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ABSTRACT

In an effort to isolate the gene responsible for X-linked congenital
stationary night blindness (CSNB1), a positional cloning strategy has
been used to reduce the minimal genetic region for CSNB1, construct
a physical contig encompassing the CSNB1 locus, identify new
candidate genes, and analyze one of these genes for mutations in
affected individuals.

By mapping new polymorphic markers to Xpl11.23-pl11.22 using a
panel of hybrids, the minimal genetic region containing the CSNBI1
locus in Family P060 was refined to the region bounded telomerically
by DXS722 and centromerically by DXS8023, an estimated 2.2 Mb.
Based on a number of published crossover events that place the
proximal limit to CSNB1 at DXS255, efforts to isolate candidate genes
for CSNB1 have focused on the 1.5 Mb region bounded distally by
DXS722 and proximally by DXS255.

.To construct a physical contig between DXS722 and DXS255, YAC
and cosmid clones were identified. A 2 Mb contig was constructed
from the content of 44 DNA markers and spans the distal marker
ZNF21 and extends proximally to include DXS255.

Overlapping genomic clones were chosen from the physical contig
and used to enrich for cDNA transcripts expressed in the frontal
cortex, fetal brain, retina, and placenta by direct cDNA selection.
Using this technique, 44 unique expressed sequence tags (ESTs) were
added to the transcription map of Xpl11.23-p11.22. The EST JRL4-Al

was chosen to be investigated in detail and a unique gene, KATI1, was
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identified that contains a 262 amino acid open reading frame and
seven exons.

The full-length cDNA clone for KAT1 was used as a probe to scan
for deletions by Southern analysis in 15 CSNB1 families and no
aberrant bands were detected. Each exon of KAT1 was then directly
sequenced in representative affected and unaffected control
individuals from Family P060. From the results of this analysis,
KAT1 was excluded as the gene responsible for CSNB1 in Family
P060.
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CHAPTER 1 - INTRODUCTION

X-linked congenital stationary night blindness (CSNB1) is an eye
disorder that includes impairment of night vision, reduced visual
acuity and, in some cases, myopia and congenital nystagmus.
Electroretinography reveals a marked reduction of the b-wave in
affected individuals suggesting that X-linked CSNB is due to a
molecular defect in the bipolar layer of the retina. In the absence of
specific knowledge about the basic biochemical defect causing the
clinical manifestations of CSNBI1, efforts to isolate this gene must be
based on a positional cloning strategy.

Positional cloning (see Figure 1; Collins, 1992; Collins, 1995)
assumes no functional information and isolates the gene responsible
for the disease manifestations solely on the basis of map position.
The first step in positional cloning is usually the collection of
pedigrees in which a specific disease gene is segregating. These
families are studied with multiple polymorphic markers until
evidence for linkage is obtained. Identification of patients who have
visible cytogenetic rearrangements can greatly assist the low and
high resolution mapping of the disease gene. The majority of
positional cloning successes have relied on such rearrangements and
many of the rest have been aided by identification of patients
carrying deletions of tens or hundreds of kilobases (Collins, 1995).
The recent identification of the RPGR (retinitis pigmentosa GTPase
regulafor) gene implicated in a form of X-linked retinitis pigmentosa,

RP3, was based on the identification of a number of patients carrying



2

deletions of tens to hundreds of kilobases (Meindl er al., 1996;
Roepman et al, 1996). Until 1993, only the cystic fibrosis gene
(Rommens er al,, 1989) had been identified in the absence of
rearrangements or deletions but now this number has grown to
about 20% of the some 50 genes identified by positional cloning
(Collins, 1995).

Once linkage has been established to markers on a specific
chromosome, additional fine mapping can then be applied to narrow
the location of the disease causing gene, though the resolution is
limited by the number of informative meioses available within the
pedigrees. In most cases it is unusual to have more than 100 meiotic
events available, so fine mapping is often limited to genetic intervals
of about 1 cM or approximately a million base pairs (Collins, 1995).
The effort then begins to survey the minimal region for attractive
candidate genes. If no such candidates are available, or the known
ones have been eliminated, then novel transcripts must be identified
from the region. To deal with the difficult problem of identifying
transcripts from large genomic intervals, a number of new strategies,
such as direct cDNA selection (Lovett er al., 1991; Parimoo et al.,
1991) and exon trapping (Duyk et al., 1990; Buckler et al.,, 1991),
have been developed over the last few years.

Once additional candidate genes have been isolated and
characterized, sequence analysis in affected and unaffected
individuals and the demonstration of mutations must occur to
identify the gene responsible for the condition. Mutation analysis

can occur in a number of ways including direct sequencing of the



Figure 1. The positional cloning approach. Briefly, positional cloning
begins with the collection of families segregating the disease gene of
interest which are then studied with multiple polymorphic markers
until there is evidence for linkage with one or more of these. After
refining the position of the locus to a small genomic region, the
candidate interval is physically cloned and these clones are used for
transcript identification. Sequence analysis and demonstration of
mutations in a candidate gene is the final phase of this strategy

(modified from Figure 2 of Collins, 1992).
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5

region or single strand conformation analysis. Though challenging,
more than 50 genes have been identified to date based on their
position (Collins, 1995). This dissertation describes my efforts
toward adding yet another entry to the growing list of positionally
cloned disease genes.

In an effort to isolate the gene responsible for CSNB1, I have used
a positional cloning strategy to reduce the minimal genetic region for
CSNB1, construct a physical contig encompassing the CSNB1 locus,
isolate candidate genes by direct cDNA selection, and analyze one of
these genes for mutations in affected individuals.

Based on previous studies of over 20 families diagnosed with X-
linked CSNB, a CSNB1 locus was mapped to Xpll.23-p11.22. To
refine further the location of the gene for CSNB1, additional
polymorphic markers were required, in particular to define more
accurately the position of the crossovers which had been identified in
this set of CSNB1 families. Using a panel of radiation and
conventional somatic cell hybrids, new polymorphic markers were
mapped to Xpl1.23-pl11.22 for use in refining crossover events and
to put tight distal and proximal limits on the location of the CSNBI
locus.

Once a minimal genetic region had been defined for the CSNBI1
disease gene, a physical contig spanning the region was constructed
from YAC and cosmid clones. The contig provided physical
information about the region as well as the templates for the

isolation of novel candidate genes.
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A minimal set of overlapping clones were chosen from the
physical contig which covered the majority of the minimal region.
These clones were used to enrich for cDNA transcripts expressed in
the frontal cortex, fetal brain, retina, and placenta by direct cDNA
selection. Based on expression and mapping information, an EST was
chosen for further characterization and analyzed as a candidate gene

for CSNB1.

CHAPTER 2 - LITERATURE CITED

Clinical Characteristics of CSNBI1:

Congenital stationary night blindness is a hereditary retinal
disorder with autosomal dominant, autosomal recessive, and X-linked
recessive patterns of inheritance (McKusick, 1992). X-linked
congenital stationary night blindness (CSNBI1, McKusick 310500)
(McKusick, 1992), the more common of these, is a nonprogressive
disorder characterized by a disturbance or absence of night vision at
birth. Moderately to severely decreased visual acuity, nystagmus,
strabismus, and myopia may be associated with CSNB1 (Merin er al.,
1970; Carr, 1974; Krill, 1977; Miyake et al., 1994; Khouri et al., 1988;
Pearce et al., 1990). Electroretinography (ERG), which measures
electrical responses of the outer and middle retina, is of primary
importance in the diagnosis of CSNB1. With either light or dark
adaptation (i.e. photopic or scotopic), the ERG in CSNB1 patients most
often shows a close to normal a-wave, and a significantly reduced or

absent b-wave, resulting in a negative wave shape (Carr, 1974; Kirill,
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1977; Heckenlively er al., 1983; Miyake et al., 1994; Pearce et al.,
1990). Also the photopic ERG oscillatory potentials in CSNB1 patients
are extremely small or absent (Heckenlively er al., 1983; Lachapelle
et al., 1983). These results indicate the normalcy of the outer retinal
layers (a-wave) and an abnormality in the bipolar cell region (b-
wave). The defect in X-linked CSNB1 is believed to involve an
impairment in neural transmission from the photoreceptors to the
bipolar cells of the retina, although the precise nature of the defect
remains unknown (Carr, 1974; Hill et al., 1974). Female carriers of
this X-linked disorder do not show functional disturbances by ERG
and therefore cannot be identified clinically. However, a reduction of
oscillatory potentials in the photopic ERG of carriers has been
reported (Miyake and Kawase, 1984).

According to the suggested classification system of Miyake and
coworkers (1986), there may be two types of X-linked CSNB. The
complete form, which they refer to as CSNBI, is characterized by the
absence of the b-wave on scotopic Eesting and, in most cases, IS
associated with myopia. The incomplete form, which he refers to as
CSNB2, is accompanied with either myopia or hyperopia and a
reduced scotopic b-wave, indicating some residual rod function.
However, both types of X-linked CSNB have been described within
one family (Khouri et al., 1988; Pearce et al, 1990), and these
investigators contend that the differences noted between individuals
and families can be interpreted by a single mutant gene hypothesis,
exhibiting a wide variation in clinical expression. = Whether the

variable expression observed in individuals with X-linked CSNB
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represents the manifestation of omne or more loci (genetic
heterogeneity) must await the identification of the specific gene(s)

causing this eye disorder.

Mapping the CSNBI Locus:

Mapping of the CSNBI1 locus has involved genetic linkage analysis
using various marker loci on the X chromosome. The CSNBI1 disease
gene has been shown to be tightly linked with the polymorphic sites
at DXS7 (Xpl1l1.3) (lod scores of 7.35 (Musarella et al., 1989) and 2.02
(Gal et al., 1989) at 0% recombination), and MAOB (monoamine
oxidase B, Xpl1.3) (lod score of >3.0 at 0% recombination (Berger ez
al., 1995)). In one large family from Alberta (P060), linkage was
detected with the marker DXS255 (Xpl11.23), with a lod score of 6.73
at 6% recombination (Bech-Hansen er al, 1990). Subsequent analysis
of this family gave a lod score of 15.48 at 1% recombination (Bech-
Hansen et al., 1991). Further clinical analysis of individuals in this
family led to a change in the clinical status of two individuals,
previously thought to be normal, to being mildly affected. @ Upon
recalculation, this resulted in a lod score of 15.26 at 0%
recombination (Bech-Hansen er al, manuscript in preparation).

Analysis of genetic recombinant chromosomes has defined distal
and proximal limits to the genetic region of CSNB1 on the short arm
of the X chromosome. Recombinant chromosomes have placed the
CSNB1 gene proximal to DMD (Duchenne muscular dystrophy, Xp21.1)
(Aldred er al., 1992a; Aldred er al., 1992b), proximal to the DXS7
locus (Xpl1.3) (Bech-Hansen er al., 1992), and proximal to MAOA/B
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(Xpll1.3) (Bech-Hansen et al., 1991) in families whose

complete/incomplete status was not described. The CSNB1 gene has
also been localized proximal to OTC (ornithine transcarbamylase,
Xpll.4) in a family referred to as having complete X-linked CSNB
(Musarella et al.,, 1989), and proximal to MAOB (monoamine oxidase
B, Xpl1.3) in a family referred to as having incomplete X-linked
CSNB (Bergen et al.,, 1994). The CSNB1 gene has been localized distal
to the DXS1003 locus (Xpll.3) in a family whose
complete/incomplete status was not described (Berger et al., 1995),
and distal to the loci for DXS8255 (Xpl1l1.22) and TIMP1 (tissue
inhibitor of metalloproteinase, Xpl1.3-p11.23) in families referred to
as having complete X-linked CSNB (Musarella et al., 1989). However,
analysis of a recombinant chromosome carried by amn affected
daughter of a carrier mother and an affected father from the large
Alberta family P060 whose complete/incomplete status has not been
described, has placed the CSNB1 gene proximal to TIMP1 (Xpll.3-
pl1.23) (Bech-Hansen and Pearce, 1993). These results clearly raise
the possibility that there may be two loci for CSNB1 on the X
chromosome (Figure 2). Analysis of additional CSNB1 families and
genetic markers near the CSNB1 locus (loci) will help to identify and
refine the crossovers events and reduce the genetic region(s) to
which the X-linked CSNB gene(s) is located.

A third CSNB locus, that cannot be clinically distinguished from
the other forms of X-linked CSNB, has recently been mapped to
Xp21.1, near the RP3 gene (Bergen et al., 1995). Night blindness is a

well known early feature of RP, and is followed by progressive
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Figure 2. Gene map of Xpll.3-p11.23. Known genes in Xpll.3-
pl11.23 are shown to the left of the X chromosome segment
illustrated, while genes implicated in genetic diseases are shown to
the right of the chromosome. Candidate intervals for genes involved
in ocular diseases are shown on the far right of the diagram and the

defining genetic markers are indicated on the far left of the diagram.
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concentric visual field loss, pigmentary retinopathy and reduced ERG
amplitudes. Some autosomal forms of CSNB and RP have been shown
to be caused by different mutations in both the rhodopsin gene on 3q
(Dryja et al., 1993) as well as the B-subunit of rod photoreceptor
cGMP-specific phosphodiesterase on 4p (Gal et al, 1994). Possibly
there is also a functional relationship between X-linked CSNB and RP
due to different mutations in a common gene in Xp21.l. This notion
is supported by the discovery of a putative missense mutation in the
RP3 gene (RPGR) in a family with X-linked CSNB (Herrmann er al.,
1996).

In addition to CSNBI, three other eye-disease genes have been
mapped to the Xpll region including retinitis pigmentosa (RP2) (Ott
et al., 1990), Aland Island Eye Disease (AIED) (Alitalo et al, 1991;
Schwartz and Rosenberg, 1991, Glass er al., 1993), and X-linked cone
dystrophy (COD1) (Bergen er al, 1993; Hong et al.,, 1994). The gene
for-RP2 has recently been localized to the region between DXS8083
(Xp11.3) and DXS6616 (Xpl1.23) (Thiselton er al., 1996), placing it in
an overlapping region with the CSNB1 gene that maps between
DXS7/MAOA and DXS1003/TIMP1 and raising the possibility that
these two diseases are also caused by mutations in the same gene.
The location of AIED has been refined to the region between DXS7
(Schwartz and Rosenberg, 1991) and DXS255 (Glass er al., 1993) and
it has been postulated that AIED and CSNB2 are the same entity since
they have been regarded by some as clinically indistinguishable
(Musarella et al., 1989), or that they too are also allelic. The data on
the genetic localizations of AIED, RP2, and CSNB1 and CSNB2 are as
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yet insufficient to clarify whether they are indeed caused by
mutations in the same gene(s) due to the lack of methodological ERG
standardization with respect to AIED and X-linked CSNB and the lack
of informative crossover events within one pedigree. Elucidation and
characterization of mutations in the genes responsible for these

disorders will resolve these issues.

Genetic Markers:

Many types of sequence polymorphisms are present in the
genome and can be employed in positional cloning studies. Two
major types of DNA polymorphisms stem from variations in the
number of repeat units, microsatellite variable number of
dinucleotide repeats (VNDRs) (Weber and May, 1989) and the more
complex variable number of tandem repeats (VNTRs) (Jeffreys et al.,
1986; Nakamura et al.,, 1987). These polymorphisms frequently have
mukltiple alleles in a population making them highly informative
markers. Microsatellite markers have been found to be more
randomly distributed on the X chromosome than the classical VNTR
(Luty et al., 1990) and uniform spacing would place them about once
every 40 kb (Hamada er al., 1984).

Another major type of DNA polymorphism comes from discrete
base changes in a specific DNA sequence. These polymorphisms are
the most frequent and widely distributed type of sequence variation
in the genome and are usually biallelic in populations (Nickerson et
al., 1992). Transitional base changes appear more frequently than

transversions and transitional base changes involving C and T are
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favoured over those involving G and A. Many estimates on the
frequency of sequence polymorphisms in the human genome have
been reported and they generally range from one in every 200 bp to
one in every 1,000 bp (Cooper et al., 1985; Miyamoto et al., 1988).
In some instances, these polymorphisms provide the underlying
sequence variation responsible for restriction fragment length
polymorphisms (RFLPs). Although individual biallelic
polymorphisms are generally not as informative as polymorphic
repeats, multiple closely linked markers can be combined into
haplotypes that can be as informative as a repeat polymorphism
(Nickerson et al., 1992). Most types of DNA polymorphisms,
including simple nucleotide substitutions (Nickerson et al., 1992),
VNDRs (Weber and May, 1989), and complex VNTR repeats (Jeffreys
et al., 1986) are, or can easily be converted to, polymorphic
sequence-tagged sites (STSs) which can be then be used to integrate
the- genetic map with the physical map of a region (Nickerson et al,
1992). Conversely, the existing STS content map of the human
genome potentially represents a valuable resource for the isolation of
new diallelic markers and this resource has been successfully
exploited to isolate new DNA sequence polymorphisms with minimal

effort (Kwok et al., 1996).

Somatic Cell Hybrid Mapping:
Chromosomal mapping methods based on somatic cell genetics
have been central to the isolation of genetic areas of interest.

Somatic cell hybrids containing several human chromosomes, a single
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human chromosome, or defined fragments of human chromosomes
on a rodent background, can be used both for high-resolution genetic
mapping and as a resource for molecular cloning of human
sequences. Hybrids containing subchromosomal fragments can
bridge the limits of somatic cell genetics and molecular methods,
allowing separation of DNA fragments of 0.3-30 Mb.

Hybrids with a reduced number of human chromosomes can be
used in chromosomal mapping of a probe or gene and such a
mapping panel is currently distributed by the NIGMS Human Genetic
Mutant Cell Repository (Drwinga et al., 1993). Hybrids retaining
single human chromosomes are also valuable tools in human genetics
because of the reduced complexity. Hybrids containing deletion and
translocation derivatives of human chromosomes have the advantage
that they can regionally localize DNA of interest, though the
resolution of such hybrids depends upon the variation of naturally
occurring chromosomal breakpoints for a given chromosome.
Methods that do not rely on naturally occurring breakpoints to
reduce the complexity and amount of chromosomal DNA that enters
the cell, such as irradiation and fusion gene transfer, are
exceptionally useful for fine mapping the chromosomal location of
genes and for isolating DNA probes.

Irradiation and fusion gene transfer (IFGT) was introduced by
Goss and Harris (1975) who demonstrated that chromosome
fragments generated by lethal irradiation of donor human cells could
be rescued by fusion to rodent recipient cells. However, initially,

insufficient markers were available to exploit this technology and
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IFGT methods were not widely used. Interest in IFGT was renewed
when the original approach was modified by using a rodent-human
somatic cell hybrid containing a single human chromosome as the
donor cell (Benham et al., 1989; Cox et al., 1990; Goodfellow, 1991;
Walter et al., 1993; Walter et al., 1995), with the advantage that all
of the 'radiation reduced hybrids’ generated were from a known
chromosome.

To produce radiation reduced hybrids a donor cell is irradiated
and fused with a recipient cell (Goodfellow, 1991). The irradiation
step functions to deliver a lethal dose of radiation which kills the
donor cell and ensures that any surviving cells are true hybrids, and
also causes double-stranded breaks in chromosomal DNA. Increasing
the radiation dose increases the frequency of chromosome breaks.
As currently used, IFGT is not a practical method for creating maps
of entire genomes, but is exceptionally useful for generating maps of
portions of individual chromosomes. To map an entire chromosome
between 100 and 200 hybrids are needed and, consequently, a map
of the whole genome would require over 4,000 hybrids (Barrett,
1992). Walter and coworkers (1994) found a solution to this
problem by reverting to the original protocol of Goss and Harris
(1975). Instead of using a human-rodent hybrid as a chromosome
donor, they used a diploid human fibroblast. By an extension of this
work, a single set of 100 WG-RH cell lines can be used to produce a
high resolution map of the entire genome. This approach is currently

being used for the construction of the detailed gene map of the
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human genome (Schuler et al., 1996), which is described in a later
section (page 35).

Panels of characterized somatic cell hybrids which may consist of
hybrids produced by a variety of techniques, can facilitate the
regional localization of markers assigned to a particular chromosome
and provide valuable mapping information prior to or in conjunction
with the application of higher resolution physical mapping
techniques. Integrated maps that include polymorphic markers for
genetic analysis, sequence tagged sites (STSs) for physical mapping,
and expressed sequence tags (ESTs) and genes are important for any
positional cloning project. The use of classical somatic cell hybrids
and radiation-reduced hybrids can be a powerful tool to sublocalize
markers quickly and generate maps of chromosomal regions. The
use of somatic cell hybrid mapping panels complements genetic and
high-resolution physical mapping, and is particularly useful in those
regions of the human genome that are either difficult to clone or

unstable in yeast.

Physical Contig Construction:

Construction of contiguously overlapping sets of genomic clones
(contigs) spanning extended regions of the genome, defined in part
by polymorphic genetic markers, can substantially facilitate the
localization and identification of new disease genes as well as provide
DNA templates for sequencing individual chromosomes. Olson and
colleagues (1989) proposed that sequence tagged sites (STSs) be used

as the landmarks to define positions on the physical map. STSs are
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short tracts of single-copy DNA sequence that can be easily
recovered at any time by PCR. There are a number of advantages to
the STS strategy. Distribution of such DNA markers between
laboratories is greatly eased since the markers are information based
(DNA sequence retrievable from publication or database) rather than
resource based. Secondly, polymorphic genetic markers as well as
ESTs are a variation of a STS and both can be used to facilitate the
integration of the genetic and transcript maps with the physical map
of a particular region, respectively. Sequence information is the
natural language of physical mapping and PCR and cost-effective
oligonucleotide synthesis provide the technical means to root the
physical map of the human genome firmly in the genmomic DNA
sequence itself.

Construction of a physical contig involves the ordering and
spacing of DNA segments, each identified by a unique STS. The
resolution of STSs required for the generation of a physical map
depends on the capacity of the cloning vectors. Traditionally,
cosmids and yeast artificial chromosomes (YACs) have been the
primary tools for physical mapping. Present cosmid cloning systems
have maximum capacities of approximately 40 kb (Feiss et al., 1977;
Hohn and Collins, 1980). One of the advantages of the cosmid system
is the high efficiency of in vitro packaging, permitting the
construction of high-complexity libraries from small amounts of DNA
(e.g. derived from flow sorted chromosomes (Nizetic er al., 1991)).
Though pure cosmid DNA can be easily obtained using simple

alkaline extraction procedures, the comparatively small insert size
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and frequent instability of clones (Kim et al, 1992) complicate the
use of cosmids for physical mapping of complex genomes.

YAC vectors can be used to clone segments of several hundred kb
up to 1 Mb (Burke et al., 1987). STSs map with an average resolution
of 100 kb (requiring 30,000 STSs to cover the whole human genome),
would allow recovery for most regions of the human genome by
cloning in the YAC system, but not in cosmids (Olson et al., 1989).
Overlapping yeast artificial chromosomes (YACs) would then be fitted
together by their common content of STSs. Despite the important
role YACs have played in the construction of physical maps of entire
human chromosomes, such as chromosome 21 (Chumakov er al.,
1992), the Y chromosome (Foote et al., 1992), and recently 94% of the
entire human genome (Hudson et al., 1995), they have the
disadvantages of low transformation efficiency, inconvenient
manipulation, difficult isolation of cloned DNA, and a high rate of
chimerism and clonal instability (Green er al., 1991; Boycott et al.,
1996), often restricting the reliability of YACs for mapping and
sequencing purposes.

Efforts to overcome the limitations of both cosmids and YACs
have resulted in several alternative cloning approaches. Fosmids
(Kim et al., 1992) stably propagate cosmid sized human DNA inserts
in a F factor-based (Escherichia coli fertility plasmid) vector, but are
again restricted by their small insert size. A system based on
bacteriophage P1 is also in use and the Pl vector has a maximum
cloning capacity of 100 kb (Sternberg, 1990; Pierce et al., 1992). The

P1 system has the advantage of allowing selection for recombinants
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over non-recombinants, as well as the presence of two Pl-derived
replication mechanisms, the single-copy replicon for stable
propagation of clones, and the multi-copy replicon under control of
the inducible lac operator, for preparing clone DNA. Though an
elaborate in vitro packaging system is required, an alternative T4
packaging system may allow for an insert size up to 122 kb (Rao er
al., 1992).

Like Fosmids, the bacterial artificial chromosome (BAC) vector
also uses the Escherichia coli fertility plasmid (Shizuya er al., 1992).
Circular ligation products are introduced into bacterial cells by
electroporation but, unlike the Pl system, there is no positive
selection for recombinants, necessitating the identification of
recombinant clones by colony hybridization with human repetitive
DNA probes. The BAC system provides stable propagation and
maintenance of relatively large (>300 kb) genomic DNA fragments as
single-copy plasmids in recombination-deficient host strains. BACGCs
are characterized by high stability, minimal chimerism, and ease of
purification of large inserts (Schmitt er al., 1996). One limitation of
this system, however, is that DNA recovery from clones is relatively
low owing to the replication F-factor limiting the BAC plasmid to one
or two copies per cell.

Recently, the features of the P1 and F-factor systems have been
combined into a new Pl-derived vector for the cloning of large DNA
fragments by electroporation (Ioannou et al., 1994). The Pl-derived
artificial chromosomes (PACs) have an average insert size of 130-150

kb and are characterized by high stability and minimal chimerism.
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The new Pl vector maintains all the advantages of the earlier Pl
system, including control of insert copy number and the ability to
select for recombinant clones, but removes the need for an elaborate
in vitro packaging system and instead recombinant DNA can be
introduced into E. coli by electroporation. Both PACs and BACs are
now becoming more popular tools for use in physical mapping as the
STS content map of the human genome continues to grow and the use
of smaller insert containing clones becomes more feasible.

Almost all cf the 160 million base pairs of the X chromosome are
now covered by a YAC contig that was verified and aligned by its
content of STSs and other markers placed by cytogenetic, somatic cell
hybrid, or linkage mapping techniques (Nelson er al., 1995; Nelson et
al., in press). Efforts are now underway to convert the long-range
YAC contigs on the X chromosome, as on other chromosomes, into
higher resolution cosmid, BAC, and PAC contigs, generating sequence-
ready templates. Though the interest in Xpl11.23-pl11.22 has
promoted efforts to obtain continuous cloned coverage in YAC clones,
previous efforts to this one have only been partially successful
(Coleman et al., 1994; Derry et al., 1994; Knight er al., 1994;

Mazzarella and Srivastava, 1994; Kwan et al., 1995a).

Genes and ESTs in Xpll1.23:

Several genes have been cloned and mapped to the short arm of
the human X chromosome between the zinc finger gene ZNF21 and
DXS255 in Xp11.23-p11.22 (Figure 2). These include the erythroid-

specific transcription factor GATAI (Caiulo er al.,, 1991), the
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transcription factor for the enhancer pE3 (TFE3) (Beckmann et al.,
1990; Lafreniere et al., 1991), synaptophysin (SYP) (Ozcelik et al.,
1990; Lafreniere et al., 1991), and recently RBM3 (Derry et al., 1995).
In addition several new transcripts have been identified including
MG21, MG44, MG61, MG81 (Geraghty er al., 1993), DXS1011E (Parrish
and Nelson, 1993), and IS2, IS3, IS4, and IS7 (Derry et al., 1994).
The pll region of the X chromosome is of particular medical interest
because of its involvement in many known genetic conditions.
Recently the genes responsible for Norrie disease (NDP) (Berger et al.,
1992), Wiscott-Aldrich syndrome (WASP) (Derry et al., 1994), X-
linked thrombocytopenia (WASP) (Villa er al.,, 1995), Dent disease
(CLCNS) (Fisher et al.,, 1995), and two genes (SSX1 and SSX2)
involved in t(X;18)-positive synovial sarcomas (Clark er al, 1994; de
Leeuw et al., 1994; Crew er al., 1995; de Leeuw er al., 1995) have
been cloned from the Xpl11.23-p11.22 region. In addition, the TFE3
gene has very recently been implicated in t(X;1)(pl1l.2;921.2)
papillary renal cell carcinomas (Sidhar ez al.,, 1996) (Figure 2).

Identification of Novel Genes:

For those involved in positional cloning of human disease genes,
finding candidate coding regions within a genomic contig is rate-
limiting. Because of the limitations of genetic analysis and linkage
disequilibrium studies, the candidate genomic region cannot usually
be narrowed to less than several hundred kilobases and is often a
megabase or more in size, containing dozens of genes. All known

genes and ESTs in the interval are evaluated as candidates, which can
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often involve detailed genomic characterization in the case of ESTs,
and if none are identified as the disease gene, a search for new
candidates must begin. Techniques that are currently used to
identify coding regions within large DNA segments fall into two
general classes, expression-dependent and structure-based
techniques.

Expression-dependent techniques rely on identifying cDNAs that
correspond to mRNAs derived from the region of interest. Examples
of this type of technique are direct cDNA selection (Lovett er al,
1991; Parimoo et al., 1991), the hybridization of radiolabelled cDNAs
to arrayed genomic clones (Hochgeschwender et al., 1989), the use of
purified YAC DNA to screen directly a cDNA library (Elvin er al.,
1990), and techniques based on selective amplification of ¢cDNAs that
contain human sequences from somatic cell hybrids (Lui er al., 1989).

Structure-based techniques select for functional elements
involved in gene expression and are expression independent.
Examples of the second type of techmique are exon amplification
(Duyk et al.,, 1990; Buckler et al., 1991), the use of CpG islands as
potential sign posts for the ends of some transcription units (Lindsay
and Bird, 1987), the use of zoo blots to detect cross-species
conservation of genomic sequences (Rommens et al., 1989), and
homologous recombination (Kurnit and Seed, 1990).

Direct sequencing of a genomic region can also be considered a
structure-based technique for isolating new genes. Long-range
sequencing has, until now, been considered too costly and labour

intensive to sustain systematic gene-finding in the human genome.
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However, as more of the YAC-based physical contigs are converted to
sequence-ready templates consisting of PAC, BAC, or cosmid clones,
direct sequencing as a route for novel gene isolation becomes more
feasible. At the present time, about 8 Mb of the 3600 Mb of the
human genome have been sequenced (Gibbs, 1995), and as the
Human Genome initiative turns its focus to human genomic DNA
sequencing, this total will increase very rapidly. Direct sequencing of
targeted regions containing disease genes will become the route to
take to isolate and characterize additional candidate genes in the
final stages of a positional cloning project. Recently, the cloning of
the RPGR gene implicated in RP3 involved sequencing two cosmids
covering the proximal part of the 75 kb minimal region (Meindl er
al., 1996). However, for positional cloning projects with disease
genes localized to within a Mb, direct sequencing of such a region is
an option only for laboratories with access to large sequencing
centres. Therefore, the approach for the past several years, and
possibly for the next couple of years while the large-scale human
genome sequencing effort gets underway, has beem to use either
direct cDNA selection, exon amplification, single-pass sequencing of
small regions, or a combination of all three to isolate additional
candidate genes from a targeted region. Both direct cDNA selection
and exon amplification have become widespread in use and been

successful in isolating a number of disease genes.

Exon Amplification: Exon amplification facilitates the recovery of

transcribed sequences in cloned mammalian genomic DNA through
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the functional identification of cis-acting sequences required for RNA
splicing (Buckler et al., 1991). Exon amplification has had an
increasing number of successful applications, including the
identification of disease genes responsible for X-linked glycerol
kinase deficiency (Walker et al.,, 1991), neurofibromatosis type II
(Trofatter et al., 1993), and Menkes disease (Vulpe et al., 1993). In
exon amplification (Auch and Reth, 1990; Buckler er al., 1991;
Hamaguchi et al., 1992), fragments of genomic DNA are subcloned
into a vector, such as pSPL-1 (Buckler et al., 1991) or pSPL-3 (Church
et al., 1994), containing a constitutive promoter, splice donor and
acceptor sites. Constructs are transfected into COS-1 cells where
transcription is initiated from the vector promoter. If the genomic
fragment contains an intact exon, the transcripts are spliced so that
the exon is juxtaposed with vector sequences in mature transcripts.
These transcripts can then be reverse transcribed and amplified
using PCR. The genomic substrate most frequently used for exon
amplification is cosmids, but phage clones (Vulpe er al., 1993), and
PACs (Roy et al., 1995), have also been used. Using YAC DNA as the
genomic substrate requires additional steps either before (purifying
the YAC from the yeast chromosomes), or after (removing the yeast
background) exon amplification. Because of this YACs are not as
frequently used in exon amplification and YAC contigs are usually
converted to cosmid contigs before exon amplification begins.

