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SUMMARY

Mental retardation and/or epilepsy account for the majority of childhood brarn

disorders. Genetic factors have an important role in these disorders. One approach

to identify and characteize the genes involved in mental retardation and epilepsy

is to identify the genes disrupted by the rare chromosomal rearrangements in

patients having these phenotypes. Two unrelated patients were reported in the

Department of Cytogenetics and Molecular Genetics, Women's and Children's

Hospital, Adelaide, with balanced de novo ttanslocations t(1:16) and (14;16)

involved in mental retardation and epilepsy respectively. The mouse/human

somatic cell hybrids isolated from the cell lines of these two patients containing

the der(16)t(1;16) and the der(16)t(14;16) were designated as CYl96 and CYl82

respectively. The I6pl3.3 breakpoints contained in CY196 and CYl82 have been

localized to the same physical interval on chromosome 16 at 16p13.3. It was

hypothesized that the mental retardation and epilepsy in these two patients were

due to the disruption of a gene at or near the translocation breakpoints at 16p13.3.

This thesis mainly documents the detailed molecular charactenzation of the

chromosome L6 breakpoints of these two de novo apparently balanced

translocations. Positional cloning strategies were used to determine if any gene

was disrupted at the breakPoints.

The current study began by generating a more detailed physical map of the

breakpoints region in order to identify the disrupted transcript at 16p13.3. The

preliminary physical mapping data identified a novel proline rich gene, CI6orJ5,

highly expressed in the brain. Full-length cDNA charactenzation was performed

and the genomic structure of the gene was established. Southern hybridization and

FISH analyses localized the gene to chromosomal band I6p13.3, distal to the two
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breakpoints. A YAC pulsed-field restriction map of the region was constructed to

localize the CI\orfi gene in more detail. This map revealed that the CI6orJ5 gene

was not directly disrupted by either of the translocation breakpoints at 16p13.3.

To further refine the two-translocation breakpoints at 16p13.3, a BACIPAC contig

was constructed across both the breakpoints. DNA of the PAC 97811 spanning the

16p13.3 breakpoint of the t(1;16) was sequenced with 1.5X coverage to allow the

possible identification of a transcript, which was disrupted at the breakpoint.

Sequence for BAC 545E8 spanning the 16p13.3 breakpoint of the t(1;16) was

available in GenBank. Sequence and expression analyses using the clones

spanning the 16p13.3 breakpoints failed to identify any potential transcript.

FISH results of BAC 545ES and a series of probes located proximal and distal to

the 16p13.3 breakpoint of the t(14;16) suggested that the translocation in this

patient was also associated with a paracentric inversion with a coincident

breakpoint at 16pI3.3, t(I4;I6)(p32;p13.3)inv16(p13.3pI2.1). The unexpected

three break complex chromosomal rearrangement complicated the further

positional cloning approach.

The chromosome I breakpoint of the t(1;16) was shown to be within the

pericentromeric heterochromatin. It was possible that the observed phenotype in

the patient with t(l;16) might be the result of a position effect of the chromosome

t heterochromatin. Expression and mutation analyses of the C16orf5 gene, the

closest identified gene to the 16p13.3 breaþoint of this translocation were carried

out. The data suggested that C16orf5 gene is not likely to be frequently involved

in sporadic mental retardation.
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Subsequently, the sequence of BAC 375G12, which was distal to the 16p13.3

breakpoint of t(1;16), identified a novel protein A2BP1 (ataxin-2 binding protein

1) (Shibata et al., 2000). A2BP1 cDNA sequence analysis together with the

physical map data suggest that A2BP1 gene consists of 16 exons and spans over

1.6 Mb of genomic DNA. The chromosome 16p13.3 breakpoints of the t(1;16)

and t(I4:16) are located in introns of this gene. Since this brain and muscle

specific transcript is disrupted by the 16p13.3 breakpoints of both de novo

chromosomal rearrangements it is highly probable that A2BP1 is involved in the

clinical phenotypes of the two patients. Identification of this disrupted gene

provided a candidate for further mutation and expression analyses (currently

underway in the Department of Cytogenetics and Molecular Genetics, WCH,

Adelaide) in the other affected patients to assess the involvement of A2BP1 in

sporadic autosomal mental retardation and/or epilepsy.
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Lilerature Review

L.1 Introduction

Over the years great progress has been made in unraveling the mysteries of human

inheritance. It is now known that the human genome consists of 46 chromosomes,

which between them house 3000 million base pairs of DNA. However, the likely

number of genes present in the human genome is still not resolved. Early

estimates suggested that there might be and 50,000 to 100,000 human genes

(Schuler et a1.,1996; Fields, 1994). Recently three reports were published, which

suggests that the human gene numbef ranges from 30,000 (Ewing and Green,

2000; Crollius et a1.,2000) to 120,000 (Liang et al., 2000). Alterations in these

genes are responsible for nearly 4000 genetic diseases, which are known to afflict

human beings (W1*). Before the age of 25 years, at least 53/1000 live borne

individuals can be expected to have a disease with an important genetic

component (Rimon et al., 1997).

The quest for an understanding of how genetic factors contribute to human disease

is gathering speed. An international research effort is being carried out as a part of

the Human Genome Project (HGP), which aims to chatacteize the human

genome through complete mapping and sequencing of DNA, and to determine the

estimated genes in the human genome (URL W1, Table 1.1). According to the

current five year plan of HGP (1998-2003), the ultimate target to obtain the

finished sequence of the human genome was expected to be achieved by 2003

(Collins et al., 1993). But the progress of the project today suggests that the final

sequence of the human genome will likely be produced considerably ahead of that

schedule. The HGP public and private consortium have already announced the

x Note: IJRLs, for www are listed in the Table 1.1 and referred as by the use

of the W prefix
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working draft of human genome sequence on June 26, 2000, which can be

accessed at URL W2, Table 1.1.

A private consortium of HGP, Celera Genomics (Rockville, MD) was started in

May 1998, for the purpose of generating and commercializing genome

information to accelerate the understanding of biological processes. Celera began

to sequence the human genome on September 8, 1999 using the whole genome

shotgun technique. The public and private projects use similar automation and

sequencing technology, but different approaches for sequencing the human

genome. The public project uses a 'hierarchical shotgun' approach in which

individual large DNA fragments of known position are subjected to shotgun

sequencing (that is, shredded into small fragments that are sequenced, and then

reassembled on the basis of sequence overlaps). The Celera project uses a 'whole

genome shotgun' approach, in which the entire genome is shredded into small

fragments that are sequenced and put back together on the basis of sequence

overlaps. Celera's human genome sequencing data has been submitted to the

journal Science on December 6, 2000 and is expected to be accessible to the

public by early 200I.

So far, two human chromosomes,2I and22, have been completely sequenced and

published. Chromosome 22 was the first human chromosome to be sequenced. It

constitutes 33.4 megabase of euchromatic DNA and contains at least 545 genes

and 143 pseudogenes (Dunham et al., 1999). Chromosome 21 is the smallest

human autosome and its sequence data (Hattori et al., 2000) revealed 127 known

genes, 98 predicted genes and 59 pseudogenes. As of Decembet 2000,24.77o of

2
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the human genome sequence is available as finished sequence (URL W3, Table

1.1).

Although the complete sequence of the human genome will soon be available,

identification of the genes involved in diseases that have a complex pattern of

inheritance, such âs, mental retardation and epilepsy remains a challenge'

Mutations in many genes related to mental retardation and epilepsy (section, 1.8)

are known today. But due to the genetic heterogeneity associated with such

complex diseases, etiologies of the majority of cases are still unknown. Further,

there is no gene yet identified for a nonspecific form of autosomal mental

retardation. Identification of yet unidentified genes related to mental retardation

and epilepsy will provide more insights into the molecular mechanisms

underlying these disorders.

One approach to the identification of such genes is to identify by positional

cloning the genes disrupted at the breakpoints of chromosomal rearrangements

associated with brain disorders. Chromosomal rearrangements associated with

abnormal phenotypes have greatly assisted the positional cloning of many disease

genes, examples are listed in Ballabio, (1993) and Collins, (1992, 1995). Two

unrelated patients having de novo balanced translocations have been reported at

the Department of Cytogenetics, Molecular Genetics, 'Women's and Children's

Hospital, Adelaide. One of the patients had t(l;16) and severe mental retardation

and the other had t(I4;I6) associated with grand mal seizures. Mouse/human

somatic cell hybrids have been generated from the cell lines of these patients

containing the der(16) of the t(1;16), designated as CY196 (Callen et al., 1990b)'

and rhe der(16) of the t(I4;16), designated as cY182 (Callen et al., 1995). The

J
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chromosomal 16 breaþoints in the two patients are located in the same physical

interval of chromosome 16 at 1,6pI3.3 (Callen et a1., 1995). It was hypothesized

that mental retardation and epilepsy in these two patients were due to a common

gene defect at 16pI3.3. Therefore, the present study aimed to identify the gene

responsible for the phenotypes observed in the two patients using positional

cloning strategies.

This literature review will discuss the background information available on human

chromosome 16 as the current investigation focused the search for a gene

responsible for the observed phenotypes in the two patients on chromosome 16.

This will be followed by a discussion of the various genetic tools used for

mapping and identification of disease genes. In the interest of providing updated

information the discussion will include known genes responsible for mental

retardation and epilepsy. Finally, general conclusions and the project aims will be

presented.

1.2 Human chromosome 1"6

Human chromosome 16 harbors 98 Mb of DNA and represents approximately 37o

of the human genome (Morton, I99I; Kozman et al., 1995). The expected number

of genes on this chromosome is 1500-3000 (Mulley and Sutherland, 1993). The

major initial objectives of the HGP included the construction of genetic and

physical maps of each human chromosome to allow the cloning of disease genes

linked to particular chromosomes. The early maps constructed were based on

RFLP (restriction fragment length polymorphism) markers and were less efficient

for positional cloning of disease genes than maps based on highly polymorphic

PCR markers. Such maps are not discussed in this review.

4
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Table L.L Uniform resource locators (URLs) for human genome information on

the World Wide Web.

Web sites URL address

w1

w2

w3

w4

w5

w6

w7

w8

W9

w10

wl1
wt2
wl3

http : //www.nhgri.nih. govÆIGP

http ://www. genome.c se.ucsc.edu

http ://www.ncbi.nlm.nih. gov/genome/seq/page

http ://www.ncbi.nlm.nih. gov/genome/guideÆIsChrl 6'shtml

http ://www.ncbi.nlm.nih. gov/entrezl Omim

http : //www.ncbi.nlm.nih. gov/SNP/

http ://www. ornl. gov/hgmis/faqlsnps.html#goals

http : i/ww w.ncbi.nlm.nih. gov/genemap

http ://www-shgc. stanford. edu/Rll/rhserver-formZ'html

http://www.sanger. ac.uk/Rhserver

http://www.ncbi.nlm.nih. gov/dbEsT/dbEsT-summary.html

http ://www.ncbi.nlm.nih. gov/UniGene

ftp ://ftp.ncbi.nlm.nih. gov/repository/[JniGene

There was a need to develop more informative maps which were helpful for

positional cloning projects by placing more polymorphic markers based on

dinucleotide repeats (which can be analyzedusing PCR techniques) on the genetic

linkage maps. Such a PCR based comprehensive genetic linkage map of

chromosome 16 consisting of 19 AC repeats markers was reported by Shen et al.,

(lgg4). A yeaf later, the integrated CEPH consortium genetic linkage of

chromosome 16 was published by Kozman et al., (1995). The map contained 158

loci defined by 191 different probes. The mean genetic distance between markers

was 2.8 cM. The markers were physically mapped on the human chromosome 16

somatic cell hybrid panel (Callen et al., 1992), which allowed the anchoring of the

5



Literature Review

genetic map to the cytogenetic map. These maps provided a scaffold for the

construction of physical maps based on overlapping sets of DNA clones.

The PCR based genetic map and the CEPH consortium linkage map were merged

with the physical maps by PCR screening of YAC and cosmid clones and

assignment of markers to the hybrid breakpoint map (Doggett et al., 1995). This

allowed the alignment of CEPH consortium genetic maps with the physical map'

The physical map of chromosomel6 consisted of a low-resolution megaYAC map

and a higher resolution cosmid/contig/miniYAC map. The megaYAC map was

constructed using 638 megaYACs from Centre d'Etude du Polymorphisme

Humain (CEPH) that were localized to and ordered within the breakpoint intervals

with 418 sequence-tagged sites (STSs). The megaYAC map provided almost

complete coverage of the euchromatic alms of the chromosome 16. The high-

resolution physical map consisted of 320 contiguous, oveflapping sets of DNA

clones (contigs) containing 2,OOO fingerprinted cosmids and248 miniYACs. This

high-resolution physical map was integrated with the megaYAC map by clone

hybridization and STSs screening. The high-resolution physical map covered over

50Vo of the euchromatic chromosome afins. This physical map also incorporated

the integrated genetic and transcript map data generated by Callen et a1., (1995)

utilizing a high-resolution somatic cell hybrid panel. This included l4I genetic

markers and 200 genes and transcripts. The integrated physical, genetic and

cytogenetic map of chromosome 16 provided the basis for positional cloning of

disease genes linked to this chromosome'

However, the integrated map mainly consisted of YAC and cosmid DNA clones

(section, 1.4.2), which are no longer considered as substrates of choice for large-

6



Literature Review

scale DNA sequencing. Therefore, various groups then utilized the mapped and

ordered STSs to construct BAC maps of chromosome 16 in order to allow large-

scale DNA sequencing. As of December 2000, 2I.l7o of the chromosome 16

sequence is available as finished sequence ([IRL W4, Table 1.1). The

chromosome 16 physical mapping data along with the ongoing sequencing efforts

allows the rapid identification of candidate genes for diseases and traits linked to

this chromosome. Chromosome 16 contains gene loci fot several human diseases

of both clinical and economic importance (Doggett et al., 1992). Currently there

are nearly 269 entnes that describe genes on chromosome 16 in the OMIM

database (URL W5, Table 1.1).

1.2.1 A rodentlhumún somatic cell hybrid'based map of human

chromosome 16

Somatic cell hybrid panels consisting of a mouse or hamster background and

various portions of human chromosomes provide a basis for the rapid localization

of genes or DNA fragments to individual chromosomes. A somatic cell hybrid

panel was constructed for chromosome 16. Human cell lines containing

chromosome 16 translocations and interstitial deletions were fused with the mouse

cell line A9 and selection of the hybrids was possible utilizing the gene for

adenine-phosphoribosyltransferase (APRT) located on the long arm of the human

chromosome 16 (Callen, 1986). An expanded version of this panel is reported in

Callen et al., (1990b), and Callen et al., (1992).

The hybrid panel was used for generating a high-resolution physical map of

chromosome 16. Cloned DNA probes were localized to defined chromosomal

intervals by Southern blot hybridization to DNA isolated from these somatic cell

1
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hybrids. This panel was particularly useful in mapping smaller DNA probes

(STSs) by PCR analysis of hybrid DNA (Callen et al., 1992). This high-resolution

somatic hybrid panel for the entire chromosome 16 was further used for

integration of physical, transcript and genetic maps of chromosome 16 (Callen et

al., 1995; Doggett et al., 1995). The high-resolution cytogenetic based map of

chromosome 16 divides the chromosome into 90 intervals of average size 1.1 Mb

(Doggett et a1., 1995). This cytogenetic based physical and transcript map of

chromosome 16 provided the basis for cloning of the disrupted gene at the

chromosomal 16 translocation breakpoints in the present study.

1.3 Genetic linkage mapping

The first step towards the gene identification is the assignment of a disease locus

segregating in a family to a particular chromosome using genetic linkage analysis.

Linkage analysis is based on crossing over between homologous chromosome

during germ cell replication or meiosis. In principle, the closer the two loci are,

the less likely it is that crossing over, observed as recombination, will take place.

Two loci which show l7o fecombination at meiosis are defined to be one

centimorgan (cM) apart. A genetic distance of lcM is approximately equal to a

physical distance of lmegabase (Mb) averaged across the genome (Donis-Keller

et al., 1987). A successful linkage analysis requires a family, or families, of

adequate size in which a disease is segregating, to establish linkage with statistical

significance. Another essential requirement for a linkage study is the availability

of the set of polymorphic DNA markers with known location in the human

genome, to assign a map position to the disease locus.
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The first linkage map of the human genome was based on the pattern of

inheritance of 403 polymorphic loci including RFLP's (restriction fragment length

polymorphism) and VNTR's (variable number of short tandemly repeat DNA

sequences) through a panel of 2I three generation families (Donis-Keller et al.,

1987). However, this initial map was not highly informative and the average

spacing between the markers was 10-20 cM. Subsequently, the HGP aimed to

transform these existing limited genetic maps into a tool for finding disease genes

by identifying and locahzing highly informative polymorphic markers spaced at

2-5 centimorgans (cM) intervals along the genetic linkage map of each human

chromosome (Hildebrand et al., 1992).

The most widely used DNA markers were microsatellites or short tandem repeats

(STR) because they could be easily analyzed using PCR techniques. The repeated

unit found in microsatellites is 2 to 6 base pair long, and they are abundant

throughout the human genome (Weber and May, 1989). In 1993, a second-

generation linkage map of the human genome based on such highly informative

microsatellite loci was reported (Weissenbach, 1993). The use of simple sequence

repeats as polymorphic markers greatly facilitated the construction of reference

maps of the human chromosomes and mapping of Mendelian genetic diseases.

The final updated version of the Genethon linkage map was published by Dib et

al., 1996. This map consisted of 5,264 short tandem microsatellite repeat

polymorphisms with an average heterozygosity of 707o. This map spanned a sex-

averaged genetic distance of 3,699 cM and comprised 2,335 positions detined by

5,264 markers. The average interval size of this map was 1.6 cM with 597o of the

map covered by intervals of 2 cM at most and l7o of the markers were greater

than 10 cM apart. Such a map provided the basis for generating whole genome
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physical maps based on overlapping set of yeast artificial chromosomes that were

published by Chumakov et al., (1995) and Hudson et al., (1995).

Linkage analysis is an important and clinically applicable method of predicting

inheritance of genetic diseases and traits. When a gene can not be detected

directly, evaluation of a closely linked marker may be used to determine the

likelihood that the gene has been inherited (Boughman et al., 1992). Linkage

maps have proven to be extremely productive for mapping disease genes related

to complex disorders such as, epilepsy (Delgado-Escueta et al., 1994), Alzheimer

disease, Parkinson disease, Ataxia's, diseases of ion channels leading to periodic

paralysis or hemilplegic migraine and tumor syndromes such as neurofibromatosis

typel and 2 (Pulst, 1999).

1.3.1 Single nucleotide polymorphism (SNP)

The ability to positionally clone a gene based on localization from linkage study is

dependent on the requirement of a large family segregating the disease and a high

resolution map of DNA-markers. Therefore, recent attention has focused on

identification of SNPs (single nucleotide polymorphisms) as a source of genetic

markers. SNPs are highly abundant and predicted to occur on average every 1 kb

(Cooper et al., 1985). SNP is the most com.mon type of human genetic variation

and is a position in DNA at which two alternative bases occur at appreciable

frequency (>I7o) in the human population (Wang et al., 1998). In 1998, Lander

and colleagues performed a survey to identify SNPs across the human genome

using conventional gel-based DNA sequencing and high-density variation-

detection DNA chips. A total of 3,241candidate SNPs were identified in the 2.3

megabases of human genomic DNA examined, with 2,227 SNPs being used to
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construct a genetic map. Subsequently, genotyping chips were synthesized that

allow simultaneous genotyping of 500 SNPs, demonstrating the feasibility of

large-scale screening of human SNPs (Wang et a7., 1998). Currently, as of

December 8, 2000, the SNP database (URL'W6, Table 1.1) has submissions for

2,558,364 SNPs. Expectations are to have 150,000 SNPs mapped by mid-2001

(URL W7, Table 1.1).

SNP detection and scoring methods are many and various. Currently, most

procedures involve target sequence PCR amplification, a burden that limits

possibilities for scale-up and automation. This is equally true for the much-

acclaimed miniature hybridization arlay (DNA-chip) concept. An effective

method recently developed by the HGBASE (Human Genic Bi-Allelic

SEquences) team is Dynamic Allele-Specific Hybndization (DASH) (Howell et

a1.,1999). Voltz et al., 2000 have already produced SNP maps for chromosome 21

and 22 and are working to extend their SNP data to other chromosomes as the

finished sequence becomes available. A high-density SNP map is expected to help

pinpoint genetic differences that predispose to disease and underlie variability in

responses of individuals to treatment. Such maps will help to identify the multiple

genes associated with complex diseases such as, cancer, diabetes, vascular

disease, and some forms of mental illness.

