1 1
region near DXS7 and DXS255 (Figure 2) (Bech-Hansen et nL, 1990; Gal et at., 1989;
Musarella et al., 1989). Funher studies have led to the suggestion that X-linked CSNB is
heterogeneous with potentially three distinct locations for genes determining this

phenotype (Nelson et oL., 1995). The laboratory of Dr. Bech-Hansen has mapped one
CSNB locus to the proximal side of TIMPl in Xp 1 1.23 (Bech-Hansen and Pearce, 1993).

Two other loci map within the region of interest to this research project. One form has
been mapped to the region between markers OTC and DXS 1003 (Berger et aL, 1995) and

another has been mapped proximal to MAOA (Bech-Hansenet al., 1992; Bergen et at.,
1994).

Whether CSNB locus is allelic to other eye diseases in this region, such as RP2,
RP3 and &D,

will only become clear once candidate genes have been isolated and

tested for mutations.
Finally AIED, thought by some to be the same condition as X-linked CSNB

(Glass et al., 1993;Weleber et aL, 1989), is characterized in males by reduced visual
acuity, axid myopia and hypoplasia of the fovea (McKusick, 1986). Linkage analysis
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has refined AIED to the region between DXS7 (Schwartz and Rosenberg, 1991) and

DXS255 (Glass et at., 1993).

PHYSICAL MAPPING
Retinitis pigmentosa, CSNB,and AIED have all been placed within the Xpl 1
region based on linkage analysis. The positioning of disease loci on chromosomes is
done by genetic linkage analysis in context of a genetic map, followed by the
development of a physical map. A physical map of a given genetic region provides
information on distances between genes and genetic markers, in terms of DNA, which in
tun provides

information on a gene's relative position. Obtaining this infromation with

regards to the X p l l region will lead to the eventual identification of the genes
responsible for the retinal disorders described above.
As genetic markers, sequence tagged sites

(STS)have expedited the process of

developing physical maps. STSs are defined as DNA sequences that are operationally
unique (meaning the STS can be specifically detected using PCR in the presence of all
other genornic sequences) (Olson et al., 1989). A subset of STSs, namely expressed
sequence tags (ESTs), are partial cDNA sequences that pro vide the additional feature of
pointing directly to an expressed gene. Olson et al. (1989) STSs could be used as the
common landmarks for physical mapping. Overlapping clones would be described by
their common STS content to develop a contig of a region. A contig therefore represents
the structure of contiguous regions of the genome by specifying the overlapping

relationships among a set of clones (Olson et al., 1989). Development of a physical
contig provides the framework necessary for the eventual isolation of genes responsible
for genetic disease.

One of the greatest advantages of STS markers is that they can be easily, and
quickly, detected by the polymerase chain reaction (PCR). PCR is a method that
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exponentially amplifies DNA sequences between two oligonucleotide primers (Sambrook
et al., 1989). By synthesizing PCR primers chosen to be compiementary to opposite

strands arid opposite ends of a tract of DNA sequence, STS markers from any unique
DNA sequence can be developed. Existing microsatellite markers, such as short tandem

repeats (STRs)or variable number tandem repeats (VNTRs), can act as ready made STSs

(Olsoner aL, 1989).
Terminal STS markers developed h m the DNA sequence of an end-fragment of

a given clone can be used to screen libraries to obtain other overlapping clones, thus
allowing one to 'walk'into unmapped, adjacent regions. Terminal STS markers can be
developed by ligation-mediated PCR (end-cloning)(Figure 3) (Kere et aL, 1992). Endcloning involves isolating the end portion of the insert in a clone using an appropriate

restriction enzyme, ligating a common linker to the cut end of the resulting fragment,
followed by amplification of the fragment using a vector-specific primer and a linkerspecific primer (Kere et 01.. 1992). Fragments are then sequenced and analyzed to

determined if the sequence has homology to any common repetitive elements in the
genome. Resulting unique sequence can then be used to design primer sequences

for a marker whose position along the clone of origin is precisely defined, namely the end
of the insert, facilitating the orientation of these clones and thus the formatting of the

final physical map. Multiple STSs generated by end-cloning allow for the development
of a higher density STS map leading to the set goal of an STS map with inter-marker

distances of 1 per lOOkb (Nelson et al., 1995).
Yeast artificial chromosome (YAC) contigs now span more than 9 5 8 of the X

chromosome and the remaining gaps are delimited primarily in Xp 11.4-p 11.3 and Xq 13
(Nagaraja et al., 1997). More than 2091 STSs,including over 97 ESTs, have been placed

on YACs across the 160 Mb of the X chromosome (Nagaraja et al., 1997). This results in
an average inter-STSdistance of 75 kb although many rrgions, such as Xp11.3, are still

Figure 3.

Terminal STS markers are made by Ligation mediated PCR (End-cloning) (Kere et ai..
1992). The procedure of end-cloning involves isolating the end portion of a clone using

an appropriate restriction enzyme, ligating a common linker onto the cut end of the
fragment and amplifying the end-fragment using a vector specific primer and a linker
specific primer. Figure modified (personal communication; Dr. Kym Boycott, PkD.

Thesis, 1997).

YAC VECTOR

YAC INSERT

Digestion of YAC done with rstr*tio~
e q m e (R)

Denature, anneal primer LA-I (horndogousto YAC
vector), extend

Denature, anneal primer L1, extend

Ll

35 cydes o t amplification b e e n LA-1 a d L1

35 qdes of rmpliTmti011between primersLA-2 a d L1
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under-represented. Markers DXS7 and ZNF21 span a 7 cM region still lacking physical

coverage in Xp 11.3 (Nelson et d,1995).

LARGE INSERT VECTORS:
The 7cM region between markers DXS7 and DXS 1003 within the Xp11.3 region
of the human X chromosome has yet to be represented by a physical map. The mapping
and analysis of complex genomes requires techniques for the efficient cloning and

manipulation of large DNA fragments. Until recently, cosmids and YACs were the
primary tools for physical mapping.

Cosmids are plasmids containing a cohesive-end site (cos site) at each end of the
linear molecule (Collins and Hohn. 1978). They have proved invaluable as a physical
mapping tool over the past twenty years. One of the principal advantages of the cosmid

system is the high efficiency of in v i m packaging (Ioannou et al., 1994). The simplicity
of DNA isolation (alkaline extraction) is another advantage of this system (Kun et al.,
1992). However, cosmids have an insert size restriction of 35-45 kb due to packaging in

phage heads of Escherichia coli (Feiss et al.. 1977; Hohn and Collins, 1980). Also, as

many as 35% of human cosmids are inherently unstable and a small fraction of these

cosmids are highly unstable and undergo rearrangements and deletions shortly after
bacterial transformation (Ioannou et uL., 1994). These inherent problems complicate the

use of cosmids for the physical mapping of complex genomes.
In spite of their inherent limitations, for the past 10 years YACs have been the
standard tool for the construction of chromosome and whole genome contig maps (Foote

et oL, 1992; Spun, 1995). They are capable of accepting inserts as large as 1-2 Mb of

DNA and have enabled the isolation of DNA segments that were unclonable in
conventional bacterial systems (Foote er al., 1992). Although YAC inserts have been
found to contain deletions or rearrangements and the hquency of chimeric clones
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observed has been as high as 59% in some libraries (Foote et aL, 1992), YAC clones

were used to construct a fmt-generation physical map of the whole of the human genome
(Schuler et aL, 1996). YAC contigs now provide the framework for the future
development of contigs using more stable clones.
Despite the important role that cosmids and YACs have played, both of these
systems give rise to many unstable clones which undergo de mvo rearrangements or lose
large segments of insert DNA during propagation (Boycott et al., 1996; Kim et aL, 1992).

Since many mapped large-insert clones are eventually used for detailed gene studies and

DNA sequencing, a high fidelity cloning system is imperative. Therefore, due to the
limitations in the YAC and cosmid vector systems. alternative large insert vectors such as
Fosmids, P1,PACs and BACs have been developed.
Fosmids are low copy number cosmid vectors based on the E. coli F factor
replicon (E. coli fertility plasmid). Replication of the F factor in E. coli is snictly
controlled (Shizuya et ol., 1992). The F plasmid is maintained in low copy number (one
or two copies per cell), thus reducing the potential for recombination between DNA

fragments carried by the plasmid (Shizuya et aL, 1992). Although still restricted in size,
fosmids have been shown to stably propagate cosmid sized human DNA inserts (Kim et

of., 1992).
Less restricted in size, and still permimng stable propagation, the bacteriophage

P1 cloning system permits in v i m packaging of P1 vectors containing foreign DNA
inserts that are as large as 100 kb (Stemberg, 1990). The PI-based vector has been used
in conjunction with a bacteriophage T4 in vim packaging system enabling recovery of

recombinants with inserts up to 122 kb (Rao et al., 1992). The P1 system selects for
recombinants over non-recombinants and has two P1 derived replication mechanisms

(Stemberg, 1990). The single-copy replicon is used for stable clone propagation, while
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the multi-copy replicon under control of the inducible lac operator, prepares clone DNA
(Rerce et al., 1992; Sternberg, 1990).
The bacterial artificial chromosome (BAC) system enables the cloning of large

DNA fragments from a variety of complex genornic sources into bacteria. Within the
bacteria the DNA is stable, easy to manipulate, and represents a single foreign DNA
source (Schmin et al., 1996). BACs, like Fosmids, are based on Escherichia coli and
their single copy plasmid F factor (Shizuya et al., 1992). Standard electroporation into

E.coli gives high-efficiency transformations of about 106 transfomants per microgram
of DNA (Shizuya et al., 1992). Size distribution of the inserts range from 10 kb to 300
kb with an average size of 100 kb. BACs with inserts exist as supercoiled circular

plasmids in E-coli permitting easy isolation and manipulation of the large DNA in
solution with minimal breaking. The BAC system results in a significantly lower
incidence of chimeric clones compand to YACs, since the parA and parB genes involved

in the exclusion of extraneous F factors eliminate the possibility of two BACs in a single

cell (Shizuya et al., 1992). Also, the co-cloning frequency of BACs has been shown to
be significantly lower than that of YACs (Shizuya et aL, 1992). Since their introduction,
BACs have been used extensively in efforts to map regions and complement existing

physical maps (Schmitt et al., 1996).
Lastly, P 1-derived artificial chromosome vectors (PACs) are P 1 derived vectors

(Ioannou et d , 1994). PACs have an average insert size of 130-150 kb (Ioannou et al.,
1994) and have a very low reported incidence of chimaerism or insert instability

(Nothwang et al., 1997; Osoegawa et aL, 1996; Zhao et al., 1997). Since their
introduction in 1994, PACs have been used extensively in efforts to map regions and

complement existing physical maps. For example, cosmids and PACs were used to
develop an integrated map of the Down Syndrome critical region (Osoegawa et al.,
19%), and YACs and PACs were used for developing a physical map surrounding the
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SCA2 region (Nechiporuk et aL, 1996). In addition to their use as a physical mapping
tool, PACs offer a system which enables stable propagation of large inserts and the ability
to create libraries with low levels of cloning artifacts (Ioannou et aL, 1994). These
qualities are important for detailed gene structure analysis and DNA sequence analysis.
The considerable burden of characterizing large insert clones, particularly when
extended genomic regions are being analyzed, will be greatly reduced by the use of nonproblematic clones. The ease of separating the recombinant DNA from host DNA by

alkaline extraction procedures may be advantageous for applications such as cDNA
isolation by direct selection, exon trapping, and functional studies. YAC contigs provide

an STS-based-framework map that allows for the collection of clones from PAC and
BAC libraries. The PAC and BAC systems should thus be useful for detailed physical

mapping of large genomes, for functional genome characterization as well as for the total
genome DNA sequencing effort.

RADIATION HYBRID MAPPING
Radiation hybrid mapping is a complimentary approach to physical mapping that
determines marker order and distance by a statistical analysis of marker distribution in a

series of chromosomal fragments generated from one or more chromosomes by Xirradiation (Cox et d ,1990). This approach may be used for the entire genome (Walter
et aL , 1994) or for a single chromosome (Raeymaekers et al., 1995; Sapru et al., 1994).