Exon amplification is independent of gene expression and in
effect can facilitate 'normalization’ of genes in the region (Church er

al., 1994). Because of the independence of exon amplification to gene
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expression, tissue specific and developmentally regulated genes will
be isolated with the same efficiency as ubiquitously expressed genes.
However, exon amplification is limited by its requirement for the
presence of functional 3’ and 5' splice sites flanking a target exon.
Intronless or single intron genes will presently be missed by this
approach (Church er al., 1993). Exon skipping can also occur because
different exons may splice to the flanking sequences with different
efficiencies (North er al., 1993).

Once a set of candidate exons have been isolated by exon
amplification, it must be confirmed that they are indeed part of a
gene. Exons can be cloned and the flanking sequences can be
determined to see if they show good homology to the 5' or 3' splice
consensus (North er al., 1993). Exons can also be used to screen cDNA
libraries and used as probes on Northern or Zoo blots for
confirmation. Potential exons with open reading frames of greater
than 100 bp can also be tested for coding potential with 'neural-net’
gene prediction programs such as GRAIL (Uberbacher and Mural,
1991). Primers can be constructed for true exons and expression
profiles can be derived by PCR based screening of various cDNA
libraries. Full-length transcripts can be isolated by using the exon as
a probe on cDNA libraries and by performing RACE PCR (Frohman et
al., 1988), and isolated exons can be linked by common cDNAs.

Direct ¢DNA selection: To overcome the limitations of more
conventional approaches to the isolation of coding regions, two

groups (Lovett er al., 1991; Parimoo et al.,, 1991) devised PCR-based
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methods for enriching cDNAs. These methods have been called 'cDNA
selection’, 'direct selection', and 'direct cDNA selection’ and have been
used recently for the identification of the genes responsible for
Wilson disease (Bull er al., 1993), and Wiskott-Aldrich syndrome
(Derry et al., 1994).

The concept underlying direct selection is that a large genomic
region can be used to 'fish out’ complementary cDNAs. This is
accomplished by hybridizing a solution containing the cDNAs to DNA
from the genomic contig. The genomic region is the hook and the
cDNAs are the fish (fishing analogy (Lovett, 1994b)). The genomic
region can consist of a single cloned piece of DNA or a combination of
several clones. Pools of cosmids (Bull ez al., 1993; Futreal et al., 1994;
Miki et al., 1994; Simmons et al., 1995; Osborne-Lawrence er al.,
1995) and pools of YACs (Osborne-Lawrence et al., 1995) have both
been used. Similarily, cDNAs from multiple tissue sources can also be
poeled for selection while retaining the identity of the tissue source
if amplifiable by a unique primer set. In this way, direct selection
can potentially address tissue and developmental specific expression
in the same round (Lovett, 1994b).

cDNAs for direct selection can be derived from conventional
libraries, by amplifying a population of cDNA inserts from the library
using PCR and flanking vector primers. However, conventional
amplified libraries can contain unforeseen contaminants and the
representation of sequences can be skewed. Libraries derived from
complex tissues are unlikely to contain cDNAs that represent rare

transcripts (<1 x 10-6). Therefore, it is preferable that complex sets
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of primary uncloned cDNAs that have been ligated to adapters to
permit PCR amplification be used for direct selection.  These sets of
cDNAs have the advantage that they circumvent the potential loss of
particular transcripts as a result of cloning bias in the construction of
cDNA libraries. In addition, if the genomic DNA is present in a
limiting amount during the selection then some level of cDNA
abundance normalization may be possible. It becomes a game of
musical chairs and most copies of an abundant cDNA will be left
without a 'genomic chair' and therefore will not be selected (Lovett,
1994b), while a low-abundance cDNA will be present closer to a 1:1
ratio with its 'genomic chair', and most molecules of such a cDNA
species will hybridize and be selected. This should result in a net
decrease in the relative abundance of the high-abundance cDNAs and
an increase in the relative abundance of the low-abundance cDNAs.
Some level of abundance normalization has been observed in
selections where the genomic target is limiting (Morgan et al., 1992).

In the original design of this method (Lovett et al., 1991; Parimoo
et al., 1991), the genomic DNA was immobilized on a filter and after
hybridization with the cDNA pools, the filter was washed extensively
and the bound cDNAs eluted from the filter. A PCR amplification step
was incorporated to generate sufficient eluted material for additional
selection steps or for molecular cloning. The major difference
between these methods was the way in which repetitive elements
within the cDNAs and genomic DNA were managed. In one, repeats
within the cDNAs were blocked (Lovett et al., 1991), whereas in the

other (Parimoo et al., 1991), repeats in the genomic DNA were
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blocked. Both strategies worked well and enriched the desired
cDNAs several thousand-fold after two rounds of selection. The
largest target used in these studies was a 550 kb YAC and it was
used to enrich a cDNA, initially present at one part per million,
1,000-fold in one round of selection (Lovett et al., 1991).

A problem encountered in filter-based selection was the lack of
control over the hybridization, which meant it could be somewhat
variable. This was attributed to the pseudo-first order hybridization
kinetics of filter hybridizations (Britten and Davidson, 1985). The
method was adapted so that both genomic DNA and cDNA were
present in a solution hybridization reaction, which follows more
easily controlled second-order kinetics. In 1992, two reports
describing the use of biotin-streptavidin capture systems to facilitate
solution hybridization were published (Korn et al., 1992; Morgan et
al., 1992). Korn and coworkers (1992) reported a 80,000-fold
enrichment of a particular cDNA when a single cosmid was used.
Morgan and coworkers (1992) reported enrichments ranging from
several thousand-fold to more than 100,000-fold of particular cDNAs
when a 425 kb YAC was used. Such dramatic enrichments can be
achieved even with large genomic targets, which is often what
positional cloners are left with after minimizing the genetic region
for a particular disease gene. Selection using 1 Mb of chromosome
5q31 (147 pooled cosmids) achieved a 20,000-fold enrichment for
the reporter cDNA annexin 6 (Lovett, 1994b).

Despite potential problems in using filter-based selections, this

version of c¢cDNA enrichment has nonetheless been shown to be



30

effective. The gene for Wiscott-Aldrich syndrome was isolated by
filter-based selections of YACs and cosmids (Derry et al.,, 1994), and
the gene for Wilson disease was isolated by filter-based selections of
cosmids (Bull et al., 1993). It would appear that both filter- (Bull ez
al., 1993; Derry et al., 1994; Rommens et al., 1994) and solution-
based hybridizations (Futreal er al., 1994; Miki et al., 1994; Osborne-
Lawrence et al., 1995; Simmons et al., 1995) are presently in use and
the variability of filter based hybridizations can be circumvented by
carefully controlled experimental conditions.

Direct selection suffers background hybridization from a number
of contaminants. To find new genes efficiently among selected
products isolated by this method, it is important to either preblock
and/or screen out common contaminanting sequences. When YAC
DNA is used as the genomic target, ribosomal cDNAs represent a
major contaminant (Lovett et al., 1991; Parimoo et al., 1991; Lovett,
1994a; 1994b). Ribosomal RNAs are represented in most, if not all,
libraries or pools of cDNAs. Even when YACs are purified by pulsed
field gel electrophoresis, they are inevitably slightly contaminated
with yeast chromosomes, including yeast chromosome 12 containing
over 100 copies of the yeast ribosomal locus. Ribosomal cDNAs can
comprise up to 70% of selected sequences when ribosomal sequences
are not blocked (Lovett, 1994a; 1994b).

cDNAs derived from polyadenylated mitochondrial transcripts are
also present in all cDNA libraries. Such cDNAs can be enriched for by
contaminating E. coli genomic DNA when DNA cloned into E. coli

vector-host systems, such as cosmids, are used (Lovett, 1994a). In
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this case, host DNA can be removed by density gradient
centrifugation. The 16 kb circular mitochondrial genome runs
aberrantly in pulsed field electrophoresis and can contaminate YAC
DNA preparations and therefore selections that use YACs. The yeast
2p plasmid is another circular DNA that contaminates YAC
preparations. cDNA libraries often contain this DNA molecule
because many investigators, as well as commercial vendors, have
used yeast tRNAs, containing the 2 micron sequence, as carrier DNA
during cDNA synthesis. Both of these contaminating genomes can be
eliminated from YAC preparations by a pre-electrophoresis step
(Lovett, 1994a).

Intermediate repetitive sequences, such as Alu repeats, can be
blocked efficiently but occasionally an Alu-containing cDNA is
isolated and it can be difficult to ascertain whether it is a spurious
contaminant or was selected by hybridization to a stretch of single-
copy sequence. If random primed cDNA libraries were used, another
part of the cDNA that does not include the repeat may also have been
isolated and this can often help distinguish these possibilities. These
intermediate repeats may be present in as much as 10% of cDNAs
isolated in some selections, depending on their density in the
genomic target sequence. Such repeats can map to the contig quite
specifically but a whole-genome Southern blot hybridized with a
cDNA probe resolves this difficulty (Lovett, 1994a). Finally some
single-copy sequences that do not map to the target genomic contig
are normally selected. These contaminants may comprise up to 30%

of the selected material that remains when other contaminants have
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been eliminated. However, these contaminants are easily identified
by mapping experiments, and the remaining 70% of clones do map to
the genomic contig.

The major limitation of direct selection is that it is expression-
dependent and only specific subsets of genes are present in a given
tissue. A gene can potentially be missed by this procedure because it
is not represented in the subsets of cDNAs undergoing selection, even
though direct selection can assay a number of different tissues at
once. Genes expressed only within a certain window of development
would be particularly vulnerable to this limitation (Lovett, 1994b).
Direct selection is also subject to limitations inherent in aspects of the
procedure itself such as those that result from the use of PCR. A
length bias is one such limitation in which the tendency is for ever
shorter fragments to be generated at each successive round of
selection and PCR amplification. Another limitation is that sequence
errors are increasingly likely to be introduced with each round of
PCR amplification (Lovett, 1994b). Direct selection can also be
affected by factors associated with hybridizations. Certain genes that
have short exons may fail to hybridize to their genomic locus
efficiently. In addition certain cDNAs hybridize to non-unique
sequences such as related members of a gene family and
pseudogenes (Lovett, 1994a; 1994b).

Once a potential transcript has been isolated by direct cDNA
selection, it must be confirmed that it is indeed part of a gene. As
mentioned above, most contaminant clones are easily identified by

mapping and removed from further consideration. The remaining
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transcription units can be sequenced to facilitate detection of overlap
between cDNA clones and for use in similarity searches of the
sequence databases. In addition, primer pairs specific to the cDNAs
can be constructed and initial expression profiles of the novel cDNAs
can be derived from amplification of various cDNA libraries. The
cDNAs can also be used as probes on Northern blots for further
confirmation and sizing of the full length transcripts. Screening cDNA
libraries with the isolated cDNA fragment and RACE PCR (Frohman et
al., 1988) can be used to isolate full length cDNAs.

Both exon amplification and direct cDNA selection have been
successful in isolating specific human disease gemes. A combination
of these approaches can potentially isolate all genes in a specific
region of interest, and should be considered in any positional cloning
strategy and is a must for the generation of a complete transcription
map. Whether direct selection, exon amplification, or a combination
of both methods are chosen for a particular project really depends on
the resources available and the characteristics of the disease cloning
project. For disease genes that are almost certainly expressed in an
affected tissue and are mapped to a relatively large genomic interval
(>>1 Mb) covered only in YACs, direct selection would enable the
tissue-specific transcripts to be isolated efficiently for analysis as

candidate genes.

Mutation Analysis:
Mutations result from different types of DNA alteration. In the

absence of cytogenetic rearrangements or large deletions, mutation
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analysis of candidate genes can be a time consuming step for the
positional cloner. Two classes of mutations result from a single
nucleotide substitution: a missense mutation which changes a single
amino acid but does not change the rest of the protein, and a
nonsense mutation which occurs when the nucleotide substitution
produces a stop codon and the translation of the protein product is
terminated at that point. Frameshift mutations occur when one or
more nucleotides are either inserted or deleted and if the number
inserted or deleted is not a multiple of three, a change in the reading
frame alters the remainder of the translation of the protein, and, in
most instances, a stop signal is encountered prematurely. Another
class of mutation, exon/intron splice-site mutations, result from
single nucleotide substitutions or the insertion or deletion of
nucleotides in the splice sites, causing abnormal inclusion or
exclusion of DNA in the coding sequence and an aberrant protein. A
final class of mutation occurs when a substitution, insertion or
deletion in a gene's regulatory region causes a change in protein
transcription.

Mutation detection can be divided into two categories: a scanning
mode where a stretch of DNA is searched for unknown mutations,
and a diagflostic mode, where specific tests are designed to detect
known or expected types of mutations. Since the final goal of a
positional cloning project is to identify previously unknown
mutations, detection methods used mainly to search a stretch of DNA
for such mutations will be discussed. The Southern blot offers a good

first step in mutation analysis and remains one of the fastest
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methods to screen for mutations (Grompe, 1993). Detailed
knowledge of the structure and sequence of a gene is not required
and a preliminary screen of genomic DNA from affected individuals
can be performed with a probe of interest immediately after its
isolation. Large deletions and insertions may be detected by the
presence of junction fragments, loss of bands, or changes in band
intensities in blots and point mutations may also be detectable if
they alter restriction sites (Grompe, 1993).

Other detection methods for identifying previously unknown
mutations fall into two classes, those based on aberrant migration of
mutant molecules during electrophoresis, including single-stranded
conformation (SSC) analysis (Orita er al., 1989a; Orita et al., 1989b),
denaturing gradient gel electrophoresis (DGGE) (Sheffield er al.,
1989), and heteroduplex analysis (Nagamine et al.,, 1989), and those
strategies that rely on cleavage of RNA or DNA molecules prior to
analysis, such as RNase based cleavage (Myers er al, 1985) and
chemical mismatch cleavage (Cotton er al., 1988). New enzymatic
cleavage methods using either mismatch repair enzymes (Wagner et
al., 1995) or resolvases (Marshal et al., 1995) offer great promise for
analysis of larger fragments of DNA in the future. The strategies
relying on cleavage of RNA or DNA molecules are at this time not
widely used and will not be discussed further.

The single-stranded conformation (SSC) assay (Orita et al., 1989a;
Orita et al., 1989b) has become one of the most widely used of the
scanning technologies. Wild-type and mutant target DNA are

amplified by PCR, denatured and then electrophoresed side by side
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through a non-denaturing polyacrylamide gel. The two single-
stranded DNA molecules from each denatured PCR product assume a
three-dimensional conformation which depends on the primary
sequence. Sequence differences between wild-type and mutant DNA
may result in differential migration of ome or both of the mutant
strands.  Amplification products are rendered radioactive by the
addition of [e¢—32P] dCTP to the PCR reaction, and differential
migration can be detected by autoradiography. DNA sequencing can
then be used to determine the exact nature of the alteration in the
PCR product. SSC analysis is simple and relatively sensitive,
detecting 70-95% of mutations in PCR products of 200 bp or less
(Michaud et al., 1992). This method does not detect all sequence
changes but the increased throughput possible with SSC analysis
makes it an attractive, viable alternative to direct sequencing for
mutation detection on a research basis. SSC analysis will not
normally detect large deletions, insertions, or duplications, which
might affect one or more complete exons or even the entire gene, nor
will it detect a regulatory mutation. After identification of an
aberrant band by SSC analysis, the location of the sequence
difference in the fragment has to be determined by sequencing.
Denaturing gradient gel electrophoresis (DGGE) relies on the
differential electrophoretic migration of wild-type and mutant
double-stranded DNA (generated by PCR) through an increasing
gradient of denaturing agent for the detection of mutations. As the
DNA migrates, the strands progressively dissociate in discrete

sequence-dependent domains of low-melting temperature and this
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partial "melting” of the double-stranded DNA leads to an abrupt
decrease in mobility. The sensitivity of DGGE is greatly enhanced if
heteroduplex DNA between wild-type and mutant sequences is used
for the analysis (Sheffield et al., 1989). Once the appropriate PCR
primers and denaturant conditions have been developed for a
specific region, single base differences can be detected with 95%
accuracy in PCR products of up to 600 bp in length. Heteroduplex
molecules with a single base pair variance may also show differential
mobility from homoduplexes in regular polyacrylamide gels
(Nagamine er al.,, 1989). New gel matrices (Hydrolink and MDE from
AT Biochem) have become available which markedly enhance the
ability to detect mutation induced mobility shifts in heteroduplex
molecules with a sensitivity similar to SSC analysis in fragments less
than 300 bp in length. The location of the sequence difference in the
fragment has to be determined by sequencing.

-The necessary final step of any mutation detection method is DNA
sequencing because it defines the location and nature of the change.
Rapid, accurate and efficient direct sequencing represents the ideal
mutation scanning technmique. To sequence PCR products successfully
by the conventional dideoxy termination protocol, the double-
stranded PCR product must be converted into a single stranded
sequencing template. Several methods have been described to
achieve this including asymmetric PCR (Gyllensten and Erlich, 1988),
biotinylation of one of the PCR primers (Gibbs et al., 1990), and
genomic amplification with transcript’ sequencing (GAWTS) (Stoflet et

al., 1988). The most recent modification of the dideoxy chain
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termination sequencing technology is cycle sequencing (Ruano and
Kidd, 1991). In this method as little of 5 fmol of starting template
can be simultaneously amplified and sequenced by the addition of
dideoxy terminators to a PCR reaction.

Dideoxy fingerprinting represents a combination of SSC analysis
and direct sequencing (Sarkar et al., 1992). After amplification, the
PCR product is sequenced with a dideoxy terminator to generate a
fingerprint of bands. The sequencing reactions from wild-type and
mutant samples are then electrophoresed through a non-denaturing
polyacrylamide gel. Mutations are detected as shifts of individual
bands in the ladder and this also provides some information about
the localization of the sequence alteration.

The relative usefulness of these techniques for the detection of
single base alterations depends on a number of factors including the
size of the fragment to be analyzed, the percentage of mutations
detectable, whether the method provides exact location of the
mutation, and whether sequence information and genome
organization is known. Once a base change has been identified, three
criteria are used for distinguishing potentially disruptive disease-
causing mutations from polymorphisms in candidate genes and
include cosegregation of the variant with the disease in the family,
absence of the variant in control chromosomes, and amino acid
substitution in, or truncation of, the protein encoded by the variant

sequence.
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The Positional Candidate Approach:

The positional cloning strategy in its purest form is already
beginning to give way to a streamlined version, which has been
referred to as the 'positional candidate’ approach (Collins, 1995). In
the ideal case, the critical region contains a 'positional candidate’
whose known or inferred function relates to the pathophysiology of
the disease. Examples of this type of approach would include the
identification of fibrillin as the gene responsible for Marfan
syndrome (Dietz er al, 1991). Even in the absence of an obvious
candidate gene, regional gene catalogues accelerate the search by
providing a wealth of markers and transcripts. As a component of
the Human Genome Project, large scale sequencing of complementary
DNAs (cDNAs) from a variety of tissues is well underway through the
efforts of the ILM.A.G.E. Consortium and the Wash U-Merck cDNA
sequencing project (Hillier er al., 1996; Lennon et al., 1996). At the
present time the public c¢cDNA collection consists of more than
450,000 human sequences and it is estimated that the current EST
database may represent more than half of all human genes (Schuler
et al., 1996). By focusing on 3' untranslated regions, Schuler and
coworkers (1996) compared the sequence of 163,215 3' ESTs and
8516 3' ends of known genes from Genbank, and reduced this set to
49,625 clusters. Using two sets of whole genome radiation hybrids
(WG-RH), the Genebridge4 RH panel (Gyapay et al., 1996) and the G3
RH panel, and the CEPH YAC library, 16,354 gene based STSs were
localized to within a few megabases of DNA (Schuler er al., 1996). In

recent years the value of such a human gene map has become
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increasingly clear as hunts for disease genes have been rapidly
accelerated by combining linkage information with partial
inventories of candidate genes in the region. A comprehensive gene
map, such as the one recently released (Schuler et al., 1996), should
theoretically allow positional cloners to proceed immediately to gene
characterization bypassing the often time consuming identification of

novel transcripts.
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CHAPTER 3 - MATERIALS AND METHODS

General Materials and Methods:

Hybrid Cell Lines:

Radiation-reduced human-hamster hybrid cell lines were kindly
provided by Dr. J. Knight (Institute of Cancer Research, St. Thomas'
Hospital, London, UK) and Dr. H. Zoghbi and K. Ellison (Baylor College
of Medicine, Houston, Texas). Three hybrids (H21, H99, and H151)
were chosen from a panel of 226 hybrids on the basis of marker
retention (J. Knight and P. Goodfellow, unpublished data). These
hybrid cell lines were generated by subjecting the hybrid line C12D
(HPRT-/TK*; carrying a human X chromosome in a hamster
background) to 20,000 rads of radiation followed by selective fusion
rescue with hamster cell line A23. Seven additional radiation-
reduced hybrids (K6, K11, K16, K35, K52, K54, and K55) were chosen
from a panel of 55 hybrids developed by Dr. H. Zoghbi and K. Ellison.
These cell lines were produced by subjecting the hybrid line AG9.1
(HPRT-/TK*; carrying the short arm of the X chromosome in a
hamster background) to 7,000 rads of radiation followed by fusion
rescue with hamster cell line A23 (Ellison et al., 1993).

Four conventional hybrids were also used in these studies.
GMO06318B, GMO07298, and GM10063, were obtained from the NIGMS
Human Genetic Mutant Cell Repository, and hybrid SIN176, a human-
hamster hybrid with del(Xp)(pter-p22.11::p11.23-qter) (Ingle et al.,
1985), was kindly provided by Dr. A. Zinn (University of Texas
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Southwestern Medical School, Dallas, Texas). All of the hybrids
described are part of a hybrid mapping panel that has been

characterized and described (Boycott et al., in press).

PCR-conditions for Mapping;

Nonradioactive PCR was performed on either a Perkin-Elmer
Thermocycler 480 or a MJ Research DNA Engine using the TNK buffer
system (Blanchard et al., 1993). One hundred ng of template was
used in a 5 pL reaction containing 10 mM Tris-HCl (pHS8.3), 1.5 mM
MgCl2, 5 mM NH4Cl, either 25 mM KCl (TNK25), 50 mM KCl (TNK50),
or 100 mM KCIl (TNK100), 0.4 pM each primer, dNTP mix (100 pM of
each dATP, dGTP, dCTP, and dTTP), and 0.5 U Tag DNA polymerase
(GIBCO/BRL). The reaction was run for 35 cycles of 94°C for 30 s,
55°C for 45 s, and 72°C for 45 s, following an initial denaturation at
94°C for 7 min and finishing with a final extension step at 72°C for 7
min.

Radioactive PCR was carried out in a 20 puL reaction containing 25
to 50 ng of template, S0 mM KCl, 10 mM Tris-HCl pH8.3, 1.5 mM
MgClz, 170 pg/mL BSA, 0.05% Tween-20, 0.05% Nonidet P-40, 0.25
uM of each primer, dNTP mix (20 uM of each dATP, dGTP, dCTP, and
dTTP), 3-5 pCi [«-32P] dCTP at 3,000 Ci/mmol (Amersham), and 0.5
U Taq DNA polymerase (GIBCO/BRL). Following an initial
denaturation at 94°C for 7 min, standard amplification conditions
were 94°C for 30s, 55°C for 30s, and 72°C for 30s, followed by a final

extension step at 72°C for 7 min.
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Analysis of PCR Products by Gel Electrophoresis:

Nonradioactive PCR products were analyzed in 2%
Nusieve®GTG®agarose (FMC BioProducts)/1% agarose (GIBCO/BRL)
gels or 1.5% SEPARIDE (GIBCO/BRL)/1% agarose gels (Boycott, 1996),
with 1X TBE (89 mM Tris, 89 mM boric acid, 2 mM EDTA) or 1X TAE
(39 mM Tris, 20 mM acetic acid, 10 mM EDTA), respectively, as the
running buffer. Ethidium bromide was added to the molten gel
solution prior to casting, at a concentration of 0.5 pg/mL. Prior to
loading, the PCR reaction was mixed with loading dye (1X, 5%
glycerol and 0.035% orange G) and electrophoresis was carried out at
90-100 V for 1 hour on a 10 cm gel tray. pBluescript cut with Haell
was routinely used as the DNA marker standard. Products were
visualized with an ultraviolet transilluminator set on 302 nm and
photographed with Polaroid Type 52 film using a red filter.

Radioactive @ PCR products were analyzed in 2%
Nusieve® GTG®agarose/1% agarose gels with 1X TBE as the running
buffer. Two pL of PCR product was mixed with an equal volume of
loading dye (10X, 50% glycerol and 0.35% orange G) and
electrophoresis was carried out at 90-100 V for 1 hour on a 10 cm
gel tray. The region of the gel containing the unincorporated
nucleotides was removed and the gel was placed on several sheets of
Whatman 3MM filter paper, covered in plastic wrap, and dried under
vacuum at 80°C in a Bio-Rad model 483 slab drier. The gels were
exposed to Kodak XAR-5 film at -70°C for ome hour. pBluescript
digested with Hpall and end-filled with radioactive dCTP was used
as the DNA marker standard. Sixty ng of digested pBluescript was
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incubated for 30 min at 37°C with 137 buffer, 1 unit of the Klenow
fragment of DNA polymerase I (GIBCO/BRL), and 30 uCi of [0-32P]
dCTP at 3,000 Ci/mmol. Prior to loading, 2 ng of marker was mixed
with an equal volume of loading dye (10X, 50% glycerol and 0.35%

orange G).

Restriction Endonuclease Digestion:

All restriction enzymes were purchased from GIBCO-BRL.
Restriction digestions of DNA were performed using 1-4 units of
enzyme per 1 pg of DNA and the manufacturer's buffer system. One
png of DNA was routinely used for the digestion of plasmid and cosmid
DNA, and 5-10 pg of DNA was used for human genomic, hybrid, or
YAC digests. Sterile double-distilled water (ddH20) was used to
bring the reactions to the desired volume. Incubations temperatures
used were as recommended by the manufacturer. Digestions were
allowed to proceed for one to two hours for plasmid and cosmid DNA,
and for four hours for human genomic DNA, hybrid DNA, and YAC
DNA with an addition of two units of enzyme per ng of DNA after two
hours of incubation. A 10X loading dye containing 50% glycerol and
0.35% bromophenol blue was added to the reactions prior to

electrophoresis.

Agarose Gel Electrophoresis of Digestion Products:
Electrophoresis of DNA digests was performed in 0.8% agarose,
with 1X TBE as the running buffer. Ethidium bromide, at a

concentration of 0.5 pg/mL, was added to the molten gel solution
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prior to casting. For optimal resolution, digests of genomic, hybrid,
YAC, and cosmid DNA were electrophoresed at 50-70 V for 17-19
hours on 25 cm gel trays. Plasmid DNA digests were electrophoresed
more rapidly at 90-100 V for three to four hours or one to two hours
on 25 cm and 10 cm gel trays, respectively. Bacteriophage A DN A
digested with HindIll or HindIII/EcoRI was used as a DNA marker
standard for all digests. Following electrophoresis, EtBr stained DNA

was visualized and photographed.

DNA Transfer:

DNA was transferred from the agarose gels onto Hybond™-N+
nylon membrane (Amersham) using a vacuum transfer system
(Tyler Research Instruments). Prior to transfer, the DNA contained
in the gel was depurinated using 0.25N HCl with gentle shaking for
15 min. DNA was denatured during the transfer by flooding the gel
with 0.4N NaOH. Sixty cm of water vacuum was applied to the
system for 90 min. Following the transfer, the membrane was
neutralized in 2X SSC (300 mM NaCl, 30 mM sodium citrate, pH 7.0),
blotted briefly between layers of Whatman 3MM paper and heat-

sealed in a Seal-a-Meal bag (Dazey) ready for Southern hybridization.

Radiolabelling of DNA and Hybridization:

The random hexanucleotide primer method (Feinberg and
Vogelstein, 1983) (Feinberg and Vogelstein, 1984) was used to label
DNA for probing membrane bound DNA. One hundred and fifty ng of

DNA was denatured by boiling for five min in a total volume of 30 puL
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of sterile ddH20, quenched on ice, and labelled in a 50 uL reaction
containing 13 pL OLB (195 mM Tris pH 8.0, 780 mM HEPES, 40 mM
B-mercaptoethanol, 1.87 mg/mL BSA, 19.5 mM MgClz, 109 uM of
each of dATP, dGTP, and dTTP, and approximately 716 upug/mL
hexanucleotides), 50 uCi [ a-32P] dCTP at 3,000 Ci/mmol, and two
units of the Klenow fragment of DNA polymerase I. The reaction was
allowed to proceed for 90 min at room temperature, followed by
separation of the labelled DNA from the unincorporated nucleotides
using a G50 Sephadex (medium) spin column (Pharmacia). The
labelled DNA was denatured for five min prior to hybridization.

Membranes to be probed were incubated at 55°C for 90 min in a
prehybridization buffer containing 0.5M sodium phosphate:1mM
EDTA, 1% w/v BSA, 5% w/v SDS, and 30% v/v formamide. Sheared
and denatured herring sperm DNA was used as a non-specific
blocker at a concentration of 270 pg/mL in the prehybridization
buffer, and 100 pg/mL in the hybridization buffer. Dextran sulphate
was added to the hybridization buffer just prior to hybridization at a
concentration of 50 mg/mL. After prehybridization, the buffer was
removed from the bag and replaced with hybridization buffer and
probe (> 3 x 106 cpm/mL). Hybridization was carried out at 55°C for
16-20 hours.

Following hybridization, membranes were washed two times for
15 min each in 2X SSC/0.1% SDS at 55°C. Membranes were blotted
dry, wrapped in plastic wrap, and exposed to Kodak XAR-5 diagnostic

film with Dupont Quanta III intensifying screens at -70°C. Films
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were developed in a Kodak M35A X-OMAT Processor or a RG II FUJI
X Ray Film Processor.

To remove the hybridized probe, the membranes were agitated in
500 mL of a boiling 0.1X SSC, 0.1% SDS solution three times for at
least five min per agitation. The membrane was then tested with a
Berthold counter and/or exposed to film to ensure all traces of the

probe had been removed.

DNA Quantitation:

Concentration and purity of all DNA samples was ascertained by
measuring optical densities of samples at 260 nm and 280 nm with a
Beckman DU®-65 spectrophotometer. A unit of absorbance at OD260
was taken to represent SO pg/mL of double-stranded DNA, and 34
pg/mL of single stranded oligonucleotides. A DNA preparation was

considered to be of good purity if it yielded an OD260/0D280 ratio of

approximately 1.8.

Rapid Small-Scale Plasmid Preparation:

Single colonies were picked with a sterile loop and inoculated into
5 mL of LB broth with the appropriate antibiotic at 50 pg/mL and
grown overnight at 37°C with vigorous shaking. Bacterial cultures
were pelleted in a bench top centrifuge at 1,300g for 15 min. The
supernatant was discarded and the pellets were washed by
resuspending in 500 pL of sterile ddH2O. The cells were then
transferred to microfuge tubes and spun in a microfuge for two min.

The supernatant was again discarded, and the pellets resuspended in
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300 pL STET (8% sucrose, 0.5% Triton X-100, 50 mM EDTA, and 10
mM Tris-HCI, pH 8.0). Twenty-five pL of a freshly prepared
lysozyme solution (10 mg/mL in STET) was added with mixing, and
the tubes were boiled for one minute, followed immediately by a 15
minute spin at full speed in a microfuge. The pellets were removed
from the tubes with sterile toothpicks, and the supernatant was
extracted once with phenol:chloroform:isoamyl alcohol (25:24:1), and
once with chloroform:isoamyl alcohol (24:1). The DNA was
precipitated by adding an equal volume of isopropanol, and pelleting
in a microfuge for 15 min at 12,000g. The pellet was dissolved in 50
pL of low TE (10 mM Tris-HCI pH 8.0, | mM EDTA pHB8.0) with 40
pg/mL DNAse-free RNAse A, and incubated at 42°C for 40 min. DNA
was recovered by ethanol precipitation, and the plasmid pellet was
dissolved in low TE (16 pL for use directly in dideoxy DNA

sequencing, or 50 pL for restriction digestion and PCR analyses).