L.4 Physical mapping

Physical maps of the human genome are essential tools for localization and

positional cloning of disease genes. These maps consist of ordered, overlapping

cloned DNA fragments covering each human chromosome. Physical maps have

evolved over the past decade from the initial conception as a set of overlapping
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clones (Olson et al., 1986) to the more recent idea of a well-spaced collection of

unique landmarks (STSs) each defined by a polymerase chain reaction (PCR)

assay (Olson et a1., 1989). A first generation physical map of the human genome

was published by Cohen et a1., (1993). This map was prepared by screening a

CEPH YAC library, which contained 33, 000 YAC clones, using 2,000 genetic

markers randomly distributed over 907o of the human genome. This library had a

ten-fold coverage of the haploid genome. Subsequently, a more detailed version

of this map was published by Chumakov et al., (1995). This map covered 757o of

the human genome and consisted of 225 Y^C contigs with an average size of

about 10 megabases. However, these maps were clone based, rather than STS-

based. The YAC clones were not suitable for sequencing and STS coverage was

too sparse to regenerate substantial physical coverage by use of other cloning

vectors. Therefore, Hudson et al. (1995) constructed an STS based map of the

human genome, which contained more than 15,000 loci with an average spacing

of 199 kb. This map provided radiation hybrid coverage of 99 percent and

physical coverage of 94 percent of the human genome. The STSs in the map

provided a basis for initiating large-scale sequencing of the human genome.

With an advent of the HGP, an international consortium was formed to construct

an integrated human gene map in which cDNA based STS markers wefe

physically mapped and then integrated with the genetic map of polymorphic

microsatellite markers (Dib et al., 1996). Schuler et al., (1996) published the

initial report of this consortium that described a map of approximately 16,000

gene-based sequence tagged site markers that were mapped relative to a

framework map which contained 1000 polymorphic genetic markers. This map

unified the existing genetic and physical maps. This was further extended by
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Deloukas et al., (1993) to include 30,000 human gene-based markers. Within two

years, this map represented nearly a I007o increase in gene density and map

accuracy and was now estimated to contain half of all human protein-coding

genes. This integrated map can be accessed at URL W8, Table 1.1.

These physical maps are now being replaced by the DNA sequence of the human

genome. An update of the information on the ongoing mapping and sequencing of

different human chromosomes, including human chromosomes 21 and 22 whose

genomic sequence has been completed, can be accessed at URL W3, Table 1.1

1.4.1 Radiation hybrid (RH) mepping

The STS-based physical maps of chromosome 16 (section I.2) teported by

Doggett et a1., (1995) as well as the entire human genome maps of Cohen et al.,

(1993), Chumakov et a1., (1995) and Hudson et al., (1995) (section 1.4) used YAC

DNA clones for integrating maps. However, certain GC-rich regions of the human

genome appear to be poorly represented in YAC libraries (Chumakov et al.,

1995). Therefore, a radiation hybrid (RH) mapping approach was utilized to order

STSs and integrate them with the genetic maps of polymorphic markers. RH

panels consist of hamster cell lines that contain many large fragments of human

DNA produced by radiation breakage (Goss and Harris, 1975). RH mapping,

unlike linkage mapping which is limited to the use of polymorphic markers allows

mapping of any unique non-polymorphic markers such as STSs and ESTs. The

markers can be mapped on the RH panel by PCR or Southern analyses of DNA

isolated from the respective radiation hybrids.
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At present, three different hamster-human whole genome RH panels have been

constructed and are available (all distributed by Research Genetics, Huntsville,

AL) to the scientific community. GB4 RH panel consisted of 93-hamster cell

lines, each consisting of the human genome in random fragments of

approximately 10 Mb (Gyapay et al., 1996). This panel was used by Genethon and

Cambridge University to construct an RH map of the human genome using 850

STSs and markers from genetic linkage map (Gyapay et al., 1996). The GB4 RH

panel was constructed using a low dose of irradiation (3000 rads of X-rays),

which allows the construction of continuous maps when these hybrids are scored

with as few as 400 STSs spanning the human genome. However, this immediate

advantage limits the ultimate resolution of the maps that can be generated with

these reagents.

The G3 RH panel was generated using a relatively high dose of irradiation

(10,000 rads) for the construction of RH panels of high-resolution. The G3 RH

panel consisted of 83 hamster cell lines, each retaining approximately 167o of the

human genome in random fragments of approximately 2.4 Mb (Stewart et al.,

1997). Both the GB4 and G3 RH panels were used by Schuler et a1., (1996) to

map gene-based sequence tagged site markers relative to RH and YAC panels.

The third panel, the TNG RH panel was generated at the Stanford Human

Genome Center with 50,000 rads of irradiation and can be used to order markers

at 50 kb resolution (Lunetta et al., 1996). These three different RH panels allow

the ordering of markers at different levels of resolution. The GB4 RH mapping

data were merged and aligned with the G3 RH map and the genetic map (Dib et

al., 1996) utilizing 1102 microsatellite markers that were common to all three

maps. The existing genetic and RH maps span lÙ07o of the human genome
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(Schuler et al., 1996). The integrated map is available at URL W8 Table 1.1. In

addition, two web servefs, one for each RH panel (G3 RH panel =IIRL W9, GB4

RH panel =I-IRL W10, Table 1.1), allow mapping of any new marker relative to

this map.

In the present study, the information on STSs and ESTs present in the vicinity of

the two breakpoints was obtained from existing integrated CEPH genetic and

physical map and RH map for chromosome 16.

1.4.2 Cloning Systems

To facilitate the ongoing efforts to map and sequence the human genome and to

isolate the disease genes, it is important to clone chromosomal fragments as a

single contiguous piece of DNA. Cosmid and the yeast artificial chromosome

(YAC) cloning systems have the potential to accomplish these goals but both have

demonstrated deficiencies. The yeast artificial chromosome (YAC) cloning

system has permitted the cloning of large fragments of mammalian DNA (Burke

et al., 1987). The YAC cloning system can accommodate genomic inserts that are

up to or even greater than 1 Mb in size. However, the major disadvantage of the

YAC cloning system is that alarge percentage of clones, up to 507o, contain DNA

segments from non-contiguous parts of the genome, that is, are chimeric clones.

YAC cloning also appears to be prone to producing deletions and/or

reaffangements of the cloned insert, which restricts their reliability for mapping

and sequencing purposes (Shepherd et al., 1994; Boycott et al., 1998). Cosmids

have an upper insert size limit of only 45 kb (de Jong et al., 1989), making the

process of chromosome walking a laborious and inefficient effort (Boycott et al.,

1998). Genomic sequencing based on cosmids is also inefficient as shot gun
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approaches will result in maximum percentage of the sequence generated being

vector sequence, which is discarded.

In recent years, other bacterial vector hosts systems, which have clonal stability

and larger insert sizes have been developed. These are considered as the vectors of

choice for the process of chromosome walking and DNA sequencing. These

cloning systems include PACs (Pl-derived artificial chromosomes) and BACs

(bacterial artificial chromosomes). PAC clones have average insert sizes of 100

kb. The PAC cloning system is based on bacteriophage Pl (Sternberg, 1990) and

allows rapid isolation of recombinant DNA. Because of the clonal stability of

PAC clones, PAC libraries have a faithful representation of the genomic DNA.

Similar to cosmids, the inserts of PAC clones are also flanked by rare-cutting

restriction enzymes as well as by T7 and SP6 promoters (Shepherd et al., 1994),

which allow the direct sequencing of PAC ends. However, in this system, human

DNA inserts greater than 120 kb have not been cloned and characteized, which

limits the use of this system.

The size limitation of PACs were circumvented by development of the BAC

cloning system, which allows the cloning of large genomic inserts greater than

300 kb. This system is based on the well-studied Esherichia coli F factor. The F

plasmid is maintained in low copy number (one or two copies per cell), thus

reducing the potential for recombination between DNA fragments carried by the

plasmid (Shizuya et al., 1992). However, the low copy plasmid number makes it

difficult to obtain large amounts of DNA from bacterial cultures as compared with

PACs. Inserts in BAC clones are also flanked by T7 and SP6 promoters, which

can be used to design primers for generating BAC end sequences directly from
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BAC DNA. These sequences can then be used to design end probes for another

cycle of library screening in order to extend the existing BAC contigs. Due to the

large insert size and clonal stability the BAC system is now considered as the

vector of choice for generating large-scale DNA sequence.

L.5 Transcript mapping

Of the 3X10e bases of the human genome only a small percentage codes for

proteins, and coding regions are generally fragmented into exons. Therefore, the

identification of coding regions (genes) in the human genome is a major

challenge. However, this can be facilitated by the construction of transcript maps.

A transcript map is generated by identifying contiguous and noncontiguous

cDNAs or multiple ESTs (which represent different portions of a trancript) in the

implicated region. The finished sequence of the human genome will soon be

available but the biological significance of most of the sequence is unknown.

Therefore, a transcript map of the human genome will be a critical resource for

defining the regions that code for proteins. Over the years, various methods of

transcript identification have been developed and these will be discussed.

The first whole genome transcript maps were constructed in the mid to late 1970's

by analysis of DNA hybridization on viral or organelle genomes by means of S1

nuclease mapping or electron microscopy (Battey and Clayton, 1978; Sha.p et al.,

1980). Because of the small size of these genomes, these techniques allowed

chaructenzation of the temporal aspects of gene expression as well as gene

locations. However, these methods were not suitable for constructing human gene

maps.
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In the 1980s one method commonly used for the identification of coding regions

in the human genome involved the screening of short genomic DNA segments for

sequences that were evolutionary conserved. For this, genomic DNA was isolated

and used as a probe on Southem filters containing DNA isolated from a number of

different species (Zoo blots) to test for evolutionary conservation of a particular

DNA segment (Monaco et al., 1986;Rommens et a1., 1989).

A different approach was used by Fearon et al., (1990) where they analyzed the

genomic DNA for the presence of open reading frames. To determine, if the

genomic DNA of interest is a part of the gene they probed a Northern blot-

containing RNA obtained from different human tissues. If a transcript was

detected the probe was subsequently used to screen the oDNA library (random

collection of cloned cDNAs) generated from the relevant tissue(s) to identify a

corresponding cDNA clone. The clone was then sequenced and analyzed for the

presence of open reading frames. These methods were used in the identification of

transcripts involved in Duchenne muscular dystrophy (Monaco et al., 1986)'

Cystic fibrosis (Rommens et a1., 1939) and DCC gene responsible for colorectal

cancers (Fearon et aL,1990).

An alternative is to look for CpG islands, which can serve as a useful gene marker

(Bickmore and Bird, 1992). CpG islands are genomic regions larger than 200

basepairs with a high G + C content (greater than 5O7o) (Gardiner-Garden and

Frommer, 1937). Although cytosine residues of most CpGs in the genome are

partially or completely methylated, those in CpG islands are normally free from

methylation. CpG islands are usually associated with the promoter and the 5'

portion of a gene (Bird, 1987). It has been estimated that there are 45,000
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unmethylated CpG islands in the human genome, and 567o of all human genes are

associated with CpG islands (Antequera and Bird, 1993). The most common

approach used to identify CpG islands in a defined genomic region is to map the

cleavage sites for rare-cutter restriction enzymes. Rare-cutter restriction

endonucleases recognize 6 to 8 bp sequences containing at least one CpG

dinucleotide (Bickmore and Bird,1992). Therefore, if several rare-cutter sites are

co-mapped in a defined region, the region is most likely to be a CpG island.

However, Bickmore and Bird, (1992) found that the frequency of rare-cutter sites

in CpG islands averages 0.27-2.I4 sites per island, based on an average island size

of 1.4 kb. Therefore, one could overlook a proportion of islands by this strategy.

Kato and Sasaki (1993) used 2 to 4 base pair restriction enzymes such as Hpa II

(CCGG) and Hha I (GCGC) instead of multiple rare-cutter enzymes to identify

CpG islands. Multiple sites are present for both HpaL and Hha I in CpG islands

(average 20.35 and 21.86 sites per island, respectively) and their density is

approximately one in every 70 base pairs per island and one per 23OO base pairs in

the remainder of the genome (Bickmore and Bird, 1992). This large difference in

frequency enabled them (Kato and Sasaki, 1998) to detect CpG islands as clusters

of sub-bands after partial digestion of large DNA fragments with Hpan and Hha

I restriction enzymes, and subsequent Southern hybridization with end probes

generated from cosmid and P1 clones. However, there are islands not associated

with genes. For example, many transposable elements and pseudogenes are

known to have CpG islands, some of which may be unmethylated, and as some

tissue-specific genes have one or more islands associated with cryptic internal

promoters that do not produce translatable transcripts (Larsen et al., 1992).
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Therefore, this method does not provide a direct means of detecting coding

sequence from the genomic DNA but is useful in pinpointing the possible genes.

Use of a hn (heteronuclear) cDNA library (Liu et a1.,1989,1992) is yet an another

method for the isolation of coding regions from genomic DNA. The hn-cDNA

libraries are made from unprocessed messenger RNA by using a primer that binds

to 5' intron consensus splice site sequences to initiate cDNA synthesis (Liu et al.,

1989; Whitmore et al., 1994). Chromosome specific cDNA libraries can be

generated using hn-cDNA derived from somatic cell hybrids containing the

chromosome of interest as the only human DNA content. Liu et al., (1989, 1992)

utilized this approach to generate a hn-cDNA library from a somatic cell hybrid

containing the long arm of chromosome 19.

Alternatively, Corbo et al., (1990) used conserved regions of human Alu repeat

sequences to design oligonucleotides for generating cDNA from hnRNA. The

resulting library was screened with human specific repeats to identify human

clones. A similar approach was used by Whitmore et al., (1994) to generate a

chromosome 16 hn-cDNA library from the somatic cell hybrid CY18, which

contained chromosome 16 as the only human chromosome. Advantages of this

approach were that cDNA synthesis was initiated through an exon, and therefore

each clone isolated was expected to contain coding sequence. Isolation of cDNA

from the somatic cell hybrids also provides the knowledge of their chromosome

location. In addition, this approach also helps in the isolation of cDNAs that may

be in low abundance in those libraries derived from particular tissues. However,

this approach is tedious and results in isolation of large numbers of rodent clones

due to non-specific priming events.
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A number of researchers also used genomic DNA such as YAC inserts to directly

screen cDNA libraries involving Southern hybridization techniques and blocking

of repeat sequences in the large inserts prior to hybridization (Elvin et al., 1990;

Geraghty et al., 1993). However, one of the major problems was that due to the

large size YAC insert the smaller cDNA clones present in the library remained

undetected. To overcome this problem cDNA clones within the libraries were first

enriched using a cDNA selection method (Parimoo et a1., 1991) before being

screened for hybridization with probes containing large YAC inserts.

The cDNA selection approach involved the immobilization of target cosmid or

YAC DNA to nylon filter discs. The prepared discs were then blocked for

repetitive, ribosomal or GC-rich sequences and hybridized with cDNA fragments

prepared by PCR amplification from a lgt10 cDNA library using flanking vector

primers. After an appropriate wash, the hybrid-selected material was PCR-

amplified, analyzed on Southern blot and cloned in Àgt10. Using this approach

(Parimoo et al., I99I) were able to identify several non-major histo compatibility

complex class I clones from a yeast artificial chromosome that includes the HLA-

A locus. This strategy had several advantages over other approaches discussed

above. This method was able to detect 5' and 3' exons and genes that lack CpG

islands and those genes that are not expressed in the hybrid cell lines. This method

was particularly convenient for YACs where a single gel and blot could be used to

identify cDNAs corresponding to several YACs in a short period of time.

However, the limitation of this approach is that the recovery of genes is dependent

on the presence of the transcript in the cDNA library. Rare transcripts or those

that are expressed in a tissue specific manner will be difficult to identify.
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The cDNA selection approach was further modified by Korn et al., (1992). The

method involved the hybridization in a solution (rather than filter-bound

templates), of amplified cDNA inserts to biotinylated cosmid DNA. The selected

gDNA clones were then "captured" using streptavidin coated magnetic beads,

which can be isolated by passing over a magnet, while non-selected cDNA clones

were washed from the hybridization. The eluted cDNA were reamplified by PCR,

cloned and analyzed further. Candidate genes for Huntington's disease (Rommens

et al., 1993) were identified using this method. However, this method results in

preferential amplification of abundant cDNA clones in a given library resulting in

under representation of the rarer transcripts. Further, medium to low copy repeat

sequences are difficult to suppress and this usually results in the screening of a

high frequency of false positive clones.

An exon amplification strategy based on RNA splicing was developed to tackle

the problems observed with the existing methods to identify human genes. This

method is based on the direct functional detection of exon sequences in genomic

DNA by recognition of flanking functional 5' and 3' splice sites. Fragments of

cloned genomic DNA are inserted into an intron, which is flanked by 5' and 3'

splice sites of the human immunodefeciency virus 1 tat gene contained within the

plasmid pSPL1. These constructs are then transfected into COS-7 mammalian

cells where the genomic introns are spliced out resulting in mature RNA. The

resulting mature RNA contains the trapped exons, which can be amplified by RT-

PCR and cloned for further sequence analysis of the trapped exons (Buckler et al.,

1991). 507o of the exons trapped using the pSPLI vector contained sequences

derived from the intron of the trapping vector. This was due to the presence of

cryptic splice sites in the cloning site of pSPLI trapping vector. Therefore, to
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increase the exon trapping efficiency (Burn et al., 1995) designed another trapping

vector called pSPL3B. They found that this vector eliminated the pSPL3B only

spliced products. The pSPl3B-based system was 987o efficient in the ability to

trap exons in genomic DNA, One disadvantage of this approach is that the trapped

exons are usually small in size and are therefore not suitable as probes for

Northern blot analysis. Therefore, confirmation of the trapped exons as a part of a

gene requires that adjacent exons be linked by RT-PCR. This process of gene

identification is tedious and time consuming.

The identification of human genes was revolutionized by the advent of large-scale

sequencing. This gradually transformed tedious laboratory based methodology

into largely in silico based approaches. Brenner (1990) proposed the idea of large-

scale sequencing of cDNA as a part of the HGP to identify the complete set of

human genes. Adams et al., (1991) focused on generating short cDNA fragments,

which they termed as "expressed sequence tags" (ESTs). The EST strategy was

developed to allow rapid identification of expressed genes by sequence analysis.

With the advent of high-throughout cDNA sequencing, a special division of the

GenBank sequence database was created in 1992 (Boguski et al., 1993),

designated as dbEST, a database of EST sequences.

The majority of ESTs are derived from cDNAs that are directionally cloned from

their 3' ends using an oligo (dt) primer that anneals to the polyadenylate (poly A)

tail found at the end of most human mRNA (Wilcox et al., 1991). The 3' ends of

the cDNA sequences are used to generate EST sequences because 3'UTRs

(untranslated region) show less sequence conservation than the coding regions of

the gene. This makes it easier to discriminate among gene family members that
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are similar in their coding regions. In addition the 3' UTRs are generally

intronless, which enables the design of oligo primers from the EST sequences for

PCR amplification of expressed sequences from the genomic DNA.

In an effort to identify new genes and analyze their expression patterns, Adams et

a1., (1995) generated 174,472 EST sequences from cDNA libraries constructed

from 37 distinct organs and tissues. This data added up to 52 million nucleotides

of human DNA sequences. Since then, there has been a continued increase in the

collection of EST sequences in dbEST. As of December 25,2000, dbEST (dbEST

release 121500) contains 2,816,160 human EST sequences (URL W11, Table

1.1).

By 1995, the number of the ESTs in the GeneBank was increased by thousands

and therefore it was necessary to create a human gene catalogue. A gene is

represented by multiple ESTs, which may coffespond to different portions of a

transcript. So to reduce the extent of redundancy and to build longer contiguous

blocks of sequence, Adams et al., (1995) assembled 118,406 ESTs, present at that

time in dbEST, tnto 29,599 distinct assemblies (contigs). These assemblies are

known as THCs (tentative human consensus sequences), and were notated with

information on source library and abundance of ESTs and in some cases represent

full-length cDNA transcripts. In 1996, Schuler et al., developed an information

resource called UniGene (URL Wlz, Table 1.1), where EST data are represented

in such a way that all representations of a single gene are collected in a single

UniGene cluster. Schuler et al., (1996) arranged their data of 163,215 3' EST

sequences together with 8516 3' ends of genes known at that stage into 49,625

clusters. Of these, 4,563 (97o) conesponded to known genes, and the remainder
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was represented only by ESTs. The HGP aimed to localize these UniGene clusters

on the RH and YAC physical maps of the human genome. This was done to

accelerate the positional cloning of human genes. The last version of the human

gene map published in 1998 by Bentley and colleagues resulted in the placement

of 18,703 UniGene clusters on the physical map of 30,000 human genes. The

remaining unmapped and newly identified UniGene clusters and cDNAs were

progressively mapped after this time. As of December 25,2000, there are 86,513

human UniGene clusters representing human genes (URL W13, Table 1.1).

With the available EST and cDNA sequence data in dbEST, the present method of

choice to identify genes is to sequence the genomic insert of interest and then

analyze the sequence data for the presence ESTs and genes using publicly

available sequence comparison tools. BLAST (Altschul et al., 1990, 1994) and

FASTA (Wilbur and Lipman, 1983) are the commonly used NCBI (National

Center for Biotechnology Information) search tools for sequence homology

searches.

The most recent developing approach is cDNA microarray technology or DNA

chip technology. The technology is based on an approach where known human

genes are roboticallly printed onto a glass slide and these arrays are subsequently

hybridized to fluorescent labelled pools of cDNA. The cDNAs are generated after

isolating mRNA from cells or tissues that one wishes to study. Microarray

technology allows expression monitoring of hundreds and thousands of genes

simultaneously, and provides a format to identify genes as well as changes in their

activity (Heller et al., 1997). The ultimate goal of this technology is to develop the

affays that contain every gene on the human genome against which mRNA
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expression can be assessed. This technology has been recently developed and

therefore could not be used in this thesis. Further, an àrnay with a complete set of

human genes is not yet available and this is essential for a positional cloning

strategy based on this approach.