By using a panel of radiation hybrids, it has been possible to generate a map of a
given region of the chromosome of interest. For example, Raeyrnakers et al. (1995)

describe a radiation hybrid map with 60 loci covering the short arm of chromosome 12

(Raeymaekers et al., 1995). Screening a hybrid panel with primers for a given marker can
give insight as to the marker's general location. Based on the information obtained,
inferences can be made about the order of markers on a chromosome, since the closer
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together two markers are on the chromosome, the less likely it is that a break occurs
between them (Shaefer et al, 1993).
Goss and Harris (1975) developed the original method of irradiation and fusion

gene transfer (DTG) for making radiation hybrid maps (Goss and Harris,1975). This
method could not initially be widely exploited since IFTG was based on using diploid
cells and there were very few markers available. However, Cox and co-workers (1992)

modified the original approach by using a somatic cell hybrid containing a single human
chromosome as the donor cell (Cox, 1992).
Generation of a somatic cell radiation hybrid involves the irradiation of a hamster
somatic cell hybrid containing the single human chromosome of interest (Cox, 1992).
Following irradiation, the human and hamster chromosomal fragments rapidly join with
one another resulting in complex chromosomal rearrangements. DNA fragments from
the irradiated hybrid cell are rescued by fusion to a non-irradiated hamster cell under

selective conditions, such that only somatic cell hybrids formed by fusion of an irradiated
cell with a non-irradiated hamster cell can grow to form viable colonies (Cox, 1992).
Although this scheme does not select for the retention of human chromosomal material in
the resulting viable radiation hybrids, each hybrid retains between 20-60% of the human

chromosome of interest (Cox, 1992). The frequency of retention of the various human
chromosomal fiagrnenu is relatively constant, irrespective of their chromosomal location,
although some variation in retention frequency of individual markers has been observed
(Cox, 1992).
Boycott and co-workers described the characterization of a panel of radiation
hybrids for the proximal short arm of the X-chromosome (Boycott et ul., 1997). This

panel of eleven radiation hybrids plus four conventional hybrids divide the p 1l region of
the X chromosome into 16 intervals wich had an average resolution of approximately 0.8

Mb (Figure 4).

Figure 4.
Detailed characterization of a panel of radiation hybrids for the small arm of the
X-chromosome as described by Boycott and coworkers (Boycott et al., 1997).

Breakpoints in eleven hybrids and four conventional hybrids divides the p 11 region of the
X chromosome into 24 intervals giving an average resolution of approximately 0.8 Mb.
The types of DNA markers within an interval are grouped based on their retention in the

different hybrids together and are distinguished from each other: boldface indicates

genes; italics indicates pseudogenes; an 'E' after the marker name indicates EST;***, **,

* indicates VNTR, RFLP, STR, respectively; and remaining markers are STSs. This
database will prove invaluable as a resource and for avoiding duplication of effort

between labs.
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Using somatic cell hybrids carrying single chromosomes, 100-200 clones are
required to create a robust map of a single chromosome (Barren. 1992). Therefore,
radiation hybrid mapping of the entire genome would be impractical as a panel of 4,000
clones would be required for complete coverage. A solution to this dilemma involves
reverting to the original protocol of Goss and Harris (Goss and Harris, 1975). Instead of
using a human-rodent hybrid as a chromosome donor, a diploid human fibroblast is used.
A single set of whole genome hybrids produced in this way can be used for mapping the

whole human genome (Walter et d ,1994). Gyapay (1996) and co-workers described a

panel of 168 whole-genome radiation hybrids, constructed by irradiating donor human
fibroblasts with 3,000 rads, which was suitable for high throughput mapping of random

markers (Gyapay et al., 1996). This panel constitutes an excellent mapping tool that can

be used to localize any STS or EST and should prove a useful resource for positional
cloning experiments and physica1 contig development.
Radiation hybrid mapping is therefore a useful mapping tool which can be used to
complement other methods. A consortium of European and US Genome Centns have
initiated a radiation hybrid mapping project that aims to build high resolution maps of the

human genome. A radiation hybrid database has been developed, which at present,

contains over 28,516 enmes and can be accessed on the internet (Rodriguez-Tome and
Lijnzaad, 1997)

TRANSCRIPT MAP
Schuler and Boguski (1996) emphasized the importance of the production of a

transcript map (also referred to as an 'expression map') of the genome (Schuler et al.,

1996). Such a map would provide data on gene density, help estimate the total number of

genes and help find exons by alignment with genomic sequences (Schuler et al., 1996).
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Also. the rapid identifcation of coding sequences within large genomic regions would
considerably accelerate the isolation of clinically si,onificant genes (Loven et af., 1991).
Many strategies for the isolation of transcripts have been used including
identification of CpG islands, exon trapping, direct selection and zoo blots to detect cross
species conservation as described for the isolation of cDNAs for Duchenne muscular
dystrophy (Monaco, 1986). CpG islands often act as sign posts for gene locations
(Lindsay, 1987), and exon trapping attempts to recover transcribed sequences from
cloned mammalian genomic DNA through the functional identification of cis-acting
sequences required for RNA splicing @uyk et al.. 1990). Direct selection. used for the
identification of the genes responsible for Wilson disease (Bullet al.. 1993) and Wiskott-

Aldrich syndrome Perry et of., 1994), is based on the use of a large genomic region to

'fishout' complementary cDNAs.
Rimarily through the mapping and sequencing efforts of the Human Genome
Project, partial cDNA sequences have been accumulating in public databases at an
exponential rate (Strachan et aL. 1997). Screening of this Expressed Sequence Database
(dbEST) using sequences of mitochondria1 housekeeping proteins of yeast has already
lead to the discovery of the gene encoding the human mitochondrial RNA polymerase

(Tiranti et al., 1997). Major genome centers at Washington University, Stanford, MIT,
Oxford, Cambridge, and Paris have been working to map these transcripts to 0.5 Mb

intervals using the whole genome radiation hybrid and yeast artificial chromosome
(YAC) panel approaches. As many ESTs are derived from yet uncharacterized genes,a

high density transcript map will facilitate the identification of candidates for diseased

genes and increase the rate of their discovery (Wolfsberg and Landsman, 1997).

REPETFIlVE SEQUENCE
A large proportion of the human genome is comprised of repetitive DNA

sequences. Two classes of repetitive sequences include the simple, dinucleotide, repeats
and the more complex, Alu or SINE, repeats. Dinucleotide repeats are often polymorphic

and can be used to create genetic markers. Complex repeats can be used as sign-posts for

'gene rich' or 'gene poor' regions.

Dinucleotide repeats

By 1984, RFLP linkage maps had been published for the X chromosome with 21

markers spanning 185 cM @rayna and White, 1985). In 1987, the fxst human genetic
linkage map covering the whole genome was reported consisting of 403 polymorphic
markers spaced over the 24 chromosomes with an average spacing of 10-20 cM. though
there were several gaps of 50 cM in length @onis-Keller et aL, 1987). The majority of
these markers detected polymorphic variation at the DNA level detectable by Southern-

blot analysis with radiolabelled probes.

In the past five years, there have been rapid changes in the construction of linkage
maps. This has occurred due to the discovery of polymorphic simple repeat sequences,
termed microsatellites, which are based on short, mainly dinucleotide, repeats such as
(CA)n or

(TC)*(Litt and Luty, 1989; Weber and May, 1989). In the human genome,

there are 50,000 to 100,000 interspersed microsatellite blocks, with the range of repeat
units being roughly 2-30. As these repeats are often polymorphic, they can be used as
markers. If spaced evenly throughout the genome, this would place them every 30-60 kb

(Wekr and Mayv 1989). Although their function, if any, is unknown, it has been

speculated that these repeats participate in gene regulation (Hamada etaL9 1984) or serve

as hot spots for ncombination. These DNA markers have become the cornerstone of all
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the subsequent high-density genetic maps produced in the past few years (Spurnl 1995).

International collaborative efforts have been made to develop whole genome genetic
linkage maps. These detailed genetic maps have been used as frameworks for the

integration of genetic markers into physical contig maps.

Complex repetitive elements

Though repetitive elements are known to be dispersed across the entire genome,

some elements have only been observed on specific chromosomes (Willard, 1985).
Interspersed repeated sequences are classified as SINES (short interspersed repeated
sequences) or LINES (long interspersed repeated sequences) (Singer and Skowronski,
1985). The most common human SINE is the Alu DNA sequence family. It has a
consensus sequence of about 300 bp and is reiterated 300,000 to 900,000 times in the
human genome (Hwu et aL, 1986). Another common SINE is the alpha satellite family.

These human DNA repeats consist of adjacent, but diverged, copies of a basic 171 bp or
169 bp unit (Manuelidis, 1978a; Manuelidis, 1978b). Each chromosome is characterized
by specific and different subsets of alpha satellite DNA, defined both by restriction

enzyme periodicity and by primary DNA sequence (Willard, 1985). Alpha repeats are

more commonly found clustered around the centromeric region of all chromosomes
(Willard, 1985). The major human LINE sequence family is L1 and has a consensus

sequence of about 6.4 kb. The genome is organized such that regions high in GC content
correspond with an increased concentration of Alu sequences and expressed genes

whereas regions high in AT content are high in Ll sequences and have few genes
(Korenberg and Rykowski, 1988).

PROGRESS OF THE aLTMAN GENOME PROJECT
The Human Genome Project is expected to produce a sequence of DNA
representing the functional blueprint and evolutionary history of the human species by
2005 (Marshall, 1995). The past tlve years have focused on genetic and physical
mapping (Venter et al., 1996). Now that much of the human genome has been physically

mapped, the focus is changing to sequencing (Marshall, 1995) and structural genomics
devoted to determining the exact chromosomal positions and structural organizations of

our 50,000 to 100,000 genes (Strachan er uL, 1997).
The PAC and BAC systems can be applied to convert long-range YAC contigs
into higher resolution, less chimaeric contigs through the use of probes derived from the
YACs. These contigs, in turn, provide more information on the orientation and order of
markers and the templates required for the eventual sequencing of the genome.
Cumntly, high resolution physical maps have nearly been completed for

chromosome 7 (Bouffard et al., 1997) and the X chromosome (Nagaraja et al., 1997).
Three additional human chromosomes (16, 19, and 22) have also been mapped, in less

detail (Ashworth et ale,1995; Collins et al., 1995; Doggett et al., 1995). Sequencing of
these, and other chromosomes, is beginning. Roughly 1.29% of the human genome has

been sequenced to date. Over 5500 genes have been mapped to specific cytogenetic

locations within the human genome with 388 of these genes being located on the X

chromosome. Informal estimates place the world's large scale sequencing capacity at
around 20 Mb per year. However, the rate of sequencing is increasing. Summary

updates on the Genome Project can be reviewed at the following website:

(http~/www.ornl.govlTechResources/HumananGenome/p~oject/tirneline.
html; August 22,
1997)
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In parallel to the Human Genome Project, total gene maps are now available for
those organisms whose complete genomic sequence has been determined, including 141

viruses, 51 organelles, two eubacteria, one archeon, and one eukaryote (Saccharomyces
cervisiae) (Schuler et al., 1996). These model sequences are of interest as putative

function of a newly isolated human disease gene may be revealed by its sequence
similarity to a well-studied gene in another organism.

SUMMARY
Physical YAC contigs now span much of the human X chromosome (Nagaraja et
al., 1997) and efforts have already begun to collect clones suitable for developing the
total sequence of this chromosome (Nagaraja et aL, 1997). The region between DXS7
and ZNF21 in the Xp11.3 region of the human X chromosome spans approximately 7 cM

and is one of the few remaining gaps on the X-chromosome without physical coverage

(Nelson et aL., 1995). This region is also of interest because, as previously mentioned, it
overlaps with the critical regions for RP2, AIED and CSNB.
This thesis research project extended the existing physical contig of the human
Xp11.3 region between a new marker EC7034R and ZNF2l using yeast artificial

chromosomes (YACs). Then, using existing markers, an initial set of PACs were
collected to begin the construction of a DNA sequence-ready template of the region.
Eventually, the sequencing of this region will lead

to

the identification of all of the

transcripts in the Xp11.3 region and potentially to the identification of each of the genes
responsible for the genetic disorders which map to this region.