Isolation of DNA from Low Melting Point Agarose Gels:

When DNA fragments required gel purification, the DNA was
electrophoresed in 1% low melting point agarose (GIBCO/BRL) gels
and visualized by EtBr staining. After electrophoresis, the band was
cut out of the gel and 1 uL of 50X Gelase buffer was added per 50 mg
of gel (1X buffer consists of 40 mM Bis-Tris-pH6.0 and 40 mM NaCl).
The gel was melted at 70°C for 20 min and then equilibrated at 45°C
for ten min. After equilibration, half a unit of Gelase™ enzyme

(Cedarlane Laboratories) was added per 200 mg of gel and digestion
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proceeded for 2-3 hours. DNA was precipitated after digestion using

room temperature EtOH and 4 M ammonium acetate.

DNA Sequencing using Sequenase®:

The DNA pellet from a rapid small-scale plasmid preparation was
dissolved in 16 pL of low TE and denatured using the alkali method.
The DNA was incubated for five min at room temperature with 4 pL
IN NaOH, and precipitated by the addition of 2 pL of 4 M ammonium
acetate, and 50 pL of 95% ethanol. The mixture was left on ice for 15
min and spun in a microfuge at 12,000g for 15 min. The pellet was
washed with 70% ethanol, air dried, and dissolved in 7 pL sterile
ddH20. One pmole of primer was added to the plasmid DNA with 1 X
reaction buffer (40 mM Tris-HC1 pH 7.5, 20 mM MgCl2, 50 mM NaCl),
in a total volume of 10 pL. The primer was annealed to the template
by incubation at 65°C for two min, and cooling slowly to 30°C over 30
min in a Perkin Elmer thermocycler 480. The labelling reaction
consisted of the 10 pL of template with annealed primer, 1 pL of 0.1
M DTT, 2 puL of 1X labelling mix (1.5 pM of each dGTP, dCTP, and
dTTP), 12.5 uCi of [¢-33S] dATP at 1322 Ci/mmol, and 2 pL of
Sequenase® version 2.0 (Amersham) diluted 1:8 in dilution buffer
(10 mM Tris-HC1 pH 7.5, 5 mM DTT, 0.5 mg/mL BSA), and was mixed
and incubated at room temperature for two to five min. Three and a
half pL of the labelling mix was then added to each of four tubes
marked G, A, T, and C, each containing 2.5 pL of the appropriate
dideoxy termination mix (all termination mixes contained 80 pM of

each of dGTP, dATP, dCTP, and dTTP, 50 mM NaCl, and 8 uM of the
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appropriate dideoxynucleotide).  The reactions were incubated at
37°C in a heating block for five min, and terminated by adding four
uL of stop solution (95% formamide, 20 mM EDTA, and 0.05%
bromophenol blue, 0.05% xylene cyanol). Samples were heated to
90°C for two min in a heating block and five pL per lane was loaded

in an acrylamide gel.

Acrylamide Gel Electrophoresis:

All sequencing reactions and determination of allele sizes of
polymorphic DNA markers were carried out on 31.0 cm x 38.5 cm
denaturing polyacrylamide gels using a model S2 (GIBCO/BRL)
apparatus. A 75 mL gel solution was prepared consisting of 8 M
urea, 1X TBE, and 6% acrylamide (from a 40% acrylamide:bis
acrylamide (38:2) stock solution). The urea was dissolved with
stirring over low heat, and the mixture was filtered through a 0.22
micron Millipore filter attached to a 60 mL syringe. Immediately
prior to casting the gel, a fresh 10% solution of ammonium persulfate
(dissolved in water) was added to the filtered gel solution at a final
concentration of 0.1% along with 0.032% v/v  TEMED. The solution
was mixed and cast between clean glass plates with 0.4 mm spacers,
and either a 49 well sharkstooth comb (5.7 mm wells for sequencing
reactions), or a 59 well comb (3 mm wells for analysis of alleles).
The gels were run for an appropriate duration to obtain maximum
resolution for the region of interest at a constant power of 70 W. The
gel was transferred onto Whatman 3MM filter paper, covered with

plastic wrap, and dried under vacuum at 80°C in a Bio-Rad model



51
483 slab drier. Dried gels were exposed to Kodak XAR-5 film at room

temperature.

Sublocalization of New Polymorphic Markers:

Primer sequence and allele sizes of most of the polymorphic
markers were obtained from GDB (Table 1) and three new STRs were
designed from sequences obtained from Genbank (see Results, Tables
5 and 7) using Primer Designer (Version 1.01, Scientific and
Educational Software). PCR analysis of the retention of STRs by
hybrids was performed either with or without a radioactive label at
least twice in a Perkin-Elmer Thermocycler 480 or a MIJ Research
DNA Engine, as described in the 'General Materials and Methods'
section. Murine, CHO, and human DNA were used as internal controls.
PCR products were separated and analyzed as described in the

'General Materials and Methods' section.

Analysis of Polymorphic Markers in CSNB1 Families:

Families:

DNA samples from CSNB1 families were obtained from a
collaboration between Dr. N.T. Bech-Hansen and Dr. W.G. Pearce,
Department of Ophthalmology, University of Alberta. All samples
were obtained with informed consent by the originating laboratory.

Polymorphic CA repeat markers were analyzed in CSNB1 Families
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P060, P070, P130, P140, P170, P190, P200, P230, and P240. These

families were chosen for analysis because they contained an
adequate number of affected and unaffected individuals to
determine phasing of alleles. Families P130, P170, P190, and P230
are two generation families with several affected individuals.
Families P070, P140, P200, and P240 are multigeneration families
with several affected individuals. Family PO060 1is a large
multigeneration family from Alberta that contains over 140
individuals, at least 40 of whom are affected (originally reported by
(Bech-Hansen er al.,, 1990)). Three of these 40 affected individuals
are manifesting sisters, as reported previously (Bech-Hansen and

Pearce, 1993).

PCR Analysis:

Allele detection was performed by amplifying 25 ng of genomic
DNA from an appropriate number of family members so that allele
phasing could be determined in 1individuals carrying critical
recombinant X chromosomes. PCR was performed in a 20 pL reaction
containing 50 mM KCI, 10 mM Tris-HC1 pH8.3, 1.5 mM MgCl2
(DXS988, DXS1000, DXS1003, DXS1039, DXS1126, DXS6940, DXS8023,
DXS8024), or 1.8mM MgCly (DXS573, DXS722, DXS1240), 170 pg/mL
BSA, 0.05% Tween-20, 0.05% Nonidet P-40, 0.25 uM of each primer,
dNTP mix (20 pM of each dATP, dGTP, dCTP, and dTTP), 3-5 uCi [a-
32P] dCTP at 3,000 Ci/mmol, and 0.5 U Taq DNA polymerase.

Following an initial denaturation at 94°C for 7 min, amplification



conditions were as shown in Table 2, followed by a final extension

step at 72°C for 7 min.
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Table 2. Cycling Conditions for Polymorphic CA Repeat

Markers
Primer Denaturation Annealing Extension Cycles
DXS573 94°C for 30 s  59°C for 30 s  72°C for 2 min 30
DXS722 94°C for 30 s  60°C for 30 s  72°C for 30 s 30
DXS988 94°C for 30 s  62°C for 30 s  72°C for 30 s 30
DXS1000 94°C for 30 s  62°C for 30 s  72°C for 10 s 30
DXS1003 94°C for 30 s  59°C for 30 s  72°C for 30 s 25
DXS1039 94°C for 30 s  63°C for 30 s  72°C for 30 s 30

DXS1126 94°C for 30 s 55°C for 2 min 72°C for 1 min 27
DXS1240 94°C for 30 s 60°C for 30 s 72°C for 30 s 30
DXS6940 94°C for 1 min 55°C for 2 min 72°C for 1 min 27
DXS8023 94°C for 1 min 55°C for 2 min 72°C for 1 min 27
DXS8024 94°C for 1 min 55°C for 2 min 72°C for | min 27

Two pL aliquots of the PCR reactions were added to two puL of
denaturing buffer (95% v/v formamide, 10 mM EDTA pH 8.0, 0.1%
bromophenol blue, 0.1% w/v xylene cyanol), and heated at 90°C for 2
min. The samples were electrophoresed on 6% polyacrylamide

sequencing gels and allele sizes were determined by comparison to

single stranded M13 sequencing ladder labelled with («-33S) dATP
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(Amersham). DXS1003 was Klenow treated (0.5 units of Klenow to 5
uL of the reaction for 20 min at 37°C) prior to denaturation and
electrophoresis to reduce single base pair slippage products (Weber,

1990), a procedure that was subsequently found to be unnecessary.

Isolation of Large Insert DNA Clones:

DNA Markers:

The DNA markers from Xpl1.23-p11.22 used in these studies are
detailed in Tables 3, 8, and 9. Using either PCR or Southern
hybridization data, all markers used in contig construction were
mapped to an interval delineated by the hybrids mapping panel (see

Results, Figure 7).

Identification of YACs:

-YAC libraries were screened at the Center for Genetics in
Medicine, Washington University School of Medicine, in St. Louis,
through a collaboration with Dr. David Schlessinger. YAC libraries E,
F, and I, which together contain more than 15 X-chromosome
equivalents (Nagaraja er al., 1994), were screened using all STSs,
STRs, and ESTs from the Xpl1.23-p11.22 region. Library E was
derived from a 49,XXXXX cell line, library F from a Xpter-Xq27.3
hamster-human somatic hybrid cell line, and library I, derived from
a 48, XXXX cell line, is the ICI YAC library (Anand et al., 1990). Two
other libraries, A and M, were screened with a limited set of selected

DNA markers from this region. Library A was made from a human



Table 3. DNA Markers Used in Preliminary Construction of
Contig in Xpl11.23-p11.22

DNA Description Reference
Marker
DXS226 anonymous probe p2bC6 Paulsen er al. (1986)
DXS576 STS S. Lindsay, personal com.
DXS1331 STS Kere er al. (1992)
DXS1358 STS B. Moore, personal com.
DXS8366 STS Boycott er al. (1996)
HRASP STS Kere er al. (1992)
DXS255 M27b, VNIR Fraser et al. (1989)
STS A. Zinn, personal com.
OATL1 2 kb Eco RI fragment of Mitchell er al. (1988)

HuOAT6 cDNA , RFLP

DXS573 STR Roustan er al. (1992)
DXS1039 STR Gyapay er al. (1994)
DXS1126 STR Donnelly et al. (1994)
DXS1240 STR A. Nemeth, personal com.
DXS1470 STR B. Moore, personal com.
DXS6940 STR Kwan et al., 1995
DXS1007E  ESTO00367 Polymeropoulos et al.
(1993)
DXSI1011E ESTO01029 Polymeropoulos et al.
(1993)
DXS7469E  EST, Xp664 M. Wehnert, personal
com.
GATAl STS for GATA 1 gene Kere et al. (1992)
SYP 0.8 kb Pst I/Bgl II Ozcelik er al. (1990)
fragment from 3' end of
SYP (SYP313)
TFE3 2.5 kb cDNA probe Beckmann er al. (1990)
STS from 3' end of gene I. Derry, personal com.
WASP exon 2 STS Derry er al. (1994)
ZNF21 STR4, DXS6849 N. T. Bech-Hansen,

personal com.

a Based on CA dinucleotide repeat lying in BstNI fragment of
cosmid ICRFc104E04126 (Kwan er al., 1995) identified with ZNF21
probe (KOX14) (Huebner et al., 1991).

56
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lymphoblast cell line (46,XY) (F. Abidi, R. Mazzarella, J.-Y. Yoon, and
D. Schlessinger, unpublished data), and library M refers to the Mega
CEPH library (Cohen er al., 1993). Screening was carried out by PCR,
with robotic assistance, using a uniform temperature regimen and
the TNK buffer system, as described previously in the 'General
Materials and Methods' section (Blanchard er al.,, 1991) (Blanchard ez
al., 1993). Isolated YACs were sent from St. Louis as stabs in YAC
trp-, ura- selective agar ((pH 7.0), 0.7% w/v yeast nitrogen base
without amino acids, w/v 2% glucose, w/v 0.005% adenine sulphate,
w/v 0.005% tyrosine, w/v 1.4% vitamin assay casamino acids, and

1.5% w/v agar).

Initial Characterization of YACs:

YACs were streaked on YAC selective agar plates (trp-, ura~ ) and
incubated at 30°C for 48 hours to isolate single colonies. A multi-
colony sample and five clonal isolates were inoculated in 5 mL of
YAC selective media (YAC selective agar without agar) and grown
with shaking at 30°C for 48 hours. Fifty per cent glycerol stocks
were prepared with 600 pL of each culture and stored at -70°C. The
remaining 4.4 mL of culture was used to prepare intact yeast
chromosomal DNA in agarose plugs. Each culture made four plugs.

To prepare plugs, the YAC culture was pelleted at 1,300g for 15
min. The supernatant was poured off and the pellet resuspended in
100 mM EDTA (pH 8.0). This suspension was pelleted again, as
above, and the supernatant poured off. The pellets were then
resuspended in 120 pL CPES (pH 5.6, 23 mM NaHPO4, 8.4 mM citric
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acid, 50 mM EDTA-pH 8.0, 0.9 M sorbitol) with 5 mM DTT. Two
hundred pL of a solution containing 1:1 8 mg/mL yeast lysing
enzymes (Sigma) in CPE buffer (23 mM Na2HPO4, 8.4 mM citric acid,
50 mM EDTA-pH 8.0): 4.0% low melting point agarose in CPE buffer
was then added to the resuspended pellet, mixed, and 80 pL was
dispensed into each of four chilled blocks. The formed block were
allowed to solidify at -20°C for 10 min and were then pushed out
into a tube containing 5 mL of CPE buffer and incubated at 37°C for
one hour with occasional inverting. After the incubation, the CPE was
poured off and replaced with 2 mL of Solution A (0.5 M EDTA-pHS8.0,
1% sodium lauroyl sarkosine and 0.5 mg/mL of proteinase K added
prior to use). The blocks were incubated with Solution A at 50°C for
48 hours. After incubation, one plug from each sample was loaded
directly into a gel for pulsed-field gel electrophoresis and Solution A
was removed from the remaining plugs and replaced with 0.5 M
EDTA. Unused plugs were stored at 4°C.

The integrity and estimation of YAC size performed using pulsed-
field gel electrophoresis in 1% agarose gels, 0.5X TBE (44.5 mM Tris,
44,5 mM boric acid, 1 mM EDTA-pH 8.0), on a CHEF DRIII (BioRad)
apparatus. Plugs were loaded into the wells, covered with 1% low
melting point agarose in 0.5X TBE, and the gel was loaded into the
chamber. Pulse times were ramped from 3 sec to 30 sec over 28
hours (6V/cm, 120° angle) at 14°C. Size estimation of the YACs is
based on co-migration of Saccharomyces cerevisiae marker

chromosomes (strain YP149, 17 chromosomes from 90 to 1,600 kb).
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Gels were stained after electrophoresis in EtBr (0.5 pg/ml) for 30
min and visualized and photographed.

The yeast chromosomal DNA was transferred from the agarose
gels onto Hybond™-N+ nylon membrane using the vacuum transfer
system as described in the 'General Materials and Methods' section.
To detect the YACs, filters were hybridized with human genomic DNA
probes. In most cases yeast DNA was prepared from a single
(largest) clonal isolate of a particular YAC for further
characterization.

Five mL of YAC selective media was inoculated from the glycerol
stock of the clonal isolate of choice for a particular YAC and grown
with shaking at 30°C for 48 hours. The cells were pelleted at 1,300g
for 15 min, resuspended in 100 mM EDTA (pH 8.0), and pelleted
again. The pellets were then resuspended in 1 mL CPES with 20
ug/mL yeast lysing enzymes and incubated at 37°C for ome hour with
occasional inverting. The cells were gently pelleted at 900g for 10
min and the supernatant poured off. The pellet was resuspended in
1 mL of DNA extraction buffer (10 mM Tris-HCIl-pH 8.0, 0.1 M EDTA-
pH 8.0, 0.5% SDS, and 20 pg/mL RNAse A) and incubated at 37°C for
one hour. After one hour, 100 pg/mL of proteinase K was added and
incubation temperature was increased to 50°C for at least 3 hours.
The DNA was extracted three times with phenol:chloroform:isoamyl
alcohol (25:24:1), and once with chloroform:isoamyl alcohol (24:1),
and then ethanol precipitated with 10% volume of 4 M NH4OAc and 2
volumes of 95% ethanol in a 40 minute spin at 10,000g. The yeast

DNA pellet was rinsed with 70% ethanol, allowed to dry, resuspended
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in 150 pL low TE, and quantitated using a spectrophotometer. This
yeast DNA preparation typically yielded 75-100 pg.

Identification of Cosmids:

Two X-chromosome specific cosmid libraries were used:
LLOXNCO1 (Biomedical Sciences Division, Lawrence Livermore
National Laboratory, Livermore, CA 94550 under the auspices of the
National Laboratory Gene Library Project sponsored by the U.S.
Department of Energy), and the ICRF (Nizetic et al., 1991). The ICRF
cosmid library was constructed from flow-sorted human X
chromosomes and was arrayed on two filters, each containing 9,216
cosmids, representing four chromosome equivalents. The Lawrence
Livermore cosmid library was constructed from a flow-sorted human
X chromosome/hamster hybrid and 24,000 cosmids were gridded
into 250 96-well plates, representing six chromosome equivalents.
For- purposes of hybridization, the 250 96-well plates were regridded
into 63 384-well plates by Dr. N.T. Bech-Hansen at the Lawrence
Livermore laboratories, and later the clones from these 63 plates
were spotted onto 16 filters (4 x 384 on 15 filters and 3 x 384 on one
filter).

Cosmids were identified from LLOXNCOI1, designated library U, by
screening with selected STSs by PCR at Washington University School
of Medicine, or by hybridization of the gridded filters with selected
probes. The ICRF gridded X chromosome-specific cosmid library was
also screened, in duplicate, with selected probes by filter

hybridization. For screenings, both filter sets were pre-hybridized at
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65°C for 4-6 hours in a buffer of 5X Denhardt's reagent (0.1% Ficoll-
type 400, 0.1% polyvinylpyrrolidone, 0.1% BSA), 6X SSPE (0.3 M NaCl,
60 mM sodium phosphate, 6mM EDTA-pH 7.4), 0.5% SDS, and 50
pg/mL denatured, sheared herring sperm DNA. The probes were
labelled as described in the 'General Materials and Methods' section.
The filters were hybridized with probe and fresh buffer (as per pre-
hybridization buffer without herring sperm DNA) in sealed bags at
65°C for 16-20 hours. A visible vector background was accomplished
by labelling Lawrist 4 (ICRF cosmid filters) and Lawrist 16
(Lawrence Livermore cosmid filters) with [a-33S] dATP. Following
hybridization the filters were washed at 65°C, as describe previously,
and exposed to Kodak XAR-5 diagnostic film overnight at -70°C.
Positive cosmid clones identified from the ICRF cosmid library were
kindly sent to us by Gunther Zehetner at ICRF as bacterial stabs in
agar. Positive cosmid clones identified from the Lawrence Livermore
cosmid library, by hybridization, were taken directly from the

laboratory set of 384-well plates.

Initial Characterization of Cosmids:

Cosmids identified from both libraries were initially streaked on
LB agar plates with kanamycin (50 pg/mL) and grown overnight at
37°C. A multi-colony sample and two single colonies were inoculated
and grown overnight in LB media with kanamycin (50 pg/mL).
Twenty per cent glycerol stocks were made using 850 pL of culture
and were stored at -70°C . DNA was isolated from the remaining

culture by the rapid small-scale plasmid preparation as described in



62

the 'General Materials and Methods' section. Cosmid DNA was then
cut with EcoRI and electrophoresed, as described in the 'General
Materials and Methods' section. The size of each cosmid insert was
calculated by summing the sizes of all restriction fragments seen

with EtBr staining, excluding 5 kb for the vector.

Generation of New STSs:

New STSs were characterized and mapped for contig construction.

End-clone STSs: Generation of ligation-mediated PCR products
(Kere et al., 1992) (Muller et al., 1994) was performed as depicted in
Figure 3. One hundred ng of yeast DNA containing the YAC of
interest in pYAC 4 vector was digested with Rsal, Alul, Pvull, EcoRV,
or Scal in 13 pL containing the appropriate 10X buffer and five units
of the enzyme, for 2 hours at 37°C. The linker was annealed in a 100
pL -reaction containing 1 pmol/uL L1 and 1 pmol/uL L2 (Table 4) in a
Perkin Elmer Thermocycler 480 by denaturing at 95°C for two min
and allowing L1 and L2 to anneal by ramping to 21°C over 30 min.
Annealed linker was stored at -20°C and thawed on ice only.

A blunt end ligation was carried out with 1X ligation buffer (50
mM Tris-HCl pH 7.6, 10 mM MgCl2, 1 mM ATP, 1 mM DTT, 5% w/v
polyethylene glycol-8000), 2 pmol of annealed linker, and 20 units of
T4 DNA ligase (New England Biolabs), which were added directly to
the digestion reactions and incubated at 16°C for 16 hours. The
reactions were diluted with 60 pL of ddH2O and denatured at 95°C
for 10 min. Two pL of the ligated mixtures were amplified by PCR in
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Figure 3. Generation of a YAC end-clone by ligation-mediated PCR.
The figure depicts the generation of an end-clone from the left end of
the YAC. The YAC clone is digested with restriction enzyme R and
the products are ligated to the linker, made up of L1 and L2. The
ligated products are then subjected to rounds of PCR with the LA-I
(vector primer left) and L1. The products of this PCR are then
reamplified wusing an internal primer, LA-2 (vector primer left
internal) and L1. The left terminal end of the YAC insert is then
isolated and sequenced. The restriction enzymes (R) used in the
generation of end-clones from pYAC4 have been described in the

text, and L1, L2, LA-1 and LA-2 are described in Table 4.
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10 L reactions overlaid with paraffin oil containing 0.05 pM L1 and
0.5 uM YAC vector arm-specific primer (Table 4), TNKS50 buffer,
dNTP mix (125 uM dATP, dCTP, dGTP, and dTTP), and 0.25 units of
Taq DNA polymerase. Temperature cycling conditions were 94°C for
30 s, 65°C for 45 s, and 72°C for lmin, 30 s for 35 cycles. After
cycling, the PCR reaction was diluted with 150 uL of sterile ddH20O
and 4 pL of the diluted reaction was reamplified using L1 and an
internal YAC vector arm-specific primer (0.25 uM each) (Table 4) in a
20 pL reaction overlaid with paraffin oil under identical conditions.
The reamplification products were purified by isopropanol
precipitation and a portion was checked on a 2%
Nusieve® GTG®agarose/1% agarose gel, in 1X TBE running buffer.

Those with single products greater than 200 bp were sequenced.

Table 4. Primer Sequences used for End-clone Generation in

pYAC 4 Clones

Primer Name Primer Sequence 5'-3'

Vector Primer Left CACCCGTTCTCGGAGCACTGTCCGACCGC
Vector Primer Left Internal TCTCGGTAGCCAAGTTGGTTTAAGG
Vector Primer Right ATATAGGCGCCAGCAACCGCACCTGTGGCG
Vector Primer Right Internal TCGAACGCCCGATCTCAAGATTAC
Linker Primer L1 GCGGTGACCCGGGAGATCTGAATTC

Linker Primer L2 GAATTCAGATC
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The dsDNA Cycle Sequencing System (GIBCO/BRL) was used to
determine the DNA sequence of the ligation-mediated PCR products.
The internal left or right vector primer was end-labelled with 10 puCi
[v-33P] of dATP at 3,000 Ci/mmol (Amersham) in a 5 pL reaction
containing 1 pmol of primer, 1X kinase buffer (70 mM Tris-HCl pH
7.6, 10mM MgCl2, 5 mM dithiothreitol), and one unit of T4
polynucleotide kinase, for sequencing of the left and right end of a
YAC, respectively.

The reaction was incubated at 37°C for 30 min and then
terminated by incubation at 95°C for five min. Template DNA (50
fmol) in 26 pL of sterile ddH20, 4.5 uL of 10X Tag sequencing buffer
(300 mM Tris-HCI pH 9.0, 50 mM MgCl2, 300 mM KCl, 0.5% w/v W-
1), and 0.5 pL Tag DNA polymerase (5 units/uL) were added to the
labelled primer (total volume of 13.5 pL). Eight pl of this mix was
then added to each of four tubes labelled G, A, T, and C, each
containing 2 pL of the appropriate dideoxy termination mix (all
termination mixes contained 50 pM each dATP, dCTP, dTTP, and 7-
deaza-dGTP, as well as: Mix G-0.2 mM ddGTP; Mix A-2 mM ddATP;
Mix T-2 mM ddTTP; Mix C-1 mM ddCTP). Reaction mixtures were
overlaid with paraffin oil and cycled at 95°C for 30 s, 55°C for 30 s,
72°C for 60 s for 20 cycles, followed by 95°C for 30 s and 72°C for 60
s for 10 cycles. Reactions were terminated by the addition of 5 pL of
stop solution (95% v/v formamide, 10 mM EDTA pH 8.0, 0.1%
bromophenol blue, 0.1% w/v xylene cyanol). DNA was denatured by
heating the reaction mixtures to 90°C for five min in a heating block

and 6 uL was loaded into each lane of a 6% polyacrylamide gel.
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Sequences were analyzed by two computer programs: BLASTn
(Altschul et al.,, 1990) was used to detect sequences homologous to
common repetitive elements, and Primer Designer (Version 1.01,
Scientific and Educational Software) was used to select primer pairs
for STS PCR reactions. Primer pairs were verified to be region-
specific STSs and assigned to a mapping interval by testing them on a
set of different DNA templates, including the testing panel from the
Center for Genetics in Medicine (Nagaraja et al., 1994) and the panel
of conventional and radiation hybrids, as described in the ‘'General

Materials and Methods' section.

Design of ESTs from Existing Sequence: ESTs were designed from
sequences obtained from Genbank. These sequences were also
analyzed by the two computer programs described previously and
the primer pairs were confirmed to be region-specific STSs and

asstgned to a mapping interval.

Identification of Overlaps:

Overlaps were characterized using STS content mapping and
hybridization data. STS content mapping was carried out using PCR,
as described in the 'General Materials and Methods' section, and the
TNK buffer conditions optimized for library screening. Five of the
markers (DXS226, DXS255, OATL1 (huOAT6), TFE3, and SYP) were
used as probes in Southern hybridization analyzes of YAC clones
digested with EcoRI, as described in the 'General Materials and

Methods' section. YAC DNA was tested for each of the 44 DNA
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markers from the pl1.23-p11.22 region of the X chromosome.
Cosmid DNA was only tested for DNA markers in the vicinity of the

marker used for isolation of the clone.

Isolation of Transcripts by Direct cDNA Selection:

Isolation of YAC Templates:

YACs were purified by pulsed-field gel electrophoresis and
isolated by Prep-a-Gene (BioRad) for use as templates in direct cDNA
selection. At least 50 plugs for YACs chosen for use in direct cDNA
selection (see Results, Figures 19 and 20) were made as described
previously. These plugs were loaded into 1% rapid agarose gels
(GIBCO/BRL) using a preparative comb and run for 12 hours ramping
from 1-6 s for YACs less than 50 kb, 16 hours ramping from 2-12 s
for YACs between 50 and 125 kb, 34 hours ramping from 10-60 s for
YACs greater than 300 kb, 28 hours ramping from 15-75 s for YACs
greater than 600 kb, and 28 hours ramping from 60-120 s for YACs
greater than 1 Mb, to optimize resolution.

The band containing the YAC was excised from the gel after
staining with EtBr, cut into 2 mm pieces, and transferred to a 50 mL
Falcon tube. The volume of the gel was estimated and three times
volume of binding buffer (6 M sodium perchlorate, 50 mM Tris-HCl
pH8.0, 10 mM EDTA) was added. The gel was dissolved with swirling
at 55°C for 15 min and 30 pL of matrix (assuming >5 pug of DNA in gel
slice) was added and the tube was rotated for 15 min. The tube was

then centrifuged for 30 s and the supernatant removed. The pellet
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containing bound DNA was resuspended in 750 pL binding buffer
and transferred to a 1.5 mL centrifuge tube which was centrifuged
for 30 s and the supernatant removed. The matrix was then washed
with 750 pL of wash buffer (20 mM Tris-HCI pH 7.5, 2 mM EDTA, and
50% ethanol) twice and the bound DNA eluted by resuspending the
pellet in 60 pL of elution buffer (10 mM Tris-HCI pH 8.0, ImM EDTA)
and incubating the tube at 37°C for 15 min. After incubation the
matrix was pelleted by centrifugation, the supernatant containing the
DNA was transferred to a new tube, and the DNA was quantitated as
described in the 'General Materials and Methods' section. Since the
yield of the YAC DNA using this method was at the limit of detection
using the available spectrophotometer, the presence of YAC DNA was
confirmed by using radioactive PCR (as described in the 'General
Materials and Methods' section) to test an aliquot of the supernatant

for retention of a YAC-specific marker.

Isolation of Cosmid Templates:

Cosmids chosen as templates for direct cDNA selection (see
Results, Figure 20) were purified by the rapid small-scale plasmid
preparation as described in the 'General Materials and Methods’

section.

cDNA Sets:
Placental cDNAs were kindly provided by Dr. Michael Lovett
(University of Texas Southwestern, Dallas) and prepared by priming

a reverse transcriptase reaction with random hexamers on RNA from
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human placenta and blunt end ligating a PCR amplification cassette
OLIGO1, as described (Lovett, 1994a). The retinal, frontal cortex, and
fetal brain cDNA sets were kindly provided by Dr. Johanna Rommens
(The Hospital for Sick Children, Toronto) and prepared by random
priming with an extended 5' end oligonucleotide, RXGA'B'C'N6, to
generate random mixtures from RNA that did not require the ligation
of oligonucleotide linkers at any step, as described (Rommens er al.,
1994). These cDNA sets will be referred to collectively as, JRL. Both
the OLIGO1l, 5'CTGAGCGGAATTCGTGAGACC3', and the RXG,
5'CGGAATTCTCGAGATCTS3', primers contain EcoRI restriction sites for
subsequent subcloning of selected cDNA fragments.

Two pg of placental cDNA was amplified by PCR using 0.4 uM
OLIGO1, 1 pL of the cDNA set, 1.5 mM MgCl2, 50 mM KCl, 10 mM
Tris-HC1 pH 7.3, 170 ug/mL BSA, 0.05% Tween 20, 0.05% NP-40, 250
uM dATP, dCTP, dGTP, and dTTP, and 0.75 units of Tag DNA
polymerase in a 25 pL reaction. The reactions were overlaid with
paraffin oil and cycled for 30 cycles of 94°C for one minute, 59°C for
one minute, and 72°C for two min in a Perkin Elmer Thermocycler
480. The PCR reactions were pooled and precipitated using 4 M
ammonium acetate and 95% ethanol.

Two pg of the retinal, frontal cortex, and fetal brain (JRL) cDNAs
were amplified by PCR using 2.0 pM RXG, 1 pL of the cDNA set, 1.5
mM MgCl2, 50 mM KCl, 10 mM Tris-HCl pH 7.3, 170 pg/mL BSA,
0.05% Tween 20, 0.05% NP-40, 250 uM dATP, dCTP, dGTP, and dTTP,
and five units of Tag DNA polymerase in a 25 pL reaction. The

reactions were overlaid with paraffin oil and underwent 30 cycles of
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94°C for one minute, 55°C for one minute, and 72°C for two min in a
Perkin Elmer Thermocycler 480. Typically 5-15 PCR reactions for
each cDNA set were pooled and precipitated using 4 M ammonium
acetate and 95% ethanol. The retinal, frontal cortex and fetal brain
cDNAs were pooled in a 1:1:1 ratio after precipitation and prior to

direct cDNA selection.