In the current study, the following EST based strategy was chosen as an approach

to positionally clone the disease gene, as this is a rapid and efficient method of

gene identification. The breakpoints at 16p13.3 will first be localized to a BAC or

PAC and subsequently the genomic clone of interest will be sequenced. The

sequence data generated will be analyzed for the presence of ESTs and candidate

genes in dbEST using the BLAST algorithm at NCBI. The predicted ESTs and

cDNAs will be probed to a commercially obtained Northern blot in order to

identify the size and tissue expression of the corresponding transcript.

L.6 Cloning of human disease genes

The detailed genetic, physical and transcript maps of the human genome have

greatly facilitated the cloning of disease genes that contribute to the

pathophysiological mechanisms involved in a clinical phenotype. In general, the

disease genes can be cloned using functional cloning, positional cloning and

positional candidate approaches, which are discussed below.

1.6.1 Functional cloning

In the past, a large number of disease genes were identified on the basis of the

pre-existing knowledge about the basic biochemical defect (examples,

phenylketonuria and sickle cell anemia). This approach was referred to as

"functional cloning" (Collins, 1992). In functional cloning, protein products,
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partial aminoacid sequences and antibodies against the protein products are

mainly used as probes to screen the cDNA libraries in order to isolate the disease

genes. While this approach of functional cloning was remarkably successful, it

was limited to disorders where functional information about the basic defect

exists. Unfortunately, for large number of monogenic Mendelian disorders this

biological information is not known. Therefore, this route to gene identification is

not commonly used.

1.6.2 Positionalcloning

Disease genes can be isolated solely on the basis of map position without any

knowledge of gene function using positional cloning (Collins 1992, 1995). This

process of gene identification by map position was originally referred to as

reverse genetics (Ruddle, 1984; Orkin et al., 1986). The positional cloning of the

disease genes is initiated from the knowledge of genetic/physical location of a

disease locus in the genome. This is followed by the successive narrowing of the

interval using any of the cloning systems discussed in section 1.4.2. Subsequently

the transcript map of the implicated region results in identification of the disease

gene(s), whose function can then be studied. The experimental steps involved in

the positional cloning of a disease gene(s) are illustrated in Figure 1.1. The first

success in positional cloning was reported in 1986 with the cloning of the X-

linked gene for chronic granulomatous disease (Royer-Pokora et al., 1986). Since

then, many genes for inherited disorders are identified using positional cloning

strategies, examples are listed in Ballabio, (1993) and Collins (1992,1995).
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Figure 1.1 Steps involved in the positional cloning of the disease gene(s)

(Adapted from, Schuler et al., 1996)

(The positional cloning strategy will be used by the candidate to identify the

disrupted gene(s) at the 16p13.3-translocation breakpoints in the two patients

having mental retardation and epilepsy).
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1.6.3 Positionalcandidateapproach

The first step towards the gene identification is the localization of a disorder to a

particular chromosome using genetic linkage analysis. However, if large families

are unavailable for a precise genetic localization, the genetic mapping is unlikely

to allow the localization to less than a few megabases. Identification and

screening of all the genes from large linkage intervals (1 gene/3O kilobases)

(Ballabio, 1993) will be time consuming and unproductive. In such a case, a

modification of the approach, the positional candidate approach (Collins, 1992;

Ballabio, 1993) of gene identification may be appropriate. This approach relies on

the combination of information on the function and position of a particular gene.

Due to the efforts of HGP, there is a steady increase in the transcript density for

each human chromosome. Therefore, when a particular disorder is assigned a map

position, it is now possible to access a list of all the genes assigned to that region.

These genes are then considered as candidates for that disorder. The features of

these genes are compared to the disease phenotype, in order to find strong

candidate gene(s), which may have a role in that particular disorder. This

approach has been successful in identification of many genes (reviewed by

Ballabio, 1993 and Collins 1992, 1995). The success of this approach depends

upon the availability of the dense transcript map and functional information about

the disease. In future, with the availability of the finished human genome

sequence and the complete transcript map of all the estimated human disease

genes, the positional candidate approach will probably become a method of

choice.
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L.7 Chromosomal rearrangements: A unique resource for

disease gene identifÏcation

Chromosomal translocation results from the reciprocal exchange of chromosomal

segments between non-homologous autosomes. Balanced chromosomal

rearïangements of the autosomes have been observed in 0.L57o of live born

human infants (Tharapel et a1., 1977). While the majority of chromosomal

translocations are inherited, some originate de novo. The incidence of balanced de

novo translocation is about 0.02%o as calculated from the newborn surveys

(Tharapel et al., 1917). In general, carriers of balanced chromosomal

translocations are associated with normal phenotype, assuming that the

reaffangement involves no gain or loss of the chromosome material. However, the

risk of serious congenital anomaly is estimated to be 6.17o (n=I63) for de novo

reciprocal translocations ('Warburton, 1991). This study involves the detailed

molecular charactenzation of the de novo balanced translocations t(1;16) and

t(14;L6) in two patients with mental retardation and epilepsy respectively. Such

translocation cases provide a unique resource for a positional cloning strategy

leading to identification of genes at or near the chromosomal breakpoint, the

functions of which may be disrupted by the reaffangement and which may be

responsible for the disease phenotype observed (Bedell et al., 1996; Baere et al.,

2000).

Positional cloning of a disease gene begins with the mapping of a disease locus to

a particular chromosome using linkage analysis. For a precise genetic localization

of a disease locus, large pedigrees and highly informative markers are required. In

practice, the availability of large families is not always possible, so the fine

mapping of disease locus is often limited to large genetic intervals. This makes
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isolation of a disease gene from the implicated region tedious using a positional

cloning strategy or the positional candidate gene approaches. A possible

alternative is the positional cloning of chromosomal reaffangements associated

with clinical phenotypes (Villard et al., 1999). However, the occurrence of such

cases is very rare, and therefore when identified, it is important to explore them

for the identification of disease genes. The availability of patients with

chromosomal rcanangements can greatly accelerate the process of disease gene

identification (Collins , 1992; 1995).

The existence of chromosomal rearrangements associated with abnormal

phenotypes has greatly assisted the positional cloning of disease causing genes.

For example, a translocation with one breakpoint on the long arm of chromosome

17 in an individual with neurofibromatosis-l provided an entry to cloning of the

NF-l gene (Ledbetter et al., 1939). Another important example was the

identification of the gene for Duchenne muscular dystrophy through the study of a

single patient with concomitant muscular dystrophy, Mcleod syndrome and

chronic granulomatous disease. The patient had an X chromosome deletion, which

had removed a set of contiguous genes (Koenig et al., 1987). Cloning of most of

the common chromosomal breakpoints involved in lymphoma and leukemia have

also led to the identification of disease associated genes (Collins, 1995). This

thesis involves the molecular analysis of two translocation breaþoints at

chromosome I6pI3.3 associated with mental retardation and epilepsy to identify

the disease related gene.
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L.8 Disease genes involved in mental retardation and epilepsy

Mental retardation and/or epilepsy account for a majority of childhood

neurodevelopmental disorders. Therefore, a major priority of neuroscience

research is identification of genes related to brain disorders. Of all the estimated

genes expressed in man, it appears that over half have some role in brain structure

and function (Adams et a1., 1995). Increased number of genes with known and

unknown functions are being identified and localised as a part of the HGP.

Identification of genes related to mental retardation and epilepsy will not only

allow researchers a better understanding of the molecular basis of neuronal

mechanisms but will also help clinicians in presymptomatic diagnosis and

designing rational treatment protocols. Progress in mapping of genes for mental

retardation and epilepsy is discussed below.

1.8.1 Mentalretardation

Mental retardation (MR) is a very common phenotype and is known to be caused

by defects in a large number of genes (Antonarakis and Aelst, 1998). MR is

described as significantly sub-average intellectual functioning and limitations in

adaptive skills, with onset before 18 years of age (American Psychiatric

Association, 1995). Approximately 27o-37o of the human population has either

learning or behavior disabilities with an intelligence quotient (IQ) less than l0 and

0.3% of the individuals are severely handicapped (IQ<50) (Mclaren and Bryson,

1987). The disorder has a substantial genetic component and there may be a

genetic cause in approximately 507o of severely retarded patients (Hagberg and

Kyllerman, 1983). In some cases mental retardation may be a part of a complex

syndromes like Down syndrome, fragile X syndrome and ATR-X syndrome,

metabolic disorder (example, phenylketonuria), or neuromuscular diseases like
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Duchenne muscular dystrophy (Gecz and Mulley, 2000). In contrast, there is an

increasing number of other conditions in which mental retardation is the only

consistent clinical feature and these are called non-syndromic/non-specific MR

(NSMR) (Toniolo and D'Adamo, 2000). Other than cognitive impairment, the

NSMR affected patients do not have any distinctive clinical or biochemical

features or brain development abnormalities (ChelIy, 1999).

L.8.1.1. X-linked mental retardation

It is reported that 257o-507o of mental impairment is Xlinked (Stevenson, 1996;

Nigro et a1., 2000). Because of the haploid status of most genes on the X-

chromosome in males and the availability of families with mentally retarded

males, mainly Xlinked forms of mental retardation have been mapped (Chelly,

1999). The prevalence of X linked syndromal and nonsyndromal mental

retardation cases is 1.66/1000 males (Glass I99I; Turner et al., 1996) and 0.9-

1.4/1000 males (Kerr et al., 1991) respectively. The first gene, FMRI, for the

most common form of syndromic mental retardation, the fragile X-A (FRAXA)

syndrome, was identified in 1991 (Verkerk, 1991). FRAXA accounts fot l5Vo-

2O7o of all XLMR (Turner et al., 1996). Since then a number of genes involved in

the syndromal forms of XLMR have been identified and cloned (reviewed by,

Lubs et a1.,1996; Chelly, 1999).

Approximately 65 NSMR loci corresponding to individual families are mapped

along the X chromosome and can be grouped into 10-12 non-overlapping regions,

suggesting the involvement of a minimum number of 10-12 X-linked genes in

NSMR (Chelly, 1999). By 1999, seven genes related to non-specific X-linked

mental retardation (MRX) were discovered: FMR2, GDII, OPHNI, PAK3,
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ILIRAPL, RPSK2 and TM4SF2 (Toniolo and D'Adamo, 2000; Gecz and Mulley,

2000). The absence or truncation of FMR2 protein results in FRAXE associated

mental retardation (Gecz et al., 1996; Gecz,2000a). FRA)G is a folate sensitive

fragile site in Xq28 (Sutherland and Baker, 1992). Normal individuals show 6-25

copies of the repeat, while individuals expressing the fragile site have greater than

200 copies and their CpG island is methylated (Knight et al., 1993). Out of these

seven MRX genes six (GDII, OPHNI, PAK3, ILIRAPL, RPSK2 and TM4SF2)

have been shown to participate in various stages of intracellular signaling

(reviewed by Toniolo and D'Adamo, 2000; Gecz and Mulley, 20O0).Recently in

July 2000, a novel gene FMR3 associated with FRAXE was identified. The role

of FMR3 in FRAXE MR is yet to be established (Gecz, 2000b).

The total number of genes involved in MRX is still a controversy. Early estimates

of Morton et a1., (1917, 1978) predicted the involvement of at least 17 X-linked

genes causing non specific mental retardation on the basis of the mutation rate of

0.008 per gamete per generation or <2.4 x 10-5 per locus. Gedeon et al., (1996)

predicted 8 genes for NSMR. However, in,1999, this number was increased to 12

(Chelly, 1999). So far 8 genes for MRX have been identified. Additionally,

DXS6673E (Van der Maarel et al., 1996) and GRIA3 (Gecz et al., 2000) have

been identified through cloning of X-chromosome reaffangement breakpoints

associated with MRX. However, these have not yet been found mutated in MRX

families and also the involvement of autosomal genes has not been excluded in

these cases. Based on the documented X-chromosome reaffangement cases related

to MRX, it is now predicted that possibly the number of MRX genes may exceed

100 (Gecz and Mulley, 2000).
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I.8.1.2 Autosomal mental retardation

Identification of families with mentally retarded males has led to the mapping and

cloning of a number of X-linked genes for mental retardation. However,

identification of equivalent genes on autosomes is more problematical. Autosomal

recessive genes related to such disorders are unlikely to be identified except in

specialized circumstances (example, defined populations with founder effects,

families with inbreeding). Autosomal dominant forms may also be difficult to

genetically map due to the likely presence of genetic heterogeneity if the

phenotype is relatively non-specific. In addition, individual pedigrees are unlikely

to be large when affected individuals have a relatively severe phenotype.

Therefore, it is important to exploit any opportunity to clone autosomal MR

genes. Positional cloning efforts based on the investigation of autosomal

translocations, deletion mapping and candidate gene strategy have identified many

genes involved in the syndromal forms of autosomal MR. As of December 30,

2000, there are nearly 949 entries related to MR in the OMIM database (URL W5,

Table, 1.1), with approximately 797o related to syndromal autosomal recessive or

dominant phenotypes. However, these genes may not be directly involved in the

development of human intellectual and learning abilities as MR is a secondary

feature in most of the syndromes (Chelly, 1999).

Mental retardation is a very common phenotype however, the etiologies of most

non-syndromic cases of mental retardation are not known at this stage. Therefore,

research in this field today focuses on the identification of patients with idiopathic

MR having chromosomal rearrangements and subsequently identifying the genes

disrupted at the breakpoints. There are several published reports in which

individuals with balanced de novo translocations involving auotsomes have had
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MR of varying degrees including the reports published by Hattori et al., (1985); St

Clair et a1., (1990); Reddy et al., (1999); Rosenberg et al., (1999). Hitherto, no

autosomal gene for a non-specific form of mental retardation has yet been

identified.

Another approach being practiced is to identify families associated with

nonspecific mental retardation and map the gene by linkage analysis. Two such

families associated with non-specific mental retardation were recently reported.

Holinski et al (2000) studied a five-generation family that includes 10 individuals

in generations IV and V who are affected with mild to moderate mental

retardation and mild, nonspecific dysmorphic features. The disease in this family

is inherited in a seemingly dominant fashion with reduced penetrance. This

pedigree is unusual because of its size and the fact that individuals with the

disease appear only in the last two generations. Standard clinical and laboratory

screening protocols and extended cytogenetic analysis, including the use of high-

resolution karyotyping and multiplex FISH (M-FISH) analyses, were unable to

identify the cause of mental retardation in this family. Therefore, the group

performed a whole genome scan by linkage analysis using microsatellite markers.

The phenotype was linked to chromosome 16p13.3, and unexpectedly, a deletion

of part of 16pter was demonstrated in patients, similar to the deletion observed in

patients with ATR-16 syndrome, charactenzed by alphathalassemia and mental

retardation. Subsequent FISH analysis demonstrated that the patients inherited a

duplication of terminal 3q in addition to the deletion of 16p. FISH analysis of

obligate carriers revealed that a balanced translocation between the terminal parts

of 16p and 3q segregated in this family. The mental retardation in this family
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appears to be ATR-16 syndrome due to an inherited cryptic (cytogenetically

invi sible) subtelomeric transloc ati on, t(3 ; 1 6 ) (q29 ;pI3 .3) .

Recently in August 2000, another pedigree having non-syndromic mental

retardation was identified with ten affected individuals (Higgins et al., 2000), This

report suggests the localisation of a gene for recessive type of autosomal non-

syndromic MR to 3p25-pter. To identify a MR disease locus in this family, a

genome-wide search using genetic loci spaced at 10-20-cM was done. Genetic

linkage between a MR disease locus and locus D3S3050 on chromosome 3p25-

pter was established with a Zmax = 9.18 at 0 = 0.00. Fine mapping of this region

narrowed the disease interval to 13.5-cM defined by recombinants at loci

D3S3525 and D3S1304. Multipoint linkage analysis further refined the critical

region to a 6.7-cM interval flanked by D3S3525 and D3S1560 DNA markers.

However, the disease gene in this family has not yet been identified.

In conclusion, the existing literature suggests that there are many more X-linked

and autosomal genes, yet unidentified, which might have a role to play in NSMR

(Gecz and Mulley, 2000).

1.8.2 Genetic aspects olthe epilepsies

Epilepsy comprises a heterogeneous group of seizure disorders, affecting 37o of

the population during lifetime (Hauser et al., 1996; Sander et al., 2000). A seizure

is a paroxysmal and transitory disturbance of brain function that develops

suddenly and terminates spontaneously. It is physiologically characterised by

abnormal, excessive and self-terminating discharges from neurons (Zaru et al.,

19es).
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Epilepsy is multifactorial and 60Vo of the patients may have no specific cause- It

may be a symptom associated with any form of cerebral pathology which is in

part age-related (Figure L2) (Buchanan, 1995). However, genetic aetiology may

be present in up to 407o of patients and this proportion is even higher in epilepsy

of childhood onset (Robinson and Gardiner, 2000). Currently, the focus of

research is the identification of mutations causing epilepsies, the manner in which

these epilepsy mutations are perpetuated, and the abnormal properties of the

neuron glia system through which the mutations are expressed and result in a

clinical phenotype (Delgado-Escueta et al., 1994).

I.8.2.1, Historical background and classifTcation of epilepsy

Until recently, epilepsy was known as the sacred disease and accepted to be

caused by supernatural powers. Epileptics were shunned and feared and saints

were called to cleanse the sufferers, despite the fact that Hippocratic writers

denied that epilepsy \/as sacred as long ago as the fourth century B.C. They

believed that there was no difference between the sacred disease and any other

and stated that epilepsy was inherited (Tempkin, l97I). This concept received a

definitive stamp of proof when the first genetic defect for idiopathic epilepsy was

identified in the cr4 subunit (CHRNA4) of the neuronal nicotinic acetylcholine

receptor, a ligand-gated ion channel, which is responsible for some families with

autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE) (Steinlein et a1.,

1995). The gene for ADNFLE maps to chromosome 20qI3.2-q13.3 (Phillips et

a7.,1995).

It is helpful to classify epilepsies according to their mode of inheritance and

according to whether they afe idiopathic (primary) or symptomatic types
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(Robinson and Gardiner, 2000). According to the mode of inheritance, three major

groups afe recognized, Mendelian epilepsies, non-Mendelian or 'complex'

epilepsies, and chromosomal disorders. In Mendelian epilepsies, a single major

locus accounts for the segregation of the disease in the family. The second group

is non-Mendelian or 'complex' epilepsies, where several gene loci together with

environmental factors contribute to the disease phenotype. And in chromosomal

disorders, a gross brain abnormality is present.

Over 160 Mendelian phenotypes are known where epilepsy is present as a

component. Most are symptomatic and associated with major central nervous

system abnormalities and are recognisable. However, there are a small but

important number of idiopathic' Mendelian epilepsies (Table 1.2). Idiopathic

epilepsies are mainly benign and represent about 30-407o of all epilepsies in

childhood and about 207o in adult patients (Steinlein, 1998). This group includes

epilepsies such as, benign familial neonatal or infantile convulsions, autosomal

dominant nocturnal frontal lobe epilepsy and generalised epilepsy with febrile

seizures (Robinson and Gardiner, 2000). Non-Mendelian 'complex' idiopathic

epilepsies comprise seven clinically delineated syndromes out of which juvenile

myoclonic epilepsy (JME), childhood absence epilepsy (CAE), juvenile absence

epilepsy (JAE) and benign epilepsy with centrotemporal spikes (Table L.2)

represent the most conìmon subtypes (Sander et al., 2000; Robinson and Gardiner,

2000).

Mendelian symptomatic epilepsies include progressive myoclonic epilepsies

(PMEs). PMEs constitute a tare heterogeneous group of epilepsies characterized

by the presence of myoclonus seizures and progressive neurological deterioration,
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particularly dementia and ataxia (Serratosa etal.,I999).It accounts for l%o of all

epilepsies occurring in childhood and adolescence (Robinson and Gardiner,

2000). PMEs (Table 1.2) can be caused by Unverricht-lundborg disease, juvenile

type of ceroid lipofuscinoses (CLN3), Lafora disease and juvenile type of

Gaucher's disease (Delgado-Escueta, 1994). Non-Mendelian 'comþlex'

progressive myoclonic epilepsies include myoclonic epilepsy and ragged red

fibers (MERRF) disorder. This is a mitochondrial disorder that is diagnosed

histologically by the presence of ragged red fibers on skeletal muscle biopsy

(Robinson and Gardiner, 2000).

1.8.2.2 Progress in mapping human epilepsy genes

(Table 1.2)

Significant progress has been made over the past few years in identification and

mapping of the genes for epilepsy. Early efforts in epilepsy research identified the

first epilepsy locus in a common benign idiopathic generalized epilepsy

syndrome, juvenile myoclonic epilepsy (JME), in 1987 (Greenberg et al., 1988).

Properdin factor, human leukocyte antigen (Iil-A) and DNA markers in the HLA-

DQ region were genetically linked to JME and the locus was named as EJMI.

JME was mapped to short arm of chromosome 6 (Greenberg et al., 1988;

Delgado-Escueta, 1994). A gene for JME, CHRNAT, has now been cloned using

candidate gene approach (Elmslie et al., l99l). CHRNAT encodes the a7 subunit

of the neuronal nicotinic acetylcholine receptor.