-

CHAPTER 2 MATERIALS AND METHODS

General Materials and Methods
Hybrid Cell Lines

AU somatic cell hybrids used in these studies were part of a hybrid mapping panel
characterized in the laboratory of Dr. N. Torben Bech-Hansen (Boycott et al., 1997). The
hybrids H21,H99 and H151 were generated by subjecting the hybrid line C 12D (HPRT/TIC+; carrying a human X chromosome in a hamster background) to 20,000 rads of

radiation followed by selective fusion rescue with the hamster cell line A23 (J. Knight

and P. Goodfellow, pcrsonal communication). Hybrids K6, K11, K16, K35, K52, K54
and K55 were produced by subjecting the hybrid line AG9.1 (HPRT-/TK+; carrying a

human X chromosome in a hamster background) to 7,000 rads of radiation followed by
fusion rescue with hamster cell line A23 (Boycon et al., 1997). These hybrids were
developed by Dr. H. Zoghbi and K. Ellison.

Four conventional somatic cell hybrids with various human X chromosomes with
short arm deletions were also used: GM97298,GM10063,GM10501 and SIN176, a

human hamster hybrid with del (Xp) (pter-p22.1 l::p11.23-qter) (Ingle et al., 1985).
GM06318B, GM07298,GM10063 were obtained from the NIGMS Human Genetic Cell

Repository, and hybrid SIN176 was provided by Dr. A. Zinn (University of Texas

Southwestern Medical School, Dallas,Texas)

Agarose gel electrophoresis

Analysis of nonradioactive STS PCR products was carried out in 1.5%

SEPARIDE (GIBCO/BRL) I I % agarose (GIBCOIBRL), with 1X TBE (89 m M Tris, 1

m M boric acid, 2 m M EDTA) running buffer or in 1.5% Nusieve GTG agarose (FMC
BioRoducts) I 1% agarose (GIBCOBRL) with 1X TAE (40 m M Tris, 20 m M acetic

acid, lOmM EDTA) Nnning buffer. Ethidiurn bromide was added to the molten gel prior
to casting for a final concentration of 0.5 pg/mL. Before loadhg, PCR reactions were
mixed with loading dye (final lX, 5% glycerol and 0.035% orange G). PCR products

were electrophoresed for 1 hr at 80 V on a 10 cm gel tray. pBluescript cut with HaeIZT

was routinely used as the DNA marker standard. DNA was then visualized with an
ultraviolet transilluminator set on 302 nm and photographed with Polaroid Type 52 film

using a red Nter.
Electrophoresis of PAC DNA digests was canied out in 0.8% agarose, with 1X

TBE running buffer. Ethidiurn bromide, to make a fmal concentration of 0.5 pglml, was
added to the molten gel prior to casting. Digests were electrophoresed at 40 V for 16 hrs

on a 25 cm gel tray.

DNA transfer (Southern transfer)

DNA was transfered onto Hybond - N+ nylon membranes (Arnersham) using a

vacuum transfer systcm (Tyler Research Instruments. Edmonton, Alberta). To facilitate

this transfer, high molecular weight DNA (fromPACs or YACs) contained in the gel was
first depurinated in 0.25 N HCl with gentle shaking for 15 min. DNA kept denatured

during the transfer by keeping the gel immersed in 0.4 N NaOH. Sixty crn of water

vacuum was applied to the system for 90 mins. Following the transfer, filters were

neutralized in 2X SSC (300 rnM NaCl, 30 m M sodium citrate, pH 7.0), blotted on 3MM
Whatman paper and heat-sealed in a Seal-a-Meal bag @azey).

Radiolabeling of DNA
DNA probes were labelled using the random hexanucleotide primer method

(Feinberg and Bogelstein, 1984). Unique or human genomic probes were labelled using

150 ag DNA in 50 pL, reactions. DNA combined with sterile distilled water to a volume
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of 30 pL was denatured by boiling for 5 mins and then quenched on ice before adding 13

OLB (195 m M Tris pH 8.0, 780 m M HEPES,40 m M beta-mercaptoethanol, 1.87
mg/rnl BSA, 19.5 mM MgC12, 109 pM of each of dATP, dGTP, d m , and 716 pgfml

hexanucleotides) 2 units of the Klenow fragment of DNA polymerase I and 50 pCi [ 3 2 ~ 1
dCTP at a specific activity of 3000 CVrnrnol. The reaction was vortexed, spun down and

allowed to sit for 1.5-2.0 hrs at room temperature.
Labelled DNA was separated from unincorporated nucleotides using Microspin

G-50Columns (Pharmacia Biotech). The eluant was then boiled for 5 mins to denature
the 32~-labelledDNA prior to hybridization.

Hybridiution conditions/stripping
Filters to be probed were incubated at 6SoC for 1.5-2 hrs in bags containing

prehybridization buffer (0.5 M sodium phosphate: 1 m M EDTA, 1%w/v BSA, 5% W N
SDS. 30% formamide).

267 pg/pL salmon sperm DNA was included in the

prehybridization solution and 100 pg/d in the hybridization solution to block nonspecific binding of the probe to the filter. Following the incubation period, the

prehybridization buffer was removed from the bags. Hybridization buffer with 50 mg/ml
dextran sulfate and the labelled probe were then added to the bag, which was then sealed

and incubated at 550C for 16-20 hrs.

The following day, fdters wen removed from their bags and washed twice in 2X
SSC (300 mM NaCl, 30 mM sodium citrate, pH 7.0) 1 0.1% SDS for 15 min per wash.
Filters were then dried briefly on 3 MM Whatman paper, wrapped in plastic wrap

(Sealwrap) and exposed to Kodak XAR 5 film with Dupont Quanta III intensifying

screens at -700C. Films were developed in a RGII FUJI X-Ray Film Processor.
Before filters could be re-probed, probe was removed from filters by washing the
filters twice for 25 min in boiling water with 0.03 X SSC and 0.5% SDS. Filters were
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tested with a radiation detector (Berthold) andlor exposed to film to ensure the majority

of traces of the probe had been removed prior to being dried and probed again as
described above.

PCR
Non-radioactive PCRs were used for screening the hybrid panel and for assessing

STS content of YACs. Reaction mixes of 5pL were set up using the TNK buffer system
(Blanchard er al., 1993) (10 m M Tris pH 8.3, 1.5 mM MgC12, 5 m M NHqCl, 100 m M
KCl) 100 ng DNA (human genomic hybrid or YAC DNA), 0.4 pM of each primer, dNTP
mix (100 pM of each dATP, dCTP, dGTP and dTTP) and 0.5 units of Taq DNA

polymerase (GIBCO/BRL).
Radioactive PCR was camed out in 20 p L reactions using 50 ng DNA (human
genomic, hybrid or YAC), 300 pM MgCl buffer (1 M KCl, 1 M Tris pH 8.3, 10 m g / d
BSA. Tween-20,NP-40 and 1.5 mM MgClz), dNTP mix (20 pM of each dATP, dCTP,

dGTP and d m ) , 0.25 pM of each primer, 3,000 Ci/mmol (Amenham) and 0.5 units Taq
DNA polymerase (GIBCOBRL).

AU PCR reactions were overlaid with paraffin oil and subjected to 7 min of
denaturation at 950C in the thermocycler (Perkin Elmer 480, or MJ Research DNA
Engine) prior to cycling. Nonradioactive STS PCR reactions involved 35 cycles of 30

secs denaturation at 940C, 45 secs annealing at 550C and 45 secs elongation at 720C.
Radioactive PCR reactions underwent 27 cycles of 1 min denaturation at 940C, 2 min

annealing at 550C and 1 rnin elongation at 72% Once all cycles were completed, a fmal
elongation step at 720C for an additional 7 min was executed.
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Preparation of DNA size markers

Bluescript size markers were prepared by digesting 100 pg pBluescript DNA with
200 units of H i d 1 1 or Hind111 / EcoRI in the specified react buffer system. Samples

were then incubated at 370C for I hr. In order to be ready for loading, samples were then

combined with low TE and loading dye and stored at -20QC.
Marker for determining YAC size was prepared from YAC DNA YP149 as
described for making agarose plugs in the 'Analysis of YACs' section.

Radiolabelled size standard marker was prepared as described in the Sequenase
Version 2.0 DNA sequencing Kit. One pg M13 DNA was sequenced using [35~]
dATP

as described.

Isolation of DNA from ugarose for sequencing
To obtain a clean template for DNA sequencing, end-clone DNA was agarose gel
purified. Initially, DNA was isolated by the GELase procedure. It was found that

isolation of DNA was more successful using DEAE paper, so later experiments used this
method.

DNA isolated using the GELase procedure was initially run in a 1% agarose
(GIBCO/BRL), 1.5% SEPARIDE (GIBCOIBRL) gel. After having run for lhr at 50 V,
bands were run into 1% low melting point agarose (GIBCOIBRL), cut out and weighed.

Gel slices were melted at 700C with 1 pL of 50X GELase buffer (1X buffer consists of
40 m M Bis-Tris-pH 6.0 and 40 mM NaCl) per 50 rng of gel then equilibrated at 450C for

10 min. After melting, 0.5 units of GELase enzyme (Cedarfane Laboratories) was added
per 200 mg of gel and digested for 2 hrs. After one hour of digestion, reactions were

boosted with half the initial GELase volume. One hour later, the DNA samples were
ethanol precipitated.
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Ethanol precipitations involved adding one volume 5 M ammonium acetate and 2
volumes 95% ethanol and centrifiqing at 10,000 rpm for 30 min. Supernatants were then
removed and the pellets were washed with 70% ethanol. Samples were centrifuged
briefly at 10,000 rpm, the ethanol was removed and the pellets were allowed to dry before

resuspending them in 40 pL double distilled water.

For DNA isolated using a DEAE membrane (Schleicher & Schuell NA45).
samples were run in a 1% agarose, 1.58 Sepharide gel at 50 V for 2. hn. Bands were
then visualized under ultraviolet light (short wave UV-254 nrn) and agarose behind the
bands was cut away to reduce the chance of multiple bands being isolated. The gel was
then allowed to run for an additional 30 min at 50 V. After electrophoretic separation in

the gel, a strip of DEAE paper was placed in an incision just ahead of the band of interest.
Electrophoresis was continued until binding of DNA to the membrane was completed as
judged by visualization of ethidium bromide fluorescence using a hand held short wave

W-254 nm light. The DEAE strips were ~ s e with
d buffer to free them of residual

agarose. The bound DNA was eluted into 500 pL DEAE buffer (1.OM NaCl, 0.1 rnM
EDTA, 20 m M Tris pH 8) by incubating strips in buffer at 650C for 45 min. The strips

were removed from the buffer and the buffer was subjected to extraction with phenol
followed by chloroform. DNA in the buffer was precipitated by adding 2.5 volumes of
isopropanol and centrifuging at 10,000 rpm for 30 min. Pellets wen washed with 70%

ethanol and dried prior to resuspending in 40

water.

drDNA cycle sequencing
YAC and PAC end-clones were sequenced using the GIBCOlSRL cisDNA Cycle

Sequencing System (GIBCOBRL). Rior to the sequencing reactions, primers were endlabelled with [ 3 3 ~ ATP
]
or [ ~ Z P ] ATP in a reaction consisting of 0.25 pM primer (left or
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right internal vector primer ), 5X Kinase buffer (300 mM Tris-HC1 (pH 7.8). 50 m M

MgC12,lM KCl), T4 kinase (0.2 units) and [ 3 3 0,32~]
~
ATP.
Each sequencing reaction contained approximately 10 ng DNA, labeled primer,

Tag sequencing buffer (300 mM Tris-HC1 (pH 9.0),50 mM MgCl2, 300 m M KCl, 0.5%
(wlv) W-1), Taq DNA polymerase (0.5 units) and one of four termination mixes: A (2
mM ddATP and 100 j.iM each dATP, dCTP, 7-deazadGTP, and d m ) , C (1 m M ddCTP
and 100 pM each dATP, dCTP, 7-dean-dGTP, and d'ITP), G (0.2 rnM ddGTP and 100

pM each dATP, dCTP, 7-deaza-dGTP, and d m ) , or T (2 m M dd'ITP and 100 pM each
dATP, dCTP, 7-den-dGTP, and dTI'P). Reactions were covered with silicone oil and

subjected to 20 cycles of 30 secs at 92i°C, 30 secs at 550C and 60 secs at 72% followed
by 10 cycles of 30 secs at 950C and 60 secs at 720C. Reactions wen then tenninated

with Stop solution (95% (vlv) formamide, lOmM EDTA (pH 8.0), 0.1% (w/v)
bromophenol blue, 0.1% (w/v) xylene cyanol) and run on an acrylamide gel as described.