Direct cDNA Selection:

Blocking of cDNAs: Suppression of repeat sequences in the cDNA
pools was carried out as described (Lovett, 1994a). Two pg of each of
the placental cDNA set and the JRL cDNA set was resuspended in five
uL of sterile ddH20. Two ug of COT-1 (GIBCO/BRL), one pg of yeast
DNA, and one pg of pWE vector were added to the cDNA pools in a
total volume of 10 pL, overlaid with paraffin oil, and denatured at
95°C for five min. After denaturation, ten pL of 1 X hybridization
buffer (0.75 M NaCl, 20 mM sodium phosphate pH 7.2, 5 mM EDTA, 5
X Denhardt's solution (0.1%  Ficoll-type 400, 0.1%
polyvinylpyrrolidone, and 0.1% BSA), and 0.1% SDS) was added under
the oil giving a total volume of 20 pL of DNA (DNA concentration 200
ng/uL). The mixture was then incubated at 65°C for four hours with
gentle shaking. These hybridization conditions corresponded to a

COT1/2 of 10 moles nucleotide litre-les.

Nick Translation of YAC and Cosmid Templates: YAC or cosmid
DNA was labelled by nick-translation with biotin-16-dUTP

(Boehringer Mannheim). Two hundred ng of templates for a
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particular selection were mixed in a molar ratio, precipitated, and
dissolved in 6 pL of sterile ddH20. To this mix, 1X nick translation
buffer, 2 L of enzyme mix (DNA polymerase I and DNase I), 0.1 mM
of each ANTP (dTTP and biotin-16-dUTP mixed in a 2:1 ratio), and
0.5 uL of [a-32P] dCTP as a tracer were added to a final volume of 20
wL. The reaction was incubated at 15°C for 90 min and stopped by
heating at 65°C for ten min. Unincorporated dNTPs were removed by
passage through a Sephadex G-50 (medium) spin column. To confirm
that biotin had indeed been incorporated, the percent incorporation
of biotin relative to the percent incorporation of radioactive label
was determined. Twenty percent of the elutant volume was counted,
added to 50 pL of streptavidin beads (Dynabeads®, DYNAL®), and
mixed for 15 min. The beads were washed once with 50 pL of
binding buffer (10 mM Tris-HCl pH 7.5, 1 mM EDTA, 1 M NaCl),
before being removed from solution with a magnetic separator. The
wash was counted and the percent of biotin incorporation was
determined from the ratio of total counts-wash counts/total counts.
To continue with the direct cDNA selection, 75% of the radioactive
label needed to have been bound to the beads, indicating efficient
biotin incorporation. The remaining elutant was then precipitated
with 4 M ammonium acetate and 95% ethanol and resuspended in
sterile ddH2O at a concentration of 20 ng/ulL. One hundred
nanograms of biotinylated template was overlaid with paraffin oil

and denatured by heating at 95°C for five min.
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Primary Selection: Selections were carried out as described
(Lovett, 1994a), and as depicted in Figure 4. One hundred ng of
denatured template was added to the prehybridized cDNA in 1 X
hybridization solution. The hybridizations were performed at 65°C in
a total volume of 20 pL for 58 hours (COT1/2 of >100 moles
nucleotide litre-les). YAC DNA was captured on 100 pL of
streptavidin-coated paramagnetic beads (Dynal) by incubation at
room temperature for 15 min with occasional shaking. The beads
were removed from solution and resuspended in 1 mL of wash
solution 1 (1 X SSC, 0.1% SDS). The beads were washed twice in wash
solution 1 for 15 min each at room temperature and then washed
three times at 65°C with wash solution 2 (0.1 X SSC, 0.1% SDS) for 15
min each. The hybridized cDNAs were eluted with 200 mM NaOH for
ten min at room temperature followed by neutralization with 100 pL
of 1 M Tris-HCl pH 7.5. This material was run through a Sephadex
G-50 (medium) column and the cDNAs collected.

To evaluate the primary selection, the unselected and primary
selected cDNAs inserts were amplified by PCR and electrophoresed
on a 1% agarose gel, transferred, and hybridized with the respective
positive reporter genmes for each selection. PCR amplified GATAI
(Caiulo et al., 1991) (Kere er al., 1992), contained on yWXD2686, was
used to monitor the efficiency of the placental distal selection, and
PCR amplified SYP exon 5, contained on yWXD1908 was used to
monitor the efficiency of the retinal, frontal cortex, and fetal brain
selections. Presence of the positive reporter gene in only the

primary selected material was evidence of enrichment. PCR was
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Figure 4. Isolation of region-specific cDNAs by direct cDNA selection.
Briefly, the amplified cDNA population is blocked for repeats and
hybridized in solution with biotinylated YAC DNA. The YAC DNA and
hybridized ¢cDNAs are then captured on Streptavidin beads and after
several washing steps (not shown), the cDNAs are eluted. The
selected ¢cDNAs are amplified and subjected to a second round of
enrichment, and the resulting cDNAs from the secondary selection
are amplified and cloned for further analysis. The steps have been

described in greater detail in the text.
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performed to yield 2 pg of primary selected cDNA, as described in
the 'cDNA Set' section.

Secondary Selection: The selection procedure was repeated with
an additional 100 ng of biotinylated YAC DNA and the primary
selected cDNA as described for the primary selection. The efficiency
of the selection procedure was monitored as for the primary
selection except cDNAs from each of the starting, primary, and
secondary stages of the selection, were electrophoresed, transferred,
and hybridized with the positive reporter genes. Secondary selected
material from the retinal, frontal cortex, and fetal brain selection was
amplified by PCR, as described previously, for cloning and the
secondary selected material from the placental selection was
amplified, as described previously, using the modified OLIGO 1

primers described in the following section.

Cloning of Direct cDNA Selection Products:

Secondary selected placental cDNA material was cloned using
CloneAmp™ pUCI19 System (GIBCO/BRL) which uses Uracil DNA
Glycosylase (UDG) to facilitate directional cloning of PCR products.
This method relies on the incorporation of dUMP residues in place of
dTMP into the 5' end of each amplification primer. After
amplification, treatment with UDG renders dUMP residues abasic and
unable to base-pair resulting in 3' protruding termini able to
efficiently anneal to pAMP19. To clone PCR products using this

system, the OLIGO 1 amplification primers were redesigned to
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include deoxy-UMP residues at the 5' end of each primer: OLIGO-U
forward 5’AUGGAGAUCUCUCTGAGCGGAATTCGTGAGACC3'; OLIGO-U
reverse 5’ACGCGUACUAGUCTGAGCGGAATTCGTGAGACC3'. The new
OLIGO 1 primers were used to amplify the secondary selected
placental cDNA material as described previously. Two pL of the PCR
produci (10-50 ng) was annealed to 22 ng of pAMP19 vector in a
reaction containing 1X Annealing buffer (20 mM Tris-HCl pH 8.4, 50
mM KCI, 1.5 mM MgCl3), and one unit of Uracil DNA Glycosylase in a
total volume of 20 pL. The 63 bp control insert DNA provided with
the pAMP 19 kit was annealed to the vector according to the
manufacturer's instructions. The reactions were incubated at 37°C
for 30 min and 5 pL was used for transformation into 100 pL of
Subcloning Efficiency DHSa frozen competent cells. The mixture was
incubated on ice for 30 min, heat-shocked for 45 s, and iced for two
min. One mL of LB was added and the cells were incubated at 37°C
for- one hour with shaking for recovery. The transformation was
plated in aliquots of 400 pL, 300 pL, 200 pL, and 100 uL on LB-
Ampicillin plates (50 pg/mL) treated with three pmoles of IPTG and
800 pg of X-gal for blue/white screening. The vector pUCI9 was
used as a control to monitor transformation efficiency.
Untransformed competent cells were streaked on plates with and
without ampicillin to confirm host cell sensitivity to the antibiotic.
Plates were left to dry at room temperature, inverted and incubated
at 37°C overnight.

Blue/white screening is based on the host cell encoding only the

carboxy-terminal region of f-galactosidase and the vector carrying
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the regulatory sequences and the coding region for the amino-
terminal fragment of P-galactosidase. Neither host- nor plasmid-
encoded fragments are active by themselves, but by association they
form an enzymatically active protein (a-complementation). In the
presence of IPTG and the chromogenic substrate X-gal, Lact bacteria
resulting from o-complementation form blue colonies. The insertion
of a fragment of foreign DNA into the polycloning site of the vector
results in production of an amino-terminal fragment that is not
capable of a-complementation and therefore bacteria containing
recombinant plasmids form white colonies. @~ White colonies were
picked, transferred into 96-well plates containing LB, 7.5% glycerol
and S0 pg/mL ampicillin, and grown overnight before storing at
-70°C.

Secondary selected retinal, frontal cortex, and fetal brain cDNAs
were cleaved with EcoRI, and ligated to EcoRI-digested pBluescript
vector (Strategene). One hundred pg of pBluescript was digested
with 200 units of EcoRI (GIBCO/BRL) in a total volume of 200 pL.
The vector was dephosphorylated by the addition of one unit of calf
intestinal phosphatase (CIP) at 37°C for 30 min. The phosphatase
was deactivated by incubation at 75°C for ten min and removed from
the digested vector by two extractions with
phenol:chloroform:isoamyl alcohol (25:24:1), and one extraction with
chloroform:isoamyl alcohol (24:1). DNA was ethanol precipitated and
the pellet dissolved to a concentration of 200 ng/pL.  Secondary
selected material was amplified by PCR to produce 100 pL of PCR

reaction product, and extracted and precipitated. @ The DNA was
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dissolved in 23 pL of sterile ddH20 and digested with 40 units of
EcoRI with React 3 in a total volume of 30 pL. The products of the
digestion were electrophoresed on a 2% low melting point agarose gel
and cDNAs between 300 bp and 900 bp were isolated using Gelase
and EtOH precipitation. @Two hundred ng of prepared vector was
mixed with a three-fold molar excess of cDNAs, ethanol precipitated,
and redissolved in seven pL of low TE. The insert was then ligated to
the vector with ligation buffer (30 mM Tris-HC1 pH 7.6, 10 mM
MgCl2, 1 mM ATP, 1| mM DTT, 5% w/v polyethylene glycol-8000) and
one unit of T4 DNA ligase (GIBCO/BRL) in a total reaction volume of
ten pL and incubated overnight at 12°C. Linearized and
dephosphorylated vector DNA without insert were used as ligation
controls and ten ng of each ligation and ligation control were
transformed into 100 pL of Subcloning Efficiency DH5a frozen
competent cells. The vectors pBluescript and pUC19 were used as
comtrols to monitor transformation efficiency. White colonies were

picked and transferred to 96-well plates for storage at -70°C.

Analysis of Selected cDNA Clones:

Recombinant plasmids were picked and DNA isolated by the rapid
small-scale plasmid preparation as described in the 'General
Materials and Methods' section. Inserts were obtained by cutting the
plasmids with Notl and BamHI for the placental clones or EcoRI for
the retinal, frontal cortex and fetal brain clones, electrophoresing the
products on low melting point agarose gels (GIBCO/BRL), and

isolating the insert DNA using Gelase, as described in the 'General
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Materials and Methods' section. Individual inserts were
radiolabelled with [a—3 2P] dCTP, as described in the 'General
Materials and Methods' section, and hybridized to Southern blots
containing DNA from human, as well as DNA from the hybrids
GMO06318B (X only), H99 (Xpll), Chinese hamster ovary, and YACs or
cosmids used in the selection to confirm that the inserts were single
copy and mapped to the correct chromosomal region. For the
selections from the proximal region, JRL Groups 1 and 2 and proximal
placental, the mapping panels also contained DNA from the hybrids
H151 (breakpoint in Xpl11.23) and SIN176 (Ingle et al., 1985)
(breakpoint in Xp11.23) to help confirm and refine the location of the

respective cDNA clones.

Sequencing of Inserts. Plasmid DNA was prepared and the
inserts were single pass sequenced using a modification of the Sanger
dideoxy sequencing method (Sanger er al., 1977) and Sequenase®
Version 2, as described in the 'General Materials and Methods'’
section. MI13F primer was used for sequencing the placental clones

and the T7 primer was used for sequencing the JRL clones.

Development of New Region-Specific ESTs:

Sequences were analyzed by BLAST using the nr and dbest
databases (Altschul et al., 1990). Primers were selected from the
sequence using Primer Designer (Version 1.01, Scientific and
Educational Software) and synthesized on a Beckman Oligo 1000 DNA

Synthesizer. Primer pairs were verified to be region-specific by
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testing them on a set of conventional and radiation hybrids using
TNK100 and the standard PCR conditions as in the 'General Materials

and Methods' section.

Mapping of ESTs: New ESTs were sublocalized using the YAC and
cosmid clones previously described (Boycott et al, 1996). In
addition, primers were designed from published EST sequence in
Genbank, verified to be region-specific and positioned on the map, as

described previously.

Characterization of KAT1I1:

Sequencing:

Plasmid DNA was prepared using the rapid plasmid small-scale
method, as described in the 'General Materials and Methods' section,
and the cDNA insert of clone 263773 was sequenced from both ends
using T3 and T7 and Sequenanse Version 2.0, as described in the
'General Materials and Methods' section. Primers were designed
from the generated sequence using Primer Designer (Version 1.01,
Scientific and Education Software) and used to generate complete

cDNA sequence for this clone.

Northern Analysis:
The c¢cDNA clone 263773 was excised from pT7T3D vector using
Notl and EcoRI and purified from low melting point agarose by

melting the gel, quickly freezing it on a dry ice/ethanol bath, and
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centrifugation. @ The clone was labelled using the random hexamer
method and hybridized to a Clontech Multiple Tissue Northern Blot
(Clontech) using ExpressHyb (Clontech). The Northern blot was
prehybridized in 5 mL of ExpressHyb at 68°C for 30 min with
shaking, after which time the ExpressHyb was removed from the bag.
The probe was added to the blot in 5 mL of fresh ExpressHyb and
hybridized at 68°C for one hour with shaking. The blot was rinsed
several times at room temperature for 30 min with 2 X SSC, 0.05%
SDS, followed by two washes for 20 min each at 50°C with 0.1 X SSC,
0.1% SDS. The blot was immediately wrapped in plastic wrap and
exposed to film with two intensifying screens at -70°C for five hours

to five days.

PCR Expression Profiles:

Primers designed to amplify JRL4-Al crossed an intron and were
therefore ideal for testing in cDNA libraries by eliminating possible
positive signals due to genomic contamination. JRL4Al was tested on
100 ng of cDNA from oligo dT primed retina, fetal retina, fetal brain,
and placenta and random primed frontal cortex, fetal brain, retina,
and placenta. PCR was performed using TNK100 and the standard
PCR conditions described in the 'General Materials and Methods’
section. PCR products were electrophoresed on a 1.5% SEPARIDE/1%

agarose gel and visualized by EtBr staining.
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Exon/Intron Boundaries:

cDNA Based Primers: Overlapping primer sets were designed
from the cDNA sequence and tested in human genomic DNA using
TNK100 and the standard PCR conditions described in the 'General
Materials and Methods' section. Those primer sets that gave the
expected product size were sequenced using Thermo Sequenase™
(Amersham) to confirm their origin. Those primer sets that gave a
larger than expected product size were assumed to contain an intron
and were sequenced from both ends to generate the intron sequence
and boundary information. Products were excised in low melting
point gel and the gel was digested with Gelase. Thermo Sequenase™
cycle sequencing is based on internal labelling by extension of the
primers limited to a few nucleotides by using only three of the four
dNTPs. Primers were designed to accommodate a labelling step with
[35-S] dATP by analysis of the cDNA sequence downstream of the
primer location. All primers were located within sequence so that at
least two dATPs occurred before a fourth dNTP downstream of the 3'
end of the primer. Approximately 50 ng of DNA was used for
sequencing in a reaction that contained 0.5 pmole of primer (either
forward or reverse), 12.5 puCi of [a35—S] dATP, one pL of two of the
three remaining dNTPs (3 pM of dCTP, 7-deaza dGTP, or dTTP),
reaction buffer (29.7 mM Tris-HCl pH 9.5, 7.4 mM MgCl2), and two puL
of Thermo Sequenase (2 units/pL of Thermo Sequenase™, 0.006
units/uL of Thermoplasma acidophilum inorganic pyrophosphatase,
in 50 mM Tris-HCI pH 8.0, 1 mM DTT, 0.1 mM EDTA, 0.5% Tween-20,
0.5% Nonidet P-40, 50% glycerol) in a total volume of 17.5 uL.
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Reactions were mixed, overlaid with paraffin oil, and cycled for 60
cycles of 95°C for 15 s, 60°C for 30 s. After cycling, the reactions
were terminated by transferring 3.5 pL of the labelling mix to each
of four tubes containing 4 pL of ddATP, ddCTP, ddGTP, and ddTTP
(150 pM each dATP, dCTP, 7-deaza-dGTP, dTTP, and 1.5 uM of the
ddNTP). Reactions were again overlaid with paraffin oil and cycled
for 60 cycles of 95°C for 30 s, 72°C for 60 s. After the termination
step, the reactions were stopped by adding 4 pL of stop solution (95%
formamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylene
cyanol FF). Samples were heated at 70°C for two min prior to loading

on a sequencing gel, as described previously.

Cosmid Sequencing: A partial cosmid contig of Xpl11.23 has been
recently constructed by a group in Germany (Schindelhauer et al.,
1996). Through collaboration with Dr. A. Meindl at Ludwig-
Maximilians-Universitat in Munchen, Germany, this cosmid contig
was made available and KAT1 was determined to be on cosmid
U138D3. This group then shotgun cloned this cosmid into M13 and
arranged for it to be sequenced by Dr. A. Rosenthal at the Institut fur
Molekulare Biotechnologie in Jena, Germany. The unedited primary
sequence data was made available and this was aligned to the
portion of the KAT1 gene where the exon/intron boundaries had not
yet been determined by the 'Find' function in the word processing

program, Microsoft Word 5.1.
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Walking by Linker Ligation: The method for cloning of YAC ends

was adapted for walking from known exon sequence into unknown
intron sequence. The procedure was performed exactly as described
in the 'Generation of New STSs' section with a few exceptions,
including the template used, the primers used, and the restriction
enzymes used. First, the cosmid DNA from U138D3 was used instead
of YAC DNA to increase the copy number of the target. Secondly,
gene specific primers were used instead of YAC vector specific
primers. For the walk into the proximal end of intron B the primers
R-6 and R-5 (see Results, Table 20), external and internal primers
respectively, were used and for the walk into the distal end of intron
B the primers F1-4 and F-2 (see Results, Table 20), external and
internal primers respectively, were used. The restriction enzymes
chosen for digestion of the cosmid had to meet two criteria, they had
to be blunt cutters to facilitate the subsequent linker ligation, and
they had to not cut between the primers R-6 and R-5 and the
primers F1-4 and F-2. The restriction enzymes Alul, Dral, EcoRV,
Pvull, Rsal, and Scal met these criteria in both instances and all
were used to increase the chance that a reasonably sized product

would be generated containing unknown intron information.

5'RACE:

RACE reactions (Frohman er al.,, 1988) were performed using
human brain Marathon-ready cDNA (Clontech). Marathon-ready
cDNAs are adaptor-ligated ds cDNAs ready for use as templates in

both 5'-and 3'-RACE reactions based on innovations in the design of
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the Marathon adaptor and suppression PCR technology. Construction
of Marathon-ready cDNA begins with cDNA synthesis from polyA+
RNA. First strand synthesis uses Moloney murine leukemia virus
and a modified lock-docking oligo(dT) primer which contains two
degenerate nucleotide positions at the 3' end, positioning the primer
at the start of the poly-A tail and eliminating the 3' heterogeneity
inherent with conventional oligo(dT) priming. Second strand
synthesis is performed with a cocktail of E. coli DNA polymerase I,
RNase H, and E. coli DNA ligase. Blunt ends are then created with T4
DNA polymerase and the ds cDNA is ligated to the Marathon cDNA
adapter. The ability to perform 5'- and 3'-RACE from the same
template is possible by the design of the adaptor. RACE reactions are
primed with an internal gene-specific primer and the Marathon
adaptor primer AP1. The adaptor-ligated cDNA does not contain a
binding site for the APl primer until after the first round of thermal
cycling, when the inner gene-specific primer is extended creating an
AP1 binding site at the 5' (or 3') terminus of the cDNA. In
subsequent cycles of amplification, both APl and the gene-specific
primer can bind and the cDNA of interest can be exponentially
amplified. Nonspecific products are greatly reduced because the API
binding site cannot be created on the general population of cDNA
molecules, which also lack binding sites for the gene-specific primer.
To reduce further the occurrence of non-specific products the
exposed 3' end of the adaptor is blocked with an amine group to
prevent the extension of the 3' end, which would create an APl

binding site and allow nonspecific amplification. In addition, the
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adaptor primer used is shorter than the adaptor itself (suppression
PCR) and therefore prevents amplification of templates, where the 3’
end has been extended to create an AP1 binding site, by preventing
primer binding by panhandle structure formation.

RACE PCR was carried out using touchdown PCR and Clontech's
Advantage KlenTag Polymerase Mix (Klen Tag-1 DNA polymerase (an
exo-minus, N-terminal deletion of Tag DNA polymerase) as the
primary polymerase, a minor amount of an unspecified proofreading
polymerase to provide 3' to 5' proofreading activity, and TagStart
Antibody for 'hot start’ PCR), which was specifically developed for
long range PCR using cDNA templates. To allow the use of touchdown
PCR, gene-specific primers were chosen from the 5' end of the cDNA
sequence that had a G/C content of greater than 50% and a Ty of at
least 70°C. Touchdown PCR involves using an annealing/extension
temperature that is several degrees higher than the Tm of the
primers during the initial PCR cycles. Although primer annealing and
amplification is less efficient at this higher temperature, it is more
specific and only gene-specific synthesis occurs. The
annealing/extension temperature is then reduced to the Tm of the
APl primer for the remaining PCR cycles, permitting efficient,
exponential amplification of the gene-specific template.

5' RACE of KAT1 was performed with the R-4 primer (see Results,
Table 20) in a 50 pL reaction volume containing 1X KlenTaqg PCR
reaction buffer, 0.2 mM dNTP mix (of dATP, dCTP, dGTP, and dTTP),
1X Advantage KlenTag Polymerase Mix, 5 pL of Marathon-ready
cDNA, and 0.2 uM each of APl and R-4 primers. The reaction mix
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was overlaid with paraffin oil and incubated at 95°C for 1 min
followed by S cycles of 94°C for 30 s and 72°C for 4 min, 5 cycles of
94°C for 30 s and 70°C for 4 min, and 25 cycles of 94°C for 30 s and
68°C for 4 min on a Perkin-Elmer DNA Thermal Cycler 480. After
PCR 25 pL of the reaction was run on a 1.5% SEPARIDE/1% agarose
gel in 1X TAE buffer and visualized by EtBr staining. Products were
run into low melting point agarose gel, excised, purified by Gelase,
and reamplified using the AP2 internal adaptor primer and R-5 (see
Results, Table 20), a primer internal to R-4. Products were again
isolated and purified by Gelase and sequenced using Thermo
Sequenase™ and the R-5 primer. Products were run on an

acrylamide gel and exposed to X-ray film.

Mutation Analysis of KATI:

-Deletion Analysis:

The cDNA clone 263773 was excised from pT7T3D vector using
Notl and EcoRI and purified from low melting point agarose by
melting the gel, quickly freezing it on a dry ice/ethanol bath, and
centrifugation. Using an aliquot of the supernatant, the clone was
labelled using the random hexamer method, described previously,
and hybridized to filters containing genomic DNA cut with BamHI,
HindIlI, EcoRI, and Pstl from individuals from CSNB1 Families P050,
P060, P070, P080, P0100, P130, P140, P150, P170, P180, P190,
P200, P230, P240, and 260. Hybridization and washes were as

described in the 'General Materials and Methods' section and the
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films were exposed at -70°C with amplification screens for three

days.

Sequencing of Exons in Affected Individuals:

From the intron sequence generated during characterization of
the exon/intron boundaries of KATI1, primers were designed using
Primer Designer (Version 1.01, Scientific and Educational Software)
to amplify the exons. These exons were amplified in two affected-
unaffected sibling pairs from Family P060 (Figure 5) using TNKI100
and the standard PCR conditions described previously. The PCR
products were isolated from low melting point agarose gels using
Gelase and sequenced using both the forward and reverse primer
and Thermo Sequenase™, as described previously. Sequencing
reactions were run on acrylamide gels and the terminations of each
dNTP were run beside each other to facilitate recognition of base pair

changes.
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Figure 5. Relationship of the affected and control individuals from
Family P060 used for mutation analysis. Squares indicate males and
circles indicate females. Filled in squares are males showing clinical
manifestations of CSNB1 and circles with dots in the centre indicate
female carriers of CSNB1. A946 and A969 were the affected
individuals and A951 and A970 were the unaffected controls used in
the- mutational analysis (individuals indicated by an asterisks

following their 'A' designation).
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CHAPTER 4 - RESULTS

Efforts to identify the gene for CSNB1 by a positional cloning
strategy have taken place in four phases. Initially, recombinant X
chromosomes within families segregating CSNB1 were investigated to
narrow the candidate interval for the disease geme. Once a minimal
interval had been established, the second phase involved
construction of a physical contig across this minimal region. The
third phase used this physical contig as a resource for the isolation of
novel region-specific transcripts to serve as putative candidate genes
for CSNB1. In the fourth phase, one transcript was chosen for
characterization and this gene, KATI1, was excluded as the gene
responsible for the clinical manifestations of CSNB1. The results of

each of the four phases are described in detail in the following pages.

Refining X Chromosome Crossover Events in CSNB1 Families:

The first phase of this study was initiated to refine the location of
the gene(s) for CSNB1 on the human X chromosome. For this,
additional polymorphic markers were required to define more
accurately the position of the crossover events which had been
identified in our set of nine reasonably sized CSNB1 families
(Families P060, P070, P130, P140, P170, P190, P200, P230, and
P240). In six of these families, ten crossovers had been identified
between MAOA-MAOB loci and DXS426 and one crossover had been
identified between ZNF21 and DXS255, which placed the CSNB1 gene
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proximal to MAOA-MAOB in five families and in Family P060 further
refining the location of the CSNBI1 gene proximal to ZNF21.
Crossovers on the proximal side of the CSNBI1 gene still needed to be
characterized to put a tight flanking limit on the CSNB1 locus.
Recently published polymorphic microsatellite markers (Table 1)
that had been generally localized to Xpll were chosen for further
mapping studies using a hybrid mapping panel consisting of
radiation-reduced and conventional somatic cell hybrids. Those
markers that were found to map to locations within the current
candidate interval were investigated within the families that had X

chromosome crossover events.

Sublocalization of Initial Set of New Polymorphic Markers:

A hybrid mapping panel consisting of ten radiation-reduced
hybrids and four somatic cell hybrids has been characterized in our
lab- to generate a physical map of human Xpll (Boycott et al., in
press). New polymorphic markers were sublocalized in Xpll based
on their retention in the particular hybrid cell lines, as evaluated by
PCR. The individual retention pattern of markers was compared to
the somatic cell hybrid framework map and each marker was
localized based on this comparison. An initial set of three markers,
DXS988, DXS993, and DXS1003, were sublocalized on Xpll. Figure 6
shows the retention of DXS988 on the hybrid templates H21, HI151,
K6, K11, K52, K54, SIN176, and GM10063 as determined by PCR and
this retention information was used to integrate DXS988 into interval

20 on the hybrid mapping panel (Figure 7). A new left primer for
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an additional marker, DXS1000 (Table 5), was designed from existing
sequence in Genbank because initial results with the original primer
set were less than optimal and subsequent primer analysis using
Primer Designer indicated that the left primer did not meet the
standards set by this program. DXS1000 was also sublocalized within
Xpll and was found to map to the same interval in Xpll.22 as did
DXS988 (interval 20). Both of these markers were investigated
further to see if they could define a proximal limit to CSNB1 in any of
the families (see next section). The retention of DXS1003 in the
hybrids indicated that it maps proximal to MAOA-MAOB and distal to
DXS426 (interval 12), and it was thought that DXS1003 could be
helpful in resolving the crossovers in the region MAOA-MAOB to
DXS426. DXS993 mapped distal to MAOA-MAOB (interval 5) and

therefore did not map within the Xpll region of interest.

Table 5. New Polymorphic Marker Designed from
Published Sequence

Marker Primer Sequences Size Genbank

Designation 5' to 3 (bp) Accession
No.

DXS1000 CTCTTTGGATTCCTGGACTT 149-155 Z17110

CTGTGTTATTGTACCTCTGCAT
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Figure 6. Retention of polymorphic marker DXS988 on a set of ten
radiation-reduced and four somatic cell hybrids. Retention was
evaluated using PCR and incorporation of a radioactive label, as
described in the 'General Materials and Methods' section. The names
of the hybrids are indicated along the top and control lanes include
female (Human-F) and male (Human-M) human genomic DNA, mouse
and CHO DNA, and ddH20. PCR products, of approximately 140 bp in
size, were separated on 2% Nusieve® GTG®agarose/1% agarose gels
and visualized by autoradiography. The two bands present in the
female human genomic suggest that she has a different allele on each
of her X chromosomes. Retention of DXS988 on hybrids H21, H151,
K6, K11, K52, K54, SIN176, and GM10063 indicate that DXS988
belongs in interval 20 of the hybrid mapping panel. The marker is
pBst cut with Hpall and labelled by an end-filling reaction. The sizes

of the relevant fragments are indicated.
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Figure 7. Sublocalization of DNA markers in Xpll using ten
radiation hybrids and four somatic cell hybrids. DNA markers in
boldface are genes, italics indicate pseudogenes, an 'E' after the
marker name indicates EST, and ***, ** * indicates VNTR, RFLP, STR,
respectively. The remaining markers are STSs. Construction of this
map was the result of work by several individuals in the laboratory
of Dr. N.T. Bech-Hansen and has been reported (Boycott et al, in

press).



98

INTERVAL HYBRIDS MAPPED LOCI
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2 DXS8026”
3 1 DXS209™
4 DXS556°, DXS1368°
5 1 | DXS983°
6 DXSEB10”
7 DXS542E, DXS7*
8 MAOA, MAOB
9 DXS8671, DXS8080, DXS8207
10 FB2OET1E, DXS1408, DXS1446, DXS7455, DXS7804, DXS8308,
HUMSWX2212
" UBET, DXS1055%, DXS1264°, AFMA2862G1°, HUMSWX1482,
DXS1364, DXS1366
12 DXS1003°
13 ARAF1*, PFC, SYN1 TIMP=. ZNF41, DXS1004E. IS7E, DXS337™,
DXS426, DXS1146", DXS1158°
GATA1, RBM3, WASP, ZNF21, ZNF81,0ATL1, HRAS2P, DXS1011E.
14 DXS7465E. DXS7466E, DXS7467E. DXS7469E, DXSTS2TE, IS2E.
DXS722°, DXS1126%, DXS1240°, DXS1470", DXS68497, DXS6340°.
DXS226, DXS6674, DXSE675. DXS6676,0XS8220, DXS8227
SYP, TFE3. DXS1007E, DXS573°, DXS1039°, DXS8221%, DXSST76,
15 DXS1331, DXS1426, DXS1522, DXS8223, DXS8224, DXSE225,
DXS&226, DXS8228, DXSB366, DXS9795
16 DXS1416, DXS7647, DXS8222
17~ DXSE850
18 | DXS255™
19 DXS146™, DXS8023°, DXS8024
20 DXS1008E, DXS888",DXS1000°, DXS80177, DXS8062°
21 DXS1199°, DXS1204°
2 DXS991°
23 DXS1190°
24 DXS14™
CEN
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Analysis of DXS988, DXS1000, and DXS1003 in CSNBI Families:

The markers DXS1003 and DXS988, were informative in most of
the CSNB1 families. The crossovers identified previously in the
region MAOA-MAOB to DXS426 (Table 6) were not recombined for
DXS1003, refining the localization of these crossovers to the region
between MAOA-MAOB and DXS1003 (Table 6), but the localization of
the CSNB1 gene proximal to MAOA-MAOB (distal limit in Families
P070, P130, P140, 260) remained the same. DXS1003 also confirmed
a crossover in Family PO60 (D19) that was recombined for markers
proximal and distal to DXS1003 and placed the CSNB1 gene proximal
to ZNF21 (distal limit in Family P060) (Table 6).