Progress in positional cloning of epilepsy genes in the monogenic forms of

idiopathic epilepsies provide emerging evidence that these seizure traits arise from

mutation in genes encoding ion channels (Ryan, 1999; Sander et a1.,2000).
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Table L.2 Genetics of idiopathic and symptomatic epilepsies (modified from

Robinson and Gardiner, 2000).

Epilepsy Syndrome Inheritance Gene location Gene

Idiopathic epilepsies
(M e nd e lian ính e ritøn c e)
Benign familial neonatal convulsions

Benign familial infantile convulsions

Autosomal dominant nocturnal
frontal lobe epilepsy

Generalized epilepsy with febrile
Seizure plus

(N on -M e ndelian inhe ritanc e)
Juvenile myoclonic epilepsy

Childhood absence epilepsy
(and/or EEG trait)
Juvenile absence epilepsy
Benign epilepsy with centrotemporal
spikes

Symptomatic epilepsies
(M endelínn ínheritanc e)
Unverricht-Lundborg disease

Neuronal ceroid lipofuscinoses
Infantile
Classic late infantile
Finnish late infantile
Variant late infantile
Turkish variant late infantile
Late infantile with GRODs
Juvenile
Variant juvenile with GRODs
Progressive epilepsy with MR
Kuf's disease

Lafora disease

Juvenile type of Gaucher's disease

(N on - M e ndelinn inheritanc e)
Myoclonic epilepsy and ragged red
fibers (MERRF)

27q22.3 EPM2

complex

complex

complex
complex

Mitochondri-
al disorder

2Oq(EBN1)
8q (EBN2)
19q
20q13.2

lp2I.I-q2l
19q13

r5qL4
6p(EJM1)
8q24

?21q22.r
I5ql4

KCNQ2
KCNQ3
unknown
CHRNA4

CHRNB2
SCNlB

SCNlA

?CHRNAT
unknown
unknown

?GRIK1
unknown

AD

AD
AD

AD

2

AR

AR
AR
AR
AR
AR
AR
AR
AR
AR
AR

AR
AR

Ip32
1lp15
13q2l-32
l5q2I-23
unassigned
Ip32
L6p12
Ip32
8p23
unassigned

CLNl
CLN2
CLN5
CLN6
CLNT
CLNl
CLN3
CLNl
CLNS
CLN4

6q24
7q2I-q3r

EPM2A
Glucocere-
brosidase
gene

t RNA (Lys)
gene

AD = autosomal dominant, AR = autosomal recessive, EEG = electroencephalogram,

GROD - granular osmiophilic deposits, MR = mental retardation.
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Mutations in two voltage-gated potassium channel genes (KCNQ2 and KCNQ3)

cause benign familial neonatal convulsions (Singh et al., 1998; Charlier et al.,

1998). Febrile seizures are the most common seizure disorders and affect 37o of

all children under six years of age (Wallace et al., 1998; Scheffer et al., 2000). A

mutation in the voltage-gated sodium channel B1 subunit gene (SCNIB) confers

susceptibility to febrile seizures and generalized epilepsy (GEFS*) in a large

Australian family linked to 19q13.1 (Wallace et a1., 1998). A new locus for

generalized epilepsy with febrile seizure was recently mapped to chromosome 2

in large Australian family of northern Victoria (Lopes-Cendes et aI.,2000).

There has been a controversy whether this new locus is associated with a newly

described syndrome (GEFS) or with febrile seizures. Peiffer and colleagues argue

that this is a third locus for coÍìmon form of febrile seizures. The other two loci

for the conìmon form of febrile seizures are 8qI3-21 (Wallace et al., 1996) and

19p13.3 (Johnson et al., 1998). However, Scheffer et al., (2000) on clinical

grounds, believes that this new locus on chromosome 2 is associated with GEFS*.

Mutations in the neuronal sodium channel alpha-subunit gene, SCNIA, on

chromosome 2q24, were recently described in two families with GEFS* (Escayg

et al., 2000).

In at least two families autosomal dominant nocturnal frontal lobe epilepsy

(ADNFLE) arises from mutations in the gene encoding the o4 subunit of neuronal

nicotinic acetylcholine receptor subunit (CHRNA4)(Steinlein et al., 1995).

ADNFLE is a partial epilepsy causing frequent, violent, brief seizures at night,

usually beginning in childhood (Steinlein et al., 1995). Recently Phillips et al.,

(2000), showed a de novo Ser252I-et CHRNA4 mutation in a 30 year old woman
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diagnosed with sporadic nocturnal frontal lobe epilepsy. Phillips et al., (2000),

have also identified recently a mutation in a Scottish family associated with

ADNFLE. This mutation results in a V287M substitution within the M2 domain

of a gene CHRNB2. CHRNB2 is a new gene for idiopathic epilepsy, the second

acetylcholine receptor (þ2) subunit implicated in ADNFLE. A point mutation in

the human voltage-gated potassium channel gene Kv1.1 on chromosoml2pl3 is

also reported to be associated with partial epilepsy (Zubei et al., 1999).

Association of common ion channel mutations to the monogenic epilepsies may

shed some light on the understanding of the basic mechanisms of epileptogenesis.

Progressive myoclonic epilepsies (PMEs) are Mendelian or mitochondrial rn

origin (Serratosa et al., 1999). The gene defects for the most common forms of

PME have been either identified or mapped to specific chromosome sites.

Unverricht-Lundborg disease was shown to be caused by mutations in the gene

(EPM2) that codes for cystatin B, an inhibitor of cysteine protease. The most

coÍìmon mutation in Unverricht-Lundborg disease is an expansion of dodecamer

repeat in the non coding region upstream of the transcription start site of the

cystatin B gene, making it the first human disease associated with instability of a

dodecamer repeat (Serratosa et al., 1999). The neuronal ceroid lipofuscinoses are

a group of at least ten neurodegenerative disorders characterised by the

accumulation of autofluorescent lipopigment in neurons and other cell types

(Robinson and Gardiner, 2000). Six genes for NCL have been mapped and four

cloned, with at least two more to be identified (Bate and Gardiner, 1999;

Robinson and Gardiner, 2000). A gene (EPM2) for progressive myoclonus

epilepsy of the Lafora type (EPM2) has been mapped to chromosome 6q24, which

encodes a protein, called tyrosine phosphatase (PTP). The known mutations in
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this gene suggest that LD (Lafora disease) is caused by mutational inactivation of

PTPase activity that may be important in the control of glycogen metabolism

(Minassian et al., 1998; Serratosa et al., 1999). A juvenile type of Gaucher's

disease is caused by the deficiency of glucocerebrosidase (Tsuji et al., 1987). A

homozygous mutation in the glucocerebrosidase gene result in accumulation of

neurotoxic glucocerebrosides leading to the disease phenotype. Myoclonus

epilepsy with ragged-red fibres is caused by mutations in the mitochondrial gene

that encodes for tRNA [-ys) (Serratosa et al',1999).

Once a mutated epilepsy gene is identified the transgenic expression of these

mutations can be studied using mouse models. Various mouse models for epilepsy

are described in Noebels (1996) and Fletcher and Frankel (1999). This will allow

a understanding of the critical steps involved in epileptogenesis, while the mutants

themselves serve as reproducible biological test systems for therapeutic discovery

(Noebels, 1996). With the increasing knowledge in the field of epilepsy, it is

probable that in the next decade, the molecular basis for the familial complex

epilepsies will be determined. It is also possible that new developments in DNA

microarray technology will allow analysis of DNA from a buccal swab using a

microarray chip designed to test for common mutations in, say, 50 ion channel

genes. A precise molecular diagnosis will be available which will help to design

and prescribe antiepileptic drug specifically for the particular electrophysiological

dysfunction present (Robinson and Gardiner, 2000).

1,.9 General conclusions

As discussed in sections 1.1 and 1.8, it is clear that 30,000 - 120,000 genes afe

expressed in man and over half may have a role to play in the brain structure and
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function. Although many genes associated with syndromal forms of X linked and

autosomal mental retardation and eight genes for X-linked non-syndromal mental

retardation (sections, 1.8.1.1 and 1.8.1.2) have been isolated, the etiologies of

most non-specific autosomal MR cases are unknown. There is only a single

published report suggesting the localisation of a gene for autosomal NSMR to

3p25-pter (section, 1.8.1.2). Hitherto, there is no gene identified yet for the

autosomal NSMR. Mental retardation in the second family discussed in section,

I.8.1.2 appears to be associated with ATR-16 syndrome. Mutations in some ion

channel genes (refer, section 1.8.2.2) afe now shown to be causes of epilepsy, but

due to the genetic heterogeneity molecular mechanisms involved in the clinical

phenotypes are not completely understood. Hence, to better understand the

genetics underlying mental retardation and epileptic seizures, it is necessary to

identify more disease genes associated with the functions of brain by exploiting

any opportunity to clone such genes. Linkage analysis has been successful in

mapping various gene loci for MR and epilepsy. But this technique requires a

single large family to accurately map the disease-related gene, which is not

always possible. Positional cloning strategies can be used to overcome this

problem. Further, positional cloning can be greatly assisted by the identification

of patients having chromosomal rearrangements associated with abnormal

phenotypes. Two such patients were reported at the Department of Cytogenetics,

WCH, Adelaide, with balanced de novo translocations associated with mental

retardation and epilepsy. The translocation breakpoints in the two patients have

been localized to chromosome L6 at l6pl33 (Callen 1992, 1995). These two

translocation cases provided a unique opportunity to clone the gene related to

brain function in the two patients. Identification of the candidate gene related to
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MR and/or epilepsy will further help in better understanding of the molecular

basis of neuronal mechanisms underlying these disorders

L.L0 The project

1.10.1 Prior knowledge

Two patients with mental retardation and epilepsy had associated de novo

balanced translocations t(1;16) andt(I4;16) respectively. Cell lines derived from

these two patients had been used to generate mouse/human somatic cell hybrids.

The hybrids containing the der(16) of the t(l;16) was designated as CY196 and

that containing the der16 of the t(I4;16) was designated as CYl82. These two

chromosome 16 breakpoints were included in the chromosome 16 somatic cell

hybrid panel that was used to physically map chromosome 16 in detail with an

avera1e resolution of l-Mb (Callen et a1., 1992, 1995). The chromosome

breakpoints in CY196 and CYl82 resided in close vicinity on chromosome 16 at

l6pl3.3 (Figure 1.3). No DNA probes were mapped between these two

breakpoints, which suggested they were less than one megabase apart.

1.10.2 Project hypothesis and aims

Hypothesis

It was hypothesized that mental retardation and epilepsy in two patients with de

novo balanced translocations is due to a common gene defect at or near the

l6pI3.3 breakpoints of the t(l: 16) and t(14;16).
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Proiect aims

The aim of the research presented in the thesis is to identify if any gene(s) was

disrupted at the breakpoints of the t(1;16) and t(I4;I6) using positional cloning

strategies.

Specific aims

A) Due to the lack of DNA markers within the hybrid interval defined by the

CY196 and CY182 breaþoints, the initial aim of the project will be to

generate a physical map of the breaþoint region by mapping STSs and ESTs

in the vicinity of the breakpoints. Information regarding these markers will be

obtained from the RH (radiation hybrid) map and CEPH (Centre d'Etude du

Polymorphisme Humain) genetic map of chromosome 16.

B) These markers will be then used to identify YAC, BAC or PAC DNA clones

spanning the breakpoints.

C) This will be followed by the identification of the candidate gene from the

implicated region as discussed in section 1.5.

D) Finally, if time permits, unrelated patients with MR and./or epilepsy will be

screened for mutations in the coding region of the gene to demonstrate if it is

involved in sporadic disease.
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Materials and Methods

2.1 Introduction

Methods used in the present study are in common practice in the Department of

Cytogenetics and Molecular Genetics, at the Women's and Children's Hospital,

University of Adelaide, Australia. The methods described in this chapter are the

basic molecular genetic methods used for DNA isolation, cloning of DNA,

genomic DNA analysis by polymerase chain reaction and Southern hybridisation,

expression analyses, mutation detection and DNA sequencing. The materials and

methods used for a specific section of the project are presented at the beginning of

the relevant thesis chapter. Restriction enzymes used in the project were obtained

from commercial sources and used in accordance with the manufacturers'

specifications. All solvents and chemicals were of analytical grade.

2.2 Materials

2.2.1 Enzymes ünd suppliers:

E. coli DNA polymerase (klenow fragment) Amersham Australia Pty Ltd

Lysozyme Boehringer Mannheim

Proteinase K Sigma

RNase A Boehringer Mannheim

Superscript (RNase reverse transcriptase) Gibco BRL, Life Technologies

T4 DNA ligase Boehringer Mannheim

Taq polymerase Gibco BRL, Life Technologies

or Boehringer Mannheim

X-Gal (5 -bromo-4-chloro-3 -inodolyl- B-D galactoside)

Progen

All restriction endonucleases were obtained from New England Biolabs (Beverly,
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Massachusetts, USA), Progen (Brisbane, Queensland, Australia) and MBI

Fermentas (Australia)

2.2.2 Electrophoresis reagent and suppliers

Agarose-nucleic acid grade

Agarose-low melting temperature

Bromophenol blue

Ethidium bromide

TEMED (N,N,N',N' -tetramethYl-

ethylenediamine)

Xylene cyanol

Pharmacia, Uppsala, Sweden

FMC, Rockland, Marne

BDH chemicals, Dorset, England

Boehringer Mannheim

Tokyo Kasei, Tokyo, Japan

2.2.3 Molecular weight markers

prJC lglHpatr' Bresatec, Adelaide, Australia

SPPl/EcoRI Bresatec, Adelaide, Australia

DRIgest Itr Pharmacia

Low range PFG marker New England Biolabs

Yeast DNA-PFGE Pharmacia

2.2.4 Radio-chemicøls

cr "P-dcrP, 3ooo cilmmole Radiochemical Centre, Amersham

2.2.5 Buffers and solutions

5 g Ficoll

5 g Polyvenylpyrrolidene

BioRad

50X Denhardt's solution
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Formamide loading buffer

10X loading buffer

2X PCR mix

2OX SSC

2OX SSPE

TBE

5 g BSA Fraction

92.57o (v/v) Formamide

20 mM EDTA

0.I7o (wlv) Xylene cyanol

O.L%o (w/v) Bromophenol blue

5O7o Glycerol

17o (w/v) SDS

100 mM EDTA

0.17o (wlv) Xylene cyanol

0.17o (wlv) Bromophenol blue

33 mM Ammonium sulphate

133 mM Tris-HCl

27o (vlv) B Mercaptoethanol

13 mM EDTA

0.34 mglml BSA

207o (v/v) DMSO

3 mM dATP, dGTP, dTTP, dCTP

3 M NaCl

0.3 M tri-sodium citrate (pH 7.0)

3.6 M NaCl

0.2 M NaHzPO¿.2HzO

O.O2 M EDTA

89 mM Tris-base

89 mM Boric acid

2.5 mM EDTA (pH 8.3)

10 mM Tris-HCl (pH 7.5)TE
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0.1mM EDTA

2.2.6 Bøcterial and yeast media

2.2.6.1 Liquid media

All liquid media were prepared with millipore water and autoclave sterilised. The

compositions of the various medias are as follows:

AHC medium (for S.cerevisiae) 0.617o (w/v) yeast nitrogen base

without amino acids

I7o (wlv) casein hydrolysate-acid

0.0067o Adenine

27o Glucose

Tetracycline (50 pglml)

L. (Lauria) broth (1or E. coli) IVo (wlv) Bacto-triptone

0.5Vo (w/v) Bacto-yeast extract

I7o (w/v) NaCl (pH to 7.5 with

NaOH)

Glycerol broth Lauria broth

I57o Glycerol

2.2.6.2 Solid media

AHC agar AHC media (broth)

Bacto-agar (l7o wlv)

L. agar L. broth

lVo (wlv) Bacto-agar

L. brothL. ampicillin agar

l7o (w/v) Bacto-agar
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Ampicillin (100 ¡"tglml)

L. kanamycin agar L. broth

l7o (wlv) Bacto-agar

Kanamycin (50 ¡rglml)

L. chloramphenicol agar L. broth

l7o (wlv) Bacto-agar

Chloramphenicol (30 pglml)

L. tetracycline agar L. broth

I7o (wlv) Bacto-agar

Tetracyclin e (20 ¡tgl ml)

2.2.7 Antibiotics

The antibiotics used in this project are listed below with the names of the

suppliers

Ampicillin

Chloramphenicol

Kanamycin

Tetracycline

2.2.8 Bacterial strains (8. coli)

XLl-Blue

Sigma

Sigma

Progen

Sigma

Genotype: rec 41, end 41, gyr Ã96,

thi -1, hsd R17, sup E44, re1 41, lac

[Fr pro AB, lac lqzaml1,tnlO (tetr)]

Supplier: Stratagene, California, USA

54



Materials and Meth.od.s

2.2.9

pUC 19

pGEM-T

Vectors

Adenine

Ammonium sulphate

New England Biolabs

Qiagen, Hilden Germany

ABI-Perkin Elmer, Warrington, IIK

Amersham, USA

Clontech, USA

Genome Systems. St Louis, Missouri;

PAC/BAC Resources, Buffalo, NY

Promega, USA

Qiagen, Hilden, Germany

Gibco BRL, Life Technologies,

Gaithersburg, USA

Qiagen, Hilden, Germany

Gibco BRL, Life Technologies,

Gaithersburg, USA

Gibco BRL, Life Technologies,

Gaithersburg, USA

Kodak or Dupont

Sigma

Ajax Chemicals, Australia

Sigma Chemical Co., USA

Promega

2.2.10 Miscellaneous materiøls

DNA isolation kits

DNA sequencing kits

HyBond N* Nylon membrane

Multiple Tissue Northern blots

PAC/BAC Human library sets

PGEM-T cloning kit

Qiaquick column purification kit

5' RACE Kit

RNeasy Midi kit

RT PCR reagents kit

TRIzol reagent

X-ray film

2.2.11 Miscellaneousfrne chemicals

Bacto-agar
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Bacto-triptone

Bacto-yeast extract

pMe (p-mercaptoethanol)

Boric acid

BSA (bovine serum albumin)

Casein hydrolysate-acid

Chloroform

Deoxynucleotide triphosphates and

Dideoxynucleotide triphosphates

Dextran sulphate

Diethyl pyrocarbonate (DEPC)

Dimethylsulphoxide (DMSO)

Ethanol (99.57o vlv)

EDTA (ethylenediaminetetracetic acid;

Na2EDTA.2H2O)

Ficoll

Formamide

Glucose

Glycerol

Human placental DNA

Isoamy alcohol (IAA)

Isopropanol

Isopropylthio- B- galactoside (IPTG)

Magnesium chloride (MgClz 6HzO)

Mixed bed resin (20-50 mesh)

Paraffin oil

Difco Laboratories, USA

Gibco BRL

BDH chemicals Ltd., Poole, England

Ajax

New England Biolabs

ICN Biomedicals, Ohio

BDH chemicals

Boehringer Mannheim

Pharmacia

BDH

Sigma

BDH

Ajax

Sigma

Fluka Chemika

Ajax

Ajax

Sigma

Ajax

Ajax

Boehringer Mannherm

Ajax

BioRad, USA

Ajax
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Phenol

Polyvenylpyrrolidene

Salmon spefln DNA

Sodium chloride (NaCl)

tri-sodium citrate

Tris-base

Tris-HCl

Wako, Japan

Sigma

Calbiochem

Ajax

Ajax

S odium dihydrogen orthophosphate

(NaHzPO¿.2H2O) Ajax

Sigma

Ajax

Boehringer Mannheim

Boehringer Mannheim

Difco laboratories

Sodiumdodecyl sulphate (SDS)

Sodium hydroxide (NaOH)

Yeast nitrogen base

2.3 Methods

Most of the procedures described in this section are based on those presented in

Molecular Cloning: A Laboratory Manual (Sambrook et â1., 1989) unless

otherwise specified.

2.3.1 DNA isolation

2.3.1.1 Plasmid DNA isolation

A Plasmid DNA was extracted from a 10 ml overnight culture using the Rapid

Pure Miniprep (RPMru) kit (Qiagen, Hilden Germany). Manufacturer's protocol

recoÍtmended 1.5 ml of the starting bacterial culture. This was modified by using

10 ml of the starting bacterial culture and doubling the value of reagents

recoÍrmended for isolating DNA from 1.5 ml of the bacterial culture.

I) The culture from a bacterial stab/glycerol stock was streaked on a L. ampicillin.
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agar (section,2.2.6.2) to obtain a single isolated colony. This was inoculated in 10

ml L. broth (section,2.2.6.I) containing 100 pdml of ampicillin. The culture was

incubated overnight in a 37oC shaker incubator. Next day the 10 ml overnight

culture was centrifuged at 4,000 g for 15 minutes at 4oC. The supernatant was

discarded. The pellet was resuspended in 100 pl of kit-supplied pre-lysis buffer

and transferred to an eppendorf tube. 200 ¡rl of kit-supplied alkaline lysis solution

was added and the contents then mixed until clear and viscous.

tr) To the cell lysate, 150 pl of kit-supplied neutralising solution was added and

the solution centrifuged at maximum speed (13,200 rpm) in a microfuge for 10

minutes. The supernatant was then transferred to a kit-supplied spin filter and 250

¡rl of glassmilk added. The solution was mixed and centrifuged at maximum speed

in a microfuge for 1 minute.

m) The liquid was removed from the collection vial and 350 pl of kit-supplied

wash solution was added to the spin filter and centrifuged at maximum speed in a

microfuge for 1 minute. The spin was repeated and the spin filter transferred to a

clean collection vial.