Electrophoresis of sequencing reactions and radioactive PCRs

Radioactive PCR reactions and sequencing reactions were run on 3 1.0 cm X 38.5

crn denaturing polyacrylamide gels using a model S2 apparatus (GIBCOBRL). A 75 d
acrylamide solution [8 M urea, 1X TBE, 6% acrylamide (from a 40% acry1amide:bis

acrylamide (38:2) stock solution)] was made and left mixing over low heat until the urea
had completely dissolved. The mixture was then filtered through a 0.22 micron Millipore

filter attached to a 60 ml syringe. Prior to casting the gel, a fresh 10% solution of
ammonium pmulfate dissolved in water was added to the mixture to make a fmal

concentration of 0.1% APS along with 0.032% vlv TEMED. The mixture was mixed by

inverting and cast between two glass plates with 0.4 mm spacers using the Otter-Owl

Scientific gel casting apparatus. Two 25-well sharktooth combs for sequencing or one
well-forming comb for analysis of PCR products were inserted at the top of the gel before
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leaving the gel to polymerize for 30 min. The gel was then loaded in 1X TBE running
buffer and left to run at 70 watts for the duration of the run. Sequencing gels were run for
1.5 hrs, loaded again and allowed to run for another 1.5 hrs. PCR reaction gels were run
for 1.5-6 hrs depending on the size of product. Once the runs were completed, gels were

transfered to Whatman 3MM filter paper, covered with plastic wrap and dried on a BioRad model 583 Gel dqer. Dried gels were exposed to Kodak XAR-5 film overnight at
room temperature.

DNA quantimn'on

To determine the concentration and purity of DNA, spectrophotometric readings
were taken at 260 nm and 280 MI with a Beckman DU-65spectrophotometer. A ratio
between the optical density readings at 260 nm and 280 nm (OD260/OD280)
of 1.8 was
taken to indicate a sufficiently clean DNA preparation.

For calculating DNA

concentrations, it was assumed that 1 O.D. at 260 nm corresponded to 50 pg/rnL of
double-stranded DNA and 34 pg/d of single-stranded DNA.

Recovery of DNA from agarose slicesfor probe preparation

PCR products were pooled and then separated on a 1% agarose, 1.5%SEPARIDE
gel for 30 min at 70 V, then run into 1% low melt agarose. DNA bands were cut out and

heated at 650C to melt. Heated samples were then placed on dry ice/EtOH to cool the
melted agarose. Tubes were centrifuged for six min and the supernatant was harvested
immediately to prevent agarose from reabsorbing the liquid. DNA in the supernatant
could then be used for iabelling by random priming. This method was provided

complements of Dr.Doug Demetrick (University of Calgary).
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Restricrion enzyme digest

Genomic DNA, normally 5 pg, was digested with 40 units of enzyme (NotI,
EcoRI or BamHI). The manufacturers buffer system was used and sterile distilled water
was used to bring reactions to the proper volume. Digests of YAC and PAC DNA were
allowed to proceed for two hours and genomic DNA for four hours with an addition of 20

units of enzyme after two hours of incubation. Incubations were run at 370C. Orange G

loading dye (1Xfinal concentration) was added to each reaction prior to electrophoresis.

Isolation of Large Insert DNA Clones
In a collaboration between Dr. Bech-Hansen's laboratory and The Center for
Genetics in Medicine (Washington University, S t Louis, MI) a series of seven YAC
libraries (A, B, C, E,F, I, M) were screened to identify YACs for this project. Libraries
A, B and C were derived from a 46 XY lymphoblast cell line, E from 49 XXXXX cell

line, and F from a Xpter-Xq27.3 hamster-human somatic hybrid cell line (Nagaraja et of.,
1994). Libraries I and M are the ICI YAC library (Nagaraja et al., 1994) and the Mega

CEPH Library (Cohen e t d . 1993), respectively.
In this collaboration with Drs. David Schlessinger and R. Nagaraja (St. Louis),

screening was carried out by PCR, with robotic assistance, using a uniform temperature

regimen and the TNK buffer system. Isolated YAC clones were sent as stabs in YAC ap,ura- selective agar (pH7.0) (0.7% w/v yeast nitrogen base without amino acids, wfv 2%
glucose, w/v 0.005% adenine sulphate, wlv 0.005% tyrosine, wlv 1.4% vitamin assay

casamino acids and I .5% w/v agar).

Analysis of YACs

Upon receipt in Calgary, YACs were streaked on YAC selective agar plates (trp-,
ura-) and incubated at 300C for 48 hrs. Single clonal isolates were inoculated into 5 ml
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of YAC media (YAC trp-, ura- selective agar without agar) and grown aerobically at
300C for 48 hs. F i percent glycerol stocks were prepared with 500 pL of each culture

and stored at -700C. The remaining culture was used to prepare four intact yeast
chromosomal DNA plugs.

To prepare such plugs, YAC cultures were pelleted for 15 rnin at 2700 rpm,
washed in 100 m M EDTA pH 8.0 and then re-pelleted. Pellets were then resuspended in

CPES buffer pH 5.6 (20m M cinte-PO4 buffer, 50 m M EDTA pH 8.0,O.g M Sorbitol)
supplemented with 5 mM DIT. A solution of 8 mg/mL yeast lysing enzyme (10 m g / d

from Trichoderma harzianum in 10 mM sodium phosphate pH7.5 and 50% glycerol) in

CPE buffer pH 5.6 (20 rnM Citrate-PO4 buffer, 50 rnM EDTA pH 8.0) and 4.0% molten

LMP agarose in CPE buffer was combined with the sample and each sampie quickly
dispensed into four chilled blocks. The agarose plugs were chilled for 30 min and then
dispensed into CPE buffer (four blocks per sample) and incubated for one hour. CPE
buffer was then removed from the plugs and solution A (0.5 M EDTA, 1% sodium
sarkosine, 0.5 mg/mL proteinase K) was added and the plugs incubated at 500C for 48
hrs. Solution A was then be removed and four plugs per sample were stored in 0.5 M

EDTA at 40C. Blocks were then ready to be loaded directly into gels for pulsed-field gel
electrophoresis (PFGE)for analysis of the YAC DNA.

PFGE was used to determine size and integrity of the human DNA i . n ~ €in!YAC
~
clones. Individual agarose plugs were loaded into one of 20 wells of a 1% agarose gel

(0.5 X TBE ) in a 14 cm X 20 cm gel tray. Once loaded into wells, plugs were covered
with molten 1% low melting point agarose in 0.5 X TBE. Gels were run on a CHEF-DR

III System in 0.5X TBE running buffer at 140C for 28 hrs with initial and final switch
times of 3.0 sec and 30 sec respectively, a field strength of 6.0 volts/cm and an included

angle of 1200. Size estimation of the YACs was based on co-migration of the

Saccharomyces cerevisiae marker chromosomes (YP149). Following electrophoresis,
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gels were stained with EtBr (0.5 pg/mL) for 30 min, visualized with an ultraviolet

transilluminator set on 302 run and photographed with Polaroid Type 52 film using a red
filter.
Yeast chromosomal DNA was then transferred from the gel onto a Hybond-N+

membrane using Southern transfer and was detected by hybridizing the filters with
human 3 2 labelled
~
genomic DNA as described in the 'General Materials and Methods'
section.

One colony, usually the clone with the largest DNA insert, was inoculated from
the glycerol stock into YAC selective media and grown aerobically at 300C for 48 hrs.

Cells were pelleted at 2700 rpm for 15 min, washed with 100 rnM EDTA pH 8.0 and
pelleted again. Cells were then lysed by incubating at 370C for one hour with 20 pg/ml

yeast lysing enzymes in 1 ml CPES buffer. Cells were then pelleted gently and the
supernatant removed. DNA extraction buffer (10 m M Tris-HC1 pH 8.0,O. 1 M EDTA pH

8.0.0.5% SDS.20 pglrnl RNAse A) was added to the cells and allowed to incubate for 1
hour at 370C. Subsequently, 100 pg Proteinase K was added followed by an additional
incubation for 16 hrs at 500C to remove protein. Samples were purified by subjecting
them to three extractions with phenoYCHC13:isoamyl alcohol (2524:1) and one f i a l
CHClg/isoamyl alcohol (24:l) extraction and DNA was subsequently precipitated by
adding 10% volume 4 M NH40Ac, 2 volumes 95% cold ethanol and placing at -700Cfor
15 min. Samples were spun for 40 min at 4% at 10,000 rpm. The supernatants were

removed and the pellets washed with 70% ethanol. Pellets were resuspended in 150 pL

low TE (10 m M Tris.Cl pH 8.0, 1 m M EDTA pH 8.0). Yeast DNA preparation typically
yielded 75-100 pg DNA per 5 ml culture.
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DNA isolationfrom PI am$cial chromsome (PAC) clones

PAC clones were isolated as described by Ioannou and co-workers (Ioannou er
al., 1994). Single bacterial colonies were inoculated into 2 ml LB media supplemented

with 25 pg kanomycin and grown for 16 hrs at 370C. Half a millilitre of the resulting
culture was combined with 300 pL sterile glycerol and stored at -700Cfor future use.

Remaining cells were transfered to 1.5 ml microfuge tubes and centrifuged for 10 min at
3000 rpm. Pellets were resuspended in 300 pL P1 solution (15 mM Tris pH 8, 10 m M

EDTA, 100 pg/d RNaseA), and 300 pL P2 solution (0.2 N NaOH, 1BSDS) was added
and the samples left at room temperature for 5 min. Slowly 300 pL P3 solution (3 M
KOAc pH 5.5) was added and the samples were placed on ice for 5 min. Samples were

then centrifuged at 10.000 rpm for 10 min at 40C. All steps to follow were performed at
40C to enhance the DNA isolation. Supernatant was then aansfered into tubes containing

ice-cold isopropanol, samples were mixed by inversion and left on ice for 5 min.
Samples were centrifuged for 15 min at 40C, the supernatant was discarded and pellets
washed with 70% EtOH and dried before resuspending them in 40 pL water.
PAC DNA was subjected to enzyme digestion as described in 'General Materials
and Methods'. For siting, PACs digested with Notl were run out on a pulsed-field gel.

Otherwise, PACs digested with EcoRI or BamHI were subjected to standard agarose gel
electrophoresis as described in General Materials and Methods'.
PACs digested with Not1 were run with a low range PFG marker (New England

Biolabs) for 16 hrs with an initial and fmal switch time of 6.75s and 13.58s respectively,
field strength of 6 V/cm and an included angle of 120. Gels were stained with EtBr,

photographed and nansfered as described in 'General Materials and Methods'.
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End clorre STSs
The ends of YACs or PACs were isolated by a ligation-mediated PCR method

(Kere et oL, 1992). Such end-fragments were DNA sequenced to develop new STS

markers to facilitate 'chromosome walking'(Figure 3). One hundred ng of PAC or YAC
DNA was digested for 2 hrs at 370C with 5 units of enzyme (Alul, Pvul, EcoRV, Rsal or

Scal) and the recommended reaction buffer. Once the YACs or PACs had been cut,
linker (2 pmol L1 and 2 pmol L2) was ligated onto the ends of fragments. The ligation

reaction, which consisted of the digestion products, linker, 20 units TI ligase and 5X
ligation buffer (as specified by the manufacturer - New England Biolabs), was incubated
at 160C for 16 hrs. The ligation mix was diluted with 60 pL ddwater, denatured by
heating for 10 min at 950C, quenched on ice and subject to a fist round of DNA

amplification using left or right external vector primers (Table 1). Two microliters of the
ligated mixture was amplified by PCR in lOpL reactions using the linker primer and a
YAC vector arm specific primer (5 pmol vector primer, 0.5 pmol linker L1).

Temperam cycling conditions were 940C for 30 secs, 65OC for 45 secs, and 720C for
90 secs for 35 cycles using TNK-50 buffer system (10 m M Tris pH 8.3, 1.5 m M MgC12,
5 mM W C l , 50 m M KCI), dNTPs (125pmol of each dATP, dCTP, dGTP and d'ITP)

and 0.25 units Taq. The reaction mixture was then diluted with 150 pL water and 5 p L of

the mixture was reamplified using linker primer and internal Y AC vector ann-specific
primer under identical conditions. The reamplification products wen purified on a low-

melting-point gel, excised and sequenced by double stranded Cycle Sequencing as
described in 'General Materials and Methods'.