In three CSNB1 families, six new crossovers were identified with
DXS988 which placed CSNB1 distal to DXS988 (proximal limit) (Table
6). These crossovers were bounded distally by DXS255 and
proximally by DXS988, an estimated distance of 3-4 cM (Donnelly e
al.; 1994). The marker DXS1000 maps to the same interval as
DXS988 and was uninformative in all the CSNB1 families except
Family P130. In this family, individual E18 showed a crossover
occurring between DXS255 and DXS988 but was not recombined for
DXS1000, placing DXS1000 distal to DXS988 (Table 6). In this family,
the boundaries of the crossover defining the proximal limit to the
disease gene had been refined to the small interval between
DXS1000 and DXS988. However, additional markers were needed to
refine further the other crossover events identified and the minimal

genetic region for CSNBI1 in these families.
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Generation of New Polymorphic Markers from Published Sequence
and Sublocalization of Additional Polymorphic Markers:

To refine the minimal genetic region for CSNB1 further, two sets of
primers were designed from published sequence in Genbank that
contained polymorphic CA repeats (Table 7). For the CA repeat at
DXS722, primers had not yet been designed from the sequence by
the investigator (Thiselton er al., 1995). For the CA repeat at DXS991,
the primers that had been chosen by Genethon were deemed
unacceptable by what was now routine analysis of all new primers
using Primer Designer, and therefore new primers were designed
that would meet the criteria known to identify primers that amplify

well under the standard PCR conditions in use.

Table 7. New Polymorphic Markers Designed from
Published Sequence

Marker Sequence Size Genbank
Designation 5' to 3' (bp) Accession
No.
DXS722 CTCATAGTCCTAGCIGCIGG 188-194 X67606
CCTGATCCIGITCCACTGGG
DXS991 CTCCAGCACTTCAACCACAG 272-296 Z16680
ATCATTTGAGCCAATTCICC

Both of these markers, along with 16 others (Table 1), were
chosen to be sublocalized within Xpll in efforts to refine the location
of critical crossover events and reduce the minimal genetic region for

CSNB1. The markers DXS983, DXS1194, and DXS1213 were localized
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to Xq and would therefore not be of use in these studies. The
markers DXS991 (interval 22), DXS1190 (interval 23), DXS1199
(interval 21), DXS1204 (interval 21), DXS8017 (interval 20), and
DXS8062 (interval 20) were sublocalized to regions of Xpll (Figure
7) that were at or proximal to the location of DXS988 and DXS1000
and would therefore not refine the location of the proximal limit of
CSNB1 (Table 6). The marker DXS556 (interval 4, Figure 7) mapped
distal to MAOA-MAOB and would not be of use in refining the
location of the crossover events occurring between MAOA-MAOB and
DXS1003. The marker DXS1158 (interval 13, Figure 7) mapped
proximal to DXS1003 and distal to ZNF21 and would therefore not be
of use in refining the location of the crossover events occurring
between MAOA-MAOB and DXS1003 or the crossover event occurring
between ZNF21 and DXS255. »

The markers DXS8023 and DXS8024 were mapped to interval 19,
based on their retention in the hybrids H21, H151, K11, K16, K52,
K54, SIN176, and GM10063 (Figure 7). Both of these markers lie
between DXS255 and DXS988 and had the potential to refine the
location of the five DXS988 crossovers and the proximal limit of
CSNBI1.

The markers DXS722, DXS1126, DXS1240, and DXS6940, were all
mapped to interval 14 based on their retention in the hybrids H21,
H99, K11, K16, K52, K54, and GM10063 (Figure 7). The markers
DXS573 and DXS1039 both mapped to interval 15 based on their
retention in the above hybrids and the hybrid SIN176 (Figure 7).
These six markers lie between ZNF21 and DXS255 and have the
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potential to refine the crossover that occurs in this region in

individual D19 from Family PO060.

Additional Polymorphic Marker Analysis in CSNBI1 Families:

Distal Limit: To refine the location of the crossover event
occurring between ZNF21 and DXS255 in individual D19 from Family
P060, appropriate individuals were tested with the newly mapped
markers. Initially DXS1039 was found to be uninformative in this
part of Family P060, while DXS573, a more distal marker (based on
physical contig data, see next section and Boycott et al., 1996), was
found to informative. Individual D19 was not recombined for
DXS573 so the location of the crossover event was refined to the
region between ZNF21 and DXS573, but the distal limit of CSNBI in
this family was still at ZNF21. The markers DXS1126 and DXS1240
could not be orientated with respect to each other but they do lie
distal to DXS573 (based on physical contig data, see next section and
Boycott er al., 1996). These markers were tested on the family and
DXS1240 was found to be uninformative. However, D19 was not
recombined for the DXS1126 locus, thus refining the location of the
crossover event in this individual to the region between ZNF21 and
DXS1126 (Table 6; Figure 9), but the distal limit of CSNBI1 in this
family was still at ZNF21.

To further narrow the minimal genetic region for CSNBI1, the
marker DXS722, lying proximal to ZNF21 and distal to DXS1126
(based on physical contig data, see next section and Boycott et al.,

1996), was analyzed in this part of Family P060. The marker
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DXS722 was informative and individual D19 was recombined
between CSNB1 and this marker (Table 6; Figures 8 and 9), refining
the location of this critical crossover event to the region between
DXS722 and DXS1126, and placing the gene for CSNB1 in this family
proximal to DXS722. Marker DXS6940, which maps between DXS722
and DXS1126 (based on physical contig data, see next section and
Boycott et al., 1996), was also analyzed in the family but was
uninformative. The crossover defining the distal limit of CSNB1 in
Family P060 at DXS722 occurs between the markers DXS722 and
DXS1126, a distance of less than 300 kb (see Physical Contig section
and Boycott et al., 1996).

Proximal Limit: To refine the location of the five crossover events
occurring between DXS255 and DXS988, appropriate individuals were
analyzed with the markers DXS8023 and DXS8024. DXS8024 was
uninformative for four of the five crossover events but did refine the
location of the crossover event in individual E117 from Family P060
to the region between DXS8024 and DXS988 (Table 6), however the
proximal limit of the disease gene remained at DXS988. DXS8023
was informative in Family P060 and individual D3 was recombined
between CSNB1 and this marker (Table 6, Figures 8 and 9), refining
the location of this proximal crossover to the region between DXS255
and DXS8023, a distance of less than 700 kb (data not shown; Nelson
et al., 1995), and placing the CSNB1 gene in Family P060 distal to
DXS8023.
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Figure 8. Refining the proximal and distal limits of CSNBI in Family
P060 with the polymorphic CA repeats DXS8023 (A) and DXS722 (B).
From analyzing DXS8023 in this part of Family P060 it was shown
that D3 carries the 139 bp allele while his affected uncles carry the
131 bp allele. Since D3 is affected, the gene for CSNB1 must lie distal
to DXS8023. From analyzing DXS722 in another part of Family P060,
the affected female D19 was shown to have the 188 bp, 190 bp
genotype of her carrier sisters. As she inherited the CSNBI1
chromosome from her father, the recombinant chromosome is a
product of her mother's CSNB1 and normal chromosomes. Since D19

is affected, the CSNB1 gene must lie proximal to DXS722.
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Figure 9. Crossover events defining the location of the CSNB1 gene in
Family P060. Individuals D3 and D19, carry chromosomes with
critical crossover events which define the proximal and distal limits
of the CSNB1 gene, respectively. Both the thick, solid black line and
the candystriped line depict chromosomes which carry the CSNBI1
gene. A dash indicates the marker was either not informative or not

tested.
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In summary then, the CSNB1 gene in Family P060 is flanked
distally by DXS722 and proximally by DXS8023, a region estimated to
be less than 2.2 Mb (data not shown; Nelson et al., 1995; Boycott et
al., 1996; Schindelhauer et al., 1996).

Development of a Physical Contig:

Construction of the Physical Contig:

The CSNB1 minimal region in Family P060 was defined as the
interval between DXS722 and DXS8023. As there are a number of
crossovers that would place the CSNB1 gene distal to DXS255 (see
Literature Review, page 8), the minimal region for CSNB1 could
potentially be restricted to the interval between DXS722 and DXS255.
To identify candidate genes from this region, a physical contig of 2
Mb was constructed (Boycott er al., 1996) and is described here.

-DNA markers were initially grouped into intervals based on their
retention in conventional and radiation hybrids (Figure 7). The
minimal genetic region for CSNBI between DXS722 and DXS255,
spans intervals 14 to 18 on the hybrid mapping panel. Initially, 22
markers (Table 3) were mapped within these intervals and YACs
were isolated using these markers and grouped into preliminary
contigs based on their DNA marker content. To bridge gaps, add YAC
coverage to the region, and increase DNA marker density, 22 new
region-specific STRs/STSs/ESTs were developed, including one STR
(Table 5) and three ESTs (Table 8) designed from existing sequences
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in Genbank, and 18 STSs (Table 9, 'Integrity of YAC Clones' section)
designed from selected end-fragments of YACs.

Table 8. ESTs Designed from Published Sequences?

DXS No. Primer Sequences Size TNK
5'.3' (bp) Buffer
DXS7465E WC%%G 110 100
DXS7466E AGAGGAG?AIZEICAGA’ITCAGT 1105 100
DXS7467E mGGgérGgGi%réAG?éTanA 143 100

a Geraghty et al., 1993.

b Primers designed from cDNA sequence and amplifies a 145 bp
product from genomic DNA.

To fill remaining gaps and add coverage to unstable regions,
cos;nids were isolated by filter hybridization for the loci DXS226 and
SYP from the ICRF cosmid library, and SYP and TFE3 from the
Lawrence Livermore cosmid library, and cosmids were isolated for
the loci EC4484L, DXS573, and EC2931L from the Lawrence
Livermore cosmid library by PCR. Figure 10 shows a hybridization of
a filter containing part of the Lawrence Livermore cosmid library
with the probe TFE3. All positive cosmid clones were isolated as
single colonies and tested for retention of surrounding DNA markers.
The physical contig was assembled using 45 YACs and 6 cosmids
corresponding to the 44 DNA markers from the Xpl11.23-pl11.22
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Figure 10. Autoradiogram showing hybridization of TFE3 onto one of
the 16 filters containing the Lawrence Livermore X Chromosome
Cosmid library. The filter contains spotted 1536 cosmid clones which
were visualized by hybridization using Lawrist 16 labelled with [c-

35S] dATP. The two clones positive for TFE3 are indicated with

arrows.
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region spanning ZNF21 and DXS255. The contig was constructed
based on the DNA marker content of YAC and cosmid clones, as
determined by PCR (Figure 11), or Southern hybridization (Figure
12), and information on DNA marker retention in conventional and
radiation hybrids (Figure 7). The computer program SEGMAP (Green
and Green, 1991) was used to confirm the order of the markers and
the placement of the YAC and cosmid clones in the contig. The

physical contig is presented in Figure 18.

Integrity of Clones:

The stability and sizes of the various YACs was evaluated using
pulsed-field gel electrophoresis. Five clonal isolates of each YAC
were run on a pulsed-field gel with the marker strain YP149 or the
host strain AB1380, or both. Figure 13A is an example of such a gel
with clonal isolates from the YAC yWXDS5905. Pulsed-field gels were
blotted and probed with total human genomic DNA to detect the
YACs within the yeast chromosome background (Figure 13B). The
sizes of the YACs were determined by comparing the position of the
YAC with the YP149 size standard. The arrow in Figure 13 indicates
the clonal isolates of the YAC yWXD5905, all of which are 150 kb in
size.

YAC stability was assessed by looking at the sizes of the five
clonal isolates for each YAC. The clonal isolates of the YAC
yWXD5905 shown in Figure 13 were the same size indicating that
this YAC is stable, in contrast to some YAC clones from this region of

the X chromosome. Figure 14 shows the analysis of clonal isolates
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Figure 11. STS content analysis of YAC clones using the DNA marker
EC3978L by PCR performed under the standard conditions described
in the 'General Materials and Methods' section. The YAC clone names
are indicated along the top and are described in Table 10. The
marker EC3978L is a YAC end-clone (Table 9) and is present on the
parent clone yWXD3978, as well as five other YACs, yWXD4484,
yWXD3986, yWXD4057, yWXD3203, and yWXD3432. Products were
separated on a 1.5% SEPARIDE/1% agarose gel and visualized by EtBr
staining. The DNA size standard is pBst cut with Haelll and the size
of relevant bands are shown. The control lanes include human
genomic DNA and ddH20. The Human* control lane is human
genomic DNA derived from an affected male with CSNB1 from Family
P060.
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Figure 12. DNA marker content analysis of YAC clones using
Southern hybridization. The YAC clone names are indicated along the
top and are described in Table 10. YAC clones were digested with
EcoRI and electrophoresed on 0.8% agarose gels, blotted, and probed
with the DNA marker DXS226. The control lanes include human
genomic DNA and DNA from a hybrid containing only the X
chromosome (GMO06318B). DXS226 is contained in the YACs
yWXD2686 and yWXD3578.
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Figure 13. Pulsed-field gel electrophoresis of YAC yWXD5905 (A)
and subsequent probing of the membrane with total human genomic
DNA (B). yWXD5905 does not comigrate with any of the yeast
chromosomes and its position relative to the DNA size standard
YP149 can be determined simply by EtBr staining (A) and analysis of
the Southern hybridization results (B). The size of this YAC has been

determined to be 150 kb and it appears to be stable.
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Figure 14. Pulsed-field gel electrophoresis of the YACs yWXD1909
and yWXD6799 (A) and subsequent probing of the membrane with
total human genomic DNA (B). Based on both the EtBr staining and
analysis of the Southern hybridization results, the YAC clones were
located relative to the DNA size standard YP149 and are indicated by
asterisks. Both of these YACs appear to be quite unstable.
Chromosomes from the host strain AB1380 were included to aid in

determining the location of YACs using EtBr visualization.
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from YACs yWXD1909 and yWXD6799, both of which were found to
be unstable and subsequently not used in the final construction of
the physical contig. The size variation of these YACs was due to
instability, and not merely the result of well-to-well contamination,
because the clonal isolates were tested and found to retain a number
of markers in Xp11.23 (data not shown).

Usually the largest YAC clonal isolate was chosen for further
characterization. The sizes of the YACs ranged from 35 kb to 1770
kb (Table 10), the majority of which appeared to be stable at the
indicated size. However, it should be noted that after 48 hours of
growth, the most stable deletion derivative can dominate the culture,
so that while a YAC may appear stable, it has merely assumed its
most stable form and is not indicative of the true parent clone.

In addition to YACs, cosmids were isolated for a number of
markers and the molecular size of the cosmids averaged 40 kb (Table
10). However, there were several cases of cosmids containing the
TFE3 locus from both the Lawrence Livermore and ICRF cosmid
libraries that had undergone obvious internal deletions since the size
of the cosmids ranged from 10-28 kb (data not shown), an insert size
impossible to package using this system (Feiss et al., 1977; Hohn and
Collins, 1980).

Generation of YAC ends by ligation-mediated PCR not only adds
additional region specific markers to the region, but also evaluates
the integrity of the YAC clone. Attempts to isolate left and right ends
of YACs bordering gaps and those in regions of low marker density

were quite successful. Figure 15 shows the products of ligation-
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Figure 15. EtBr stained gel showing the products of a ligation-
mediated PCR using the enzymes Rsal and Alul on the left and right
ends of YAC yWXD6129. All four reactions produced single major
bands and the largest generated from each end was sequenced. The
DNA size standard is pBst cut with Haelll and the sizes of the

relevant bands are shown.



124

Rsat

Alul

H62Z19aXMA

16219aXmA

H6219aXMA

16219aXMA

Joyiew

Q
Ne]

w

o

o
-3
w
-

[

N

N
<
«
<

e
o=y
NN



125
mediated PCR using the YAC yWXD6129, and Rsal and Alul

restriction enzymes. Ends generated by this method containing
single products over 200 bp in size, as indicated by electrophoresis,
were sequenced using the dsDNA cycle sequencing system, the
sequence analyzed, and primers designed to amplify new STSs. Part
of the sequence generated by the cloning of the right end of
yWXD6129, including the locations of both the right and left primers,
is shown in Figure 16. New end-clone STSs were tested on the panel
of conventional and radiation hybrids, as well as their parent clone,
to determine whether they were region-specific and could be used
for chromosome walking. Amplification using the new end-clone
STS, designated EC6129R (for end-clone of yWXD6129, right end) on
the panel of hybrids and its parent YAC yWXD6129 is shown in
Figure 17.

Of the 27 isolated end-clones, 18 were found to be region-specific
STSs (Table 9) and were used to 1isolate additional YACs to add
coverage and bridge gaps. Of the nine chimeric ends, the three
derived from the I or M Ilibrary were from another human
chromosome and the six derived from the F library were from
hamster DNA. Of a total of 20 YAC insert-ends evaluated from the F
library, six were derived from hamster, indicating a 30% rate of
chimerism. Chimeric YAC clones are indicated by dashed lines in
Figure 18. The YAC clones, yWXD5742, yWXD4518, yWXD4057,
YWXD1908, and ICRFy900EOll are also shown as dashed lines in
Figure 18. These YACs are too large to fit within the constraints of

the map, suggesting that these clones are also chimeric.
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Figure 16. Right end-clone sequence of yWXD6129 determined by
sequencing the isolated Rsal end-clone product shown in Figure 15
by the dsDNA cycle sequencing system. The sequence used for the
left and right primers of the EC6129R STS are indicated (Table 9).
The dideoxy G, A, T, and C lanes are indicated and the termination

products have been resolved on a 6% acrylamide gel.
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Figure 17. Testing of the new STS EC6129R on the hybrid mapping
panel and the parent YAC yWXD6129. The names of the hybrids are
indicated along the top and the control lanes include DNA from
mouse, CHO, human and the X-only hybrid GM06318B. The EC6129R
STS (DXS8222, Table 9) is retained on hybrids H21, H99, H151, K11,
K16, K52, K54, SIN176, and GM10063, as well as the parent YAC,
illustrating that this end-clone is region-specific (interval 16) and
was derived from yWXD6129. The DNA size standard is pBst cut

with Haelll and the sizes of the relevant bands are indicated.
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Figure 18. Physical contig and DNA marker map in human Xp11.23-
pl1.22 (Boycott er al., 1996). The thick, dark line with bidirectional
arrows indicates the chromosome with the telomere to the left and
the centromere to the rightt DNA markers and genes are ordered
across the top of the figure, as determined by retention in
conventional and radiation hybrids, YAC and cosmid content,
parsimony, and SEGMAP analysis. Genes are indicated by boldface
type and polymorphic markers are shown with an asterisk. A line
under two or more markers indicates that they could not be ordered
relative to each other. YAC and cosmid clones are represented as
lines together with their names and are described in Table 10. The
names of cosmid clones are superceded by a 'c’. The length of the
solid line corresponding to a YAC or cosmid indicates its approximate
size. Dashed lines associated with a YAC indicate that there is
evidence of chimerism or, in the case of yWXD5742, yWXD4518
yWXD4057, yWXD1908, and ICRFy900EOl1, that the size of the YAC
is too large to fit within the constraints of the map, suggesting that
these clones are also chimeric. In either of these cases the length of
the YAC corresponds only to the markers it contains. Deletions in
clones are indicated by brackets. YAC end-clones are represented by

black circles.
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FISH analysis performed on the YAC clone yWXD2931 indicated
two chromosomal assignments, only one of which was from the
expected location on the X chromosome (Dr. B. Roland, personal
communication). Since EC2931L maps to the region of interest and
EC6129R maps on yWXD2931, it would appear that yWXD2931 is
intact from its left end to EC6129R. yWXD2931 does not contain
DXS255 which would indicate that the right end of the YAC contains
the chimeric insert. A chimeric fragment of approximately 1200 kb
would account for the large size of this YAC (1770 kb) relative to the
estimated region it spans (550 kb) (Figure 18).

Based on the most parsimonious marker order, nine of the YACs
in Figure 18 appear to contain internal deletions (indicated as
brackets in Figure 18). Two of the deletions occur in the distal
portion of the contig between DXS1358 and DXS226. Approximately
40% of the YACs from this subregion show both size and STS content
differences between clonal isolates (data not shown). There are at
least three to five intact YAC clones that complement the observed
deletions in this region. Seven of the deletions involve one or more of
a group of markers between DXS7469E and DXS573, including the
genes TFE3 and SYP. As many as 80% of the YACs in this region show
both size and STS content differences between clonal isolates (data
not shown). This region of the contig appears to be highly unstable

in YACs.
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Order of DNA Markers:

Markers could be unambiguously ordered along the chromosome
except for five groups, (WASP, DXS1011E and DXS7467E), (DXS1358
and DXS7466E), (DXS1126 and DXS1240), (DXS1007E and SYP), and
(4224ia and DXS1039), which cosegregated in all of the clones tested.
Two additional pairs of markers, (DXS7469E and DXS1470), and
(EC4484L and EC3978L), could also not be ordered on the basis of
cosegregation but did demonstrate differences in deletion. The
markers, DXS7469E and DXS1470, cosegregated in two YACs,
yWXD3860, yWXD4057, and codeleted in one YAC, yWXD3203. In
the YAC yWXD3432, DXS7469E was present but DXS1470 was
deleted. If the most parsimonious deletion is assumed to have
occurred in yWXD3432, then it would appear that DXS7469E maps
distal to DXS1470. The second pair of markers, EC4484L and
EC3978L, cosegregated in four YACs, yWXD3432, yWXD4484,
yW-XD3978, yWXD3976 and one cosmid, ¢553, but EC4484L was
deleted in yWXD3203, yWXD4057, and EC3987L was deleted in
yWXD1908. If the most parsimonious deletions are assumed to have
occurred in these YACs, then it would appear that EC4484L maps
distal to EC3978L. However, in these two cases, since the two
markers cannot be ordered relative to each other based on their
presence in nondeleted YACs the order has been indicated in Figure

18 as unresolved.
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Weak Links in the Contig:

In the map there are two weak links, defined as two markers
being held together by only one clone. Both of these weak links
occur in the region between DXS7469E and DXS573, suggesting this
region may be prone to deletion. The first of these weak links,
between EC3860L and EC4484L/EC3978L, is held together only by
yWXD4057. Upon screening the YAC libraries with EC3860L only the
parent YAC, yWXD3860, and the YAC yWXD4057 were identified.
Screening of the YAC libraries with EC4484L and EC3978L identified
several YACs (five of which are shown in Figure 18), but only omne of
them, yWXD4057, was positive for EC3978L and EC3860L. Cosmid
screening with EC4484L, EC3978L, and EC3203L isolated 13 cosmids,
none of which contained EC3860L (one representative cosmid, ¢353,
is depicted in Figure 18). The second weak link is between EC1908R
and DXS573, and no YAC was identified that contained both of these
STSs. YAC library screening with EC1908R isolated only its parent
YAC and screening with DXS573 isolated three YACs that were highly
unstable. A single YAC, yWXD6047, contained DXS573 and extended
to include markers distal to EC1908R, but was deleted for EC1908R,
and the adjacent markers SYP and DXS1007E. Cosmid library
screening with DXS573 isolated 11 cosmids, one of which, c154, is the
only link between ECI908R and DXS573. The region between
EC1908R and DXS573 appears to be uncloneable in the yeast strain
AB1380.

Though the region between ZNF21 and OATL1 (ornithine

aminotransferase-like-1) appears as a weak link in Figure 18, this
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region has been detailed in other studies (Coleman er al., 1994,

Hagemann et al., 1994; Knight er al., 1994; Kwan et al., 1995a).

Size of Contig, DNA Marker Density, and Coverage:

The size of the contig was estimated to be 2 Mb taking into
account the extent of overlap between adjacent non-chimeric, intact
YACs and cosmids. In the region between OATL1 and DXS573, a
physical distance estimated to be 675 kb, there are 32 DNA markers
which gives an average density of one marker every 20 kb. The
region between DXS573 and DXS255 is estimated to be 750 kb and
contains 12 STSs which gives an average density of one STS every 60
kb. Across the 2 Mb of this contig there is an average of ome STS
every 50 kb. Whether the YAC clone coverage is estimated from the
sum of the nonchimeric portions of YAC clones, or by calculating the
average number of YACs hit per STS, the set of YAC clones presented
in ‘Figure 18 represent five-fold coverage of the region (4.8 and 5.2-
fold respectively, by the two different methods). Despite the
extensive screening of different libraries and coverage of the region,

small gaps in the physical contig cannot be excluded.

Orientation of the Contig on the X chromosome:

The contig was unambiguously oriented on the X chromosome
using the panel of hybrids which allowed us to place each of the
markers into an interval defined by the various breakpoints (Figure
7). A linkage map of the human X chromosome indicated that

DXS1126 is distal to DXS255 (Donnelly et al., 1994), firmly anchoring
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DXS255 as the most centromeric marker included in the physical
map. Previous use of the SIN176 hybrid for physical mapping of
markers on the human X chromosome indicated that OATLI1 is distal
to SYP, TFE3 and DXS255 (Lafreniere et al., 1991), anchoring OATLI1
as the most telomeric marker of this set. In addition, the YAC
ICRFy900C0874 is in common with other published more distal
contigs (Coleman et al., 1994; Hagemann et al., 1994; Knight et al.,
1994; Kwan er al.,, 1995a) which gives evidence to indicate that it is
the most distal YAC in this contig.

Physical Mapping of Genetic Markers:

Sequencing of EC3203L revealed a (TC)11 repeat. Analysis of
DNA from 50 unrelated, Caucasian females showed this repeat to be
polymorphic with allele frequencies of 0.38 (155 bp product), 0.61
(159 bp product), and 0.01 (161 bp product) (data not shown). A
153 bp product was generated from the parent YAC, yWXD3203, but
not found on any of the 100 chromosomes evaluated. Further testing
will be required to determine whether this allele occurs as a rare
variant in the population or was a mutation incurred during the
cloning procedure. This polymorphic marker adds density to the
genetic map of this region. Eleven genetic markers, including one
RFLP, one VNTR, eight CA repeats, and one TC repeat, are contained
within this contig. @ The order and estimated physical distance
separating these markers is predicted to be: Xpter-ZNF21 (CAp)
-400kb- OATL1 (RFLP) -120kb- DXS722 (CAp) -130kb- DXS6940 -90
kb- (DXS1126 (CAp), DXS1240 (CAp)) -100kb- DXS1470 (CAp)
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-80kb- EC3203L (TCp) -150kb- DXS573 (CAp) -270kb- DXS1039
(CAp) -540kb- DXS255 (VNTR)-Xcen.

Physical Mapping of Genes and Expressed Sequences:

Twelve genes or expressed sequences are contained within this
contig. The order and estimated physical distance separating these
markers is predicted to be: Xpter-ZNF21 -420kb- DXS7465E (MG66)
-60kb- DXS7927E (EC5986R, MGS81) -60kb- WASP, DXSI1011E,
DXS7467E(MG21) -60kb- DXS7466E (MG44) -60kb- GATA1l -150kb-
DXS7469E (Xp664) -120kb- TFE3 -70kb- SYP (DXS1007E)-Xcen.

Between DXS722 and DXS255 there are five ESTs, DXS1011E,
DXS7467E, DXS7466E, DXS7469E, and DXSI1007E, and four genes,
WASP, GATAI1, TFE3, and SYP. Of the four genes, SYP was a likely
candidate for CSNB1 because it is expressed in both the brain and the
retina and is involved in neural transmission. However, this gene
has been scanned almost entirely for mutations in Family P060 and
none have been detected (Dr. N.T. Bech-Hansen, personal
communication). The EST DXS1007E is part of the 5' untranslated
region of SYP and so not part of candidate gene that hasn't already
been scanned. The ESTs DXS7467E and DXS7466E were both derived
from a retinal ¢cDNA library and are therefore possible candidates for
CSNB1. However, because they lie between DXS722 and DXS1126, a
region that could potentially be excluded as containing the candidate
gene if the recombination event in D19 was refined further, these
ESTs have not yet been evaluated as possible candidates. To enrich

the region between DXS722 and DXS255 for additional transcripts,
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YACs and cosmids from the physical contig have been used for direct

cDNA selection of a number of cDNA sets.

Isolation of New Genes by Direct cDNA selection

cDNA Sets:

Direct cDNA selection with four cDNA sources (placenta, retina,
fetal brain, and frontal cortex) was used to isolate transcripts from
the region between OATL1 and DXS255 in Xpll.23. Six selections
were carried out, two with the placental cDNA set and four with
pooled retina, fetal brain, and frontal cortex cDNA sets, referred to
collectively as JRL. YACs and cosmids isolated and characterized
during physical mapping of Xp11.23-p11.22 were used as templates

to isolate region-specific cDNAs by direct cDNA selection.

Selection of YAC and Cosmid Templates:

Representative YACs from the region between OATLI and
DXS255, containing most if not all of the minimal genetic region for
the CSNB1 locus, were chosen to ensure 100% coverage. For the
placental cDNA selection, the region was divided into the distal and
proximal portions. The distal region was represented by the YACs
yWXD2686, yWXD6167, 707g5, yWXD3432, yWXD3860, yWXD4484,
and yWXD1908 (Figure 19). The YACs yWXD6167 and 707g5 were
not included on the physical contig shown in Figure 18. yWXD6167

was chosen for inclusion in this selection to duplicate coverage
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Figure 19. YACs used in the 'distal' and 'proximal’ placental direct
cDNA selections. The YACs yWXD2686, yWXD6167, 707g5,
yWXD3432, yWXD3860, yWXD4484, and yWXD1908 were part of the
distal selection and the YACs yWXD5473, yWXD2931, and yWXD1950
were part of the proximal selection. The distances between markers
in the central-proximal region of the Figure have been altered from
that in Figure 18 due to additional long-range physical mapping
information within Xp11.23-p11.22 that has become available

recently (Schindelhauer er al., 1996).
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already present due to yWXD2686. 707g5 is a CEPH YAC (Albertsen
et al., 1990) that cosegregates the markers DXS7469E and DXS1470
and was used in this selection to add coverage to this unstable
region. For the placental selection, the proximal region of the contig
was represented by the YACs yWXDS5473, yWXD2931, and
yWXD1950 (Figure 19). The YAC yWXD2686 contains the GATAIL
gene which is expressed in the placenta, as determined by testing the
GATA1l primers on the placenta cDNA set (data not shown). GATAI
was therefore used as the positive reporter gene for the distal
placental selection. The placental distal and proximal selections were
performed simultaneously, and it was assumed that if the distal
selection showed enrichment for GATAIL, then the proximal selection
also produced enrichment for genes specific to this region.

For the JRL selection, the contig was divided into four groups.
The most distal portion of the region was represented by the YACs
yWXD2686, 707gS5, yWXD3432, yWXD3860, yWXD4484, and
yWXD1908 (Group 4) (Figure 20). The central portion of the region
was represented by the cosmids cl146, cl154, c3219, and ¢2019
(Group 3). c146 and c2019 were not included on the physical contig
shown in Figure 18, but are shown along with the markers they
contain in Figure 20. The proximal portion of the region was
represented by Groups 1 and 2, with Group 1 being the most
proximal. Group 2 contained the YACs yWXDS5473, yWXD2931, and
yWXD1908 and Group 1 contained the YACs yWXD4704, yWXD6129,
yWXD1950, and yWXD1908 (Figure 20). The synaptophysin gene,

SYP, was found to be expressed in the frontal cortex, fetal brain, and
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Figure 20. YACs used in the JRL-Groups 1, 2, 3, and 4 selections. The
YACs yWXD2686, 707g5, yWXD3432, yWXD3860, yWXD4484, and
yWXD1908 were part of Group 4, cosmids ¢2019, c3219, c154, and
146-2 were part of Group 3, YACs yWXDS5473, yWXD2931, and
yWXD1908 were part of Group 2, and YACs yWXD4704, yWXD1950,
and yWXD6129 were part of Group 1. As in Figure 19, the distances
between markers in the central-proximal region have been altered
from that in Figure 18 due to additional long-range physical mapping
information within Xpl11.23-p11.22 that has become available

recently (Schindelhauer er al., 1996).
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retinal cDNA sets by PCR with primers designed to amplify exon 5
(data not shown). The YAC yWXDI1908 contains the SYP gene and
was included in the Group 1, 2, and 4 selections so that enrichment
for these selections could be evaluated using this gene. The cosmid
¢3219, used in the Group 3 selection, contains the SYP geme and
therefore SYP could also be used to evaluate enrichment in this

selection.