1y) The spin filter was allowed to dry for 10 minutes before adding 50 pl of

sterile water. To resuspend the glassmilk, the spin filter was vortexed and

centrifuged at maximum speed in a microfuge for 1 minute to collect the plasmid

DNA.

2.3.1.2 Cosmid DNA isolation

Cosmid DNA was isolated from a 2OO ml overnight culture, using a Qiagen Tip-

20 column kit (Qiagen Plasmid Mini Handbook, 1995) as per the manufacturer's

protocol.

D The culture from a bacterial stab/glycerol stock was streaked on a L.
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kanamycin (section, 2.2.6.2) agar plate to obtain single isolated colony. This

colony was inoculated in 200 ml L. broth containing 50 pg/ml of kanamycin. The

culture was incubated overnight in a 37oC shaker incubator. The overnight culture

was then aliquotted into four 50 ml falcon tubes, centrifuged for 15 minutes at 4oC

and the supernatant discarded. The four pellets were each resuspended in 500 pl

of kit-supplied P1 resuspension buffer, combined and equal (350 pl) aliquots each

placed into six eppendorf tubes.

tr) To these tubes 350 pl of kit-supplied P2 lysis buffer was added, and the

sample mixed, before adding 350 ¡rl of kit-supplied P3 neutralisation buffer. The

contents were mixed gently, tubes placed on ice for 10 minutes, and then

centrifuged at 13,200 rpm in a microfuge for 30 minutes.

Itr) Each Qiagen tip-20 column was equilibrated with 1 ml of kirsupplied QBT

buffer. The supernatant from step tr was passed through the column, which was

then washed with 4 ml of kit-supplied wash buffer. Subsequently, the column was

placed over a fresh eppendorf and 800 ¡"tl of the kit-supplied elution buffer added.

IV) To elute DNA, 560 pl of isopropanol was added, the sample mixed and

centrifuged at maximum speed in a microfuge for 30 minutes. The supernatant

was carefully removed, replaced with l07o ethanol and centrifuged for a further

10 minutes to wash the pellet. 'lhe 707o ethanol was removed and the DNA pellet

allowed to air dry by leaving the pellet at room temperature for one hour. The

cosmid DNA was resuspended in2}¡t"l of sterile water.

2.3.1.3 PAC and BAC DNA isolation

The PAC and BAC DNA was isolated using Qiagen Tip-100 column kit (Qiagen,

Hilden Germany). The PAC and BAC DNA received as bacterial stabs were

initially streaked on L. kanamycin and L. chloramphenicol agar (section,2.2.6.2)
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plates to obtain isolated colonies. For PAC DNA isolation, a single PAC colony

was grown overnight at 37oC in 10 ml of L.broth containing 50 ¡"tg/ml of

kanamycin. Next day, 200 ml of the L.broth plus 50 ltglml of kanamycin was

seeded with 6.7 ml of the 10 ml overnight culture and grown for 1.5 hours in a

37oC shaker incubator. After 1.5 hours incubation 100 pl of 1 M IPTG was added

to each of 200 ml culture and cells were grown further for 5 hours at3'loC.In the

case of BAC DNA isolation 200 ml of L broth containing 30 ¡rglml of

chloramphenicol was seeded with a single BAC colony and the culture was grown

overnight in a 37oC shaker incubator. The DNA was then isolated using following

steps.

I) Cell disruption:

200 ml of bacterial culture was centrifuged in a 250 ml Beckman bottle at 4,000 g

in a Beckman Ultracentrifuge. The bacterial pellets were resuspended in 4 ml of

kit supplied Pl buffer.

tr) Cell lysis:

The resuspended pellets were transferred to 50 ml Oakridge tubes. To the

resuspended pellet P2 lysis buffer (Table 2.1) was added. The suspension was

mixed gently by inverting the tube six to eight times. The mixture was incubated

at room temperature for no longer than five minutes.

Itr) Neutralisation:

The kit supplied neutralisation buffer P3 (Table 2.1) was added to the lysed cells

and the suspension was mixed gently until a homogeneous suspension was

formed. The suspension was incubated on ice for ten minutes and centrifuged at

high speed for 18,000 gfor 25 minutes. Supernatant from this step was transferred

to a clean 50 ml Oakridge tube and centrifuged for a further ten minutes at 18,000
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g to obtain a clear supernatant. If supernatant from this step is not clear, it will

clog the cartridge, thereby preventing the adsorption of nucleic acids.

The supernatant of step Itr was removed carefully from the white precipitate and

loaded on Qiagen tip-100 cartridge pre-equilibrated with buffer QBT. The

cartridge was washed twice with wash buffer. The DNA was then eluted with pre-

warmed (65"C) elution buffer. A second elution step was recommended to

increase the DNA yield by 307o. The volumes of different buffers used for PAC

and BAC DNA isolation are given below in Table 2.1. DNA was precipitated

using 0.7 volume of isopropanol (Table 2.I).The DNA was subsequently treated

as for cosmid DNA (section, 2.3.1.2). The dried pellets were resuspended in 5¡tl

of sterile water.

Table 2.1, Working amounts of kit supplied buffers for PACIBAC DNA isolation.

PAC BAC

Antibiotics

Buffer Pl

Buffer P2

Buffer P3

Buffer QBT

Wash buffer

Elution buffer

(pre-warned at 65'C)

Isopropanol

Kanamycin

(50 pglml)

4ml

4ml

4ml

4ml

2X5 ml

2X2 ml

560 ¡rl/800 ¡rl of the

elutent

Chloramphenicol

(30 ¡rglml)

10 ml

10 ml

10 ml

4ml

2X5 ml

2X2 ml

560 ¡rll800 ¡rl of the

elutent

The above volumes were used when isolating DNA from 200 ml bacterial

cultures.
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In some cases the Nucleobond kittip 100 columns (Nucleobond, Duren) were

used for the isolation of PACÆAC DNA. The methods were the same as

described for the Qiagen Tip-100 columns. The volumes of kit-supplied buffers

used were as per the manufacturer's protocol.

2.3.1.4 Preparation of bacterial glycerol stocks

All bacterial clones were maintained as glycerol stocks that were prepared from a

10 ml of an overnight bacterial culture, which was being used for DNA isolation

(section, 2.3.I) purposes. The culture r,vas spun at 4,000 rpm and the pellet

resuspended in 1 ml of L. glycerol broth (section, 2.2.6.1). These stocks were kept

at -70oC until reused for DNA isolation.

2.3.1.5 Preparation of sheared human placental DNA and salmon sperm

DNA

The commercially obtained human placental DNA (Sigma) and salmon spetm

DNA (Calbiochem) were reconstituted in sterile TE to a concentration of 5 mg/ml

and 2O mglml respectively. Aliquots of 1 ml were then transferred to a screw cap

tubes. The tubes were maintained at 100oC lor 20 hours. This was done to

denature the DNA to approximately 700 bp fragments. The denatured DNA was

then visualised on 7.5 7o agarose gel. The concentrations of DNA samples were

estimated by spectrophotometry (refer, 2316) and adjusted to 5mg/ml in case of

human placental DNA and to 2O mglml in case of salmon spenn DNA.

2.3.1.6 DNAquantitation

To determine the concentration of DNA, the optical density (OD) of the diluted

DNA (I:250 in sterile distilled water) was measured on a spectrophotometer
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(Ultrospec 3000, UV/Visible Spectrophotometer, Pharmacia, Biotech) at a

wavelength of 260 nm. The absorbance was multiplied by the dilution factor and a

conversion factor for particular type of DNA being quantitated. For a double

stranded DNA, the conversion factor is 50 and for a single stranded DNA and

RNA the conversion factor is 40. Using Beer's law and the known conversion

factors, the concentration in each case was calculated using the formula:

DNA þglþl = absorbance at ODzoo X dilution factor (250) X (conversion

factor)/1000

2.3.2 General methods for purifrcation of DNA

2.3.2.1, Genomic DNA purifrcation

One to two pg of PAC or BAC genomic DNA was digested with the appropriate

restriction enzymes in a total volume of 50 pl. The entire reaction was purified

using standard phenol/chloroform extraction (2.3.2.I.D to remove enzyme and

buffers

2.3.2.1.1 Phenol chloroform extraction of DNA

(Modification of Moore, 1993)

An equal volume of TE saturated phenol was added to the digested DNA reaction

(50 pl) and mixed by vortexing for one minute. The mixture was then centrifuged

at maximum speed (L3,200 rpm) in an eppendorf microcentrifuge for ten minutes.

The upper phase was then transferred to a clean tube leaving a white phase of

denatured protein and the lower organic phase. To the aqueous phase was added

an equal volume of chloroform: isoamyl alcohol (24:I). Vortexing and

centrifugation steps were repeated. Aqueous phase was again transferred to a

clean tube. 3 M sodium acetate was added to the collected aqueous phase in the
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ratio of 1:9 (volume:volume). To this was added I007o ethanol, which was 2.5

times of the total volume of the aqueous phase and added sodium acetate. The

sample was then placed on ice for 30 minutes to allow the complete precipitation

of DNA. The tubes were centrifuged at a maximum speed (73,200 rpm) in a

microfuge for 30 minutes. The supernatant was removed, the pellet was washed

with707o ethanol and resuspended in 20 ¡rl sterile water.

2.3.2.2 Cleaning of PCR and RT-PCR products

To generate PCR amplified DNA, a PCR reaction of 50-100 ¡r,l was used. A 5 pl

sample of the PCR product was electrophoresed on agarose gel stained with

ethidium bromide and visualised under UV light, to ensure that the band of correct

size had been amplified. The remainder of the PCR reaction was cleaned by either

using Qiaquick PCR purification kit (Qiagen, Hilden Germany)(section, 2.3.2.2.I)

or any of the agarose gel DNA extraction methods described in section 2.3.2.2.2.

2.3.2.2.1 Qiaquick PCR purification method

The PCR reaction was mixed with five volumes of the Qiaquick buffer PB. The

sample was loaded to a kit-supplied spin column placed in a 2 ml collection tube.

Tubes were centrifuged for one minute and the solution in the collection tube was

discarded. To wash the DNA, 750 pl of the Qiaquick buffer PE was added to the

spin column and centrifuged for one minute. The flow through was removed and

the column recentrifuged to remove any remaining PE buffer. The spin column

was then transferred to a clean eppendorf tube and allowed to air dry for five

minutes. Once the column was thoroughly dried 50 pl of sterile water was added

to elute the DNA and left at room temperature for five minutes. The column was

centrifuged for one minute and the DNA collected in a fresh tube.
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2.3.2.2.2 Agarose gel DNA extraction methods

The Specific DNA bands of interest were excised from the agarose gels. The

excised bands were trimmed to remove the excess of agarose, chopped with a

sharp blade into very fine gel slices and DNA was eluted using following

methods.

Prep -A- s e ne DN A Purifícatío n

Perp-A-gene matrix kit (BioRad) was generally used to clean the digested plasmid

inserts excised from the gel. The concentration of the DNA in the band o the gel

was estimated by comparison with bands generated from DNA of known

concentrations. The volume of the excised gel slice was estimated by placing a

similar tube next to it and adding liquid from a pipette into the empty tube until

the volume is equivalent to that of the gel slice. Based on the volume of the gel

slice plus the amount of Prep-A-Gene matrix required for DNA binding (for 1 ¡tg

of DNA or less a minimum of 5 ¡r,l Prep-A-Gene matrix is required), 3 volumes of

kit-supplied binding buffer was added. The reaction was gently mixed and placed

in water bath at 55oC for ten minutes to assist in the dissolving of the agarose. The

predetermined amount of the Prep-A-Gene matrix was then added and the tube

mixed for ten minutes at room temperature in a laboratory suspension mixer

(Clements, Australia). The DNA bounded to the matrix was then pelleted by

centrifuging for thirty seconds at a maximum speed in a micro-centrifuge. The

supernatant was discarded and the DNA pellet rinsed by resuspending it gently in

an amount of the binding buffer equivalent to 25 times the amount of added

matrix, using brief vortexing. The centrifugation and the rinse step was then

repeated. The Prep-A-Gene pellet was washed three times with 25X-matrix

volume of wash buffer. After final washing step the pellet was dried for 5 minutes
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in SpeedVac Concentrator. To elute the DNA 7 .5 ¡tl of sterile water was added to

the pellet. The reaction was incubated at 42"C for 5 minutes. The pellet was

briefly vortexed and centrifuged for 30 seconds. The supernatant was collected in

a fresh tube and the DNA pellet was subjected to a second elution step for

maximum recovery of DNA. The supernatant containing DNA was finally

centrifuged again for 30 seconds to remove any traces of matrix.

Asarose sel DNA extraction kit

Agarose gel DNA extraction kit supplied by Boehringer Mannheim was used to

purify PCR products ranging from 500bp-1kb in size. The DNA of interest was

extracted (refer section, 2.3.2.2.2) in a preweighed scfewcap tube. 300 pl of the

agarose solubilisation buffer was added per 100 mg of the agarose gel. 10 pl of

the silica suspension was added to the above tube. The amount of the silica

suspension was increased by 4 ¡tll¡tg in the reaction when the amount of DNA

was greater than 2.5 ttg. The mixture was then incubated at 60oC for ten minutes

and vortexed every 2-3 minutes. The reaction was centrifuged in a tabletop

centrifuge for thirty seconds at l3,2OO rpm. The supematant was discarded and

the matrix containing the DNA was resuspended in 500 pl nucleic acid binding

buffer using a vortex mixer. The tube was centrifuged and the supernatant

discarded as before. The pellet was then washed twice with 500 pl washing

buffer. The supernatant from the washing step was discarded and the residual

liquid removed with a pipette. The pellet was dried at room temperature for 15

minutes by inverting the tube on an adsorbent tissue. The DNA was eluted using

2X 25 pl of sterile water. Each elution step consisted of brief vortexing,

incubation of ten minutes at 60oC followed by centrifugation at maximum speed
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(I3,200 rpm) for thirty seconds. The solution containing the DNA was transferred

to a fresh tube and the tube was centrifuged for thirty seconds to remove any

residual matrix.

DNA purifícation usins Costar spín X centrífuee tube fr'lter

(Schwarz and Whitton, L992)

Costar spin X centrifuge columns (Catalogue number, 8160) were particularly

useful for purification of smaller DNA bands of about 100 bp in size. The specific

band of interest was excised from the gel (refer section, 2.3.2.2.2) and placed in

the filter cup, mixed with 100-150 pl of distilled water or TE and reduced to fine

slurry with the help of a thin steel rod. The spin column was then spun in a

microcentrifuge at full speed for 5 minutes. The DNA was expelled into the

collection tube while almost all of the gel material was retained in the filter cup.

Generally 807o of the DNA was recovered using this method.

2.3.3 Subcloning of human DNA fragments

(Modification of Maniatis, 1982)

2.3.3.1 Preparation of plasmid vector and human DNA inserts

The pGEM-T vector used for cloning experiments was purchased from Promega.

Human DNA inserts and PCR products to be ligated were purified using methods

described in section 2.3.2.

2.3.3.2 Ligationreaction

For each DNA to be cloned (genomic or PCR product) a range of vector: insert

ratios were used from 1:1 to 1:3 to maximise the intermolecular ligation ratio
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compared with the intramolecular ligation. Typically, the 10 ¡.ll ligation reaction

contained 50 ng of pGEM-T vector (Promega), approximately 50-300 ng of DNA

insert, 1 pl (3 Weiss units) of T4 DNA ligase and 1¡rl of T4 DNA ligase 10X

buffer. Ligation reactions were incubated overnight at l4oc.

2.3.3.3 Transformation

The plasmid vector containing the DNA to be cloned was transformed into E. coli

XLl-Blue competent cells.

2.3.3.3.1 Preparation of competent cells

Method used from Chung et al., (1989)

XLl-Blue cells were streaked for single colonies on a L. tetracycline plate

(section, 2.2.6.2) from a 5 pl aliquot of a glycerol stock. A single XLl-Blue

colony was inoculated into the L. broth (section, 2.2.6.I) containing 20 p"{mI of

tetracycline and incubated overnight in a 37oC shaker incubator. Stationary phase

XL1-Blue cells from an overnight culture were diluted 1:50 (v/v) with fresh media

(400 pl in 20 ml L. broth + 20 ¡tl of tetracycline) and incubated at 37oC with

shaking until the ODooo was approximately 0.3 (2-3 hrs). The cells were then

centrifuged in a Jouan centrifuge at 3,000 rpm for 15 minutes àt 4"C and the

supernatant discarded. The cells were then gently resuspended in 1/10 volume (2

ml) of fresh TSS (1 g PEG 3350, 0.5 ml DMSO, 0.5 ml 1 M MgClz and the

volume was adjusted to 10 ml with L. broth) and placed on ice for at least 10

minutes prior to transformation. The prepared competent cells were aliquotted

into ice-cold eppendorf tubes (300 pll/tube), and could be frozen in liquid nitrogen

before use. The frozen cells were stored at -70oC until required.
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2.3.3.3.2 Transformation using the 'heat shock'method

Method used from Chung et al., (1989)

A total of 5 pl ligation reaction was added to 100 pl of competent cells (section,

2.3.3.3.I), mixed gently and then placed on ice for 15-20 minutes. The cells were

then heat shocked by exposure to 42"C for 1 minute and immediately returned to

ice for 1 minute. 500 pl of L. broth was then added to these cells and incubated

for 45 minutes at37"C in a shaker incubator. Meanwhile, to each L. broth plate 40

¡rl of 20 mg/ml X-Gal and 20 ¡"ll of 200 mM IPTG were added and spread with a

sterile glass spreader. After the 45 minutes incubation the entire transformation

reactions (600 ¡rl) were plated on the above-prepared L. broth plates. The plates

were incubated overnight at 37oC. Recombinant plasmids were detected as white

colonies with blue colonies containing only recircularised plasmid vector.

2.3.3.4 Colony PCR

The white colonies containing recombinant plasmids were picked and streaked

onto a fresh L. agar plate containing the appropriate antibiotic (master plate) using

a sterile pipette tips. The plate was incubated overnight at 37oC. A single white

colony was picked up from the master plate and added to a PCR tube containing

35 pl of sterile water. A PCR mix was prepared containing 5 pl of 10X PCR

buffer, 2 mM dNTPs, 150 ngi¡rl of each of pUC forward and reverse primers and

2.5 ¡rl of 1/10 diluted Taq polymerase enzyme The bacterial colony was

resuspended in water by brief vortexing. 14.5 ¡.rl of the master mix was added to

each tube. The PCR was performed in a Corbett PCR machine (FTS-960 Thermal

sequencer, Corbett Research). A negative control (no DNA) was included in each

experiment. The PCR cycle conditions used were denaturing at 94"C for 30

seconds, annealing at 60oC for 30 seconds and extension at 72"C for 1 minute.
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This was repeated for 30 PCR cycles, followed by a final extension of the PCR

products at720C for 5 minutes. The PCR products were visualised on agarose gel.

ff an intense band of the expected size was detected, the plasmid was assumed to

contain an insert. The DNA sequence (sections, 2.3.12.1 and 2.3.12.2) of the

inserts was then obtained to confirm the integrity of the insert.

2.3.4 Restrictionendonuclease digestion, gelelctrophoresis and

Southern blot analysis of DNA

2.3.4.1, Restriction endonuclease digestion of cosmid, PAC/BAC DNA

Restriction endonuclease digestion of DNA was carried out in enzyme compatible

buffers purchased from the New England Biolabs, Progen or MBI commercial

buffer systems. All digests were performed at 37oC unless otherwise specified by

the manufacturer. In general, 10 units of enzyme were added for 500 ng of cosmid

DNA and 1.5 microgram of PAC/BAC DNA to be digested in the presence of

10X enzyme specific buffer (4 pl) in a final volume of 40 pl reaction. For double

digests, a restriction enzyme buffer was used which \vas compatible for both

enzymes (New England Biolabs catalogue, 1995). BSA (New England Biolabs

catalogue number, 890015) at a final concentration of 100 pglml was added as

per the manufacturer's recommendations. The reaction mix was incubated

overnight at 37oC. The reactions were terminated by keeping the tubes at 65oC to

inactivate the restriction enzymes or by adding 0.1X volume of 10X loading

buffer.

2.3.4.2 Restriction endonuclease digestion of plasmid DNA

The plasmid DNA was generally digested for the isolation of cDNA inserts. 20

units of restriction enzyme were added for 5 ¡rg of DNA to be digested in the
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presence of 10 X specific restriction enzyme buffer in a 50 pl final reactron

volume. The cDNA insert specific bands were excised form the agarose gel and

cleaned as described in section 2.3.2.2.2.

2.3.4.3 Restriction endonuclease digestion of genomic DNA

10 plg of the genomic DNA or somatic cell hybrid DNA was digested in the

presence of 20 units of restriction enzyme (PsrI or Hindm) and 10 X restriction

enzyme specific buffer in a 50 pl final reaction volume. The separation of

restriction enzyme digested genomic DNA or somatic cell hybrid DNA was

achieved using 0.87o asarose gel (section, 2.3.4.4.1).