Table 1. Primer Sequences used for End-done Generation
Primer Name

Primer Sequence 5'3'

YAC Left Vector Primer

CACCCGTTCTCGGAGCACTGTCCGACCGC

YAC Left Vector Primer Internal

TCTCGGTAGCCAGG'ITGGmAAGG

YAC Right Vector Primer

ATATAGGCGCCAGCAACCGCACCTGTGGCG

YAC Right Vector Rimer Internal

TCGAACGCCCGATCTCAAGA'ITAC

PAC LRfi Vector Rimer

CATTGTAGGACTATATTGCT

PAC Left Vector Primer Internal

TAATACGACTCACTATAGGG

PAC Right Vector Rimer

TAGACGGCAAAGCTAGGAGG

PAC Right Vector Rimer Internal

CGGCAGCTGTMTCCACTG

Linker Primer L 1

GCGGTGACCCGGGAGATCTGAATITTC

Linker Primer L2

GAATKAGATC

a primer sequences obtained from PAC vector sequence (loannou et aL, 1994), or as
published for Y AC end-cloning (Kere et aL, 1992).

DNA sequences determined from YAC and PAC end-clones were analyzed using

the Blast search program (Altschul et al., 1990) of the National Center for Biotechnology
Information (NCBI) accessed through email (blast@ncbi.nlm.nih.gov). Sequence
homology ratings over 100 indicated that the sequence being analysed potentially
contained a high degree of similarity with other sequences in the database. This
information was critical when designing primen since designing primers depends on
unique sequence.

DNA sequences that wen determined to be unique by Blast analysis were used to
design primer sequence using the software program Rimer Designer - (Version 1.01,

Scientific and Educational Software). Twenty bp primers (forward and reverse) were
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designed with a percent GC content between 40608,melting temperatures between 5572 OC and no runs longer than four identical bases. Resulting markers were ideally 100-

300 bp in size.
Oligonucleotide primers were synthesized using a Beclanan Oligo 1000 DNA
synthesizer. Oligonucleotides were then eluted from the columns and lyophilized as

instructed in the Beckman's UltraFast cleavage and deprotection kit. Lyophilited
oligonucleotides were resuspended in 500 pL sterile distilled water and quantitated as
described in 'General Materials and Methods'.

-

CHAPTER 3 RESULTS

Development of an extended physical contig in the Xp11.3 area was tackled in
two stages. The fist stage involved the positioning of exisdng markers, the creation of

new STS markers to increase the density of markers in the region and the identification
and characterization of YAC clones to develop a YAC contig. The second stage involved

using existing and new markers to seed the target region with PACs. These PACs were
used to orient some of the markers whose relative placement could not be determined by
the analysis of YAC data.

STS Markers
Earlier studies in the laboratory of Dr. NN.
Torben Bech-Hansen resulted in the

characterization of a panel of radiation hybrids for the short arm of the human Xchromosome (Boycott et al., 1997). This panel of eleven hybrids plus four conventional
hybrids divides the p l l region of the X chromosome into 24 intervals and has an average

resolution of approximately 0.8 Mb (Figure 4 in Introduction, pg. 19). The genetic region
between DXSS083 and ZNF21 spans five intervals, 10 to 14 inclusive, on the mapping
panel. An initial set of 19 markers were sublocalized to Xpl 1 based on their retention in
conventional and radiation reduced hybrids using PCR (Table 2). The presence of STS
marker DXS7804 on hybrid DNA H21,H99,K6, K11, K16, K35,K52, K54,K55 and

GM10063 illustrates the application of this panel to the mapping of STS markers (Figure
5). This retention pattern is consistent with DXS7804 being localized to interval 10.

Subsequent to the analysis of the initial collection of markers, 19 new region-

specific STSs/STRs/ESTs w e n obtained or developed to increase DNA marker density.
Three ESTs v a b l e 3) w e n obtained from published sources and from the internet, and 15
STSs, including one STR (EC8058),were designed from selected end-fragments of

Table 2. DNA markers used for initial consauction of physical YAC contig in Xp 11.3
Marker

Hybrid

Descriptions

Source

STR
STR

Huebner et al., 1991
Luty et al., 1990
Deny and Barnard, 1992
Coleman et al., 1994
Hong er aL, 1993
Boycott et al., 1997
Weissenbach et al., 1992
Lafieniere et al., 1991
Weissenbach et al., 1992
Boycott et al., 1997
Coleman et al., 1994
Gyapay et aL, 1994

Interval

DXS6849 (ZNF2I)
DXS426
SYN
DXS 1266
DXS 1146
DXS 1364 (~1.72)b
AFMA286ZGl
UBE 1
DXS 1003
DXS 1366 (~l.78)b
DXS 1264
DXS 1055
sWXD2212
DXS8308
DXS f 408
DXS7455

DXS7804
FB20E1 1
DXS 1446
a

14

I1 or 13c
11 or 13
11 or 13
11or 13
11 or 13
1 1 or 13
11 or 13
12
11or 13
11or 13
11or 13
10

10
10

EST
STS
STR
STR

STR
EST
STR

STR
STS
STR
STS
STS

GDB

STS

GDB
GDB

10
10
10

STS
EST

10

STS

STS

GDB

GDB
GDB
GDB

STS - sequence tagged site; EST - expressed sequence tag; STR - sequence tagged

repeat.
b laboratory designations
C

bold face indicates interval marker was mapped to by STS analysis of YAC and PAC

clones.

Figure 5. Somatic cell hybrid panel mapping of marker DXS7804. Retention of

DXS7804 on a set of 10 radiation-reduced hybrids and four somatic cell hybrids was
evaluated using PCK as described in the 'General Materials and Methods' section. Names
of hybrids, control lanes human genomic, X-only, Chinese hamster (CHO),mouse and
ddH20, are indicated along the top. ECR products, of 160 bp in size, were separated on
2% Nuseive agarosell%agarose gels and visualized by EtBr staining as described in the

'General Materials and Methods' section.
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YACs or PACs (Tables 7 and 9). One additional STR, DXS8083, was obtained from a

recent publication (?hiseltonet al., 1996). Due to difficulties in amplification efficiency,
new primers were designed from an existing sequence in Genbank (Table 4).

Table 3. Additional ESTs obtained from public sources during studv
Name

size (bp)

Source

WI18364

104

GDB

L
J
E
m

140

Swanson et al., 1996

PCTK1

400*

Carrel et al., 1996

* PCR product is 400 bp when amplifying genomic DNA.
Table 4. Re-designed primer pair for polymorphic STR DXS8083
Marker

Primer Sequence

Size (bp)

Genbank

Accession NO. *

DXS8083

C'lTCTGCACAGCAAAGGAAA

232-248

254041

ACTCCAGGAGGCCGTATGTC

* Published DNA sequence of this locus.
Whereas most of the markers studied were uniquely localized in Xp 11.3, analysis
of the retention panern of marker DXS8083 on the radiation hybrid panel suggested that

these primer sequences were duplicated in the genome. Amplification of the hybrid
mapping panel with DXS8083,resulted in two bands being observed in the X-onlyhybrid

and genomic DNA. Furthermore, the larger band of the doublet was also seen in
conventional hybrids that covered Xq. The smaller band of the doublet was only seen in

all radiation hybrids and conventional hybrids which mapped to interval 10 of the
mapping panel.

Development of a YAC contig in Xp11.3
Characterization of clones

The region between the markers MAOB and ZNF21 is one of the few regions on
the X chromosome still without continuous YAC coverage. This region of approximately

7 cM was chosen to study due to the absence of physical coverage and, as described in
the Introduction, the potential presence of genes responsible for several retinal disorders.

A total of seventy-five YAC clones were characterized in this study to develop a

YAC contig. The resulting contig was composed of 26 YAC clones which covered over

2 Mb between markers EC7034 and ZNF21. The size and stability of each YAC clone

was determined by pulsed field gel electrophoresis. Five clonal isolates for each YAC
were run on a pulsed field gel along with the size standard YP149. To visualize the YAC
DNA in a yeast background, gels were transferred to a Hybond-N+ membrane and

probed with 32~-labeledhuman genomic DNA. YAC stability was determined by
assessing the sizes of the five clonal isolates. Any size variation observed in these YACs

was attributed to clone instability. Figure 6a shows a pulse field gel of YAC

yWXD3535,and Figure 6b shows the results after being probed with 3 2 ~ - ~ C Tlabeled
P
genomic DNA. By comparing the position of the YAC with the bands in the YP149
standard, the size of each clonal isolate of YAC yWXD3535 was determined to be
approximately 400 kb and therefore this YAC was considered to be stable.
In contrast, clonal isolates of yWXD3234 were not found to be the same size.

Figures 7a and 7b show a pulsed-field gel of clonal isolates of YAC yWXD3234 and the
subsequent filter probed with 32~-labeledhuman genomic DNA respectively. Lanes 1

and 2 show clones with an estimated size of 260 kb. Lanes 3 and 4 show clones of I10

kb. Lane 5 shows two bands and, presumably, two derivatives from one clone. As this

YAC gave rise to products of different sizes, the YAC yWXD3234 was classified as
unstable.

Figure 6. Pulsed-field gel stained with EtBr showing YAC yWXD3535 clonal isolates

(a) and the subsequent probing of the filter with 32~-labeledhuman genomic DNA (b).

Each clonal isolate and the YP149 marker is shown across the top of the gel. By
comparison with its position relative to the DNA size standard YP149,yWXD3535 was
estimated to be 400 kb.

Figure 7.

Pulsed-field gel stained with EtBr showing (a) YAC yWXD3234 clonal

isolates and (b) the subsequent probing of filter with 3 2 ~ labeled
human genomic DNA.
Each clonal isolate and the YP149 marker is shown across the top of the gel. By

comparison with its position relative to the DNA size standard YP149,yWXD3234 was

estimated to have two different sizes of 1 10 kb or 260 kb. Lane five presumably
contained two different different sizes of the same clone. As this YAC gave rise to clonal
isolates with varying sizes, it is considered to be unstable.
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In the cases where size variation was observed, the largest clonal isolate was
chosen for further characterization, based on the assumption that size variations were
likely due to deletions. The sizes of the YACs analyzed ranged fiom 120 kb to 600 kb
(Table 5) and six YACs were observed to have heterogeneous sizes.
To ensure that the chosen YACs were representative of the region, STS PCR was

performed on at least one clonal isolate of every YAC clone. Figure 8 shows that marker

DXS7804 lies on YAC lones yWXD3535, yWXD4571,yWXD8086 and yWXD8058.
Most clones were assessed for STS content by non-radioactive PCR. However, due to
difficulties encountered in scoring the PCR products visualized on an EtBr gel,
radioactive PCR was performed for analysis of marker retention for several polymorphic
markers (Table 6). STS content data obtained in this study was not consistent with the

results I had expected. Many of the clonal isolates did not contain all of the STS markers
they had been reported as containing. Since these STS content discrepancies might have

been due to deletions in the clonal isolates chosen for analysis, STS PCR was also
performed on bulk DNA preparations of all 25 YACs chosen for the study. In two cases
(data not shown), PCR products were positive for the bulk preparations and not for the

chosen clonal isolate. PCR on the bulk preparation of YAC yWXD 1149 resulted in
products with markers DXS 1366 and EC2691R whereas the chosen clonal isolate was
negative for both these markers. Similarly, the buik preparation of yWXD3376 was
positive for UBE1. In these cases the bulks were scored as positive since the chosen
clonal isolates likely contained a deletion not present in all clones of the bulk culture.
YACs which were smaller than 100 kb or did not contain more than one STS were not

included in the final study.