Direct cDNA Selection:

For the isolation of DNA from selected YACs, yeast chromosomes
were prepared and YACs were resolved by pulsed-field gel
electrophoresis using a preparative comb. Figure 21 shows the
separation of the YAC 707g5 from the yeast chromosomes. However,
due to its size (675 kb), 707g5 comigrated with the 690 kb yeast
chromosome under the conditions used and both bands had to be
extracted. Comigration with yeast chromosomes was the case for
about half of the YACs. Gel excised YAC DNA was purified using
Prep-a-Gene and quantitated using a spectrophotometer. Due to the
low levels of recovery using this technique, the presence of YAC DNA
was confirmed by PCR using a radioactive label and markers known
to be contained within the particular YACs (data not shown). YAC
DNA was present in every case. Cosmid DNA was considerably easier
to purify and was done using the rapid plasmid small-scale
preparation. Because of the large yield using this technique, cosmid

DNA was easily quantitated using spectrophotometry.
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Figure 21. Ethidium bromide stained gel showing separation of
707g5 from the other yeast chromosomes using pulsed-field gel
electrophoresis. The gel was ramped from 15 s to 75 s over a 28
hour period to ensure maximum separation of this 675 kb YAC from
yeast chromosomal DNA in this size range. 707g5 is running with the
690 kb yeast chromosome and the brackets indicate the part of the
gel that was excised for DNA purification. The marker is yeast strain

YP149 and the sizes of the relevant bands are shown.
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YAC and cosmid DNA was biotinylated using nick translation and
biotin-16-dUTP and the efficiency monitored using [0t32-P] dCTP as a
tracer during the reaction. The efficiency of biotin incorporation
relative to the labelled substrate was over 90% for YACs and slightly
less than 75% for cosmids. cDNAs were blocked and primary and
secondary selections carried out as described in the Materials and
Methods. Progress of the selection of the fetal brain, frontal cortex,
and retina (JRL) cDNA set was monitored with the reporter gene,
synaptophysin, while progress of the distal placental selection was
monitored with the reporter gene, GATAl. When these probes were
hybridized to the respective original cDNA sources, the primary
selected cDNAs, and the secondary selection products, enrichment
was observed. Figure 22 shows the enrichment of the distal
placental selection. By EtBr staining the reduction in the complexity
of the cDNA material is evident after the primary and secondary
selection. Southern hybridization with GATA1l generates signals only
in the primary and secondary selected material and not in the
unselected material, indicating enrichment has occurred for this
gene. The molecular lengths of the secondary selected cDNAs ranged
from 100-700 bp in both selections with an average insert length of
300 bp for the placental cDNAs and 350 bp for the JRL cDNAs.

The selected placental cDNAs were amplified by PCR using the
modified OLIGO1 primer and cloned using the Cloneamp™ pUCI19
system for the rapid cloning of amplification products. An attempt
was made to clone the selected JRL products in the same way but

PCR with the modified RXG primer formed large amounts of primer
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Figure 22. Unselected, and primary and secondary enrichment
products for the placental cDNA selection using the distal YACs. (A)
Selection products were electrophoresed on a 1.2% agarose gel and
stained with EtBr. The reduction in complexity of the cDNA set is
evident after the primary selection. The DNA was transferred to
nylon membrane and then probed with the gene GATAIL.
Hybridization of GATA1l is seen only in the lanes containing the
primary and secondary selected material after a one hour exposure
(B) and a 48 hour exposure (C), indicating that enrichment has

occurred for GATA1 during this selection.
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dimer that would have been cloneable using this system and given
rise to clones containing only primer as insert. After a failed attempt
with TA cloning, the JRL selected products were cut with EcoRI and
cloned into this site in pBluescript. The transformations for both the
placental and JRL selections were plated and all the colonies were
either worked up directly from the plate to check for insert or
inoculated into a well of a 96-well plate for analysis at a later time.
The number of clones generated from the transformations of each
selection are indicated in Table 11. The name of all selection
products is based on the cDNA set, plac (placental) or JRL (frontal
cortex, fetal brain, retina), and the number indicates the order in
which the clone was inoculated from the transformation plate or its

location in the 96-well plate (letter followed by a number).

- Table 11. Clones Generated from cDNA Selections

Selection Designationd No. of Clones
Placental-proximal 24
Placental-distal 36
JRL-Group 1 24
JRL-Group 2 20
JRL-Group 3P 206
JRL-Group 4 27

a JRL refers to the frontal cortex, fetal brain, retina selection.

b The genomic clones in Group 3 consisted only of cosmids.
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Characterization of Selection Products and Development of New
ESTs:

Insert fragments for all clones isolated from the selections were
isolated from DNA recovered from the rapid small-scale plasmid
procedure and excised using the appropriate enzymes. The insert
bands were isolated in low melting point gel and the DNA extracted
using Gelase™. This was the case for all selections except for JRL-
Group 3. Due to the large number of clones isolated in this selection
compared to the other selections and the relatively small genomic
region covered by the cosmids used, only 14 clones were
characterized. Excision and electrophoresis of 13 of these 14 clones
by EcoRI is shown in Figure 23. In total 60 clones from the placental
selections and 85 clones from the JRL selections were characterized.

Mapping panels were created for each of the selections for use in
preliminary characterization of the inserts. Each mapping panel
contained human genomic DNA, as well as DNA from the hybrids
GMO06318B (X only) and H99 (Xpll), Chinese hamster ovary (CHO),
and the YACs or cosmids used in the selection. For the selections
from the proximal region, JRL-Groups 1 and 2 and proximal
placental, the mapping panels also contained DNA from the hybrids
H151 (breakpoint in Xpl11.23) and SIN176 (breakpoint in Xp11.23) to
confirm and refine the location of cDNA clones. DNA was cut with
EcoRI, electrophoresed in 0.8% agarose gels, and transferred to
membrane. Inserts were radiolabelled and hybridized to the

corresponding mapping panels. At lease four copies of each mapping
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Figure 23. JRL-Group 3 clones cut with EcoRI, electrophoresed on a
1% low melting point agarose gel, and visualized by EtBr staining.
DNA size markers are pBluescript cut with Haelll on the left and
bacteriophage DNA cut with HindIIl and EcoRI on the right. The size
of the relevant bands are indicated. The 2.9 kb pBluescript vector is
evident in every lane and the inserts range from 290 to 600 bp in

size.
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Figure 24. Ethidium bromide stained 0.8% agarose gel showing EcoRI
digested DNA from human, CHO, hybrid, and YAC sources (indicated
along the top). To create a mapping filter for JRL-Group 4 cDNA
clones, the DNA was transferred from the gel to nylon membrane.
The DNA marker is bacteriophage lambda DNA cut with HindIll and

EcoRI and the sizes of the bands are indicated.
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panel were made to ensure rapid localization of the cDNA clones.

Figure 24 is an example of a mapping panel for JRL-Group 4 clones.

Proximal Placental ¢cDNA Selection: Of the 24 clones characterized
from this selection, seven had no insert, leaving 17 clones. Because
of the presence of the chimeric YAC yWXD2931 in this selection,
seven of the 17 clones did not map to the X chromosome. An
additional seven clones appeared to be contaminants brought
through the selection, leaving only three clones that mapped to this
region of the X chromosome, placB3, placBll, and placB12. The three
region specific clones were sequenced and based on this primary
single-pass sequence they did not appear to overlap with each other.
Primers were designed to amplify each of these three cDNA clones by
PCR. All primer sets amplified the expected size product (Table 12).
The proximal placental cDNA selection procedure was 59% (10/17)
efficient when considering the number of isolated cDNAs that map to
the YACs used as templates in the selection. However, due to
chimerism in YAC yWXD2931, this selection yielded only 18% (3/17)
Xpl11.23-p11.22 region-specific cDNAs.
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Table 12. Newly Developed ESTs from
Placental Selection of Proximal YACs

Lab Primer Sequences (5'-3') Size

Designation (bp)

placB3-24 CTCCACCACGATAGACCCAT 223
AGATTCCTGGTAGCTTTGGC

placBl11 CITGCACAAACCCATCACTT 111
CTGCTAGATATGAGAACAGG

placB12 CCATGCTTGTTCAATCTATC 110
AGGCTTGCGTCTCAAGAACT

@ placB3-2 also has the GDB designation DXS7471E

Distal Placental cDNA Selection: Of the 36 cDNAs characterized
from the distal placental selection, eight had no insert, leaving 28
clones. Of these 28 clones, 21 mapped to Xpll.23, while seven clones
appeared to be contaminants brought through the selection. The
efficiency of this direct cDNA selection was 75% (21/28), and the
yield of Xp11.23 region-specific clones was also 75% (21/28). The 21
clones were sequenced and reduced to 14 nonoverlapping sets, a
redundancy of 33%. Three of these clones had been previously
identified, placD4 was from part of the GATAl gene, and placC10
and placD12 were part of the ESTs IS3 and IS4, respectively (Derry
et al., 1994). To amplify the remaining 11 unique clones by PCR,
primers pairs were designed. Ten of the primer pairs (placCl,
placC7, placCl1, placC12, placD1,11, placD2,7, placD10,ES5, placE2,
placE3,8,9, and placEll) yielded the expected size product and were
region specific (Table 13). The primers designed to amplify the

placental clone, placC5,8,E10 failed to give any product and were
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likely spanning an intron that was too large to be amplified under

the PCR conditions used.

Redesigning the primers for this clone may

add an additional EST based PCR marker to this region.

Table 13. Newly Developed ESTs from Placental
Selection of Distal YACs

Lab Primer Sequences (5'-3") Size

Designation (bp)

placC1 AACAATCCCAGCAGTCACCA 80
CGAGGCTGACACAAGATTCA

placC7 ATGGAGTTGGATTCCIGTGG 156
CCACTCATCTAAGGTCTGAC

placCl11 CACAGGGAAGCTGACCAAAG 146
TGTAGAGCAGCAACITGTTG

placCl12 ACAGCCTTCTAGICTAGCCC 108
GCCACATGCAGCTCAGGATA

placD1,11 AGTGATAAGGAGGTIGTGCGG 200
CACATCCTGACACACACTTC

placD2,7 AACAAGCAGATGAGAGTGGA 94
CCCTCCITTCATCITCCICC

placD10,ES GAAGTCCGCGTAGTATCTTT 124
TCCACCTICTTTAACGAGCCT

placE2a GAAGGGAACCAAGGTACCAG 133
GCTGACCTTTGACTTCCATC

placE3,8,9 GGTATTTAGGGATAGATATG 137
AAACTGTCITATTGAAGCCC

placEl1l CCTCACACATACCAAGCCIT 122
TTAAGCAGAGATCAGGAGAT

a placE2 also has the GDB designation DXS7472E
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JRL-Group 1 cDNA Selection: Of the 24 cDNAs characterized from
this selection, ten mapped to Xpll.23-p11.22, six did not map on the
X chromosome, and eight were repeats. This indicates an efficiency
of 67% (16/24) for this selection, however due to chimerism in the
YACs used as template for the selection omnly 42% (10/24) of the
clones were Xpl11.23-pl11.22 region-specific. = The region-specific
cDNA clones were sequenced and reduced to nine nonoverlapping
sets, a redundancy of 10%. Primers were designed to amplify the
nine unique clones by PCR (JRL1-Bl, JRL1-B4, JRL1-B6, JRL1-B1l,
JRL1-C3, JRL1-C4,5, JRL1-C7, JRL1-C9, JRL1-C10) and all yielded the
expected size product size (Table 14). The clones JRL1-C3 and JRLI1-
C9 did not map to a specific YAC but did map to the Xpl1.23 region
when used as labelled probes on the mapping panels. These clones
were sequenced, primers designed, and these were tested on YAC
templates from the Group 1 region. These ESTs failed to amplify
usirg any of the templates from Group 1 and were also negative on
H151 and SIN176, indicating that they may be located in the Group 4
region. The ESTs were tested in this region using YAC and cosmid
templates and found to map here. This could be explained by a small
amount of yWXD2686 contaminating the Group 1 YACs leading to the
isolation of JRL1-C3 and JRL1-C9 from a region other than that

represented by Group 1.



Table 14. Newly Developed ESTs from JRL-
Group 1 Selection

Lab Primer Sequences (5'-3') Size

Designation (bp)

JRL1-B1 GITCACCCATGCCTGACCIT 215
TATTTCTCCCTGTCCCTAAA

JRL1-B4 GTCAGGCACTGAAACCCAAA 101
AGGTTTCTGAAGCCACTCAT

JRL1-B6 AAACCCAAAGGAAACTCAGC 115
CGAATTCTGAGTATCGTGGG

JRL1-B11 GTGAACCAATAAGAGTCAGA 161
TGTCCATCTTGAAGCACCAT

JRL 1-C3 AGACATCTTCATTTCCGAGA 195
TACTGACAGTCTGTACCAAG

JRL1-C4,5 CTTATGCAAAGACCTCACAA 94
GAGTCICIGCAAGCCIGIGT

JRL1-C7 CTTCTAAGACCCACCTCCTC 188
AAGAATGGTGCTTCAAGATG

JRL 1-C9 CCACATTGGGTCAGAACTIT 144
AAGACATCTTCATTTCCGAG

JRL1-C10 GGGCIGGCTTTICIGICIGIC 142
GTTTCAACACAATTTCTGCC

JRL-Group 2 cDNA Selection:

160

Of the 20 cDNAs characterized from

this selection, none mapped to Xpl11.23-pl11.22 and three clones
appeared to contain low level repeats. While the efficiency of the
selection was 85% (17/20), due to the use of the chimeric YAC
yWXD2931, all of these clones originate from a chromosome other
than the X and therefore 0% (0/20) of the clones were Xpll1l.23-
pl1.22 region-specific. Figure 25 is an example of the mapping of a
cDNA that originates from a chromosomal region homologous to the

chimeric portion of yWXD2931. Signals are seen only in the human
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genomic DNA lane and the yWXD2931 lane but not on the X-only
hybrid or on hybrids H99 or H151. No clones from this selection

were characterized further.

JRL-Group 3 c¢cDNA Selection: Of the 14 cDNAs characterized from
this selection, 11 mapped to Xpll.23, while three clones appeared to
contain repeat sequences. This indicates an efficiency of 79%
(11/14) for this selection, and the yield of Xpll1.23 region-specific
clones was also 79% (11/14).. The eleven clones were sequenced and
reduced to 10 nonoverlapping sets, a redundancy of 10%. One of the
clones was part of the SYP gene and two were different parts of the
TFE3 gene, and these three clones were not characterized further. To
amplify the remaining seven unique clones by PCR, primer pairs
were designed, all of which (JRL3-1, JRL3-4, JRL3-8, JRL3-10, JRL3-
12, JRL3-13, and JRL3-14) yielded the expected size product (Table
15).
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Figure 25. Mapping of JRL2-D3 cDNA clone on a mapping panel for
the JRL-Group 2 selection. JRL2-D3 is positive only on human and
yWXD2931 indicating that it is from a chromosome other than the X
which presumably corresponds to the chimeric portion of yWXD2931.
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Table 15. Newly Developed ESTs from JRL-
Group 3 Selection

Lab Primer Sequences (5'-3') Size

Designation (bp)

JRL3-1 GTCCTCTAGAAAGCGTGGCA 147
ACTGGGCTATACACTGATAT

JRL3-4 AAACTCAAACCCAGATGCAA 176
TCACCTACTAAGCAGTTACA

JRL3-8 CGCCTACACTGTIGGTTCACA 124
CTTATGCAAAGACCTCACAA

JRL3-10 AAGAATCAGGACTAGCTGCT 129
CACCGCCIGTGATCATITAG

JRL3-12 GATGCCTGGCAAGTTCTAGA 129
GAGCACCTACTATGTACCAG

JRL3-13 GTCAGGCACTGAAACCCAAA 139
TGGCTCAGGGTAACTGCAAT

JRL3-14 AATGCTAGGGACATTTATIT 255
TGCTCAGTATCTTCATCTIGG

JRL-Group 4 cDNA Selection: Of the 27 cDNAs characterized from
thlS selection, 22 mapped to Xpll.23, while four clones appeared to
be contaminants brought through the selection. One clone did not
map to the X chromosome though it did map to yWXD1908. Based on
this information, the efficiency of this selection was 85% (23/27) but,
due to chimerism in yWXD1908, only 81% (22/27) of clones were
Xpl1.23 region-specific. ~The mapping of one of the cDNA clones
from this group, JRL4-Al, on hybrid and YAC templates by Southern
hybridization is shown in Figure 26. The 22 clones were sequenced
and reduced to 16 nonoverlapping sets, a redundancy of 27%. One

clone, JRL4-8, was sequenced with every possible pBluescript
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Figure 26. Autoradiogram of JRL4-Al insert hybridized to a JRL-
Group 4 mapping panel containing DNA from critical hybrids and the
YACs used in the selection. The names of the hybrids and YACs are
indicated along the top. Hybridization of JRL4-Al to human, X-only
(GMO06318B), and H99 verifies that this clone maps to Xpll and
hybridization to the YAC 707g5 places it in Xp11.23.
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sequencing primer but no sequence was generated. It would appear
that this clone underwent an undefined vector mutation which
resulted in loss of the sequencing primer annealing sites. The clone
JRL4-B1 was part of the gene SYP and was not characterized further.
To amplify the remaining 15 unique clones by PCR, primers pairs
were designed, all of which (JRL4-1, JRL4-2, JRL4-3, JRL4-4, JRL4-5,
JRL4-9, JRL4-Al, JRL4-A3, JRL4-A4, JRL4-A6,9, JRL4-A7,8,12,B-2,4-
7, JRL4-A10, JRL4-B4, JRL4-BS, and JRL4-B6) yielded the expected
size product with the exception of JRL4-Al which crosses and intron
and gives a larger product (Table 16). The primer pair location in

the JRL4-Al sequence is shown in Figure 27.

Verification of Primer Pairs as Region-Specific: All primer pairs
were region-specific as tested by PCR amplification on the templates
used for the construction of the mapping panels. Figure 28 is an
example of this preliminary mapping by PCR with the EST JRL4-Al.
In a number of instances the primer pair for a particular EST was
also tested on the entire set of hybrids in the hybrid mapping panel,

as shown for the EST JRL4-Al in Figure 29.



Table 16. Newly Developed ESTs from JRL-
Group 4 Selection

Lab Primer Sequences (5'-3') Size

Designation (bp)

JRL4-1 CCACCACTCACAAGCTIGTIGT 173
TTCAGTGGTTCCAGAGGTTIT

JRL4-2 GTTCTTCAGAAGTCAGCAAA 169
CGATAGTTGAGTAGATGTGC

JRL4-3 TCAGCAGTGGTCTTTGGAAG 176
GGTTTCACTATGAAGGGAGG

JRL4-4 ACCAAGACTCTGTCTCCAAA 132
GACAAAGAGGCTGGGATTGC

JRL4-5 ATGACAGAGGAAAGGCAAGT 133
GTGAGTGGCCCTCCICCTAA

JRL4-9 GGCITCTGGTGGAGTITAGGA 89
CTCACTAGCCAGICCCAAGG

JRL4-Al TTTCTCTCTGTCTACCTTGT 7814a
CTGCGGGCTCCCITACTACTIG

JRL4-A3 AAATCAGATTGGAGATGTCC 98
CTGATCTGATGACCTATTTG

JRL4-A4 AAAGGAACAGGGAGGACTTT 105
TCCTCTACCTAGAACACCCT

JRL4-A6.9 TTTGGGAGACAGAGTCAGTG 118

. CACCTCTTTCTGCCCICTCA
JRL4-A7,8,12, GGTTCAGATCCATCCCTTGC 100
B-2,4-7 CCCAATCTAGCGGAGGTAAA

JRL4-A10 AGAGGAACAAATGTATTTAG 159
CAGTCCACTGGAACTACTAT

JRL4-B4 GTGAAGGTGACAGAGGTGAG 156
TAGTTTGACCAATCTCACGA

JRL4-B5 GGGATAACAATAGTGCITAC 161
GGGTATTGAAGGATTGAATG

JRL4-B6 AACCACCACTCACAAGCTGT 182
CAGTTTGATTCAGTGGTTCC

@ The primer set JRL4-Al crosses an intron and amplifies

a genomic product of 470 bp.

168
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Figure 27. Sequence of the cDNA clone JRL4-Al and the location of
the left and right primers used to amplify this EST (Table 16). DNA
was prepared for sequencing using the rapid small-scale plasmid
preparation and sequenced using Sequenase® Version 2. The
dideoxy G, A, T, and C lanes are indicated along the top and the

termination products have been resolved on a 6% acrylamide gel.
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Figure 28. Preliminary mapping of the JRL4-Al EST by PCR on the
hybrids H99, and SIN176 and the YACs yWXD2686, 707g5,
yWX3432, yWXD4484, and yWXD1908 used in the Group 4 selection.
The positive controls are total human genomic DNA and the X-only
hybrid GMO06318B, and the negative controls are CHO and ddH20.
The PCR products were electrophoresed on a 1.5% SEPARIDE/1%
agarose gel and visualized by EtBr staining. The DNA marker is

pBluescript cut with Haelll and the sizes of the bands are indicated.
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Figure 29. Mapping of the JRL4-Al EST by PCR on the entire hybrid
mapping panel. The control lanes are CHO, mouse, human genomic
DNA and ddH20. The PCR products were electrophoresed on a 1.5%
SEPARIDE/1% agarose gel and visualized by EtBr staining. Lanes are
as indicated across the top of the gel. The DNA marker is

pBluescript cut with Haelll and the sizes of the bands are indicated.
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Evaluation of the Direct cDNA Selection Technique and Generation
of an Integrated Map:

Since the frontal cortex, fetal brain, and retinal cDNA sets were
pooled prior to selection and are all amplified by the RXG primer, it
cannot be discerned which of the newly developed ESTs are derived
from which tissue. Considering the placental selections together, the
efficiency of the selection was 69% but only 53% of the selected cDNA
clones were region-specific. Considering the JRL selections together,
the efficiency of the selection was 79% but only 50% of the selected
clones were region-specific.

One of the concerns in using the direct cDNA selection procedure
is the potential problem of isolating nonspecific clones that are
selected by repetitive sequences in the genomic template, or in the
yeast background that still remains after purification of the YACs. Of
the 130 clones analyzed in this study, 31 clones were contaminants.
Several of these clones were sequenced and analysis revealed that
pBluescript, Alu, Line 1, mitochondrial DNA, 18S rRNA, and 28S rRNA
contaminants were among them with the repeat contaminant being
the most common (data not shown).

In total then, 44 new ESTs were established for the Xpll1l.23-
pl1.22 region, 13 derived from the placental selections and 31
derived from the JRL selections. The location of these new ESTs was
determined by amplification of relevant YAC and cosmid templates
from the detailed physical contig using the EST primer pairs. Figure
30 shows the amplification of these templates for the EST JRL4-Al.

The lanes containing the positive human genomic control, 707g5, and
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Figure 30. Sublocalization of the cDNA clone JRL4-Al using the EST
primer pair to amplify the YAC and cosmid templates (indicated
along the top) from Figure 18 by PCR. Control lanes are human
genomic DNA and ddH2O. DNA marker is pBluescript cut with Haelll

and the relevant band sizes are indicated.
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yWXD3860 show the expected product size of 470 bp, while the
water control lane is negative. Based on the retention of JRL4-Al
only in these YACs, this clone can be sublocalized on the physical
map (Figure 32). The remaining 43 ESTs were sublocalized on the
physical map in a similar manner (Figures 31, 32, and 33).

As part of the effort to establish a detailed transcript map in
Xp11.23, recently published cDNA and gene sequences (Derry et al,
1994) were integrated into the physical map of this region. PCR
primers were designed to amplify the four ESTs (IS2, IS3, IS4, and
IS7) and the gene (RBM3) from the sequence published by Derry and
coworkers (1994; 1995) (Table 17). Each of these ESTs were shown
to be region-specific by analysis on the hybrid mapping panel. Based
on this information, the EST IS7 was found to map distal to OATLI1
and ZNF21 and was therefore not localized further. The remaining
three ESTs and the gene RBM3 were integrated into the map and are
shown in Figure 31.

The region between OATL1 and DXS255 is approximately 1700
kb (Boycott et al., 1996; Schindelhauer ez al., 1996) and the map now
contains 91 DNA markers, giving an average resolution of one
marker every 18 kb. Furthermore this group of markers includes
five genes, two pseudogenes, 56 ESTs, and nine simple tandem
repeats (STRs), generating an integrated genetic, physical, and

transcript map of this region.
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Figure 31. Integrated genetic, physical and transcript map of the
distal portion of Xpl1.23 between the markers OATL1 and HRASP.
The region contains 31 DNA markers over 400 kb with an average
resolution of one marker every 13 kb. YAC end-clones have been
represented by their GDB designations (Table 9). Of these 31 DNA
markers, three are genes (RBM3, WASP, and GATAIl), two are
pseudogenes (OATL1 and HRASP), two are polymorphic markers (*),
eight are published ESTs (in bold), and 12 are new ESTs developed
during this effort (in bold). Of the 12 new ESTs, seven were derived
from the JRL cDNA sets and five were derived from the placental
cDNA set. JRL4-A7 is the EST JRL4-A7, 8, 12, B-2, 4-7 (Table 16). A
line under two or more markers indicates that they could not be
ordered relative to each other because they cosegregated in every
physical clone tested. There is on average one EST every 20 kb

throughout this region.
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Figure 32. Integrated genetic, physical and transcript map of the
central portion of Xpl11.23 between the markers DXS6676 and
DXS1007E. The region contains 34 DNA markers over 300 kb with an
average resolution of one marker every 9 kb. YAC end-clones have
been represented by their GDB designations (Table 9). Of these 34
DNA markers, one is a gene (TFE3), four are polymorphic markers (¥*),
two are published ESTs (in bold), and 20 are new ESTs developed
during this effort (in bold). Of the 20 new ESTs, 14 were derived
from the JRL cDNA sets and six were derived from the placental
cDNA set. A line under two or more markers indicates that they
could not be ordered relative to each other because they
cosegregated in every physical clone tested. There is on average one
EST every 15 kb throughout this region. The order of several of the
markers in this region have been altered relative to that in Figure 18
based on additional work with new cosmids and BACs in this region
(data not shown), as well as new long-range mapping information
within Xpl11.23-p11.22 that has become available recently
(Schindelhauer et al., 1996).
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Figure 33. Integrated genetic, physical and transcript map of the
proximal portion of Xpl11.23-pl1.22 between the markers SYP and
DXS255. The region contains 26 DNA markers over 750 kb with an
average resolution of one marker every 30 kb. YAC end-clones have
been represented by their GDB designations (Table 9). Of these 26
DNA markers, one is a gene (SYP), three are genetic markers (*), and
12 are new ESTs developed during this effort (in bold). Of the 12
new ESTs, ten were derived from the JRL cDNA sets and two were
derived from the placental cDNA set. A line under two or more
markers indicates that they could not be ordered relative to each
other because they cosegregated in every physical clone tested. The
majority of the new ESTs are concentrated in the distal portion of
this map. The order of the markers DXS1331 and DXS1522 and the
physical distances in the distal portion of this region have been
altered relative to that in Figure 18 based on additional work with
new cosmids in this region, several of which are shown in context of
the map positions of the new ESTs, as well as new long-range
mapping information within Xpl11.23-p11.22 that has become

available recently (Schindelhauer et al., 1996).
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Table 17. ESTs Designed from Published

Sequences?
Designation Primer Sequences (5'-3') Size
(bp)

IS2 TTATGCTGTGACACCACTGC 244b
AGTAGTAACACCAGGCTGAC

[S3-plac C10 CAGAGATGCACTGAACTCAT 140
ATTAAATGACTCACCTGAGG

IS4-placD12 TGTGGGCICICITCCTITAGA 150
CCTAAGTGGAATCAATGAAG

IS7 CCATCTTGTICICGTCGCATT 227
TTTGGTTGCTTCAGGGAAAG

RBM3 ACACAAGGAATAATTTCTGA 274
AGCTCCAATAAACCTAAGAG

@ Derry et al., 1994.

b Primers designed from cDNA sequence and span an intron.
Product in genomic DNA is approximately 375 bp.
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Characterization of a Candidate Gene for CSNBI1:

Selection of a Candidate Gene:

The region between DXS722 and DXS255 at this stage of my
studies contained four genes and 54 ESTs and the task was ome of
sifting through this transcript information to generate a prioritized
list of candidate genes to be analyzed for mutations in individuals
affected with CSNB1. The EST JRL4-Al was chosen for further
characterization as a candidate gene for CSNB1 in Family P060 for
several reasons. JRL4-Al1 had been localized proximal to the
DXS1126 locus and therefore was not going to be potentially
excluded as a candidate gene if the crossover event occurring
between DXS722 and DXS1126 on the recombinant chromosome
carried by D19 (Family P060) was refined further. Secondly,
expression analysis (see below) of JRL4-Al indicated that it was
expressed both in the brain and the retina, making this EST a better
candidate than one expressed only in an unaffected tissue. Lastly,
JRL4-A1 was chosen for further characterization because a longer
cDNA clone corresponding to this EST had been identified and initial
characterization of this cDNA using a Northern Blot indicated that
most of the whole gene was present in this clone (see below). The
gene that corresponds to the JRL4-Al cDNA will be referred to as
KATI.
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Sequencing of a KAT1 c¢cDNA Clone:

Database analysis with the sequence of JRL4-Al indicated that it
was part of the 5' end of a larger cDNA clone 263773 that had been
partially characterized by the ILM.A.G.E. Consortium and the Wash U-
Merck sequencing effort. The cDNA clone 263773 was obtained from
Genome Systems Inc. St Louis, MO for a nominal charge. DNA was
prepared for Sequenase® sequencing using the rapid plasmid small
scale preparation. As the cDNA insert for this clone was in the vector
pT3T7D, the primers T7 and T3 were used to generate sequence from
the 5' and 3' end of the cDNA, respectively. Subsequently, two new
primers (Table 18) were designed from the DNA sequence generated
from the T7 and T3 primers and used to complete the assembly of

the cDNA sequence (see later, Figure 41).

Table 18. Sequencing Primers for cDNA Clone 263773

Primer Name Sequence 5' to 3'
773-T3-1 CCAGICTTGGCCTCATTCCG
773-T7-1 ACTATGACGATGATCCTGTG

Expression of KATI:

Northern Analysis: The cDNA 263773, corresponding to KATI,
was excised from the vector pT3T7D and the DNA isolated as
described in Materials and Methods. The extracted DNA was labelled

and used as a radioactive probe on a Northern Blot to analyze
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expression and to size the full-length transcript. Clontech's human
multiple tissue Northern blot was used for this purpose and
contained mRNA from heart, brain, placenta, lung liver, skeletal
muscle, kidney, and pancreas. KAT1 is abundantly expressed in all
tissues that were part of the Northern blot and hybridized to a

transcript of approximately 1100 bp (Figure 34).

PCR Expression Profiles: PCR amplification using the JRL4-Al EST
on cDNA library aliquots is a convenient way to determine whether
clones corresponding to this EST are present in a particular cDNA
library, and therefore whether KATI1, by inference, is expressed in a
particular tissue. Choosing a primer pair that amplifies across an
intron, such as those for JRL4-Al, allows one to detect genomic
contamination in either the cDNA library or the PCR reaction itself
and prevents incorrect interpretation of the expression results.
Amplification of JRL4-Al on aliquots from the oligo dT primed
placental, fetal brain, fetal retina, adult retina libraries, and the
random primed placenta, fetal brain, frontal cortex and retina
libraries indicated the presence of this gene in each of these libraries

(Figure 35).
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Figure 34. Autoradiogram of cDNA clone 263773 hybridized to a
Clontech human multiple tissue Northern blot. Two pug of RNA has
been loaded in each lane. The tissue types are indicated along the
top. Comparison to the size marks on the filter indicates that this

transcript is approximately 1100 bp (mot shown).
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Figure 35. PCR analysis of the EST JRL4-Al on cDNA libraries and
cDNA sets. The origin of each of the libraries or sets is indicated
along the top. In human genomic DNA the primer pair encompasses
an intron and hence the amplified fragment (470 bp) is larger than
that seen when cDNA is used as the template (281 bp). The band in
the Ng primed retina cDNA set is present, but is very faint due to the
quality of this particular ¢cDNA set (Dr. J. Rommens, personal
communication). The DNA marker is pBluescript cut with Haelll and

the- fragment sizes are indicated.
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c¢DNA Sequencing Project Information: Large scale sequencing of
complementary DNAs (cDNAs) from a variety of tissues is well
underway through the efforts of the I.LM.A.G.E. Consortium and the
Wash U-Merck cDNA sequencing project (Lennon er al, 1996) (Hillier
et al.,, 1996). The information generated by this effort is made
available through public databases and is a resource of expression
information. Analysis of the dbEST database using KATI1 sequence
indicates that there are at least 16 other cDNAs that contain part of
this sequence. Investigation as to the library origin of these cDNAs
indicates that KAT1 is expressed in at least eight different tissues
(Table 19).