2.3.4.4 Gelelectrophoresis

Restriction endonuclease digested DNA samples for Southern blot analysis were

either resolved by agarose gel electrophoresis or pulsed-field gel electrophoresis

(PFGE) depending on the size of digested DNA.

2.3.4.4.1 Agarose gelelectrophoresis

Resolution of DNA in the range less than 30-40 kb was achieved by agarose gel

electrophoresis (Sambrook et al., 1989). The separation of restriction enzyme

digested plasmid DNA and cosmid DNA was performed in 0.87o agarose gel

made in 1X TBE. Gels were run in BRL (BioRad) horizontal tanks. The smaller

size PCR products 500 bp or less were eletrophoresed using l-27o agarose gel in

lX TBE depending on the size of the expected product to be analysed, and run at

100 volts in a Bio-Rad Mini-Subru DNA cell. The separation of DNA fragments

for restriction digested genomic DNA or somatic cell hybrid DNA was achieved

using 0.87o aflarose gel in lX TBE and the gels were run overnight at 18 mA per
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gel. Agarose loading buffer was added to each DNA sample (1X final

concentration) prior to loading. In all cases, the gels contained ethidium bromide

(0.0025 mg/ml) and DNA was visualised under UV light (Gel Doc 1000, BioRad)

after the gel run.

2.3.4.4.2 Markers used in agarose gel electrophoresis

The choice of DNA marker was made depending on the expected size of the DNA

fragment to be electrophoresed. Generally pUCl9lHpatr (size range 60 to 500

bp), SPPIiEcoRI (size range 0.5 to 8.5 kb), or Drigest (size range 72bp to 23 kb)

were used as molecular weight markers on agarose gels.

2.3.4.4.3 Pulsed-field get electrophoresis (PFGE)

Resolution of endonuclease digested DNA of YACs, BACs and PACs DNA

clones was achieved by PFGE (Schwartz et al., 1982; Chu et a1., 1986). A Bio-

Rad CFIEF Mapper (CA, USA) was used for PFGE. The digested DNA was

electrophoresed in I7o àflarose gel using 0.5X TBE for 28-30 hrs at 14oC. The gel

was cast in PFGE support tray (I4 cm X I2.7 cm). The operation of the PFGE

apparatus was done as per the manufacturer's instructions.

2.3.4.4.4 PFGE markers

A Low range PFG marker (New England Biolabs), ìuãindm, and Drigest, from

Pharmacia, were generally used for resolution of bands ranging from 20 kb - 1

2.3.4.5 Labelling of DNA probes

(Sambrook et al., 1989)

Mb
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DNA was labelled using the Amersham Megaprimeru DNA labelling systems kit

(Catalogue number, RPN, 1604) as per the manufacturer's instructions. A total of

50-100 ngl¡"rl of DNA was used with the reaction volume increased to 34 pl with

sterile water. The reaction was mixed and incubated at 100oC for 5-10 minutes.

This was followed by the addition of 5 ¡rl of 10X dNTP (dATP, dGTP, and

dTTP), 5¡rl of 10X buffer containing random hexamers, 5 ¡rl of cx,32P-dCTP and I

¡rl (5 units/¡rl) klenow DNA polymerase. During the process of adding these

reagents the reaction was maintained at 370C. After adding these reagents the

reaction was further incubated at 3'70C for 30 minutes. The reactions were then

stopped by adding 1.5 pl of 0.5 M EDTA. Unincorporated radionucleotides were

removed from the labelled probes using Qiaquick PCR column purification

methods as described in section 2.3.2.2.L

2.3.4.6 Pre-reassociation of repetitive DNA

Radiolabelled DNA probes containing repetitive sequences were pre-reassociated

prior to DNA hybridisation (Sealy et al., 1985). The human placental DNA

(section, 2.3.I.5) was denatured for 10 minutes and cooled on ice for 1 minute

before adding to the probe. To the cx3'P-dCTP labelled DNA was added 100 pl of

(5 mg/ml or 2000 fold excess) denatured human placental DNA and 50 pl of 20X

SSC. The samples were denatured in a lO0oC-heating block for 10 minutes,

cooled on ice for 1 minute and then incubated at 650C for t hr. After incubation,

the sample was added to the hybridisation mix and the Southern blot filter

(section, 2.3.4.7).

2.3.4.7 Southern transfer of DNA to nylon membranes

2.3.4.7.1 Alkaline transfer method
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DNA digested with restriction enzymes (YAC, BAC, PAC, cosmid and plasmid)

and PCR products were separated on agarose gels and transferred to Hybond

N+ru (Amersham) nylon membrane gsing the alkaline transfer method (Reed and

Mann, 1935). The gel to be blotted was visualised under UV (section,2.3.4.4.I),

photographed, and the DNA size markers were stabbed into the gel with black ink

using a needle. The blottin g tray contained 0.4 M NaOH transfer solution. The

nylon membrane was cut to the size of the gel and was first soaked in distilled

water for 5 minutes followed by 0.4 M NaOH solution for another 5 minutes prior

to blotting. The gel was placed faced down on the blotting tray followed by the

nylon membrane (labelled previously so that the side of membrane with

transferred DNA can be orientated), Whatman paper (previously cut to the same

size as gel) and paper towels. The DNA in agarose gel was transferred to the

prepared filter by capillary action (using the transfer solution) for 16 hours. Next

day, the position of wells were marked on the membrane, which was then

neutralised in solution containing 0.2 M Tris and 2X SSC for 2 minutes.

Membrane was dried at room temperature for ten minutes and was further heated

in microwave for 5 minutes at the power level five. Prepared membrane was then

used for hybridisation experiments (section, 2.3.4.8). For the DNA (YAC, BAC

and PAC) separated by using PFGE, gels were UV nicked using Bio-Rad Gene

Linker * UV chamber (CA, USA), before the transfer of DNA.

2.3.4.7.2 10X SSC DNA transfer method

The Psil and Hindü digested genomic and somatic cell hybrid DNA was

transferred using 10X SSC transfer solution (Southern, 1975).In this method the

gel was denatured and neutralised prior to DNA transfer. The denaturing solution

contained 250 ml of 5 M NaCl and 50 ml of 5 M NaOH in a final volume of 500
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ml. The neutralisation solution consisted of 150 ml of 5M NaCl and 250 ml of 1

M Tris-HCl, pH 7.5 in a final volume of 500 ml. The agarose gel was first soaked

in 500 ml of denaturing solution for 60 minutes, followed by 500 ml of gel

neutralising solution for a further 60 minutes. The procedure for transferring the

DNA from the gel to the nylon membrane was similar to the alkaline transfer

method except that membrane was soaked in 10X SSC (instead of 0.4 M NaOH)

for 15 minutes. After transfer the membrane was treated in denaturing solution

(300 ml of 0.5 M NaOH) for 30 seconds. The membrane was then neutralised in 1

M Tris-HCl and 20X SSC for 2 minutes and dried as in section2.3.4.7.L

2.3.4.7.3 Bacterial colony lifting

The procedure to transfer bacterial clones to nylon membranes was based on a

modified version to that described by Grunstein and Hogness, 1975. Bacfena

containing a recombinant vector (section, 2.3.3.3.2) were plated on LB agar plates

containing relevant antibiotics. After incubation at 37oC, bacterial cells were

transferred by placing a nylon membrane disc (Amersham) flat onto the plate

surface and leaving for 5 minutes. The filter and plates were marked so that they

can be re-aligned accurately. The filters were then transferred to Whatman paper

soaked in denaturation solution (1.5 ml NaCl and 0.5 M NaOH) for 7 minutes to

lyse the host cells and denature DNA. This was followed by placing filters on

Whatman paper soaked in neutralisation solution (3M NaCl and 0.5 M Tris) for 5

minutes. The above step was repeated by transferring filters to a fresh Whatman

paper soaked in neutralisation solution for another 7 minutes. Filters were then

rinsed tn2X SSC and dried as mentioned in alkaline transfer method.
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2.3.4.8 Filter hybridization and \ilashing

Southern filters prepared in section 2.3.4.7 were hybridised based on a

modification of Brown (1993). The membranes were prehybridised and

hybridised in HYBAID bottles. All hybridisation experiments were carried out in

HYBAID orbital midi oven. Prior to addition of labelled probe, nylon filters were

wetted in 5X SSC solution, then prehybridised at 42"C fot 2-3 hours. The

prehybridization solution consisted of 507o (v/v) deionised formamide, 5X SSPE,

2floSDS, 10 ml Denhardt's solution, I07o (w/v) dextran sulphate and 100pg/ml

salmon spenn DNA. Radiolabelled probe (1-10 ng/per ml of hybridisation

solution) was added to the hybridisation bottle containing hybridisation solution

and filter. The filters were allowed to hybridise overnight at 42oC. Nylon filters

containing genomic and somatic cell hybrid DNA were prehybridised and

hybridised at 65oC for more stringent hybridisation of the probe. Following

hybridisation, filters were subjected to washes of varying stringency (Sambrook et

al., 1989). Filters were immersed twice in a solution of 2X SSPE and I7o SDS for

10 minutes at 42oC, and then washed in 2X SSPE and I7o SDS (prewarmed at

65"C) for another 30 minutes at 42oC. If high background was still evident,

washing was continued in 0.17o SSPE; 17o SDS (prewarmed at 65"C) for another

thirty minutes to one hour at 65oC. All the washing steps were carried o:utin 42oC

shaker incubator or a 65oC shaking waterbath. All washed filters were exposed to

X-ray films (X-OmatK XK-l Kodak diagnostic) for visualisation of the

hybridised radiolabelled DNA probe. The films were exposed for appropriate time

either at room temperature or -70oC.

2.3.4.9 Stripping of nylon fÏlters

Radiolabelled probes, which had been hybridised to HYBOND N+ nylon filters,
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were removed by using 0.4 M NaOH solution. This solution \üas then replaced

with neutralisation solution t0.2 M Tris-HCl (pH 7.5), 0.1% SDS and0.I7o SSCI.

Both steps were carried out at 42"C for 30 minutes in 42"C shaker incubator.

2.3.5 Polymerase chain reúction (PCR)

Modification of Kogan et al., (1987)

The PCR reactions were performed in a Perkin-Elmer Cetus 480 thermal cycler or

a Corbett PCR machine (see section, 2.3.3.4). The PCR reactions typically

comprised of 5 ¡rl of 2X PCR mix, 1 ¡r,l of 0.5-3 mM MgC12, 150 ng of each

forward and reverse primer, 20 mM BME and 1 unit of Taq polymerase with

sterile water to 10 ¡rl. The optimum MgCl2 concentration varied for different

primer pairs, although in general satisfactory results were obtained with a

concentration of 1.5 mM MgCl2.The PCR reactions were then mixed, briefly spun

and overlaid with one drop of paraffin oil. The frequently used thermal cycling

program was (94oC for 1 minute, 60oC for 1.5 minutes, 72oC for 1.5 minutes) X

10 cycles, then (94oC for 1 minute, 55oC for 1.5 minutes, 72'C I.5 minutes) X 25

cycles. A final extension at l2oc for 10 minutes was performed. The PCR

products were analysed on 1.57o agarose gels (section, 2.3.4.4.I).

2.3.5.1 PCR primers

The primers designed varied from 20-25 bp in length. The primers contained

approximately a 1:1 ratio number of purine and pyrimidine residues. To inhibit

the formation of primer-dimers, primers to be used as pairs had different base

residues at the 3' end. There were no more than four consecutive residues of the

same base in any of the primers designed. The primers used in the study were

either designed manually or by using the Primer3 program available online at
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(http ://www-genome.wi.mit.edu/c gi-bin/primerþrimer3-www. c gi)

2.3.6 Somatic cell hybrid analysis

DNA markers, STSs or ESTs at l6pI3.3 were localised by PCR and Southern

analyses of a chromosome 16 somatic cell hybrid panel. The following

chromosome 16 somatic cell hybrids at l6pl3.3:23HA, CY196, CYI97, CY182,

cYI77, CY198 and CY168 (Callen et al., 1995) were used in the mapping

experiments. A9 mouse cell line used to construct the hybrids and CYl8 a somatic

cell hybrid containing an entire chromosome 16 as the only human chromosome

were included as control in every experiment for the determination of mouse and

human chromosome 16 specific bands. Standard PCR was generally performed

using 100 ng of the hybrid DNA in a final volume of 10 pl. PCR conditions were

as described in section 2.3.5.

2.3.7 Søeening of high density PAC/BAC humøn library

2.3.1J Screening of PAC/BAC filters

The high-density dot blot PAC or BAC filter sets were generally used for

screening of a PAC or BAC DNA clone corresponding to a particular DNA

marker using Southern hybridisation techniques (section, 2.3.4). The PAC library

filters and Human Release tr BAC library filters were obtained from Genome

Systems (St. Louis, Missouri, USA). The RPCI-4 PAC and RPCI-11 (Segment 3

and 4) BAC library filter sets were obtained from PACIBAC resources (Rosewell

Park Cancer Institute, New York, USA). Each set of PAC and BAC filters had an

average 3X coverage of the human genome. Each probe was first hybridised to the

vector filters in order to eliminate those that contain any homology to vector

sequences which, if present, will interfere with the screening of these high-density
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grid filters. The PAC/BAC filters were pre-hybridised in 6X SSC, 0'57o SDS and

5X Denhardt's solution and 100 ¡r,g/ml denatured salmon spefm DNA at 650C for

3 hrs. Probes were labelled with cr"P as in section 2.3.4.5, purified (section

2.3.2.2.I) and pre-reassociated (section 2.3.4.6) prior to hybridisation to the

filters. Overnight hybridisation with a32P labelled probes were performed at 650C

in 20 ml of solution containing 6X SSC, 0.57o SDS and 100 pdml denatured

salmon spenn DNA. Following hybridisation, the membranes were washed in2X

SSC and 0.5% SDS for 5 minutes at room temperature; 2X SSC and 0.1% SDS

for 15 minutes at room temperature; 0.1X SSC and 0.5% SDS at42oC for 30

minutes; 0.1X SSC and 0.5Vo SDS at 650C for 30 minutes to t hr, and finally

briefly rinsed in 0.1X SSC at room temperature. Generally the first two washes

were required to remove the unincorporated radiolabelled probes. Washed filters

were subjected to autoradiography for visualisation of hybridised radiolabelled

DNA probe. Interpretations of the results were done as per the protocols of

Genome Systems and PACÆAC Resources.

2.3.7.2 To check for genuine positive PAC/BAC clones

As per the results of autoradiographs obtained from the screening of PAC/BAC

filters, positive DNA clones were purchased from Genome Systems or PAC/BAC

Resources. These clones were then confirmed to be positive for the particular

probe by preparing colony blots (refer section, 2.3.4.1.3). The colony blot filters

were labelled with the same probes used to screen the grid filters. Labelling of

probes, prehybridisation and hybridisation of colony blot filters were done as per

the methods described in sections, 2.3.4.5 and2.3.4.8.
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2.3.7.3 Construction of PAC/BAC contig by restriction fragment analysis

Contig assembly was based on methods described earlier by Giles et al., 1997.

The PAC/BAC DNA inserts were digested using infrequently cutting restriction

enzymes NotI and EagI (New England Biolabs). Restriction digestion reaction

conditions were similar as described in (2.3.4.1). The restriction enzyme digested

PAC or BAC DNA was then separated by PFGE (refer section, 2.3.4.4'3). The

DNA clones were then arranged into a possible contig on the basis of the

similarity of the restriction fragment sizes. Fragments representing the extreme

ends of individual contigs were used to rescreen the high-density gridded

membranes.

2.3.7.4 Isolation of PAC/BAC ends

The 3' and 5' ends of the human inserts of the PACs or BACs were isolated or

sequenced to allow determination of the orientation of the constructed contig and

for additional cycle of PAC/BAC screening to extend the contig by identification

of overlapping clones.

2.3.7.4.1 Isolation of PAC/BAC ends fragments using Notl, SøcI and Sacll

restriction enzymes

To obtain the end fragments of the PAC/BAC DNA inserts, the DNA was first

digested with a restriction enzyme that frequently cuts the insert but not within the

vector. For example, SacI for PAC vector and S¿cII for BAC vector. The

information regarding such enzymes can be obtained from the restriction map of

PAC or BAC vector provided in the PACÆAC manuals of Genome Systems. The

digested DNA was then religated using T4 DNA ligase. The restriction digestion

and ligation methods were as described in sections 2.3.4.I and 2.3.3.2
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respectively. The religated ends of human inserts were then cloned into XLl Blue

cells (section,2.3.3.3.2).The DNA was isolated and subjected to NotUSacI and

NotIJSacl. digestion in order to obtain the end fragments. Nofl releases the insert

and SacI and SøcII digests human genomic DNA to an average size of 3000-6000

bp. This method was limited to the use of enzymes that only cuts the human

inserts of PACs or BACs but not within the vector. Therefore, PAC or BAC end

probes were usually generated either by direct sequencing of PACÆAC DNA

inserts or by Bubble PCR methods.

2.3.7.4.2 PACÆAC end sequencing

Direct sequencing of the ends of human insert of PACÆAC DNA was performed

using Big Dye Cycle sequencing kit (Perkin-Elmer) (refer section, 2.3.L2.3). The

vector SP6 and T7 promoter sequences flanking the genomic insert were used as

sequencing priming sites. The following SP6 and T7 primers were used: SP6

(PAC)- 5' GGCCGTCGACATTTAGGTGACAC 3'; Tl (PAC)- 5'

CCGCTAATACGACTCACTATAGGG 3'; SP6 (BAC, pBeloBAC 11)- 5'

CGCCAAGCTATTTAGGTGACAC 3' and T7 (BAC, pBeloBAC 11)- 5'

GTAATACGACTCACTATAGGG 3'. The sequence generated was used to

design PCR primers which allowed amplification of end probes from PACIBAC

DNA for another cycle of PAC/BAC screening to extend the contig by

identification of overlapping clones

2.3.7.4.3 Bubble PCR method to generate end probes

The Bubble PCR method used was as described in Gecz et al., 1997, which is a

modified version of IRE-bubble PCR approach (Munroe et al., 1994). lpg of

PAC/BAC DNA was digested separately with each of the blunt end cutting
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restriction enzymes AluI, RsaI, ScaI, HaeU. and Pvutr for ligation to bubble

linkers. All reactions were incubated at 37oC for 16 hours. Following digestion,

the DNA was extracted using the phenol chloroform method (refer section,

2.3.2.1.1). Bubble anchors were annealed in a total volume of 1 ml with bubble

top oligos (5' GAAGGAGAGGACGCTGTCTGTCGAAGGTAAACGGACGA-

GAGAAGGGAGAG 3') and the NotI-A bubble bottom oligo (5'

CTCTCCCTTCTGCGGCCGCAGTTC GTCAACATAGCATTTCTGTCCTCTC

CTTC 3') at 3 pmol/¡.r,I, 2X SSC and 10 ¡rl of 1M Tris-HCl, p}J7.2. The bubble

mix was boiled 15 minutes and slowly cooled to room temperature. The prepared

mix was stored in -20oC for further use. The restriction digested PAC/BAC DNA

was ligated with 10 ¡rl of 3 pmol/¡rl annealed bubble linkers in the presence of 10

pl of 10X ligation buffer (IvIBD and 2 ¡r,l of ligase eîzyme (MBD in a final

volume of 100 prl. The reactions were incubated overnight at 4oC. Digested bubble

anchor-linkered DNA (10-20 ng) was amplified in 50 pl of PCR reaction

consisting of 5 pl 10X buffer, 1 pl of 10 mM dNTP, 2 units of Taq polymerase,

50 pmol of NotI-A bubble Primer

(5'GCGGCCGCAGTTCGTCAACATAGCATTTCT 3') and 50 pmol of SP6/T7

PAC/BAC vector specific primers. 35 PCR cycles were used with each consisting

of: 94oC for 30 seconds, 60oC for 30 seconds followed by extension of PCR

products at 72oC for 2 minutes. 5 ¡rl of the PCR reaction was analysed on 1.57o

agarose gel stained with ethidium bromide and DNA was visualised under UV

light. Generated PCR products were purified (section, 2.3.2.2) and either

sequenced directly using dye terminator fluorescent kit (Perkin-Elmer) and 3 pmol

of individual PCR primers (section, 2.3.I2.2) or subcloned into pGEM-T Vector

(section, 2.3.3) and sequenced from the vector using M13 forward and reverse dye

primers (2.3.12.I). The DNA sequence obtained was used to design primers for
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generating insert specific end probes for additional extension of the contig.

2.3.8 RT-PCR ünalysis

The instructions supplied with the Superscript enzyme (Gibco-BRL) were

followed for setting of the RT RCR reactions. All reactions were carried out on

ice at all times. 2-3 ,llg of total RNA was mixed with 50 pmol of random hexamers

(Perkin Elmer) or 100 pmol of oligo (dT) (Gibco-BRL) in a final volume of 11.5

pl with DEPC treated sterile water. The reaction was heated at 65oC for 5 minutes

and placed on ice for 1 minute. Following one-minute incubation on ice, the

contents of the tube were spun briefly and 4pr,l of 5X 1st strand buffer. 2 pl of 0.1

M DTT, 1 ¡rl of 10 mM dNTP and 0.5 ¡tl (20 units) of RNAsin were added. This

was incubated at 42oC for 2 minutes, followed by addition of 1 pl (200 units) of

the superscript enzyme (Gibco-BRL). After the addition of the superscript

enzyme, the reaction was incubated further for 30 minutes at 42oC. The reaction

was terminated by incubating at 70oC for 10 minutes and samples were kept at -

20oC until needed. A negative control reaction was included in each experiment

where the reverse transcriptase enzyme was not added. This allowed the

deterrnination of genomic contamination present within RNA sample that may be

seen following the PCR step.