Table 5. YAC clones used in the fmal physical map of this study
YAC narnea
Size (kb)
Library location
yWXD1149
570
E122H7
yWXD 1909
300
I37GA5
yWXD1910
285
I8DF4
yWXD2689
360
I8GF7
yWXD2690
580
I18CG12
yWXD2691
345
I34HA4
yWXD3283
100
F3H9
yWXD3234
280
F3D8
yWXD3376
120
F5B 1
yWXD3535
390
F6G5
yWXD3882
150
FlOElO
yWXD457 1
280
F18A7
yWXD7034
320
E 192D8
yWXD8049
600
I192C4
yWXD8057
280
I47E8
yWXD8058
300
I 107E9
yWXD8084
300
I253F12
yWXD8085
330
I257ElO
yWXD8086
500
I184D8
yWXD8 180
100
E173C4
A0 120
590
ICRFy9OOAO 120
A1220
730a
ICRFy900A 1220
C1022
400b
ICRFy9OOC1022
C1228
330
ICRFy90OC1228
Dl551
530a
ICRFy90OD1551
F0892
480
ICRFy900F0892
F05131
not sized
ICRFy9OOF05131

Chirneric

left
left

right
left

right

a published size (Coleman et al., 1990); not confirmed

b published size (Hagemann et ol., 1994; Kwan et al., 1995); not confinned

Table 6. Polymorphic markers amplified by radioactive PCR
Marker

Primer Sequence 5'-3'

Size (bp)

Reference

DXS 1055

ITAAACAATGCACAACTGGG

8 1-95

Gyapay et aL, 1994

ATGGGATACACTGTTCTGGG
DXS 1003

EC8058R

CCA"ITCCTCACTGGCAAG

Weissenbach er al.,

'ITCACCCATAGAAGCCGT

1992

GGAAATCACATGGTAAGAGA

3 15-335

this study

TACCAACAAGACATACCTTT

DXS8083

CTTCTGCACAGCAAAGGAAA

Thiselton et al.,

ACTCCAGGAGGCCGTATGTC

1996

Figure 8. STS content analysis of a panel of YACs using marker DXS7804. Retention of
the marker was determined by non-radioactive PCR analysis as described in 'General

Materials and Methods' section. The name of each YAC clone is described on top along
with human genomic DNA and ddH2O control lanes. DXS7804 is present on YAC

clones yWXD3535,yWXD4571,yWXD8086 and yWXD8058. Roducts were separated
on a 1.5% SEPARIDU 1% agarose gel and visualized by EtBr staining. The DNA size

standard is pBst cut with Haem.

End-cloning
After determining the clonal stability and STS content of an initial set of 10 YAC

clones, efforts were made to isolate end-fragments from these clones by ligation-mediated
PCR (end-cloning). In addition to providing increased STS density and beginning the
'walk'out of the seed contig, the isolation of YAC ends by ligation-mediated PCR and the

subsequent development of new STS markers from such YAC ends, provided another
method for evaluating the integrity of clones.

Figure 9 shows the fragments isolated from the left and right ends of YAC
yWXD3234 using resaiction enzymes Rsal and Alul. Fragments obtained that were over
200 bp were sequenced using the cycle sequencing system, as described in the 'General

Materials and Methods'. In the case of the YAC yWXD3234 depicted in Figure 9, Left
3234-Rral and Right 3234Alul were chosen for sequencing. DNA sequence obtained

&om such end-clone fragments was then examined for homology with sequences in the
GenBank database using BLAST analysis (Aluchul et al., 1990). Primers were designed
born any sequence that did not show homology with known repetitive sequences (e.g.
Alu and L1 repeats).

Two end-clones, EC1909R and EC1228R, were discarded after

BLAST analysis showed these sequences had homology with Alu or L 1 repeats. Figure
10 shows the sequence used to design the fonuard primer corresponding to the right-end
fragment of yWXD3234. All new STS markers were used to amplify the hybrid panel
described in the Introduction to determine if they were region specific or if they had been
derived from a chimeric parent clone. To ensure that the end hgment, and therefore the

new STS, was not from a chimeric YAC end, EC3234R (right end of yWXD3234) was
tested on the mapping panel of radiation and conventional hybrids (Figure 11). EC3234R

was mapped to interval 11 or 13 (both of these intervals have identical mapping panrms).

Once EC3234R was assessed to be region-specific, it was used to increase further the

Figure 9. Fragments isolated by ligation mediated PCR from the left and right ends of

YAC yWXD3234 using the restriction enzymes R s d and AluZ. Bands in EtBr stained

gels were sized by comparison with the size standard pBst cut with HaelZI and the largest,

clearest bands from each end were then sequenced.

Figure 10. DNA sequence from part of the right end-clone isolated from YAC

yWXD3234 resolved on a 6% acrylamide gel. This sequence was used to design the
forward primer for the marker EC3234R described in Table 5.

A

T

C

Figure 11. Somatic cell hybrid panel mapping of marker EC3234R.

Retention of

EC3234R on a set of 10 radiation-reduced hybrids and four somatic cell hybrids was
evaluated using PCR as described in the 'General Materials and Methods' section. Names

of hybrids are indicated along the top including control lanes with human genomic,
human X-only, Chinese hamster (CHO), mouse and ddH2O. PCR products, of
approximately X bp in size, were separated on 2 2 Nuseive agarose/l%agarose gels and
visualized by EtBr staining as described in the 'General Materials and Methods' section.
Retention of EC3234R on hybrids H21, H99, K6, K11, K16, K35, K52, K54 and

GM10063 is consistent with EC3234R mapping to interval 1 1 or 13 of the hybrid
mapping panel. The specific location of EC3234R was resolved by physical mapping

data (see Figure 10).
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STS content data of the 25 YAC clones, and determine overlap. Figure 12 shows that
yWXD3234 overlaps with yWXD19 10, y WXDy900F0892 and yWXD269 1.
Furthermore, this data indicated that EC3234R belongs within interval 13, and not 1 1, of
the mapping panel. Region-specific end-clones that were found, by STS content analysis,

to lie in a physically unmapped region were then used to screen YAC libraries to obtain
W e r clones. This process allowed unmapped regions to be 'walked' into.

In total, twenty-one YAC end-clone fragments were isolated and sequenced. Of
these, 12 were found to be region-specific (Table 7), five consisted of chimeric ends and

four ends had homology to Alu or L1 repetitive sequences. Of the five chimeric ends, the
four ends derived from the I library, and the one chimeric end from the E library were
derived from another human chromosome.
Analysis of the retention pattern of marker EC3535R on the hybrid panel
suggested, as observed eariier for DXS8083,that these primer sequences were duplicated
in the genome. Amplification of the hybrid panel with EC3535R,resulted in two bands

being observed in the X-only hybrid and genomic DNA. Furthermore, the smaller band
of the doublet was also seen in conventional hybrids that covered Xq. The larger band of
the doublet was only seen in all radiation hybrids and conventional hybrids that mapped

to interval 10 of the mapping panel.

New Polymorphic Marker

Sequencing of the right end-clone of yWXD8058 revealed a TC dinucleotide
repeat. Fig-

13 shows a portion of the repeat and sequence on one side. Since

dinucleotide repeats have often been found to be polymorphic, primers were designed to
develop a marker that included the TC repeat. Unfortunately, sequence could not be
obtained from both sides of the repeat by sequencing from the right internal vector

primer. Therefore, the end-clone was sequenced from both the linker specific primer and

Figure 12. STS content analysis of a panel of YACs using marker EC3234R. Retention
of the marker was determined by non-radioactive PCR analysis as described in General

Materials and Methods' section. The name of each YAC clone is described on top along
with human genomic DNA and ddH2O control lanes. EC3234R is present on YAC

clones yWXD19 10, ICRFy900F0892,yWXD2691,and its parent clone sWXD3234.
Products were separated on a 1.5% SEPARIDU 1% agarose gel and visualized by EtBr

staining. The DNA size standard is pBst cut with HaeIII.

1 ICRF F0892
yWYUB3376

yVVXD2691

yWXD2690
yWXD3234
y-2689
yWXD1149

Genomic DNA

Water

marker

Figure 13 Sequence of the right end-clone of yWXD8058 showing part of the TC
dinucleotide repeat The dideoxy G, A, T, C lanes are indicated and the termination

products have been resolved on a 6% acrylarnide gel.

G

A

T

C

Table 7. STS Markers Designed From YAC End-Clones
Marker
Hybrid
Lab name Rimer Sequence 5'-3'
Name
~ntervalb
sWXD3383a 1 1 or 13
EC 1909L TCTCAACAAATGTCAGCAAC
CCCTCCTCTGAAATCTGCTA
DXS9937
11 or 13
EC3376R GGGACTGAATCATACCTAAC
CCACTTGTGTArnGAGGGT
DXS9936
11 or 13
EC3234R TTTCTGCCAGCAGTTACTIT
CCCrnAGTrnACACAGT
sWXD3384a 11 or 13
EC2690R AGGCAACCCTGGGCAGTGTG
GGATGACCCAAAGG'ITCTGT
EC269lR TAATGTTCCA'ITGTITGCCC

Size
(bp)
134

127

155
83

TTACTGCAAAGAAATACAAG

EC 1 149L

EC3535R
EC3535L
EC8057R

TCATGCCAATGAATAACCAG
GCTAAATCAATCCCAATAAA
GGATGATATGGTTGGATITG
ATGATCCAATCACCTCCCAC
CTCAGGAGCAGGCGGGAAAC
TrrCTAGCCAGGTAGmGC
CATAGTGACTGGTCCTITATGT

91

GTATGAAGArnGGAGTTG

EC8058Rc GGAAATCACATGGTAAGAGA
TACCAACAAGACATACCTIT

DXS9930

10

EC7034RI GTTGATACCACAGAACTACA

3 1S-

335
130

AACTCAATTAGATGTGTGAT
a DXS number has not yet been released.
b bold face indicates interval marker was mapped a by

clones.

primer pair flanks polymorphic (TQn repeat

STS analysis of YAC and PAC

vector specfic primer to get sequence flanking the TC repeat .

69
Amplification of DNA

isolated from 50 unrelated Caucasian females showed the resulting marker to be
polymorphic with allele frequencies of 0.4 (313 bp product), 0.16 (315 bp product) and
0.44 (317 bp product) (data not shown). This polymorphic marker adds density to the

genetic map in this ngion and could potentially help refie the location of RP2.

YAC Contig

The resulting YAC contig was assembled using 26 YACs and 37 DNA markers

from the Xp11.3 region spanning the interval DXS8083 to ZNF21 (Figure 14). The
contig was consmcted based on the retention of DNA markers in YAC clones, as
determined by non-radioactive (Figure 12) or radioactive PCR, and information on DNA

marker retention in conventional and radiation hybrids (Figure 5, Figure 11). End-clones
developed from YAC clones increased the STS marker density within the region, gave
more information on overlaping clones, and allowed additional YACs to be acquired by

screening YAC libraries. This in turn contributed to the development of the resulting
physical contig.
The initial effort to assemble a contig of the Xp11.3 region is depicted in Figure
14. This contig, based entirely on data obtained from YAC analysis, has several

discrepancies. Markers UBE1, PCTKl and UHX are known to fall within interval 11 or
13 on the hybrid panel and have been published as lying distal to DXS1055 (Knight er
al., 1994). However, STS content analysis using YACs was not consistent with these

findings. Although these markers fell on some YACs (yWXD1909 and yWXD1910), the

STS data obtained did not allow markers to be placed within the contig without deletions
king found in a significant number of clones. For this reason, these markers have been
placed, unordered, at the top of the contig. Furthermore, the sizes of YACs are not to

Figure 14. Physical contig and DNA marker map in human Xp11.3-p11.23. The thick,

dark line with bi-directional mows indicates the chromosome, with the telomere to the
left and the centromere to the right. DNA markers and genes are ordered across the top
of the figure, as determined by retention in conventional and radiation-reduced hybrids,

YAC content, parsimony and SEGMAP analysis. Polymorphic markers are indicated by
asterisks. The hybrid breakpoints are indicated by mows. A Line under two or more

markers indicates that they could not be ordered relative to each other. YAC clones are
represented as lines together with their names and sizes. Deletions are indicated by open

circles, end clones are indicated by boxes. UBEl,PCTKl and UHX are in a box above
the contig since they could not be placed using YAC data.
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scale since the current, most parsimonious, order of markers does not permit clones to be
drawn to scale.

Collection of PACs

The collection of PACs in the target region was accomplished by screening the
deJong pCYPAC library (Ioannou et al.. 1994) with 26 existing and new markers.
Fourteen PAC clones resulted from the screenings and were characterized.

This

information helped seed the region for the future creation of a PAC contig and helped
orient markers whose relative placement could not be determined by the analysis of YAC
data
The size of each PAC clone was determined by digesting the DNA with Notl,

running the DNA on a pulse field gel and comparing the size with a midrange PFG
marker. Figure 15 shows a pulsed-field gel stained with EtBr. The size of the PAC
clones varies between 23 kb and 160 kb (Table 8). PAC f82B7. seen in lanes 4 and 5,
has two distinct bands implying an internal Nod site. PAC 71L16 also has 2 distinct

bands. This could also be due to an internal Not1 site. Another possibility is that the two
bands seen for PAC 7 1L16 and PAC182B7 are due to the presence of two separate clones

resulting from a co-cloning event
Five clonal isolates of six different PAC clones (237A9,250J2 1,235D 18, 130L5,

86K24,182B7) were digested with BamHI, visualized on an EtBr stained gel and their
restriction patterns compared. Of the six PACs analyzed, no discrepancies were
observed. These clones were thus considered to be stable.