Table 19. Expression Analysis of KAT1

Analysis Tissue
Northern Blot heart, brain, placenta, lung, liver,

skeletal muscle, kidney, pancreas

PCR cDNA Library Expression fetal brain, fetal retina, adult

Profiles brain, adult retina, placenta

Sequencing Projects fetal liver/spleen, fetal lung,
melanocyte, parathyroid tumour,

breast, infant brain, retina, heart
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5'RACE:

To verify that the cDNA clone 263773, corresponding to KATI,
contains the 5' end of the gene, 5 RACE was performed using
Clontech's Marathon-Ready brain cDNA and KlenTaq Polymerase Mix.
The primer R-4 (Table 20, Figure 43) was chosen for RACE because of
its location in the 5' end of the gene and the presence of an internal
primer, R-5 (Table 20, Figure 43), that could be wused if
reamplification of the RACE product was required. Both the primers
satisfied the criteria (G/C content of 50-70% and Tm of at least 60°C)
for touch-down PCR. Amplification with R-4 and APl (adaptor
primer) yielded two bands of approximately 450 bp (upper band)
and 385 bp (lower band). These bands were excised separately from
the gel, the DNA was purified using Gelase™ and reamplified using
the internal primers R-5 and AP2 (internal adaptor primer).
Reamplification gave only the upper (290 bp) or the lower band (225
bp)- (Figure 36). These bands were excised and the purified DNA was
sequenced using Thermo Sequenase™ (Figure 37). The sequences of
the two bands were identical except for a 68 bp insertion in the
sequence of the upper band which was considered to be alternatively
spliced (Figures 37, 41, 42, and 43). Primers were designed from the
RACE sequence to amplify the alternatively spliced region (Table 20)
and they gave the expected product in human genomic DNA (data not
shown). The sequence of both bands also indicated that the 5' end of
the cDNA was intact in the original cDNA clone 263773.



195

Figure 36. 5' RACE products of the KAT1 gene using human brain
Marathon-Ready ¢cDNA. Amplification of the cDNA with the primers
R-4 and AP1 yielded two products, an upper band of 450 bp and a
lower band of about 385 bp. Reamplification of the upper and lower
products in separate reactions using the internal primers R-5 and
AP2 yielded a 290 bp product (from the upper band) and a 225 bp
product (from the lower band). Products were run on a 1.5%
SEPARIDE/1% agarose gel and visualized by EtBr staining. The DNA
marker is pBluescript cut with Haelll and the sizes of the relevant

fragments are indicated.
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Figure 37. Sequence of the upper and lower 5' RACE products
amplified using R-5 and AP2 shown in Figure 36. The DNA was
purifed using Gelase™ and sequenced using R-5 and Thermo
Sequenase™. The dideoxy G, A, T, and C lanes are indicated along
the top of the figure and the termination products have been
resolved on a 6% acrylamide gel. The 68 bp corresponding to the
alternatively spliced region are indicated. This sequence is detailed

in Figures 41 and 42.
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Characterization of Exon/Intron Boundaries of the KATI Gene:

The genomic structure of KAT1 was elucidated by a combination
of three different approaches. Initially, overlapping sets of primers
were designed based on the cDNA sequence of clone 263773. Introns
C, D, E, and F were isolated in this way. For the 5' end of KATI1 this
approach was unsatisfactory because of the presence of at least one
intron that was too large to be amplified by the PCR conditions in
use. To elucidate the genomic structure in this region, a cosmid
containing KAT1 was single-pass sequenced through a collaborative
effort with the German Human Genome Project (Dr. A. Meindl,
Munchen, and Dr. T. Rosenthal, Jena), and ligation-mediated PCR was
used to walk into unknown intron sequence using KAT1l exon based
primers. Cosmid sequencing generated partial sequence for Intron A
and the region 5' to exon 1. Walking by linker ligation generated

partial sequence for intron B.

¢cDNA Based Primers: Five sets of overlapping primers were
initially designed using the cDNA sequence of clone 263773 (Table
20, Figures 41 and 43). Amplification with three of the primer sets,
F-3/R-3, F-4/R-2, F-5/R-1 under the standard PCR conditions using
TNK100 buffer gave products of greater than expected size,
suggesting the presence of at least one intron. These products were
isolated in low melting point agarose gels, purified using Gelase™,
and sequenced using Thermo Sequenase™. These sequences were
compared with the cDNA sequence to identify the location and

sequence of the introns. The primer set F-3/R-3 amplified Intron D,
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Table 20.

Primers Designed to Amplify cDNA 263773

Primer Set

Sequence 5' to 3'

Expected Actual
Size (bp) Size (bp)

F-5, R-1

F-2-2, IR-2

F-1-2, IR-4

F-1-3, IR-4

F-1-4, IR-2

F-1-5, IR-2

CGTAGCGGCGACACGAGAGA
AATACACTCGTGCAGGTAGT
GAAGGTCTCATTCGGTGTTT
TCATCGTCATAGTCCTCGGC
GGCCAAGAGAGGCATCCTCA
AGCTTCTTGGCCGATTTGGT
CCCTTACTACTGGAATGCAG
CICTCTCTGICTACCTITGTIC
GACAAGTCTGACAGGGATCG
AGCTAGGGTCCATGGGGTCT
CTCCCTATCCCAAGAGCAAG
AGGATCACCAGAAAGCITTT
GGAAGAGATCATTGCCGAGG
TCATTCTACTTGGCCTICTCC
CCCAGGTATCGTAGCGGCGA
GGCTCCCTCCCTTGIGTCCC
GAGTGTATTGGTICTGTCTGC
GGCTCCCTCCCTTGTGTCCC
GCTATGCCGCTGCCCGTTGC
TCATTCTACTTGGCCTCTCC
GTGACAGCCTTCCACTACCT
TCATTCTACTTGGCCICTCC

63

239

243

272

217

294

289

354

301

992

1041

63

none

none

470

460

605

850

nonec

270

none

none
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F-4/R-2 amplified Intron E, and F-5/R-1 amplifed both Introns E and
F (Figures 41, 42, and 43). Figure 38 indicates the location of the
exon/intron boundary between Exon 5 and Intron E in the F-4/R-2
product. The sequences of the exon/intron boundaries all conform to
the canonical splice donor and acceptor sites (Figures 41, 42, and 43).
The primer pairs F-1/R-5 and F-2/R-4 (Table 20) did not generate
any products and so the primers were redesigned. The new primer
pair F-2-2/IR-2 (IR-2 is located within Intron D) gave a larger than
expected product and was sequenced to determine the location of the
intron C. The primer IF-5 5' CTTGGTTGTGAGGTTTAGGG 3' was
designed from intron C sequence to complete the sequence of this
intron. The new primer pairs F-1-2/IR-4 (IR-4 is located within
Intron C) and F-1-3/IR-4 (Table 20) gave no product and a smaller
product than expected, respectively, the latter of which when
sequenced did not originate from this region. BLAST analysis of
intron C containing IR-4 indicated that it was an Alu repeat, and this
repeat probably resulted in a PCR amplified product from an origin
other than KAT1. Two additional 5' primers, F-1-4 and F-1-5 (Table
20), were then designed to amplify genomic DNA with the primer IR-
2, known to anneal specifically, but again these primers failed to
amplify any product. Complete characterization of KAT1 was
evidently going to require additional approaches because of the
putative large intron located in the 5' portion of this gene that could
not be crossed using cDNA based primers and the PCR conditions in

use.
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Figure 38. Sequence of the F-4/R-2 product from the KAT1 gene
using R-2 as a sequencing primer and Thermo Sequenase™. The
dideoxy G, A, T, and C lanes are indicated along the top of the figure
and the termination products have been resolved on a 6% acrylamide
gel. The exon/intron boundary between Exon 5 and Intron E is
indicated along with the two bases that conform to the splice donor

site consensus sequence (CA-GT).
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Cosmid Sequencing: A partial cosmid contig of Xpl11.23 has been
recently constructed by a group in Germany (Schindelhauer er al.,
1996) and was made available through collaboration with Dr. A.
Meindl at Ludwig-Maximilians-Universitat in Munchen. KATI1 was
determined to be on cosmid U138D3 of this contig. This group then
shotgun cloned this cosmid into M13 and arranged for it to be
sequenced by Dr. A. Rosenthal at the Institut fur Molekulare
Biotechnologie in Jena, Germany. The unedited primary sequence
data was made available and consisted of 541 primary reads. This
data was dropped into a word processing file and the sequence was
scanned using the 'Find' function and six base portions of the 5' end
of KAT1 that were predicted to lie near exon/intron juctions. Forty-
seven bases that were 5' to the first base of exon 1, 162 bases in the
5' region of Intron A, and 30 bases in the 3' region of Intron A were
found. This intron information was used, in combination with
information generated by walking (see next section), to complete the
genomic structure of KAT1 (Figures 41, 42, and 43), and to amplify
exons 1 and 2 wusing intron-based primers (Table 22, Mutation

Analysis Section).

Walking by Linker Ligation: The cosmid sequence information
did not elucidate the entire structure of KAT1 and Intron B remained
to be defined. Therefore, walking into Intron B was required for the
amplification of both Exons 2 and 3. The method used for cloning of
YAC ends was adapted for walking from known exon sequence into

unknown intron sequence. The procedure was performed exactly as
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described for the generation of YAC ends, with the exceptions that
cosmid DNA from U138D3 was used instead of YAC DNA, and gene
specific primers were used instead of YAC vector specific primers.
For the walk into the 3' end of Intron B, the primer R-6 (designed for
this purpose, Table 21) and R-5 (Table 20, Figure 43) were chosen as
the external and internal primers respectively, because they were
predicted to flank the proximal end of Intron B. For the walk into
the 5' end of Intron B, the primers F-1-4 and F-2 (Table 20, Figure
43) were chosen as the external and internal primers respectively,

because they were predicted to flank the distal end of Imtron B.

Table 21. KAT1 Primer for Walking by
Linker Ligation

Primer Primer Sequence
Name 5' to 3'

R-6 AACCTGGTGGCCICGTAGTIC

For the walk into the 3' end of Intron B, an Alul digestion product of
350 bp was isolated and sequenced using the R-5 primer and
Thermo Sequenase™. The sequence generated aligned to the cDNA
sequence for 10 bases before it deviated into Intron B sequence. For
the walk into the 5' end of Intron B, an EcoRV product of 230 bp
(Figure 39) was sequenced using the F-2 primer and Thermo
Sequenase™ (Figure 40). The sequence generated aligned to the

cDNA sequence for six bases before it deviated into Intron B
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Figure 39. Ligation-mediated PCR product amplified from the ligated
product produced by the digestion of Ul38D3 with EcoR V.
Amplification was performed using F-1-4/L1 followed by
reamplification with F-2/LL1. Products were separated on a 1.5%
SEPARIDE/1% agarose gel and visualized by EtBr staining. The
marker is pBluescript cut with Haelll and the sizes of the relevant

bands are indicated.
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Figure 40. The EcoRV product from Figure 39 was isolated, purified
using Gelase™, and sequenced using the F-2 primer and Thermo
Sequenase™., The dideoxy G, A, T, and C lanes are indicated along the
top of the figure and the termination products have been resolved on
a 6% acrylamide gel. The location of the exon/intron boundary
between Exon 2 and Intron B is indicated along with the two bases

that conform to the splice donor site consensus sequence (GT).
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sequence. This intron information was used, in combination with
information generated by cosmid sequencing and cDNA based primer
analysis, to complete the genomic structure of KAT1 (Figures 41, 42,
and 43), and to amplify exons 2 and 3 using intron-based primers

(Table 22, Mutation Analysis Section).

The KATI Gene:

The gene referred to as KATI1 is located in Xpl11.23 proximal to
the polymorphic makers DXS1126 and DXS1240 and distal to the
polymorphic marker DXS255 (Figure 32). The gene contains seven
exons and six introns (Figures 41, 42, and 43) and has an open
reading frame, which begins in Exon 2 with an initiator methionine,
of 262 amino acids (Figures 41 and 43). The exons range in size from
64 bp (Exon 6) to 285 bp (Exon 5) (Figures 41, 42, and 43). Five out
of six introns have been defined and these range in size from 132 bp
(Intron F) to 650 bp (Intron A) (Figures 42 and 43). Intron B was
too large to be amplified under the PCR conditions in use, or long
range PCR conditions (data not shown), and remains undefined in
size. KATI1 is a relatively small gene with a short 3' untranslated
region and spans at least 3 kb of genomic DNA. Two transcripts are
transcribed from KATI1, one that has a 129 bp Exon 1 (Exon 1-A) and
one that has a 61 bp Exon 1 (Exon 1-B) (Figures 41, 42, and 43). This
alternative splicing event occurs 5' to the open reading frame. KATI
is ubiquitously expressed and is expressed in both the brain and the

retina. Both transcripts have been seen in brain (5' RACE results)
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Figure 41. Nucleotide and translated amino acid sequence of the
exons of KAT1. The translation of the larger transcript, which
utilized Exon 1A, is shown. Splice donor and acceptor sites are shown
in lowercase letters. The putative initiator methionine codon, the
stop codon, and the polyadenylation signal sequence are in boldface

type. Detailed intron sequence of this gene is shown in Figure 42.



GGAAGGOCTCGTTGAGAGAAGGTCTCATTCGGTGTTTTGGGAAGAGAGTCGT
GTGGGOOCAGGTATCGTAGCGGOGACACGAGAGAGACGGGCGGTGTGACAGCC
TTCCACTACCTGCACGAGTGTATTGgt.. IntronA...agGTCTGTCTGCTATCAGC
TATG CCG CTG CCC GTT GCG CTG CAG ACC CGC TTG GCC AAG AGA
M P L P VAL Q TRIL A K R
GGC ATC CTC AAA CAT CTG GAG CCT Ggt...IntronB...agAA CCA GAG
G I L K H L E P E P E
GAA GAG ATC ATT GCC GAG GAC TAT GAC GAT GAT CCT GTG GAC
E E I I AE DY D D D P V D
TAC GAG GCC ACC AGG TTG GAG GGC CTA CCA CCA AGC TGG TAC AAG
Yy E AT R L E G L P P S WY K
GTG TTC GAC CCT TCC TGgt.. IntronC...agC GGG CTC CCT TAC TAC TGG
V F DP 8 C G LP Y Y W
AAT GCA GAC ACA GAC CTT GTA TCC TGG CTC TCC CCA CAT GAC CCC
N A DT DL VSW L S P H D P
AAC TCC GTG GTT ACC AAA TCG GCC AAG AAG CTC AGA AGC AGT
N S VV T K S A K K L R 8§ S
AAT GCA Gagt..IntronD...agAT GCT GAA GAA AAG TTG GAC CGG AGC
N A D A E E K L D R S
CAT GAC AAG TCG GAC AGG GGC CAT GAC AAG TCG GAC CGC AGC CAT
H D K S D R G H D K S D R S H
GAG AAA CTA GAC AGG GGC CAC GAC AAG TCA GAC CGG GGC CAC
E K L D R G H D K S D R G H
GAC AAG TCT GAC AGG GAT CGA GAG CGT GGC TAT GAC AAG GTA
D K S D R DR E R G Y D K V
GAC AGA GAG AGA GAG CGA GAC AGG GAA CGG GAT CGG GAC CGC
D R E R E R DR E R DR D R
GGG TAT GAC AAG GCA GAC CGG GAA GAG GGC AAA GAA CGG CGC
G Y D K ADRE E G K E R R
CAC CAT CGC CGG GAG GAG CTG GCT CCC TAT CCC AAG AGC AAG AAG
H H R R E E L AP Y P K S K K
Get.. IntronE...agCA GTA AGC CGA AAG GAT GAA GAG TTA GAC CCC
AV S R K D E E L D P
ATG GAC CCT AGC TCA TAC TCA GAC CGG CCC CGgt...IntronF...agG GGC
M D P S S Y S D R P R G
ACG TGG TCA ACA GGA CTC CCC AAG CGG AAT GAG GCC AAG ACT GGC
T W S T G L P K R N E A K T G
GCT GAC ACC ACA GCA GCT GGG CCC CTC TTC CAG CAG CGG CCG TAT
A D T T A A G PLF Q QR P Y
CCA TCC CCA GGG GCT GTG CTC CGG GCC AAT GCA GAG GCC TCC CGA
P S P G AV LR A N A E A SR
ACC AAG CAG CAG GAT TGAAGCTTCGCCTCCCTGGCCCTGGGTTAAAATA
T K Q Q D
AAAGCTTTCTGGTGATCCTGCCCACCAAAAAAAAAAAAAAAAAA

212
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Figure 42. Intron sequence of the KAT1 gene. Intron sequence is
shown in lowercase letters and the included exon sequence is shown
in uppercase letters. The 68 bases shown in uppercase Iletters
located in Exon 1 are alternatively spliced in the two different
transcripts of KAT1 that have been characterized. The bases from
the 3' untranslated region of Exon 7 are shown and the

polyadenylation signal is underlined.
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ttcattgcctectgagegtantecagttactttcaggetcggggagtGAAG...ExonlB....GTA
TOGTAGCGGCGACACGAGAGAGACGGGCGGTGTGACAGCCTTCCACTACCTGC
ACGAGTGTATTGgtaacgttggggtgggtcactcttttggagctggaggaagngcetgecctetg

ctcccecatcccagegcetttggtttctcccaccecggeagtcatggggacgntggatgageccattictga
agtgcggaggggccgggcttcttagggngtgggcggggga......ctgettgteagttgticgtetgtee
ctagGTCT...Exon2...CCTGgtgagacagctaaaagcagatggtcctaacacgtgecagect
cgacaggcacttttgttgttgatactgacgcttgatacctagcatgggecaactgtgcaccaagceaatg
gggtggcaggcatttttcgttgttaacaatgtggaticctgacatccatccctaccgegtgteaagt. ...

ctaacagtagaactcatcatctgaacccagacacagatttaggtaacctttttitgtaaacctcctaata
tagagagttggatttggaatgtgaaagatactcatattcttccccggeacacacacacacgtgtetttt

atgtgtggcttgtgtgaatgtgagtgcgtgtctctaggetctacatgtaggatgaggtccectggtectt
atctgctctcctccatceccaccttgactaccagAACC...Exon3...CCTGgtgagectgggtga
gggggagctaacttctggcettcacccttcctgtgetgaccttggtigtgaggtttagggggacacaagg
gagggagcctcgggtggagggtgttggeattaggtatcagcaggactcaagttgetgeetgetgggg

cctggetectetggggttggaagactgtettitctetettitttgaaacggagtttcactctigtageccgg
getggagtgcaatggtgtgatcacggettatggecaaccteecgectegtgggticaagegatteteetgt

ctcagcctcccaggtagetgggattacaggtgecacaccaccacacccagcetaattttegtattttitgta

gagatggggtttcatcatattggtcaggctggtcccgaactectgacctcaggtgatecgectgecteg

gccteccaaagtgetgggattacaggeatgagecaccacgeccagetgacagtgttitctettcaggag
aagagattctggggatcctectgtggggtectgacatggggeaggtataggcagagactggggagac
aagagttgaggatccaaggcaaggacatctgtgctgacacttctiicctge ggccecatagCGGG...
Exon4...GCAGgtgagttggcaggtacaagcgtgcecttgagtgatcttagcagtictcacggaga
ggccaagtagaatgatagtggatcagaggggeaggtgagaccaggegggeccagectcaggeaag

ggaggtigttgaaggcagaggetgetgggtectggggtggcaagaggtcacticaagactigtgteec
cagATGC...Exon5...AAGGgtaagctgggcagaatggggctcggtgagaccaacaaggtg
cagggtgacctgcgtgaggaagecttccctcaaaaagatgectggacctggggctagaggagggtgc
tgtggtacatggcagecaggggcttcatttctictigtggggtggggetcagtgatcaggggetectgg
tgcctctattgaagactttgccctgccacttccacagCAGT...Exon6...CCCG gtaagtgacaa
cccctettgactcagtacgtggacaccatcctceggectecticctecattectactigggaccaggtgg

gcagagacc gccacatcacccatccccatcccctgactctttcaccggcagGGGC...Exon7...A
ATAAAAGCTTTCTGGTGATCCTGCCCACC
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Figure 43. Genomic structure of the KAT1 gene. All exons and
introns are drawn to scale with the exception of Intron B, the size of
which has not been determined. The putative start codon is
indicated as well as the termination codon and the polyadenylation
signal. The location of the primers used to characterize this gene and
designed for use in mutation analysis are also indicated. The F or R
primers correspond to forward or reverse orientation within exon
sequence, respectively, and the IF or IR primers correspond to
forward or reverse orientation within intron sequence, respectively.
The number following these designations refers to the order in which
they were made. The ASEF and ASER primers amplify the portion of
Exon 1A that is removed by alternative splicing to give Exon 1B and

the two alternative transcripts for KAT1 are indicated (A and B).
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and fetal liver/spleen (database analysis), but only the larger

transcript has been seen other tissues (database analysis).

Mutation Analysis of KAT1 in CSNB1 Affected Individuals:

Deletion Analysis using KATI:

The availability of any large rearrangements in the CSNB1 gene,
even if present in only a small subset of patients, would aid the
process of gene identification. With genetic heterogeneity in X-
linked CSNB being likely, it is necessary to screen affected
representatives from all CSNB1 families for deletions because it is not
possible at this point to determine in most affected families which
CSNB1 gene is responsible. DNA from CSNB1l-affected individuals
from 15 different families were available for these studies. DNA
from these individuals was cleaved with four six cutter enzymes,
electrophoresed, and transferred to nylon membrane to generate a
set of four deletion analysis panels. The 263773 cDNA insert was
isolated, labelled, and hybridized to the set of deletion analysis
panels. Analysis of the autoradiograms showed no anomalies with
the KATI probe hybridized on membranes containing BamHI (Figure

44), EcoRI, HindIll, or PstI cut patient DNA.
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Figure 44. Autoradiogram showing the hybridization pattern of the
cDNA clone 263773 on patient DNA from 15 different CSNB1 families
cut with BamHI. The individuals' designation numbers are listed
across the top. A641, A679, A915, and A644 are all from Family
P060. All individuals are male and affected except for the male

random control.
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Sequence Analysis of KATI1 in FamilyP060:

Mutation analysis of KAT1 was performed by direct sequencing,
instead of other mutation detection methods such as SSC analysis, for
two reasons. First, since CSNB1 is X-linked and initially only affected
males would be screened for mutations, detection of base changes on
a heterozygous background was not going to be a problem. Secondly,
CSNB1 is likely genetically heterogeneous and therefore, initially,
only representatives from Family P060 would be screened for
mutations. Because of the small number of DNA samples undergoing
the mutation screening, direct sequencing would be as convenient as
any other detection method with the advantage of increased
sensitivity. Two affected individuals (A946 and A969) and two
unaffected controls (A951 and A970) were chosen from Family PO060
for sequence analysis (Figure 5). Because of the possibility that AIED
and CSNB1 are the same clinical entity, an affected and unaffected
individual from Family 290 (a family diagnosed with AIED) were also
included in the mutation analysis of KAT1 by sequencing. Individual
A2900 is affected with AIED and his brother A2914 is unaffected.
The primers used to characterize the exon/intron boundaries (Table
20) were initially used to amplify genomic DNA from the affected
individuals and unaffected controls to screen for mutations in this
gene. To screen this gene completely, primers were designed based
on the intron sequence to amplify the exons and splice junctions
(Table 22). These primers were used to amplify genomic DNA, the
bands isolated, the DNA extracted using Gelase™ and sequenced from

both ends using Thermo Sequenase™. Figure 45 shows the PCR
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amplification products of Exon 3 of KAT1 using IF-6/IR-4 and Figure
46 shows the dideoxy C sequence of Exon 3 in the six individuals.
After screening the exons and portions of the introns twice, only an
intron polymorphism was detected in the 3' end of Intron C (Figure
47).

Table 22. Exon Amplification of KAT1

Primer Set Primer Sequence 5' to 3' Product (bp)
IF-7, IR-5 TCCAGITACTTTCAGGCICG 290
Exon 1 GCCCCTCCGCACTTCAGAAA

IF-8, IR-6 TTGTCAGTTTGTTCGTCTGT 150
Exon 2 CTGGCACGTGTTAGGACCAT

IF-6, IR-4 TGCGIGTCTCTAGGCTCTAC 284
Exon 3 GGCTCCCTCCCTIGTIGICCC

IF-4, IR-2 CAAGAGTTGAGGATCCAAGG 2438
Exon 4 TCATTCTACTTGGCCICTCC

IF-1, IR-1 CTCAGGCAAGGGAGGTTGIT 459
Exon § CCCAGGTCCAGGCATICTTTT

IF-2, IR-3 GCTCCTGGTGCCTICTATTGA 181
Exon 6 CAATGAGGAATGGAGGAAGG

IF-3, R-1 CCTTCCTCCATTCCTCATTG 287

Exon 7 AGGATCACCAGAAAGCITTT
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Figure 45. Amplification of Exon 3 of KAT1 by PCR using the primer
set IF-6/IR-4 in individuals A946, A951, A969, A970, A2900, and
A2914. Products were 284 bp in size, electrophoresed on 1.5%
SEPARIDE/1% agarose gels and visualized by ethidium bromide
staining. Products were run into low melting point gel and isolated
using Gelase™ for sequencing (see Figure 46). The DNA marker is
pBluescript cut with Haelll and the sizes of the relevant fragments

are indicated.
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Figure 46. Mutation screening of Exon 3 of KATl. Exon 3 was
amplified by IF-6/IR-4 (Figure 45) and sequenced using Thermo
Sequenase™ and IF-6 as the sequencing primer. The sequencing
reaction was run on a 6% acrylamide gel and the dideoxy Gs, As, Ts,
and Cs were run together for ease of detection of base changes. Only

the Cs are shown here and the exon sequence is indicated.
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Figure 47. Polymorphism present in Intron C in two of the six
individuals shown here. The polymorphism is a T to C transition.
Genomic DNA was amplified with the primer set IF-4/IR-2, the
products run into low melting point gel and isolated using Gelase™.
The DNA was sequenced using Thermo Sequenase™ and IR-2 as the
sequencing primer. The dideoxy C and T reactions are shown here

resolved on a 6% acrylamide gel.
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CHAPTER 5 - DISCUSSION

Refining the Genetic Limits for a CSNB1 Locus:

For a positional cloning project to have a reasonable chance of
success, the genetic region containing the disease locus must be as
refined as possible to reduce the enormous task of isolating,
characterizing, and analyzing candidate genes. When this project to
identify the gene(s) for X-linked CSNB began, the genetic location of
the gene(s) for CSNB1 had a distal limit of MAOA/MAOB in Families
P060, P070, P130, P140, and 260 and further refined to ZNF21 in
Family P060, and a proximal limit still needed to be confirmed. To
put tight flanking markers on the location of the CSNB1 gene(s), 23
markers were mapped on a set of radiation-reduced and
conventional somatic cell hybrids. A number of these markers were
refined to intervals of interest and were investigated in the families.
In both families P130 and P140, the minimal genetic region
containing the disease gene spanned the interval between MAOA-
MAOB and DXS988, approximately 15 cM. The position of the
crossovers in both of these families were reasonably well-defined
and further marker analysis would not reduce the critical region
significantly. Based only on this information, this interval was too
large to undertake isolation and candidate gene analysis.

In Family P060, however, the genetic region containing the
disease gene was refined to the region between DXS722 and

DXS8023, a distance of less than 2.2 Mb (data not shown; Nelson e:
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al., 1995; Boycott er al., 1996; Schindelhauer et al., 1996). All
available genetic markers were analyzed in this family and the
crossover in D19 defining the distal limit occurs between DXS722 and
DXS1126, a distance of 300 kb, and the crossover in D3 defining the
proximal limit occurs between DXS255 and DXS8023, a distance of
less than 700 kb. Attempts to refine the location of these crossovers
further using microsatellite markers have been unsuccessful due to
lack of informativeness and availability of markers.

Single nucleotide substitutions are the most common and widely
distributed type of polymorphism in the genome. Therefore it is
likely that any random STS obtained from the genome (i.e.. YAC end-
clone or random clone) would have a high probability of containing
one or more single nucleotide substitutions depending on the size of
the STS (Nickerson et al., 1992). An attempt was made to refine
crossover events in the two critical recombinants in Family P060 by
scanning STSs generated from random clones or YAC end-clones, with
suitable map positions, for nucleotide substitutions in appropriate
family members (data not shown). In over 800 nucleotides assessed
in this way, no single base variations were detected.

Therefore, in Family P060, the minimal genetic region for CSNBI1
lies between DXS722 and DXS8023. For these studies, the portion of
the minimal region in Family PO060 that lies between DXS722 and
DXS255, a distance of less than 1.5 Mb (Boycott et al., 1996;
Schindelhauer et al., 1996) has been focused on. This effort on the
minimal region distal to DXS255 is based on the crossovers with

DXS255 that have been detected in other families segregating both
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CSNB1 (Musarella er al., 1989) and AIED (Glass et al., 1993). Whether
the CSNB1 disease gene segregating in these other CSNB1 families
(Musarella et al., 1989) is the same one as in Family PO60 remains to
be determined. However, the characterization of a crossover that
also places AIED, a disease that has been postulated to be the same
entity as incomplete CSNB1 or allelic to incomplete CSNBI, distal to
DXS255 gives confidence in the choice to focus the initial positional
cloning efforts on the region distal to DXS255.

Females who are known carriers of X-linked disorders show a
wide variation in clinical expression, much of which can be attributed
to lyonization whereby one of the two X chromosomes in each
somatic cell of a female is randomly inactivated in the early embryo
(Lyon, 1962). Most heterozygous (carrier) females with CSNBI1 are
asymptomatic, however four affected females have been reported
from a five-generation family with CSNBI1, most likely due to uneven
X-chromosomal lyonization (Ruttum er al., 1992). Individual D19
from Family P0O60 places the distal limit of the CSNB1 locus in this
family at DXS722. This localization is dependent on D19's status as
an affected female whose manifestations are a result of her carrying
two copies of a mutant CSNB1 gene, rather than uneven lyonization.
D19 is part of a large Mennonite family (Family P060) in which she
and two of her sisters were found to have manifestations of CSNBI1
similar to that seen in their affected sons (Bech-Hansen and Pearce,
1993). All of the sons of these sisters are affected, and they carry
either the affected grandfather's X chromosome or the grandmother's

M1 haplotype X chromosome. These observations are consistent with
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the grandmother's M1 X chromosome carrying a mutant CSNB1 gene,
and the grandmother being a carrier of CSNB1. Subsequent to this
publication, further analysis of the grandmother's side of the family
has revealed other affected males carrying her M1 affected X
chromosome. The large degree of homozygosity present in the region
between DXS722 and DXS255 in the manifesting females from Family
P060, eight out of eight markers tested, suggests that these
daughters are homozygous by descent and therefore are carrying

two copies of the same mutation in the same CSNB1 gene.
Physical Mapping:

A YAC and cosmid contig was constructed to cover the putative
minimal genetic region for this CSNB1 locus between DXS722 and
DXS255. The physical contig spans 2 Mb and contains 44 DNA
markers in Xpl11.23-pl11.22 with an average resolution of one
marker every 50 kb. The use of available genetic markers in
construction of the physical map allowed the total integration of the
genetic map with the physical map of this region (Figure 18). The
contig contains 45 YAC and six cosmid clones and was assembled
from the DNA marker content of YAC and cosmid clones, DNA marker
retention in conventional and radiation hybrids, parsimony, and
SEGMAP analysis. Six pairs of markers and one set of three markers
could not be ordered using the current set of clones. Further work
with cosmid clones should resolve the relative order of these

markers. The use of the YAC ICRFy900C0874 in construction of this



232

physical contig allowed for physical integration with previously
published contigs (Coleman et al., 1994; Hagemann et al., 1994,
Knight et al., 1994; Kwan er al., 1995a) and extends the contiguous
cloned region distally to cover the interval between DXS1264 and
DXS255 in Xpl1.3-p11.22, a distance of approximately 2.7 Mb.
Though YAC libraries containing more than 15 X-chromosome
equivalents were exhaustively screened, the physical contig
presented in Figure 18 represents only five-fold coverage of the
region. This apparent discrepancy can be partly accounted for by the
fact that highly unstable YACs were not included in Figure 18, as
they did not provide any additional information to the map. When
these unstable YACs are taken into account, screening of the E, F, and
I YAC libraries isolated approximately nine-fold coverage of the
region (data not shown). This value is in agreement with that
obtained by Nagaraja et al. (1994) when they looked at the number
of YACs recovered for several hundred STSs from the E, F, and I
libraries. @ While the F library, derived from a human-hamster cell
line, yielded the expected number of clones, the E and I libraries,
derived from cells with five and four X chromosomes respectively,
yielded numbers of YACs corresponding to an apparent content of
only two X chromosomes. These unexpected results led to the
suggestion that only the single active X chromosome is effectively
cloned and that the specialized chromatin structure retained by the
inactive X chromosomes may inhibit efficient cloning (Nagaraja er al.,

1994).
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Chimerism and apparent instability were features observed
among the YAGCs isolated for the development of the current contig
and appears to be a regional problem. In contrast to this experience,
one group, using the same set of libraries for the X chromosome,
reported a 3.6 Mb contig in the Xp22.1 region which only had an 11%
rate of chimerism and a 6-22% rate of internal deletions (Trump et
al., 1995). These rates are in sharp contrast to the 30% rate of
chimerism and 40-80% rate of internal deletions detected in the
present study. It would seem that the central and distal parts of the
ZNF21-DXS255 region studied are particularly troublesome in YAC
clones. In an attempt to overcome this type of problem, work with
yeast RAD strains is continuing in an effort to develop an optimal
recombination-deficient strain as a YAC host which will significantly
decrease the rate of YAC chimerism (Haldi er al., 1994) and stabilize
deletion prone YACs (Kohno et al., 1994). Construction of megabase-
sized human YACs in the rad52 strain MHY5201 has demonstrated a
significant decrease in the rate of chimerism (8% compared to 50% in
the wildtype host AB1380) (Haldi er al., 1994). In addition, a yeast
host disarmed in rad51/rad52 and radl has been shown to stabilize
deletion prone YACs containing DNA from the human colour vision
locus of Xq28 or rDNA units (Kohno er al.,, 1994). It remains to be
seen whether such recombination-deficient systems would reduce
the rate of YAC chimerism and stabilize the YACs from the subregion
identified in this study.