The PCR amplification of the reverse transcribed RNA was performed using 2 ¡.tl

of the reverse transcription reaction, 2.5 ¡t"I of 10 X PCR buffer, 0.5 pl of 10 mM

dNTPs, 0.75 pl of 50 mM MgCl2, aiîd 1 pl of each forward and reverse primer

(150 nglpl) in a final volume of 20 ¡rl. The reactions were overlaid with one drop

of paraffin oil and incubated at 96oC for 5 minutes. Following 5 minutes
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incubation, 1 pl (0.5 units) of Taq DNA polymerase was added to all tubes,

including those tubes without reverse transcriptase. While the Taq DNA

polymerase eîzyme was added to PCR tubes the temperature of the thermal cycler

was maintained at 80oC. After the addition of Taq DNA polymerase enzyme, the

reactions were incubated at 94oC for 4 minutes. Then 35 PCR cycles wefe

performed each consisting of 94oC for 1 minute; 60oC for 2 minutes; 72oC for 3

minutes. This was followed by a final extension of the amplified products atl2oC

for 7 minutes. 10 ¡ll of the RT-PCR reaction was visualised on I.57o agarose gel

(containing ethidium bromide) in 1 X TBE. The remaining reaction was purified

(section, 2.3.2.2) and subcloned into pGEM-T Vector (section, 2.3.3) for

sequencing purposes (sections, 2.3.I2.I and 2.3.12.2). To test the success of the

cDNA synthesis, esterase D primers (forward primer) 5'

GGAGCTTCCCCAACTCATAAATGCC 3' (423-447; GenBank Accession

Number M13450) and (reverse primer) 5'

GCATGATGTCTGATGTGGTCAGTAA 3' (875-851; GenBank Accession

Number M13450) were used as a positive control for each RT-PCR experiment.

These primers amplified a 452 bp product from the cDNA template only.

2.3.9 Muttþte Tissue Northern Blot (MTltírM) analysis

Commercial Northern blot of multiple adult human tissue mRNAs was obtained

from Clontech, Palo Alto, USA and hybridised according to protocols supplied

with the Clontech MTN blot (User manual, PT 1200-1). The filter contained 2 ¡.tg

of poly A* RNA derived from heart, brain, placenta, lung, liver, skeletal muscle,

kidney and pancreatic sources. The Northern blot was prehybridised and

hybridised using ExpressHybtt hybridiration buffer (Clontech). Prior to addition

of ExpressHyb* hybridisation buffer (prewarmed at 65"C) to the filter, 37.5 pl of
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2O mgtmt Salmon speÍn DNA (previously boiled to 100oC and cooled on ice for 1

minute) was added. Prehybridisation of the membrane was carried out for 2 to 3

hours at 65oC and hybridisation proceeded overnight at 65oC. Methods of

radiolabelling and pre-reassociation of DNA probe was same as described in

sections 2.3.4.5 and 2.3.4.6 respectively. Following hybridisation, the filter was

rinsed at room temperature for 30-40 minutes with continuous agitation in wash

solution (2X SSC and 0.057o SDS), which was replaced several times. Counts

were monitored after each rinse. If the counts were still high (greater than 50

cpm), the membrane was then transferred to a solution (0.lX SSC and 0.1% SDS,

prewarmed at 50"C) for 40 minutes with continuous shaking at 42oC with change

of fresh solution after every 10 minutes. Counts were again checked after every 5

minutes and the washing of the membrane was continued until counts were at a

level of less than 10 cpm. Filters were sealed in a plastic bag and exposed to X-

ray film at -70oC with two intensifying screens. Subsequently the probe was

removed from the Northern blot by incubating the blot in sterile water containing

0.57o SDS (previously boiled to 100oC for 10 minutes) for 30 minutes at room

temperature. The stripped membrane was stored at-2}oC until needed.

2.3.10 HumanRNA Master BlotrM ena'lysis

Human RNA Master blot was obtained from Clontech, Palo Alto, USA and

hybridised according to protocols supplied with the Clontech RNA master blot

(User manual, PT 3004-1, catalogue number 7770-l). The Human RNA blot is a

positively charged nylon membrane and allows the determination of the relative

level expression of atarget mRNA in different tissues and developmental stages.

It contains poly A* RNAs from fifty different human tissues with (100-500 ngl 1-

mm dot) poly A*RNA normalised with respect to several housekeeping genes.
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The method of dot blot hybridisation was similar to MTN blot hybridisation

except that here 15 ml of ExpressHyb mix was used. Following hybridisation, the

filter was rinsed four times in 2X SSC and 1% SDS (prewarmed at 65"C) for 20

minutes at 65oC. If high background was still evident, the membrane was further

washed twice in second wash solution (0.lX SSC and 0.57o SDS, prewarmed at

55"C) for 20 minutes at 55oC or until the counts were at a level of less than 10

cpm. Autoradiography and stripping of dot blot filter was performed as (2.3.9).

2.3.11 Fluorescenceinsituhybridization(FlSH)

The FISH analysis involved in the study was initially undertaken by Elizabeth

Baker and later was mainly carried out by Helen Eyre (Department of

Cytogenetics, WCH). The method used is briefly described. The DNA clones

(plasmids, cosmids, PACs, BACs, or YACs) were labelled by nick translation

with biotin-l4-dATP (Gibco-BRL,Life Technologies, Gaithersburg, USA). FISH

was performed as previously described (Callen et al., 1990a), except that the

chromosomes were mounted prior to analysis in antifade containing propidium

iodide (as counterstain) and DAPI (for chromosome identification). Images of

metaphase chromosome preparations were captured using the Chromoscan Image

Collection and Enhancement System (Applied Imaging Corporation, New Castle,

UK). FISH signals and DAPI banding patterns were merged for figure

preparation.

2.3.12 DNA sequencing

DNA sequencing involved in the present study was carried out using Dye Primer,

Dye Terminator and BigDyeru Terminator Cycle Sequencing Ready Reaction kits

(ABI-Perkin Elmer, Warrington, UK) according to the manufacturer's protocols.
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In all the cases (Dye Primer, Dye Terminator and Bigdye Fluorescent Chemistry)

the sequencing reactions were cleaned and sent for subsequent gel run on ABI377

sequencer to IMVS (Institute for Medical and Veterinary Science), Adelaide,

Australia. The sequence obtained was analysed using the Laser Gene DNA

software package (DNAstar, Madison, USA).

2.3.12.1 Dye Primer Cycle Sequencing

cDNA clones and PCR products cloned in pGEM-T vector were sequenced using

ABI PrismrM Dye Primer Fluorescent Chemistry. Four separate tubes were

needed for each DNA template. The reaction volumes of reagents are given in

Table 2.2. After setting the Dye Primer sequencing reaction, the reaction mixture

was overlaid with one drop of paraffin oil.

Table 2.2 Working protocol for Dye Primer sequencing reaction.

Reagent A (prl-) C (pL) G (prl.) r (Pú)

DNA Template (200 nglpl ) 1

Ready Reaction Premix

The PCR thermal cycling program used for Dye Primer Cycle Sequencing was: 15

PCR cycles 95oC for 30 seconds, 55oC for 30 seconds,TO,C for 1 minute followed

by another 15 PCR cycles of 95oC for 30 seconds and 70oc for 1 minute.

The sequencing reaction was then purified as per the manufacturer's protocol. The

PCR reaction for each of the four tubes (4, C, G, and T) were combined and

transferred to eppendorf tube containing 100 ¡rl of I00Vo ethanol and 1.5 pl of 3

M sodium acetate. The reactions were mixed thoroughly by brief vortexing. The
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tubes were placed on ice for 30 minutes and then spun in a microcentrifuge for 30

minutes at maximum speed. The supernatant was discarded and the pellets were

washed withl\Vo of ethanol to remove the salts from the pellet. DNA pellets were

dried at room temperature for 15 to 30 minutes.

2.3.12.2 Dye Terminator Cycle Sequencing

Plasmid inserts and PCR products (previously cleaned using methods described in

section 2.3.2) were sequenced using specific sequencing primers and Dye

Terminator Cycle Sequencing Kit. The reaction volumes of reagents are given in

Table 2.3. The PCR cycle conditions used for dye terminator cycle sequencing

reactions were as follows: 25 PCR cycles of 96oC for 30 seconds, 50"C for 15

seconds, and 60oC for 4 minutes.

Table 2.3 Working protocol for Dye Terminator sequencing reaction.

Reagent Quantity

Template

Double stranded DNA (200 ngl¡tl)

PCR product (30 ne{ll)

Primer

Terminator Ready Reaction Mix

2.5 ¡t"l

6pl

3.2pmol (2 ¡tl of 10 ngl¡"tl)

8 pl (a pl of dye terminator reaction mix +

4 ¡rl of halfTend* -i^)
Final reaction volume \ryas made to 20 pl with sterile water and overlaid with a

drop of paraffin oil

The dye terminator sequencing reactions were cleaned as per the manufacturer's

instructions in order to remove the excess dye terminators using ethanol/sodium

acetate precipitation method. The entire contents of each extension were
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transferred to a 1.5 ml microcentrifuge tube containing 2.0 pl of 3 M sodium

acetate (pH, 4.6) and 50 ¡tl of 957o ethanol. The tubes were vortexed and placed

on ice for 15 minutes to precipitate the extension products. Tubes were then spun

in a microcentrifuge for 30 minutes at maximum speed. The supernatant was

discarded, pellets were rinsed with 250 ¡tl of TOVo ethanol and dried for 30

minutes to one hour at room temperature

2.3.12.3 BigDyeru Terminator Cycle Sequencing Kit

The PAC/BAC DNA was sequenced using Bigdye Terminator Cycle Sequencing

Kit and SP6 and T7 sequencing primers (section,2.3.l.4.2) to generate the

PAC/BAC end sequences. The reaction volumes of reagents are given in Table

2.4.The Bigdye sequencing reactions were denatured at 95oC for 5 minutes prior

to PCR run followed by 80 PCR cycles of 95oC for 30 seconds, 50oC for 20

seconds and 60oC for 4 minutes. The Bigdye sequencing reactions were cleaned

as in section2.3.l2.2.

Table 2.4 Working protocol for Bigdye sequencing reaction

Reagent Quantity

PAC/BAC DNA Template (1.5 ¡rglpl)

Sequencing Primers (SP7 and T7, 50pmol/pl)

BigDyeruTerminator Mix

1pl

1pl

8 ¡.rl (a ¡rl terminator mix + 4 ¡t"l

hatfBDN mix)

The final reaction volume was made 20 ¡t"l with sterile water and overlaid with a

drop of paraffin oil.
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Physical mapping and Cl6orf5 Pene at 16p13.3

3.1 Introduction

Balanced chromosomal translocations occur in humans with a frequency of

approximately 1 in 800 individuals and are usually associated with a normal

clinical phenotype (Warburton, 1991). However, the risk of serious congenital

anomaly is estimated to be 6.17o (n=163) for de novo reciprocal translocations

(Warburton, I99I). A somatic cell hybrid panel of chromosome 16 was

constructed from various translocations and interstitial deletions involving this

chromosome, which were ascertained in different cytogenetic laboratories (Callen,

1986). Included in this panel were two de novo translocations t(1;16) and t(14;16)

associated with mental retardation and epilepsy, which were characterised in the

present study. The mouse/human somatic cell hybrids isolated from the cell lines

of these two patients containing the der(16)t(1;16) and the der(16)t(14;16) were

designated as CY196 (Callen et al., 1990b) and CY182 (Callen et al., 1995)

respectively. The hybrid breakpoints included in the chromosome 16 somatic cell

hybrid panel were mapped in detail (Callen et al., 1992, 1995). These data

revealed that the hybrid breakpoints CY196 and CY182 reside in close vicinity on

chromosome 16 at I6pI3.3. It was proposed that the mental retardation and

epilepsy in the two patients with the de novo balanced translocations was related

to the disruption of a gene at or near the 16p13.3 breakpoints of the t(1:16) and

t(t4;t6).

To identify the disrupted transcript at I6pI3.3, it was first necessary to generate a

more detailed physical map of the breakpoint region at L6pl3.3 by mapping STSs

and ESTs in the vicinity of the breakpoints of the two translocations. The hybrids

CY196 and CY182, which contained the der(16) of the two translocations were

used for this physical mapping. This would allow the identification of a DNA
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probe in the vicinity of the breakpoints, which will be used to screen PAC/BAC

libraries to allow the construction of a physical map. FISH analysis will be done

with these DNA clones on the metaphase chromosomes of the two patients in

order to identify the DNA clone spanning the I6pl3.3 breakpoints. This

preliminary physical mapping in the vicinity of the chromosome breakpoints in

CYI96 and CY182 identified an EST WI-16589, which was mapped on the GB4

radiation hybrid panel. A BLAST search of dbEST database with the sequence of

WI-16589 identified two overlapping cDNA clones 44070715 and H07909 that

together represent a novel proline rich gene, which was notated C16orl5. This

gene is highly expressed in the brain. Because of this expression pattern and the

localization immediately distal to CY196-CY182 hybrid interval it was a possible

candidate for a gene, which would be disrupted by the two translocations at

I6pI3.3 involved in mental retardation and epilepsy.

This Chapter presents the preliminary physical mapping data in the vicinity of the

16p13.3 breakpoints contained in CY196 and CYI82, and identification,

localization, characterization and expression studies involving the Cl6orft gene.

3.2 Methods

Only the methods used specifically in this Chapter are discussed in detail. The

general molecular genetic techniques of DNA analysis are described in Chapter 2.

3.2.1 Somatic cell hybrid analysis

Localization of the DNA probes on the short arm of chromosome 16 was as

described in section 2.3.6 by PCR analysis of somatic cell hybrids with

breakpoints at 16p13.3 (Callen et al., 1995). Included in this panel were the
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hybrids CYI96 and CY182, which were derived from the de novo balanced

translocations ascertained in the two patients with mental retardation and epilepsy.

The A9 mouse cell line used to construct the hybrids, and CY18 a somatic cell

hybrid containing an entire chromosome 16 as the only human chromosome, were

included as controls in every experiment for the determination of mouse and

human chromosome 16 specific bands. The primer sequences of the DNA probes

localized in the vicinity of the hybrid interval defined by CY196 and CY182 are

presented in Table 3.1. DNA from the hybrids at L6pI3.3 was analyzed by PCR

and Southern blot (2.3.4) analyses to localize the Cl6orfi transcript.

3.2.2 Generation of C16orf5 cDNA sequence

The end sequences for both of the cDNA clones 44070715 and H07909, which

represents the Cl6orfi transcript, were available in the GenBank. This enabled

the design of primers (section 2.3.5.D to generate the complete cDNA sequence.

The cDNA sequence was generated using Dye Terminator fluorescent chemistry

and gene specific primers as described in section 2.3.12.2. Sequencing samples

were analyzed on model ABI317 automated sequencer (Applied Biosystems).

3.2.3 5' RACE (rapid ampffication of cDNA end) analysis

The 5' end of the CI6orJ5 transcript was confirmed by 5' RACE on polyA*

mRNA from fetal brain tissue, using a 5' RACE Kit (Gibco BRL, Life

Technologies, Gaithersburg, USA). All the components were supplied with the kit

except the gene specific primers (GSP). The sequence of the GSP primers used in

5' RACE is presented in the section 3.3.4.500 ng of polyA* fetal brain mRNA

was reverse transcribed with 2.5 pmoles (approximately 10 to 25 ng) of GSP1 at

42oC for 50 minutes, followed by a incubation at 70oC for 15 minutes to terminate

92



Physical mapping and Cl6orf5 Rene at 16p13.3

the reaction. After the addition of 1 ¡"rl of the RNAase mix, the tubes were left for

a further 30 minutes at 37oC. The first strand cDNA was purified using kit

supplied Glass Max DNA isolation spin cartridge. The cDNA was eluted from the

column with 50 pl of sterile water (preheated to 65oC) by centrifugation at 13,000

rpm for 20 seconds. The purification of cDNA was followed by the addition of

homopolymeric tail at the 3'-end of the cDNA using TdT and dCTP. For this 10

¡rl of the purified sample was added to 6.5 ¡rl of DEPC treated water, 5 ¡rl of 5X

tailing buffer, and 2.5 ¡rl of 2mM dCTP and the reaction contents were incubated

for 3 minutes at 94oC followed by a one minute incubation on ice. After the

addition of 1 pl of the TdT mix, the tubes were incubated at 3'l"C for 10 minutes.

The TdT was then heat inactivated for 10 minutes at 65oC. The dC-tailed cDNA

was subjected to PCR using a GSP2 primer and the abridged anchor primer (AAP,

which was supplied with 5'RACE Kit). The 3' end of the anchor primer contained

a sequence complementary to the homopolymeric tail. This step was followed by

a nested PCR using a GSP 3 primer and abridged universal amplification primer

(AUAP, was also supplied with the 5'RACE Kit). The AUAP 'contains a

restriction endonuclease site sequence at the 5' adapter region homologous to the

adapter region of the anchor primer.

The sequence of the AAP and AUAP primers are as follows: AAP 5'- GGC CAC

GCG TCG ACT AGT ACG GGI IGG Gtr GGG trG-3'; AUAP 5'- GGC CAC

GCG TCG ACT AGT AC-3'. The anchor primer was designed with selective

placement of deoxyinosine residues in the poly (dG) portion. This selective

placement of deoxyinosine residues in the 3'region of the anchor primer maintains

low stability on the 3' end of the primer, creates a melting temperature (Tm) for

the 16 basepair anchor region (66"C) which is comparable to that of a typical 20-
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mer primer with 507o GC content, minimizes priming at internal C-rich regions of

cDNA and maximizes specific priming for the oligo-dC tail (Instruction Manual

of the 5' RACE system, Version 2.0, catalogue number 18374-058, Gibco BRL,

Life Technologies).

The PCR reactions were performed as per described in the manufacturer's

instruction manual. However, before the addition of the Taq DNA polymerase, the

tubes containing all components, were overlaid with a drop of paraffin oil and

incubated at 94oC for one minute. Then 0.5 pl of Taq DNA polymerase (5

units/¡rl) was added followed by 35 PCR cycles of 94oC for one minute, 60oC for

two minutes, 72"C for three minutes, with a final incubation of 72"C for seven

minutes. Following PCR amplification of 5' RACE products, 15 ¡tl of the PCR

products were analyzed on 2.5%o (wlv) agarose gel, and the remaining sample was

cloned into the pGEM-T vector (section 2.3.3), subsequently the cloned 5' RACE

products were sequenced using Dye Primer fluorescent chemistry (section

2.3.r2.r).

3.2.4 Pørtial genomic chøracterization of C16orf5

To determine the partial genomic structure of the C16orf5 gene, DNA was

prepared (2.3.L3) from the PAC 102J11 shown to contain the gene. The DNA

was digested separately with the blunt end cutting restriction enzymes AluI, RsaI,

ScaI, HaeItr and Pvu[, and tentative exonic boundaries were generated as

described in section 2.3.7.4.3. The resulting PCR products were purified

(2.3.2.2.I) and then directly sequenced using Dye Terminator cycle sequencing kit

(2.3.I2.2) and the gene specific primers.
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3.2.5 Database homology seürches

The BLAST search tool (Altschul et al., 1990, 1994) at NCBI was used for the

CI6orJ5 cDNA nucleotide sequence homology searches with sequences deposited

in GenBank non-redundant and EST databases. Further analysis of Cl6orJ5

cDNA nucleotide sequence involved PROSITE database (Hofmann et al., 1999)

and PSORTtr (Nakai and Horton 1999).

3.2.6 Expression studies involving C16orf5 gene

Size and expression of the CI6orf5 transcript was evaluated using a Multiple

Tissue Northern (MTNIM) Blot and RNA Master Blot, both obtained from

Clontech, as per the methods described in section 2.3.9 and 2.3.10 respectively.

The blots were probed with cr32P-dCTP labelled insert of cDNA clone 44070715.

The cDNA was digested with restriction enzymes to isolate the insert (2.3.4.2).

The insert of cDNA was then purified (2.3.2.2.2) and labelled as described in

section 2.3.4.5 followed by the pre-reassociation of the probe as per the method

described in section 2.3.4.6.

3.2.7 PAC/BAC DNA clones

The PAC and BAC DNA clones spanning the Cl6orJ5 transcript were identified

by the hybridisation screening of the two different human PAC libraries (Genome

Systems, St Louis, Missouri, and PACÆAC Resources, Buffalo, New York) and a

human BAC library RPCtr-l1 Segment 3 from PACÆAC Resources. Each set of

PAC and BAC filters had an approximate three times coverage of the human

genome. These libraries were screened with the cr32P-dCTP labelled inserts of

cDNA clones 44070715 and H07909 using the protocol described in section
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2.3.7.I. The positive DNA clones were purchased from the Genome Systems and

PACiBAC Resources. These clones were confirmed as real positives for the

cDNA clones A4070715 and H07909 by preparing colony blots (section

2.3.4.7.3). The real positive clones were grown in LB medium (2.2.6.I)

containing 50 ¡rg/ml of kanamycin (PACs) and 30 pglml of chloramphenicol

(BACs). The cultures were grown overnight shaking at 37oC. DNA was isolated

using Qiagen tip-100 columns as described in section 2.3.L3. The clones were

then sized and restriction mapped (2.3.7.3) to arrange the DNA clones in a contig.