STS content was evaluated using the technique of Southern hybridization. Figure
16 illustrates a Southern hybridization using marker DXS 1264 which is shown to lie on

PAC clones 71L16, 182B7, and 250J21. For many of the polymorphic markers, STS
content had to be evaluated using radioactive PCR. Figure 17 shows the results of a

Figure 15. Pulse field gel stained with EtBr showing eight different PAC clones digested
with Nod. Each clone and the mid-range PFG marker is labeled at the top of the gel. By

comparison with its position relative to the DNA size standard, the size of each PAC
clone could be determined.

Table 8. Sizes of PAC clones
PAC

Size k b )

Figun 16. DNA marker content analysis of PAC clones using Southersn hybridization.

The PAC clone names are indicated along the top and described in Table 8. PAC clones
were digested with BamHI and electrophoresed on 0.8%agarose gels, blotted and probed

with the DNA marker DXS1264. The control lane is human genomic DNA. DXS 1264 is
contained in the PACs

Figure 17. DNA marker retention analysis for polymorphic marker DXS1055 on a panel
of PAC clones using radioactive PCR. The PAC names, human and water controls are

indicated along the top. DXS1055, a polymorphic end-clone described in Table 7, is
retained on PAC clones 71L16 and 182B7. Radioactive PCR was perfomed as described

in 'General Materials and Methods' section. PCR products were separated on an
acrylamide gel as described in the ' General Materials and Methods' section and sized by
comparison with the previously described radiolabeled DNA marker from the

SEQUENASE 2.0 DNA sequencing kit.
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radioactive PCR using DXS1055. The data resulting from STS content analysis of the
PACs (Figure 18) showed that a number of the clones (121M13, 237A9, 235D18,
130K15, 182B7,7 1L16,250521 and 2481115) were clustered between markers EC3234R
and EC1149R. Funhennore, 14 markers were found to fall within this region many of
which were oriented with respect to one another by comparing overlaping PAC clones.

For example, DXS 1055, DXS 1264 and A 1.78 were found to lie on PAC7 IL 16 whereas

EC2591R, EC2690R,WI18364 and EC182B7-'I7 were found to lie on both PAC71L16
and PAC250J21. This data showed that these two groups of markers lay apart from one

another but did lie next to each other. Lastly, STS content analysis revealed that

PAC7 1L16 was positive for markers DXS 1003, EC 182B7T7, WI18364, EC2690R.
EC2691R, DXS1366, DXS 1264 and DXS 1055. However, it is also positive for marker
EC7034R. This data is more consistent with a co-cloning event. There was no STS
evidence to prove PAC182B7 had undergone a co-cloning event Furthermore. STS
content analysis did not provide enough data to determine wether the size of PAC182B7
was consistent with one of the bands or both bands added together.

To increase marker density, and to help elucidate marker order, external and

internal primer sequences were designed from the PAC vector to allow further
development of end-clone fragments. Three PAC end-clones were isolated and

developed into STS markers (Table 9). All markers developed from PAC end-fragments

mapped to the appropriate intewal on the hybrid panel (Table 9).

Figure 18. Physical PAC contig and DNA marker map in human Xp 11 -3-p11.23. The
thick, dark line with bi-directional arrows indicates the chromosome, with the telomere to
the left and the cenaomere to the right. DNA markers and genes are ordered across the

top of the figure, as determined by retention in conventional and radiation-reduced
hybrids, PAC content and parsimony. Polymorphic markers are indicated by asterisks.

The hybrid breakpoints are indicated by arrows. A line under two or more markers
indicates that they could not be ordered relative to each other. PAC clones are
represented as lines together with their names.

Table 9. STS Markers Designed From PAC End-Clones
Marker
Lab
Primer Sequence 5'-3'
Name
Designations
DXS9938 EC 130K1ST7 TTGAGATAACAGGTGGCACC
AGGACCTGCTACTCAATCTG
DXS9939 EC 182B7T7 TCTCTAGTTGCATCCAGTCT
CTGGGTAATACAGAGGAAAG
DXS9940 EC 192P9T7 CCCATTCAGTATGATAATAG
TCAATCAGTGTGATATATC

htervalb

Size

11 or 13

145

11or 13

134

10

149

@PI

a The naming of markers is a combination of EC (End-Clone), the name of parent clone

and followed by T7 (the 'I7 end of a PAC).

b bold face indicates interval marker was mapped to by STS analysis of YAC and PAC
clones.

Fourteen PACs were collected by screening a PAC library with 26 DNA markers

from the Xp11.3 region spanning DXS8083 and ZNF21 (Figure 18). The contig was
constructed based on the retention of DNA markers in PAC clones, as determined by
radioactive PCR (Figure 17) or Southern hybridization (Figure 16). Radioactive PCR
was performed for analysis of marker retention for several polymorphic markers (Table

7), because of difficulties encountered in performing Southern hybridizations with

repetitive sequences.

Integrated YAC and PAC Physical contig
Marker Order
The PAC contig depicted in Figure 18 clariFies several problem areas encountered

in the YAC contig. Specifically, the localization of markers UBE1,UHX and PCTKl

was elucidated. Furthemore, the 14 markers between EC3234R and EC1149R fell on a

series of PACs, indicating their close proximity and orientation with nspect to oneanother. The integration of a l l PAC and YAC data resulted in a marker order of Xptcr-
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EC7034R-EC8058R-EC8057R-DXS
1446-FB20E11-DXS7804-EC3535L-DXS7455DXS ~ ~ O ~ - D X S ~ ~ O ~ - S W X D ~ ~ ~ ~ - E C
1366,
~ ~ DXS
~ S 1264,
R - EDXS,
C~~~~R1055)-(EC269 1, EC2690, WI18364, E C ~ ~ ~ B ~ ' I ~ 1003-UBE
) - D X S 1-(EC13K 15T7,
PCTK1, UHX, EC3376, EC 1909)-EC3234R-~WXD2501-AFMA286ZG 1-(DXS1146,

DXS 1364)-DXS1266-DXS337-(SYN/TIMP)-DXS42-2 1 - p e n (Figure 19). PAC
data was crucial for determining the order and location of the markers between EC3234R

and EC1149R since YACs in this region had a large number of deletions and analyzing

only YAC data led to a very different interpretation of the region. PAC data was still
unable to discern the order of several groups of markers since all of these markers lie on
the same sets of PACs. Lastly, a cross-over between DXS 1055 and 1003 helped place
DXS 1055 distal to DXS1003 (Gyapay et d.,1994). This was vital information as both

PAC and YAC data could not orient the island of markers between EC3234R and
EC 1 149R.

W e d links and gaps in the Contig :

There are four weak links in the reported contig, defined as two markers being

held together by only one clone. These lie between markers DXS8308 and DXS1408.

DXS1146 and DXS 1266, DXS1266 and DXS337 and SYN1 and DXS426.
The first weak link between DXS8308 and DXSl408 is spanned by YAC

yWX.3535.Although only yWXD3535 spans this region, markers were developed from
both its ends firmly anchoring it to interval 10 and no deletions w e n seen in the clone.
This supports the idea that this clone is stable and non-chimeric and thus a valid link.
The other set of weak regions are all found at the proximal end of the contig. AU

clones and markers from this region were previously published by several groups
(Coleman et al., 1990; Hagernann et al., 1994; Knight et aL, 1994; Kwan et aL, 1995).

Figure 19. Integrated physical contig and DNA marker map in human Xp 11.3911.23.

The thick, dark line with bi-directional arrows indicates the chromosome, with the

telomere to the left and the centromere to the right. DNA markers and genes are ordered
across the top of the figure, as determined by retention in conventional and radiationreduced hybrids, YAC and PAC content, parsimony and SEGMAP analysis.
Polymorphic markers are indicated by asterisks. The hybrid breakpoints are indicated by

arrows. A line under two or more markers indicates that they could not be ordered
relative to each other. YAC and PAC clones are represented as lines together with their

names. Deletions are indicated by open circles, and circles with hatched centers indicate
that a YAC is not positive for all markers represented. Dashed lines associated with a

YAC indicates that there is evidence of chimerism or, in the case of y WXD 1149,

yWXD8049,ICRFy900D1151, ICRFy900A 1220, ICRFy900A0120, that the size of the

YAC is too large to fit within the constraints of the map, suggesting that these clones are
also chimeric.

87
These clones are being reported to demonstrate the overlap of this contig with other
reported contigs in the proximal region (Boycott et ol., 1996).
Finally, a gap remains between EC7034R and DXS8083. Although both of these

markers fall within interval 10 on the hybrid panel, the distance between both markers is
unknown. Exhaustive screening of the libraries at Washington University with
EC192P9-'I7 was unsuccessful in obtaining more clones to close this gap.

Orientation of the Contig on the X chromosome:

The contig was unambiguously oriented on the X chromsome using the panel of
hybrids which allowed the placement of markers into an interval defined by various

breakpoints (Figure 3). A linkage map of the X chromosome indicated that DXS1003
lies distal to markers DXS 1126 and DXS255 (Donnelly et d, 1994), two markers which

are within a proximally overlapping contig (Boycott e t ol., 1996). Furthermore, the use
of Y ACs from the ICRFy900 series @ 1 15 1, C 1228, A0 120, A1220 and C 1022) provided
overlap with previously published contigs at the centromeric end of the contig (Coleman
et al., 1990; Hagemann et al., 1994; Knight et aL, 1994; Kwan et al., 1995) and extends

the cloned region proximally to cover the Xp 1 1.23 interval characterized by Boycott and
co-workers (Boycott et aL, 1996).
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CHAPTER 4 DISCUSSION

A contig consisting of YACs and PACs was constructed on the short arm of the

human X chromosome to establish a physical map in a region of the X-chromosome

lacking physical coverage and to which several retinal disorders have been mapped. The
contig developed in this study contains 26 YAC clones and 15 PAC clones and was

assembled from the DNA marker content of YAC and PAC clones, born DNA marker
retention in radiation-reduced and conventional hybrids, and Segmap analysis. The
contig spans 2.5 Mb between markers ZNF21 and EC7034R,has three fold coverage, and
contains 37 DNA markers in the Xp 1 1.3-p 1 1.23 region with an average resolution of one
marker every 75 kb (Figure 19). The use of YACs from the ICRFy900 series (D 1151,
C1228, A0 120, A1220 and C 1022) provides overlap with previously published contigs at
the centromeric end of the contig and extends the cloned region proximally to connect
with the Xpl 1.23 interval previously characterized (Boycott et al., 1996).

Characterization of the YACs that were isolated for the construction of the current
contig demonstrated significant rates of chirnerism and instability. While 26 of 76 YACs
characterized in this study were chosen to represent the Xp11.3-p.23 region, the fifty
other YACs were disregarded often due to chimerism or instability as determined by STS
content and end-cloning experiments. Using the 26 selected YACs, rates of 19%
chimerism, and 31% internal deletions were observed and 19% of YACs had
heterogeneous sizes by pulse field analysis. These are minimal percentages as not aU the
ends of the clones could be assessed. If the 50 YACs not used in assembling the contig

are taken into consideration, both the rates of instability and chimerism increase

markedly. Using the same YAC libraries, a 3.6 Mb contig of Xp22.1 was constructed
with reported rates of 11% chimerism and 6.22% internal deletions ( T m p et al., 19%).