The central region between the genes TFE3 and SYP appears to be

underrepresented in the YAC libraries that were tested relative to
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other loci in this region. However, this does not appear to be the case
in the cosmid libraries, with 18 and 14 clones being isolated for TFE3
and SYP respectively (data not shown). Cosmid clone
supplementation was critical for comnstruction of this contig as they
closed one gap, confirmed marker order, gave indication of distances
between markers, and added physical coverage. Others have also
found cosmids to provide most of the needed supplementation for
regions troublesome in YACs (Rogner et al., 1994). However, it has
also been noted that regions with the highest GC and gene content
may contain sequences difficult to clone in both yeast and E.coli
cloning systems (Rogner er al., 1994), and as mentioned in the
Results section, several cosmid clones from this region also contained
obvious internal deletions. However, through a recent collaboration
with Research Genetics, a BAC contig is being constructed in the
Xp11.23-p11.22 region. From analysis of over 30 BACs with some 60
DNA markers from this region (both STSs and new ESTSs), no evidence
for chimerism or instability in these clones has been observed
(Boycott et al., manuscript in preparation). From these results, it
would seem then that this particular cloning system has no problems
handling high GC and gene content, in contrast to the yeast cloning
system and the cosmid cloning system used in this region, probably
due to the maintenance of genomic fragments as single copy
plasmids in a recombination-deficient host. To gain additional
confidence that the entire minimal region between DXS722 and
DXS255 has been cloned and that the YAC and cosmid templates

chosen for subsequent direct cDNA selection are fully representative,
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it will be helpful to align the YAC map with the long range map of
the region.

Preliminary long-range mapping data has been generated by a
number of groups for this region of the X chromosome. Derry and
coworkers (1994) estimated the distance from GATAIl to TFE3 to be
150 kb. Based on the contig presented here, we estimate the
distance to be 270 kb. This group also estimate the distance between
SYP and TFE3 to be 400 kb (Derry er al., 1994), while we estimate
this distance to be less than 100 kb. Clearly, more work needs to be
done in this region to clarify these results. Meindl er al., (1995) also
estimated the distance between SYP and DXS255 to be about 900 kb
which is close to our estimate of 860 kb. Very recently the same
group (Schindelhauer et al.,, 1996) has completed, in part using
results from this study, a detailed long range map and cosmid contig
of the region spanning OATL1 to DXS1039. Their map includes 20
markers in common with this map (Figure 18) and the relative order
of all 20 of the markers is consistent between the two maps. The
only discrepancies between the two maps involves the relative
distances between the markers in the region between TFE3 and
DXS1331. This work predicted the distance between TFE3 and SYP to
be less than 100 kb while their map would indicate the distance to
be 155 kb. In addition, while this work predicted the distance
between DXS573 and DXS1331 to be 180 kb, their map would
indicate that it is only 30 kb. Further analysis of cosmids from this
region has confirmed their findings and Figures 19, 20, 31, 32, and

33 have been redrawn relative to Figure 18 to take the smaller
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distance between DXS573 and DXS1331 into account. It is possible
then that the physical map generated during this project is missing
approximately 55 kb of coverage between the TFE3 and SYP genes.
This will be discussed further in context of the minimal set of
overlapping clones used in direct cDNA selection.

Several other groups have done preliminary contig work in this
region. Mazzarella and Srivastava (1994) published several contigs
physically linking a number of ESTs. Their preliminary placement of
DXS1011E near GATAI1l (their contig 'f") is confirmed and extended
here. The map presented here was not able to order DXS1126 and
DXS1240 relative to each other because they cosegregated in every
clone tested. However, Kwan and coworkers (1995a) described two
YACs not used in this study and were able to map DXS1126 distal to
DXS1240. The cloning of the gene for Wiscott-Aldrich syndrome
(Derry et al., 1994) generated a framework map of the Xpll1.23
region, aspects of which have been confirmed and extended during
this work.

The order of the DNA markers OATL1, DXS7465E, (DXS1011E,
WASP), DXS1358, DXS722, GATAl, DXS226, HRASP, (DXS1126,
DXS1240), (DXS7469E, DXS1470), TFE3, (SYP, DXS1007E), DXS573,
DXS1039, and DXS255 established from this effort is in full
agreement with the consensus map of the 6th X Chromosome
Workshop (Nelson er al., 1995), except for one discrepancy. The
Workshop consensus map places DXS7466E (MG44) distal to
DXS7467E (MG21) while this map would place DXS7467E (MG21)
distal to DXS7466E (MG44). The presence of DXS7467E (MG21) and
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absence of DXS7466E (MG44) on one of the more distal YACs,
yWXD6099, and the presence of DXS7466E (MG44) but not DXS7467E
(MG21) on the more proximal YACs, yWXD1355 and yWXD3578, is
the basis for our orientation of DXS7467E (MG21) distal to DXS7466E
(MG44). The report by Schindelhauer er al. (1996) agrees with the
orientation proposed for MG21 and MG44 by this work.

The physical contig resulting from this study provides the most
extensive coverage of the Xpll1.23-11.22 region to date. The
published physical map contains STS markers at an average
resolution of 50 kb, which more than achieves the physical mapping
goals of the human genome project, and includes mapping
information for 14 previously known genes, pseudogenes, and ESTs.
With the application of region-specific gene identification techniques,
this set of YAC and cosmid clones represents molecular access to new,

previously unidentified genes from this region.

Isolation of New Genes by Direct cDNA Selection:

Using a minimal set of overlapping YAC and cosmid clones
spanning the putative minimal region containing CSNB1 between
DXS722 and DXS255, transcripts were identified from placental,
retinal, frontal cortex, and fetal brain tissues by direct cDNA
selection. In total, 44 novel ESTs were added to the region between
DXS8722 and DXS255, 13 from the placental selection and 31 from the

combined retinal, frontal cortex, and fetal brain selection (JRL
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selection). The retina cDNA set that was part of the JRL cDNA
selection contains a 3' three base identifier which can be used to
indicate which of the new cDNAs isolated from a pooled selection
were derived from the retina cDNA set. Greater than 90% of the
region-specific ¢cDNAs were assessed for this identifier and not one
was found to contain it. One explanation for this is that the retina
cDNA set was poor in quality and therefore was not efficiently bound
to the genomic template during the selection. However, several of
the JRL cDNAs isolated were known or shown to be expressed in the
retina (i.e. synaptophysin and KAT-1) and therefore cDNAs expressed
in the retina were apparently isolated via the frontal cortex and fetal
brain selection. Since the CSNB1 gene is most likely expressed in
both the brain and the retina, the lack of cDNAs derived specifically
from the retina cDNA set was not thought to have compromised the
efforts of these studies.

-Direct cDNA selection proved to be an effective and efficient way
to add to the transcript information for the Xpll1.23-pl1.22 region.
The direct cDNA selection procedure was 75% efficient (98 clones
with unique genome positions/130 clones tested) but due to the use
of chimeric YACs only 52% (67 region-specific clones/130 clones
tested) of the clones were Xpl1.23-pl1.22 region-specific. The 25%
of contaminating clones isolated during the two selections were
represented by 32 clones, of which eight were sequenced. Sequence
analysis using BLAST indicated that within this set of contaminating
clones, two were 28S rRNA, one was 18S rRNA, one was 100%

homologous to pBluescript, one was of mitochondrial origin, one was
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an Alu repeat, and two were L1 repeats. It would seem that all of
the potential contaminants (Lovett, 1994a; 1994b) that plague cDNA
enrichments using large genomic clones are represented in this set
but at a low enough abundance that they did not interfere with the
analysis.

The use of chimeric YACs, detected and undetected, decreases the
efficiency of isolation of region-specific transcripts and in this case
decreased the isolation of Xpl1l.23-specific transcripts to 50%. While
aware of the chimerism of yWXD2931, the isolation of transcripts not
mapping to the human X chromosome would also suggest that YAC
yWXD1908 is also chimeric. Both yWXD2931 (library M) and
yWXD1908 (library I) were derived from YAC libraries constructed
from the whole human genome, so it is possible that yWXD1908 also
contains a portion of another human chromosome. FISH analysis of
this YAC would confirm if this is indeed the case.

-While adding coverage to a region at the time not covered by any
other YAC, the use of the chimeric YAC yWXD2931, proved to add
additional work to the project in the end due to the isolation and
mapping of cDNA clones to a chromosome(s) other than the X. The
YAC yWXD2931 is estimated to contain 1200 kb of DNA from
another, as yet undetermined, chromosome (Boycott et al., 1996). In
total 24 cDNA clones have been isolated from placenta, retina, fetal
brain, and frontal cortex tissue that are presumed to map to this
1200 kb derived from another chromosome. Identification of the

location of this 1200 kb fragment of yWXD2931 by further FISH
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analysis will give a map location to these 24 cDNAs and could be
given to investigators who are interested in that region.

The minimal set of overlapping YACs and cosmids used for the
placental and the JRL (retina, frontal cortex, fetal brain) selections
were different due to the status of the map when the two selections
were performed (the placental selection was carried out almost a
year earlier than the JRL selection). Evaluating the clones used in the
placental selection, in light of further work (Boycott et al., 1996) and
information that has become available recently (Schindelhauer et al.,
1996), has indicated that two gaps in physical coverage, one between
TFE3 and SYP (maximum of 70 kb) and one at the DXS573 locus (50
kb), would have been present. Since the primary interest was in
cDNA transcripts derived from brain or retinal tissue, these gaps do
not necessarily compromise the integrity of the effort of isolating
candidate genes for CSNB1. With respect to the JRL selection, a
maximum of 55 kb from the region between TFE3 and SYP may have
been missing based on information that has become available
recently (Schindelhauer et al., 1996). Cosmid sequencing within this
region is now occurring (Nyakatura et al., 1996) and access to this
sequence through a collaboration with this group will determine
whether candidate genes for CSNB1 have been missed because of this
55 kb gap in coverage.

Products from the JRL secondary selection were cloned using
restriction enzyme digestion and ligation into pBluescript. Products
from the placental secondary selection were reamplified with OLIGO1

adapted primers and cloned using the UDG cloning system. When
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this system is used to clone products originally amplified with only
one primer, only 50% of the products that were reamplified with the
adapted primers were cloneable. This is due to the fact that the
system uses directional cloning and the modification of the OLIGOIl
primer generates two primers and both new 5' ends must be present
to anneal to the vector. This problem is potentially cause for concern
if the yield of cloned products is hindered. @ However, since the
redundancy of the distal placental selection was 33% this would
indicate that enough molecules with compatible ends were generated
using the UDG system such that a number of clones were represented
more than once. The redundancy could not be evaluated in the same
way for the proximal placental selection because of the large number
of transcripts isolated that mapped to another chromosome (due to
the use of the chimeric YAC yWXD2931) which were not sequenced
to see how many of them were represented more than once.

The number of clones generated from the YAC selections using
either the UDG system (placental distal and proximal sets) or
pBluescript (JRL Group 1, 2, and 4) were similar, with an average of
26 clones per selection of similar coverage. However, for the one
cosmid selection that was performed, JRL-Group 3, over 200 clones
were isolated. Considering the relative amount of target DNA present
in the JRL selections, Group 1, 0.9 Mb, Group 2, 2.3 Mb, Group 4, 1.4
Mb and Group 3, 160 kb, this result is even more pronounced.
Analysis of only 14 of these clones indicated a redundancy of 10%. It
was thought that a large number of the unique clones had been

sampled after analysis of only this small number of clones due to this
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redundancy, the fact that many of the transcripts had a common
hybridization pattern, and that two genes known to map to the
region, SYP and TFE3, had both been identified in the set of 14 clones
evaluated. The higher number of clones generated by cDNA
enrichment with cosmids compared to YACs was most likely due to
the purity, accurate quantitation, and copy number of the cosmid
templates which resulted in more cDNA hybridizations and therefore
a higher number of isolated transcripts to be cloned from the
cosmid-based selection.

Initial attempts at direct cDNA selection of this region were
performed with cloned libraries by amplifying the cDNA inserts out
of the phage vector using the vector primers. Selection was carried
out as described for the cDNA sets later used and reported here, and
enrichment was observed for the positive reporter gene
synaptophysin.  Visualization of both the primary and secondary
selected products on EtBr stained gels showed a smear of selected
products as well as a very intense band corresponding the size of the
product that would be generated from nonrecombinant phage.
Cloning of these products using the UDG system yielded thousands of
clones. Random single-pass sequencing of about 20 of these clones
indicated that they were all products of priming nonrecombinant
phage (data not shown). Because of their small size, less than 150 bp
depending on the phage vector used in cDNA library construction,
they were cloned preferentially. After several attempts to remove
this contaminant by gridding and hybridization with different

positive reporter genes, and gel purification prior to cloning, this
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avenue was abandoned and cDNA sets were obtained for use in
direct cDNA selection. While it is possible to carry out direct cDNA
selection using very high quality libraries containing almost no non-
recombinants, most investigators have moved to the use of primary
cDNA sets that can be amplified by PCR.

We have generated a detailed high resolution map of the
Xpl11.23-p11.22 region spanning DXS722 and DXS255. This map
contains genetic, physical, and transcript information including 44
new ESTs developed from cDNA fragments identified using direct
cDNA selection and four ESTs developed from published sequence in
Genbank (Derry et al., 1994) and the gene RBM3 (Derry et al., 1995).
The new ESTs were initially tested on the critical members of the
hybrid mapping panel and the YAC and cosmid templates used in the
selection. These ESTs, as well as the published ESTs, were then
extensively analyzed on the full set of physical clones in the relevant
region so that they could be integrated into the map with greater
confidence.

The ESTs, IS2, IS3, IS4, IS7 and the gene RBM3 have previously
been sublocalized within Xpl11.23 (Derry er al,, 1994). The relative
order of IS2, IS3, IS4 and RBM3 suggested by this map is in
agreement with that originally put forth by Derry and coworkers
(1994). For IS7, Derry and coworkers (1994) placed this cDNA
proximal to ZNF21 and distal to OATLI1, however our somatic cell
hybrid mapping data would suggest that IS7 is in fact distal to
ZNF21.
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Some of the ESTs that map close to each other are likely derived
from the same gene, even though their sequences do not overlap.
Therefore the ESTs described here represent a maximum set of new
genes added to this region. Additional work with these ESTs,
including expression profiles, transcript sizes estimated from
Northern blots, and isolation of longer cDNAs, will need to be done to
determine the exact number of genes to which these ESTs
correspond.

The 5' and 3' sequences of cDNAs deposited in dbEST by the
efforts of the ILM.A.G.E. Consortium and the Wash U-Merck cDNA
sequencing project (Hillier er al.,, 1996; Lennon et al., 1996) have
proven to be helpful for isolating longer cDNA clones and collapsing
ESTs into the same transcript. The database search with JRL4-Al
isolated a number of cDNAs from a variety of tissues, one of which,
263773, was completely sequenced to facilitate determination the
genomic structure as was described for evaluation of this gene as a
candidate for CSNB1. Searches with placC10 (IS3) and placCll
yielded one and three hits, respectively. PlacC10 (IS3) pulled out the
cDNA clone 297709 (from fetal iung tissue) and sequencing yielded
2035 bases, analysis of which indicated that it contained both
placC10 (IS2) and placD12 (IS4) (data not shown). PlacCll pulled
out the cDNA clones 196653, 282407, and 231190 (from adult brain,
multiple sclerosis, and pineal gland, respectively) which were
sequenced to yield the same 659 bases with minor polymorphisms.

Sequence analysis indicated that these clones contained omnly placCl1
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and not any of the neighbouring ESTs. Further characterization of
these transcripts will potentially add two novel genes to this region.
Database searches with sequence from the newly isolated cDNA
sequences revealed two other significant hits. The first hit was with
the sequence from JRL4-A7 and indicated that it was 100% identical
to ESTO016, which has been mapped to chromosome 1 (Sanders et al,
1994, Genbank submission T25299). Mapping of this cDNA fragment
as both a probe and an EST puts it in this region of the X
chromosome. As a probe, at least two bands are evident after
Southern hybridization with human genomic DNA. The EST gives two
bands using human genomic DNA and less stringent PCR conditions,
one of the expected size, 100 bp, that maps to the X chromosome, and
one that is slightly larger and not on the X chromosome. Whether
this band maps to chromosome 1 has not been determined. Further
work with this ¢cDNA fragment will help to determine whether JRLA4-
A7-is part of a gene family or whether EST016, JRL4-A7, or both, are
part of transcribed pseudogenes. The second hit was with the
sequence from JRL4-3 and indicated that almost 40 bases were 87%
identical to the WASP mRNA sequence, however this cDNA fragment
shares no other identity with WASP. This cDNA fragment does not
appear to be chimeric due to the fact that primers designed from the
sequence amplify the expected product. In addition, the EST JRL4-3
maps at least 50 kb proximal to WASP. Further investigation will be
required to determine if this is a unique gene that has sequence,
protein, or functional similarity to WASP. The remainder of the new

cDNA sequences revealed no significant database similarities.
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Only seven per cent of the sequences generated by direct cDNA
selection (3 out of 44) found matches in the database with cDNA ends
sequenced through the efforts of the I.M.A.G.E. Consortium and the
Wash U-Merck cDNA sequencing project (Hillier er al,, 1996; Lennon
et al., 1996). However, this result does not provide evidence against
the estimation that 50-70% of all human genes are now represented
in dbEST (Schuler er al., 1996) because the cDNA fragments isolated
during this work were derived from random primed cDNA sets.
Since the sequence information in dbEST is either 3', 5', or both,
unless the cDNA (gene) is small, (i.e.. <1 kb and therefore almost the
entire sequence is present in the database) the fragments of cDNA
sequence generated in this work have a lc;w probability of finding a
match with the end sequences.

Work has also been done to isolate additional longer cDNAs using
the new ESTs as probes on retina (kindly provided by Jeremy
Nathans) and fetal brain (Strategene) cDNA libraries. Longer
transcripts have been isolated for both JRL3-14 (4.0 kb) and JRL4-B6
(3.0 kb) from the fetal brain cDNA library. Both of these transcripts
require further sequencing and Northern Blot analysis to determine
if they contain any of the neighbouring ESTs. A longer transcript (1.3
kb) has also been isolated from the retina cDNA library for JRL3-4
and has been sequenced but found not to contain any of the
neighbouring ESTs.

Enrichments of several thousand-fold to more than 100,000-fold
of particular reporter genes have been described using direct cDNA

selection (Morgan et al., 1992; Lovett, 1994). As a measure of the
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enrichment efficiency achieved by the direct cDNA selection
procedure described in these studies, the frequencies of the ESTs
JRL3-14, JRL4-B6, and JRL3-4 in the direct cDNA selection libraries
were compared to their frequencies in the fetal brain or retina cDNA
libraries. The EST JRL3-14 represented 7% (1/14 clones) of the
direct cDNA selection Group 3 library while it was present in the
fetal brain cDNA library at a level of 0.0002% (1/500,000 plaques).
This represents a practical enrichment of approximately 35,000-fold.
The levels of enrichment for the ESTs JRL4-B6 and JRL3-4 were
evaluated in a similar manner and were determined to be 10,000-
fold and 70,000-fold, respectively. These three evaluations of
enrichment indicate the efficiency of the direct c¢cDNA selection
procedure used in these studies and the results were comparable to
that achieved by others (Morgan er al., 1992; Lovett, 1994).

The integrated map between OATL1 and DXS255, encompassing
the- putative minimal genetic region for CSNB1 in Family P060, now
contains 91 DNA markers including 54 ESTs, five genes, two
pseudogenes, and eight STRs and is an integrated and detailed source
of region-specific genetic, physical, and transcript information. This
map will be a great resource for CSNB1 positional cloning efforts and
will also be helpful in establishing the total genomic sequence of

Xpll.23-p11.22.
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Characterization of a Candidate Gene for CSNBI1:

The gene KATI1, corresponding to the cDNA 263773, was chosen
for analysis as a candidate gene for CSNB1 in Family P060. KATI1 is a
highly expressed transcript present in all tissues tested, including the
retina. The genomic structure of this gene was elucidated by
genomic DNA amplification using cDNA based primers, cosmid
sequencing, and walking by linker ligation. KATI1 contains seven
exons and two transcripts, differing by 68 bp, are derived from this
gene by alternative splicing in Exonl. The putative ORF of 262 amino
acids begins with an initiator methionine in Exon 2. This ORF utilizes
the first methionine and the surrounding bases conform to the Kozak
consensus sequence (Kozak, 1989). Since the ORF does not begin
until Exon 2, the alternative splicing event alters the 5' untranslated
region of the gene. The function of the alternative splice site is
unknown but may involve cellular localization of the two different
transcripts and the resulting translated protein. The larger
transcript was seen in all tissues in which KAT1 has been shown to
be expressed, including the retina, while the smaller transcript was
only seen in brain (RACE results) and fetal liver/spleen (database
analysis results). This observation may reflect the lack of expression
of the smaller transcript of KAT1 in the other tissues, or lower level
expression of this transcript and consequently  its
underrepresentation in the IL.M.A.G.E. Consortium cDNA libraries.

Analysis of the cDNA nucleotide sequence in the nr database by
BLASTn (Altschul er al., 1990) indicated that Exons 2 and 3 of KATI1
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had weak sequence similarity to a calmitine=mitochondrial calcium-
binding protein. Analysis of the ORF in the nr database by BLASTP
and the db-links/CRSeqAnnot.fa database by BEAUTY (Worley et al.,
1995) indicated that amino acids at postions 100-150, located in
Exon 5, had weak similarity to over 150 proteins including several
calcium binding proteins. The significance of these weak similarities

to the function of KAT1 remains to be determined.

Mutation Analysis:

Most successful positional cloning projects to date have relied on
either cytogenetic rearrangements or the identification of patients
carrying deletions of tens or hundreds of kilobases (Collins, 1995).
As an efficient and easy way to quickly assess the presence of such
rearrangements in CSNB1 families, DNA from representatives from
each of these families was analyzed by Southern hybridization using
the full length cDNA of the candidate gene KAT1. Unfortunately no
such rearrangements or deletions were visible with this analysis.
Deletion analysis was also carried out with a number of the cDNA
transcripts isolated by the direct cDNA selection procedure including
placB3-2, placE2, placCll, JRL4-1, JRL4-2, and JRL4-5 (data not
shown) and no rearrangements or deletions were detected.

Because of the absence of a visible deletion or rearrangement, the
presence of subtle base changes, small insertions or deletions in
KAT1 in affected individuals was assessed by direct sequencing of

the exons and splice junctions. Direct sequencing was chosen as the
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mutation detection method because the detection of nucleotide
changes in a small number of affected males for an X-linked disorder
it is relatively simple and virtually 100% sensitive. Analysis of the
exon and splice junction sequences of KATI1 in representative
affected and unaffected control individuals from Family PO060, as
well as an AIED family (Family 290), detected no base changes, small
insertions, or deletions. Based on this analysis, the gene KAT1 can
essentially be eliminated as the gene responsible for the clinical
manifestations of CSNB1 or AIED in either of these families.
However, KAT1 cannot be totally excluded as the CSNBI1 gene
because the presence of a base change, insertion, or deletion in the
gene's regulatory region that would affect protein synthesis has not

been investigated.

Future Studies:

Though these efforts have not yet succeeded in isolating the gene
responsible for CSNB1 in Family P060, the resources are now in place
for successful and rapid completion of this positional cloning project.
The ESTs isolated during this work are a valuable resource that will
facilitate access to the candidate genes in the region. To accomplish
this, the ESTs must first be reduced to a minimal set of gemes that
can be further characterized and analyzed for mutations. There are a
number of ways to approach this and probably all avenues should be
pursued, if possible, to ensure that the most information is gained in

the shortest amount of time. Isolation of longer cDNA clones by
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cDNA library or database screening with the ESTs is already
underway and can reduce the ESTs into a minimal set as well as
provide the cDNA clones as resources for future studies. Alongside
this, PCR amplification of the cDNA libraries using primers from
different ESTs will help reduce the ESTs into a minimal set quickly
and highlight which ESTs should be used to isolate longer clones by
eliminating some of the redundancy in the gene set. Once the longer
transcripts have been isolated, Northern Blot analyses and RACE
amplifications will facilitate the isolation of full-length transcripts
which can serve as the starting point for characterization of the
genomic structure. Complementing this strategy are the efforts of
the German Human Genome Project to sequence this region of
Xpl1.23. In collaboration with this genome group, DNA sequence
will be provided to us which we can use to quickly characterize the
genes to which ESTs of interest correspond.

-Several longer transcripts corresponding to different ESTs have
already been isolated, including placCl1, placCl10 (placD12), JRL3-14,
JRL4-B6, and JRL3-4, and are available for further analysis. Whether
the genomic structure of these genes will be characterized as was the
structure of KAT1l or by direct sequencing of the corresponding
genomic clones remains to be determined. Either way, several of
these genes represent good candidates for CSNB1 in Family P0O60 and
will be given top priority for mutation analysis. In addition, all of
the 44 ESTs and the available longer cDNA clones should be used as

hybridization probes on Southern blots of digested patient DNA to
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ensure that an obvious rearrangement is not being missed that
would point out the location of the CSNB1 gene.

Future efforts by our group and others, will give this region the
distinction of being among the first portions of the human genome to
be sequenced and have its gene content fully detailed. Analysis of
Xpl11.23 so far would indicate that it is very gene rich and mutations
in several of these genes have already been implicated in human
genetic disease (Figure 2). Identification of the gene involved in
CSNB1 in Family P060 will resolve the issues regarding genetic
heterogeneity, genetic variability, and clinical diagnoses for X-linked
CSNB as well as give much insight into the molecular mechanisms

behind this form of human retinopathy.
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CHAPTER 6 - SUMMARY

X-linked congenital stationary night blindness (CSNB1) is an eye
disorder that includes impairment of night vision, reduced visual
acuity and, in some cases, myopia and congenital nystagmus.
Electroretinography reveals a marked reduction of the b-wave in
affected individuals suggesting that X-linked CSNB is due to a
molecular defect in the bipolar layer of the retina. In an effort to
isolate the gene responsible for this disease, a positional cloning
strategy has been used to reduce the minimal genetic region for
CSNB1, construct a physical contig encompassing the CSNB1 locus,
isolate tramscripts by direct cDNA selection, and characterize and
analyze one of these genes for mutations in affected individuals.

Based on previous studies of over 20 families diagnosed with X-
linked CSNB, a CSNB1 locus was mapped to Xpl1.23-p11.22. Using a
panel of radiation and conventional somatic cell hybrids, a set of 13
new polymorphic markers were mapped to this region. The proximal
limit of CSNB1 in Family P060 was refined to the marker DXS8023 by
analysis of a crossover event in individual D3. The distal limit of
CSNB1 in Family P060 was refined to the marker DXS722 by analysis
of a crossover event in individual D19. In Family P060, then, the
minimal genetic region containing the CSNB1 locus was refined to the
region bounded telomerically by DXS722 and centromerically by
DXS8023, a region estimated to be less than 2.2 Mb. A number of
crossover events in other CSNB1 families have placed the proximal

limit to CSNB1 at DXS255. Based on this published information,
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initial efforts toward the isolation of candidate genes for CSNB1 have
focused on the putative minimal region for CSNB1 between DXS722
and DXS255, a region spanning less than 1.5 Mb.

To construct a physical contig spanning this putative minimal
region, YAC and cosmid clones were identified. The contig was
constructed from the content of 44 DNA markers (including 20 new
sequence tagged sites (STSs) and 12 genes or expressed sequences)
for 45 YACs and 6 cosmids. The contig spans the distal marker
ZNF21 and extends proximally to include DXS255, with an average
STS marker density of one every 50 kb.  Analysis of over 300 YAC
and cosmid clones from this region was required to provide 5-fold
coverage of what proved to be a difficult region of the X chromosome
to clone.

A minimal set of overlapping clones were chosen from the
physical contig to enrich for cDNA transcripts expressed in the
frontal cortex, fetal brain, retina, and placenta by direct cDNA
selection. One hundred and thirty cDNA clones were isolated and
analyzed using this approach. Those clones that were identified as
being region-specific were sequenced and 44 unique expressed
sequence tags (ESTs) were added to the transcription map of the
region in context of the physical contig. In addition, several new
genes and ESTs recently placed in this region by other investigators
were also integrated into the transcript map to generate a detailed
genetic, physical, and transcript map of this portion of the Xpll.23-

pl1.22 region.
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Through database analysis, one of the cDNA transcripts isolated
by direct cDNA selection, JRL4-Al, identified a longer cDNA (263773)
partially characterized by the Wash U-Merck cDNA sequencing
project. The expression profile of JRL4-Al indicated that it was
expressed in many tissues, including both the retina and the brain.
Because of its expression pattern and physical location between the
markers DXS1126 and DXS255, this gene was chosen to be
characterized in detail. Northern Blot analysis revealed a transcript
of 1100 bp and 5' RACE experiments indicated that the entire 5' end
of this gene (KAT1) was contained in the 263773 clone. cDNA based
primers, cosmid sequencing, and walking by linker ligation were
used to identify exon/intron boundaries and the gene was found to
contain seven exons. Alternative splicing involving Exon 1 generates
two different transcripts from this gene. KATI1 has an ORF of 262
amino acids that begins with an initiator methionine codon in Exon 2.

-The 263773 clone was used as a probe to scan for deletions in the
15 CSNB1 families by Southern analysis, and no aberrant bands were
detected. The exons of KATI1 were then directly sequenced twice in
representative affected and unaffected control individuals from
Family P060. From the results of this analysis, KAT1 was excluded
as the gene responsible for CSNB1 in Family P060.

Future efforts to isolate the gene for CSNB1 in Family P060 will
be facilitated by the additional resources, in the form of novel ESTs
and a detailed genetic, physical, and transcript map of the region,
generated by this work. Continued analysis of the ESTs in the region

in an effort to reduce them into common transcripts will produce



256

additional candidates genes for mutation analysis in CSNBI1 patients,

as well as increase the density of the gene map in Xpl1.23-pl11.22.
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