In contrast with Trump and co-workers (1996), also using the same libraries, a 2 Mb

contig constructed spanning Xp 11.23-p11.22, reported a 30% rate of chimerism and 4080% rate of internal deletions (Boycott et al., 1996). Taken together, results from these

studies suggest that differences in reported rates of chimerism and instability may be due
to regional variations in clone stability.
The 250 kb interval between the markers EC3234R and EC 1149R (intervals 12-

14)in the centml portion of the contig was the most troublesome in the construction of
the YAC contig due to both chimerism and instability of the YACs. It has been reported
that repeated sequences in mammalian DNA could provide the substrate for

recombination and be one of the contributing factors to the incidence of chimerism in

YACs (Rogner et aL, 1994). Furthermore, it has also been observed that regions with
high GC and gene content may contain sequences difficult to clone in yeast (Larionov et

ol., 1994). The results observed in my study could have been due to a combination of
high GC content and a high number of repetitive elements. This region could be gene

rich as four ESTs or genes (UBE1, UHX, PCTK1,and WI18364) have already been

reported. Sequences from end-clones EC 1909R and EC 1228R obtained in this study
were disregarded due to sequence homology with Alu or Line sequences. EC1909R is

found within the aforementioned problem area indicating the presence of repetitive
sequence. More analysis is necessary to determine if this is a region rich in repetitive
elements.
PCR products for DXS8083 and EC3535R had distinct banding patterns (data not

shown) which implied the presence of a possible duplication. The resulting PCR
products of both DXS8083 and EC3535R, visualized on an ethidiurn bromide gel,
showed two bands in X-only and genomic DNA. In all of the conventional hybrids

which covend Xq, only the smaller band was seen for DXS8083,and only the larger for

EC3535R. The opposite band was seen in the radiation-reduced and conventional
hybrids specific for Xp11.3, specifically interval 10. These observations suggest that
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PCR with markers for DXS8083 and EC3535R results in the amplification of DNA
within interval 10 as well as amplification of sequence on Xq. These results are

consistent with the hypothesis that markers DXS8083 and EC3535R amplify a sequence
which is duplicated in the genome.

The YAC libraries that were screened by our collaborators at the Human Genome
Centre in St. Louis represented more than 15 X-chromosome equivalents. The final
contig (Figure 19) represents three-fold YAC coverage as determined by calculating the
average number of hits per STS. If the unstable YACs that were characterized in the
preliminary studies were also taken into consideration, screening of the E, F, and I
libraries resulted in approximately nine-fold coverage of the region (data not shown).

These results are the same as the number of clones detected per probe in another study
characterizing these libraries (Nagaraja et aL., 1994). However, both my study and that of
Nagaraja and coworkers had a significant discrepancy between the number of clones

obtained per probe and that expected per probe. The F library, derived from humanhamster cell lines, yielded the expected number of clones but the E and I libraries,
derived from cells with five and four X chromosomes respectively, yielded numbers of

YACs corresponding to only two X equivalents (Nagaraja et aL, 1994). Since the E and I
libraries were enriched in X chromosomal DNA, one would have expected more clones to
be obtained using an X-chromosome specific probe compared to an autosomal specific

probe. Instead, the results obtained showed that the E and I collections contain no more

X YACs than are expected for autosomes. These results suggest that most of the X
chromosome DNA in the hybrid cells used for the libraries is poorly cloned into YACs,
possibly because only the single active X is well cloned and the DNA from the inactive

X chromosomes is perhaps at a disadvantage for cloning because of special features like
relatively tight coiling (Nagaraja et al., 1994).
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YAC clone integrity is not a novel problem and has been observed in many

reported YAC constructs. In every collection of YACs reported to date, a fraction of the
clones are chimeric (Nagaraja et al., 1994). For this reason, work continues in
developing a yeast strain which maximizes clone stability. Recent studies have shown
that rearrangements and chimeras arise from recombination during or after transformation

of the yeast host in YAC library construction (Larionov et oL, 1994). The group of

RAD52 genes and the RADl gene have been shown to be involved in recombination in
yeast (Game and Mortimer, 1974), (Klein, 1988). To reduce the frequency of chimeric

YAC clones, alternative yeast hosts with DNA repair mutants such as radl and rad.52

have been used for YAC cloning (Neil et al., 1990). Construction of a YAC library using

a rod52 mutant strain MHY5201 resulted in a reported rate of 8% chimerism compared to
a rate of 50%in wild type host AB 1380 (Haldi et aL, 1994). Also. radSl/md52 and radl
mutant hosts were shown to stabilize deletion prone YACs containing DNA from the

human colour vision locus of Xq28 (Khono et ai., 1994). More recently a rad.54 mutant,
another member of the RAD52 epistasis group, was investigated. Although more

research must be performed, this mutant appears to represents another improved YAC
cloning host (Le and Dobsen, 1997). Whether any of these recombination deficient hosts
will be effective in stabilizing clones from the Xpl l region remains to be established.

Since access to recombination-deficient yeast systems is still limited and their
potential not entirely elucidated, the solution to the stability problem for this study was
approached by changing to an alternative, more stable vector system. Many vector
systems, such as the fosmid, P1, BAC, and PAC systems, have been reported as stable

alternative vector systems. In this study PACs were collected to provide a better

representation of the region.
In contrast to the yeast system,the PAC system has shown no problems with
clone integrity. From the analysis of 15 PACs with 26 markers, no evidence of instability
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or chimexism in these clones was observed in this study. Furthermore, in the isolation of
three PAC end fragments, no chimeric ends were found. From these results it can be

concluded that the PAC cloning system has no apparent problems handling high GC
content, high gene content and tandem repeat sequences. This is likely due to the
maintenance of genornic fragments as single copy plasmids in a recombination-deficient

host.
Although a 3X PAC library, and in five instances a 7X library, was screened by
26 markers in this study, relatively few PAC clones were recovered. Screening with eight

markers from region between markers EC1149R and EC3234R,previously mentioned as
being a problem m a in YACs, resulted in a cluster of eight PACs being obtained
forming solid coverage for this region. However, the region flanked by the markers

EC1149R and EC8057R was particularly troublesome with only one PAC being
recovered after screening with 11 different markers. The quality of the probes could be
questioned but, because they all worked well in Southern hybridizations (Figure 16), and

because the problem also seems to be regional, an alternative explanation likely exists. It
was suggested that the problem may stem from the fact that the de Jong pCYPAC library

was constructed from male stem cells, hence reducing the number of copies of X

chromosomes being represented (Jack Huiguenza, personal communication). This could
potentially explain the limited number of clones obtained but does not explain why there
also seemed to be a regional clustering of PACs. Lastly, it is possible, as observed in the

YAC system, that certain regions of the genome are also more difficult to clone in PACs.

There have been several published reports on using PACs to complement YAC or cosmid

contigs (Osoegawa et dl., 1996; Sood et al., 1997). In such cases PACs aided in adding
resolution or filling in gaps that could not otherwise be filled.
Relatively few PAC contigs have been reported to date. Two of the larger PAC

contigs published are a 1-1.5 Mb contig on 5q and a > 1 Mb contig of 2q13 (Nothwang et
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aL, 1997; Zhao er aL, 1997). Zhao and co-workers describe a contig made up of 78

overlapping PAC clones and Nothwang and co-workers describe a contig with 34 PAC
clones. In both cases at least one of the libraries used was the same as that used in this
study. Then were no reported problems with chimerism or instability and seemingly no
problems obtaining clones in their library screening. However, it is difficult to compare
these results with those obtained in this study since there are no PAC contigs yet reported

on the X chromosome and cloning problems often tend to be regional. Thus more
studies will have to be performed, particularly on the X chromosome, to elucidate the
possible reasons for our limited success in recovering PACs in our library screens.
STS content in PACs was evaluated using either Southern hybridization or
radioactive PCR. While attempts were made to determine STS content by nonradioactive PCR,the results were variable with varying band intensities and numerous
false positives. Though not fully evaluated, it is possible that at some point during the

isolation of the DNA or during the PCR preparation process genornic contamination may
have been occurring. Another possibility is that the PCR conditions had not been
optimized. In the two previously reported PAC contigs, Nothwang and co-workers
determined STS content by radioactive PCR,whereas Zhao and co-workers used nonradioactive PCR methods (Nothwang et al., 1997; Zhao er al., 1997). No reasons are
given for the choices made by each group. Regardless of the methods used to determine
STS content in PACs, this data proved vital for ordering DNA markers and estimating

sizes between markers.
Fortunately, the region found to be most troublesome in YACs was extensively

cloned in PACs. PACs 233D18,237A9,121M13 and 250321 allowed UHX,PCTKl and

UBEl to be placed within the contig. Funhermore, a general order for the 14 markers
between EC1149R and EC3234R was determined, although several markers still cannot
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be oriented with respect to one another. All PACs obtained in this study wiU help to seed
the Xp 11.3-p23 region for the future development of a complete PAC contig.

Based on the physical map constructed of integrated PAC and YAC data, the
marker order in the proximal region of this contig: Xpter-(DXS1264, DXS1055)-

(DXS1003,UBEl-PCTK1)-DXS
1266-DXS337-SYN1-ZW2 1-cen is essentially in
agreement with the consensus map of the 6th X Chromosome Workshop (Nelson et oL,
1995). While the consensus map places DXS1264 distal to DXS1055, my study placed
both markers on the same PACs,though they did not order these markers; YACs in this
region were too unstable to be of any assistance in this regard. Similarly, the markers

UHX and PCT'Kl were not ordered. Unlike the consensus map, my study placed UBEI,

UHX and PCTK 1 proximal to DXS 1055 and DXS 1264. Lastly. the most parsimonious
order based on YAC deta places DXS1266 proximal to DXS337.
At the proximal end, this contig provides overlapping coverage with the 12
published markers DXS1264, UBEI, DXS 1055, DXS 1003, DXS 1146, DXS 1266,
DXS337, ARAFI, SYN1,TIMPI, DXS426,ZNF21 (Colemanet af., 1994; Hagernarm et

oL, 1994; Knight et al., 1994; Kwan et al., 1995) and adds 11 markers proximal to
DXS1264. At the distal end, the contig extends one megabase past UBEl to EC7034R
placing 13 markers into this region. A gap in the physical map still exists between

Em034 distal to DXS8083 and on to MAOAIMAOB and DXS7.
The physical contig developed from my studies represents to date the most robust
physical coverage of 2 Mb within the Xp 11.3 region, and will aid both in DNA

sequencing and gene-finding efforts within this part of the human genome.
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CHAPTER 5 SUMMARY
Although the YAC-based physical map of the X chromosome is largely complete,
several regions have been especially difficult to cover in clones useful for sequencing and
gene-finding. The region between the DNA markers DXS7 and ZNFZl in Xp11.3pll.23, spanning about 7 cM, is one of the most difficult regions to clone in YACs due to
the high incidence of chimerism and instability. This region is also of note because it

overlaps with the critical regions for X-linked congenital stationary night blindness,
retinitis pigmentosa and hand Island eye disease.

This thesis research project extended the existing physical contig of the human
Xp11.3 region between a new marker EC7034R and ZNF21 using YACs. Then, using

existing markers, an initial set of PACs were collected to begin the construction of a
DNA sequence-ready template of the region.
The mapping was initiated with a set of 19 markers sublocalized within X p l l

based on their retention in the panel of conventional and radiation hybrids described by
Boycott et al. (1997). The genetic region between EC7034 and ZNF21 spans six

intervals (9 to 14) on this mapping panel.
Subsequently, 19 additional region-specific STSs/STRs/ESTs were used to

increase DNA marker density and to provide additional YAC coverage. Fourteen STSs
w a e designed from selected end-fragments of

YACs or PACs. The remaining five STSs

wen derived from published sources.
The sequence of one end of the insert of the YAC yWXD8058 revealed a TC
dinucleotide repeat. Amplification of DNA isolated from 50 unrelated Caucasian females
showed this repeat to be polymorphic with allele fkquencies of 0.4 (313 bp), 0.16 (3 15

bp) and 0.44 (317 bp).

The use of YACs from the ICRFy900 series (D1151, C1228, A0120, A1220 and
C1022) provide overlap with previously published contigs at the centromeric end of the
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contig and extends the cloned region proximally to the Xp 11.23 interval previously
characterized in the lab of Dr.Bech-Hansen.
The 75 YACs that were characterized in this study showed extensive chimerism

and frequent deletions overall. Even the 26 selected to represent the region showed
minimum rates of 19% chimerism and 31% internal deletions, with heterogeneous sizes

suggestive of deletions observed in pulsed-field gel electrophoretic analyses.
Fortunately, PAC clones have shown far less clone instability or chimerism.
Among 15 PACs containing more than 20 STS markers, analysis of STS content, endcloning, restriction digest comparisons, and sizing showed no evidence of instability or
chimerism. In regions where the YACs were most uncertain, PAC clones were necessary
to confirm the location of several markers and permitted the ordering of some markers
that could not be oriented unequivocally in YACs.

The resulting 2 Mb contig is in agreement both with DNA marker retention in
radiation-reduced and conventional hybrids and with SEGMAP analysis of STS/clone

content. It spans the interval between markers ZNF21 and the new marker EC7034R in
26 YAC clones and 15 PAC clones . The physical contig presented represents to date the

most robust physical coverage within the Xp11.3 region, and should aid both in
sequencing and gene-finding efforts.

.
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