3.2.8 Fluorescence in situ hybrtdization (FISH)

FISH analysis of cDNA clones 44070715 and H07909 and PAC 102J11 was

performed as described in section 2.3.II by Elizabeth Baker and Helen Eyre

(Department of Cytogenetics and Molecular Genetics, WCH, Adelaide). The

DNA clones were labelled by nick-translation with biotin-l4-ATP and hybridised

in situ to the metaphase chromosomes.

3.3 Results

3.3.1 Physical map in the vicinity of the hybrid breakpoints CY196

and CY182 at 16p13.3

At the beginning of the project there were no DNA markers localized within the

hybrid interval defined by CY182 and CY196 (Callen et a1., 1995) at 16p13.3,

therefore, this region was mapped in detail to identify a DNA probe in the vicinity

of the translocation breakpoints at I6pI3.3.
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DNA

markers

Primer sequences (5'-3') PCR

product

size (base

pairs)
Forward prímer Reverse prímer

wI-18474 ctggactggggctatgaaac gtggcactgagctatgagtcc 105

wI-14401 ttattgtcttctccttcgacagc tctttcaccac g tgtgaactg 131

wr-13954 aaagtttacgaactc gtgttg g aaaaccctggaggtttccc 150

wI-11319 gca gaaaa gaa atttattaccaagc gatgaggaactcaaaatccag g r29

sGC34290 ccgatctagttttagcacagagc ctgtgcttcccctcctgg 130

wr-12224 tttacgtaccattcaattcaccc ggggaacatggaatctcctt 134

D1652965 ttatgacttcaagaatgtcatcctg gtgtcttggtattttcacatctcg 277

Dr653327 agtctttggccccacactc tgtcttcaggttaaattggaagg t43

DNLl attgttcccctgcatgcggc tgctcacttcagcatcacct 900

wI-21938 gtggcaggatacagtggtcc caaagggtcccccttgtg 264

I81814 gatcctgaaacacatggaaa gttcccccacttacactgtt 207

wI-16589 ttcagtccagactctttcccc cctgactccagacaacttaccc t27

KB#1 gtgtccaccaaggcagttct gctgacaggctgttgctgt 100

Dt65423 aaacaggcttgaaagtctctg ttgtcttctgtccacttacaca 292

Dr653232 aatgcaatatacaaaaactcaccc attttaaacaattttgtcatcacca 101

AFM339xgl cttcactgggggtaggg agtaaaaacgtccttgcatc 2t0

AFM288zf9 ttgtgcagacttgtccat cagagccagagtgagagg 198

sGC32535 gtttcccaggctgatctcaa aggttgaaaagtaaaaattgggc 133

GGAA24HO1 ggacctctctaggcaagacc tccactcattgaacaatactgc 214

c'72DI2 ctct gt gat gac aggaactgtg atctctggatggagacaccatc r67

4002D07 ta g tattccatg gtgtatatgt ctataaagacacatgcaca r32

Physical mapping and Cl6orf5 sene at 16p13.3

Table 3.L Primer sequences for STSsÆSTs physically mapped on the short arm

of chromosome 16 att6pl3.3.
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Physical and C16orf5 gene at 16p13.3

The STSs and ESTs present in the vicinity of the breakpoint were obtained by

accessing the radiation hybrid map of the Whitehead Institute and the CEPH

(Centre d'Etude du Polymorphisme Humain) genetic map of chromosome 16. A

list of the primer pairs for STSs and ESTs from this in silico analysis, which were

likely to map near the chromosome breakpoints of CY196 and CY182 is

presented in Table 3.1. The DNA markers were mapped on chromosome 16 by

PCR analysis of the somatic cell hybrids 23HA, CYI82, CYI77, CY196, CYI97,

CY198, CY168, which all had breakpoints at 16p13.3. The results of physical

mapping of DNA markers on short arm of chromosome L6 at I6pI3.3 ate

depicted in Table 3.2 and are summarised in Figure 3'1.

The order of the hybrids presented in Table 3.2 is as described in the earlier

reported map of chromosome 16 (Callen et al., 1995). The data shown in Table

3.2 demonstrate that the markers WI-18474 to D165423 are located distal and the

markers from D16S3232 to 4002D07 are located proximal to the hybrid interval

defined by CY182 and CY196. The DNA markers DI653232, AFM339xg1 and

AFM288zf9 were identified to map within the hybrid interval defined by CY196

and CY197, thereby separating the chromosome breakpoints in these two hybrids.

There were no markers identified earlier separating these two breakpoints in the

previously reported map of chromosome 16 (Callen et a1., 1995). The results

presented in the Table 3.2 refined the order of the hybrids breakpoints CYI17,

CYl82-CY196, CYl97, from that reported earlier in Callen et al., (1995) to pter-

CY196-CYl97 , CYl77 , CYl82 (Figure 3.1).
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Physical mapping and Cl6orf5 gene at 16p13.3

Table 3.2 Physical mapping of probes to the short arm of chromosome 16 at

16p13.3 by PCR analysis of mouse/human somatic cell hybrids

* indicates the probe present in the hybrid line; -, probe is absent in hybrid line.

The order of the hybrids presented is as described in Callen et al., 1995. The EST

shown in red identified the Cl6orJ5 gene. The markers shown in green separated

the chromosome breaþoints contained in CY196 and CY197. These markers

were absent in the hybrid cell line CY182, which refined the order of hybrid

breakpoints CYI77, CY182-CY196, CYl97 (reported earlier in Callen et al.,

1995) to pter-CY196-CYl97, CYl77, CY182-CY198, CY168, where comma

indicates the unknown order and a dash known order. The results from this Table

are summarized in Figure 3.1.

DNA

Markers

Somatic cell hybrids at chromosome 16

CYl8 23HA
CYI77

CY182
cYL96 CvI97 CY198 CYI68

wt-t8474 + +
wr-14401 + +
v/I-13954 + +
wl-l1319 + +
sGC34290 + +
wr-t2224 + +
D1652965 + +
Dt653327 + +
DNLl + +
wI-21938 + +
rB1814 + +
\ryI-16589 + +
KB#1 + +
D165423 + +
D1653232 + + +

AFM339xe1 + + +
AFM288zf9 + + +
sGC3253s + + + ++ + +
GGAA24HOl + + + ++ + +
c72DI2 + + + ++ + +
4002D07 + + + ++ + +
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CHROMOSOME T6 DNA MARI(ERS SOMATIC CELLHYBRIDS

16p133

wr-1s474 wI-14401 \Yl-13954 WI-|1319

sGC34290 Wt-12224 Dt6S2965(Wr-3061) DI6S3327

DNLI wl-2r938 IBl814 wI-16589

KB#1 Dl65423 (AFM249ycs)

D16S3232 (W14274) AFM339xgl AFM288zf9

SGC32535 GGÄ424H01 c72Dl2 Â002D07

r\

Figure 3.1 Physical mapping of probes to the short arm of chromosome 16 in the vicinif of the 16p13.3

breakpoints contained in CY196 and CYl82. The somatic cell hybrids 23HA, CYl77, CYl82' CYl96, CYl97,

CYl98 and CYIó8 mapped at l6pl3.3 (Callen et al., 1995) were used for the mapping experiments. The CYIS

somaiic celi hybrid that contained ihe entire chromosom€ 16, was usod to identif, '.Io chromosome 16 specilìc

bands. Thc CY196 and CY182 hybrid breakpoints cha¡acterised in the present study are depicted by asterisks.

The orientation of ihe ctuomosom€ breakpoinis in the hybriris CYü7, CYl82-CYi9ó,CYi97 as reported in

Callen et al., 1995 was refined to CYl96-CYl97, CYl77, CYl82, where comma indicates order unknown and a

dash i<nown or<ier. These data separaie<i ihe chromosome breal(points oi CYI96 and CYl97. This figure

summarises the results from Table 3.2. Some of the markers shown within brackets had the D numbers available

that are indicated in preference.

*

cYr77

cYrS

23HA

cY198

cYr68



Physical mapping and C16orf5 sene at 16p13.3

It was not possible to physically map the DNA markers KIAA0421 (forward

primer 5' acggtgcttggtggagtatc 3; reverse primer 5' cagtccggagtaacactggc 3') and

WI-22537 (forward primer 5' caccatcacatttcaagtttcc 3'; reverse primer 5'

ccttttaatgtgggcagtgg 3') because they amplified a similar size mouse specific band

from the mouse line 49. And the marker 5GC34289 (forward primer 5'

aagggaaaggtcttgaataagtaca 3'; reverse primer S'tctaagggggttcaagtagtaatg 3') did

not amplify a band from the somatic cell hybrid CY18, which suggested that it is

not present on chromosome 16.

3.3.2 ldenffication of C16orf5 gene

An EST WI-16589 was mapped on the GB4 radiation hybrid panel at I6pl3.3

(http://www.ncbi.nlm.nih.gov/genemap98) and also has been located in the

adjacent distal somatic hybrid interval to hybrid breakpoints CYl82 and CY196 at

16p13.3 (Table 3.2). A blast search of the dbEST database with the sequence of

WI-16589 identified two overlapping cDNA clones 44070715 and H07909,

which together represents the novel proline rich gene C76orJ5.

3.3.3 Localization of C16orf5 gene

The EST WI-16589 (Table 3.2), which was present at the 5' end of the cDNA

clone H07909, was localised in the adjacent hybrid interval to hybrid breakpoints

CY196 and CY182 by PCR analysis of the somatic cell hybrids at 16p13.3

(Figure 3.2 A). To also PCR map the 3' end of the gene with respect to the

16p13.3 breakpoints contained in CY196 and CY182, primers were designed from

the 3' end sequence of cDNA clone 44070715 (which was available in dbEST

database) and were designated as KB#1 forward and reverse (Table 3.1).
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l27bp>
\ryI-16589

KB#1

Figure 3.2 l-ocalizfüorof C16orf5 by PCR analysis of somatic cell hybrids at 16p13.3. (A) PCRmapping of

of WI-16589 by somatic cell hybrid analysis. Samples: Ml) pUCl9 DNA marker, l) no DNA confrol, 2) A9

mouse DNA, 3) human blood bank DNA, 4) CYl8, 5) 23HA,6) CY194, 7) CYl77,8) CY182, 9) CYl96, l0)

C{197, 11) CYl98, 12) CYl68. (B) PCR mapping of KB#l by somatic cell hybrid analysis. The order of

samples loaded is s¿rme ¿N in gel A except that in this gel lanes l-3 represent no DNA control, total human

DNA and A9 mouse DNA respectively. The red arrows depicts the chromosme 16 specific bands. The sizes of

PCR products a¡e indicafed.
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Figure 3.3 The somatic hybrids CYl94,CYl77, CYl82, CYl96, CYl97, CYl98 and CY168 at 16p13.3

were used for the localization of the Cl6orJ5 transcript. TROJ and l5l7 fibroblast cell lines contained

chromosome 16 translocations represented in the hybrids CYl77 and CYl82. The 1517 cell line was used

as as control to deæct the genomic fragment spannig the CYl82 hybrid breakpoint. A9 and 585-MEL cell

lines were included æ controls to eliminate rodent speciflc bands in the somatic cell hybrids. Human

genomic DNA in H lane was used to determine the human specific bands. The somatic cell hybrid CYIS

was used to determine the chromosome 16 specific bands. The red a¡rows in the figure depict the mouse

specific bands and the green arrows depicts the human specific bands. The Psr I digesûod genomic DNA

was probed with the inserts of oDNA clones 44070715 and H07909. The isolation and purification of

inserts of cDNA clones was done by the candidate and subsequent preperation and prcbing of Southem

membrane containing Psr I digested genomic DNA was carried out by Scott A. Whitnore, DeparEnent of

Cyûogenetics, WCII, Adelaide. The data indicates that C16orf5 gone localizes in the adjacent distal hybrid

interval defined by CYf 82 and CY196.



Physical mapping and Cl6orf5 sene at l6pl3.3

However, from the PCR mapping result (Figure 3.28) it was difficult to interpret

whether the 3' end of this gene lies distal or proximal to the l6pI3.3 translocation

breaþoints because along with the chromosome 16 specific band amplified in the

hybrids CYI94, CYITTand CY182 an extra band was also amplified in these

hybrids and the chromosome 16 specific band observed in CY196 hybrid cell line

was faint. Therefore, the localisation of C16orf5 gene was also confirmed by

Southern analysis of a human/rodent somatic cell hybrid panel (Callen et al.,

1995) using cDNA clones 44070715 and H07909. PstI and HindIIr digested

somatic cell hybrid DNA was blotted and hybridised with the inserts of cDNA

clones (Figure 3.3). The Southern analysis also localised the gene in the adjacent

hybrid interval to hybrid breakpoints CY196 and CY182 at 16pI3.3.

3.3.4 zDNA sequence of C16orf5

The end sequences for both of the cDNA clones 44070715 and H07909 were

available in dbEST database, which enabled the design of primers for sequencing

the cDNA inserts. The insert lengths for overlapping cDNA clones 44070715

and H07909 as mentioned in the database were 2253 bp and 1719 bp respectively.

The cDNA inserts were isolated using restriction enzymes EcoRI and XhoI for

cDNA 44070715 and NotI and Hindfr. for cDNA H07909. The cDNA sequence

generated with the help of these overlapping cDNA clones is presented in Figure

3.4. The 5'RACE analysis was performed on poly A* mRNA from fetal brain

tissues to confirm the 5' end of the gene. The following nested gene-specific

primers were used to generate 5' RACE products: GSP#I (nt 362-346) 5'CTT

TTC TCT TCC AGA AG 3', GSP#2 (nt309-290) 5'CTC GCT GGA CAT CTT

CGC TG 3' and GSP#3 (nt 296-277) 5' TTC GCT GCT TCT CCT CAA AT 3'

(Figure 3.4). Following amplification of a 5'RACE product (Figure 3.5), the
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Physical mappins and CI6orf5 sene at I6pl3.3

product was cloned and sequenced, which generated a further 193 bp sequence at

the 5' end of the gene (Figure 3.4). The complete cDNA sequence presented in

Figure 3.4 represented a novel gene, which was designated as Cl6orft

(chromosome 16 open reading frame #5) and was assigned a GenBank accession

number, 4F131218.

3.3.5 Characterization of C16orf5 gene

The gene Cl6orJ5 consists of an open reading frame of 786 bp, encoding a

putative protein of 261 aminoacids and a large l5I7 bp 3'-untranslated region

(Figure 3.4). The putative translation initiation site begins with an ATG at the

nucleotide 298, and the sequence suffounding the site conforms to Kozak's rule

(Kozak 199I, 1996). Two polyadenylation sites are present, one at 2I44bp and the

second at2756 bp (Figure 3.4).

The partial genomic structure of the gene was determined using the PAC lO2JIl

by the bubble PCR approach (Gecz et al., 1997) using gene specific primers and

bubble linker-specific primers. This procedure allowed the identification of at

least four tentative exonic boundaries in the CI6orJ5 gene. Later in the course of

this study, the identification of BAC 351P16 sequence spanning the CI6orfi gene

enabled the determination of intron-exon organisation of CI6orJ5 gene, which is

presented in Chapter 7.

3.3.6 Computational ønalysis of the C16orf5 IDNA sequence

Database searching using the entire Cl6orJ5 sequence showed no significant

homology to known proteins and domains. Searching of the PROSITE database

with CL6orJ5 protein sequence predicted a single N-glycosylation site,
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aggooqcaqocc tgcgdcçtggocL'goqgootggdgggqtqgtcaggtgtgtqgotggccogogtgacoçc t t o7g1ogoogc,:qqo tgtggooggggaggooc tg tgtgg

{rå95 x exon 1

totçcccoggcccc¿gggcccdgccctgçtcttqgcagcccttgctccctgctgogggccctgcL'tttccttcccctgooacog CTCCCGGAGCCCTGCCTGT-ICCCTGTC

CATCCAG GC C AGCAGC TG AAG GAGCCTCACCTGCC TC C CTTCTCIGÂGTAGCAC GGATTTGAGGAGAAGC¡ECOTNåTETC CAGCG AGC CTC CC CCTCCTTATCC TGGG

MSSEEEEEYEE
>< exon 2

GG CCCCACAG CCC CACTTC-TG GAAGAGAAAAGTG GAGCCC CGCCC ACC CC AGGCCG TTC CTCCC CAG CTGIG ATG CAGCC CCCTCC AGGCATGC CACTGCCC CC TGCGGA

GET AEL L E E KS G AEETEG R S S A vMoEEEo''¡ELEE
CATTGGC CC C CCACCCTATGAGCCGCCGG GTC AC CCAATG CCCCAGCCTGGCTTCATCC CACCACAC ATGAG TGC AG ATG GCACCTACATGCCTCCGGG TTTCTACCCTC

TcEEEvEEE c H E ¡¡El oEe r I EE H M s A D cr Y Mfifie r v EE
crccAGG c c ccc Acc c Ac c cATGGGc rAc rAc cc ccc AGGGcccrAcAccccAcGG c cc rAccc rGGcccrGGGG Gc cAc AcAGcc Ac AGTc crGGTca arr, ooã3ðïn '

EIcEHEEIMGYYEEcflvT El c ts Y E G flo e H r A r v t-vflsoA
MYRISTYL MYRISTYL

GC CACCAC GGTGACAGTG CTG CAGGGAGAGATCTTTG AGGGAGCG C C TGTGCAGAC GGTGTGTC CCC ACTGC CAG CAGGCCATCAC CACCAAGATCTCC TAC GAG ATTGG

A T T V T V L o G E I F E G AE V Q T V C E H C O Q A I T T K I S Y E I G

ASN

CTTGATG AATTTC GIGCTGGG TTTC TTCTGTTGCTTC ATGGGATG TGATCTGG GC TGCTGCCTG ATC CCCTG C C TCATCAATG ACTTCAAG GATGTGAC GCACAC ATGCC 880
cLrflcrrNDFKDVrHrcfiL M N F V LG F F CC F MG CDIGC

AD

110

2n

330

440

550

660

770

1110

MYFISTYL
C C AGCTG C AAAGC TACATC TACACGTAC AAGC GC CTGIGC TAACG GAG CTGGG ACTCGG GACTCCCC CGCCTGTC AG TCTGGC CCCCT6TG CIT-TGCTCCCTGCGCTCAG 990
scKArsr R rsA cA NG AGr R DsEA cos cEL cFnflcno

PKC PKC

TG GTCAC TTT CCC GCTCC CAC TTGGG GCIGGGAG C C G TG CCACCATCC CCIAG AAGTC CTG TCC TCTTCACC CTGCCCTACCTGAGCCGCIGÂCTCTTCTGGC AAAAATT

ws L s R s H L G L G A v E ts s E n s El v I F r L fl v r s n * 
><exon4

CTGTTGG GATTTAA6GCC AAG GGTCAGTG GGTGGC AG GGG GCTGGC AATGAGC TTG TGTGTTGTTGG TCTGC TTG GTGTG TGTGATCGGGAAGATAAGC TGG GAG GGGTC

TC CTGCTGGG GTC CTGATGC C TCTGTTTC CAAAC AAGGTACAGGT TC AGTCCAGAC TC TTICCC CCTGGGAC CAACAGCAGCC AGAGCAGTTAG CCAGTTA6TC C CCAGG

CC TGTGGCAC AGGCGTTTCTG ACCTGC TG GGC CG AGAATG GGTAAGTTGTC TGGAG TC AGGTGGGCC CACGTAGG ACAGG GTC ACAAAGCC TGG GTTTG TTTCTGGGTAC

TTTGCGC CTC TGG GGTGC TAG AGGTG GGG CATGGTGGCTG GAAGTAAAACTGCCAAC TC TGGCC C TC AGAAC TCTCAGGTATAGAAGC CCAGGATGTCTAATAC C CTGTC

CCAGTGC C C GAGAGCTGC CTGGIGTC AGG TAG AG AGG AC ACTGTACCTGGG TG AATGATCAGAC CCTGGTAGC TAAGAAG GAACTTGTCCC TTTGAGTC AGTGTG CAGAC

CC CCTTTCAG GCC ATGCG TCTGTGAACCC TGTAT TGC TGG GGCCGGAAGGAGCC C G TGAGCCTAGCC CCTTC CCG TC TGCCCTGTG TCC-TCAC TGCGTG TGG GTATGACC

TC TGCCTGGTGGC TGGTGIATCCCAACTG GGG AAGAGATG GCAGAGGG TCCCCCTTGTGGGTGC GC TTGGATGTG C AGAG CCT TC TCC ATGGATTTTCTTC C CTGTAAGT

6C CGGGC CCC TCACCCCAGCTGACAGGC TGTTGC TGTGCC TGCTC ACACCTGC TCC TGC AGGCACAC TG GGC TAG GG ACG AGGAAG GAGCAGCC ACAAG TGGTAGAACTG

CCTTGGTGGACACCAGCC TCG CCCTG TCTTTATTTCC TGAATGGTTTG TGAAC TTGCTC ACCTGGACCACTGIATCC TGC CAC TGTCCTTC C TGGTCTCGCACTGCCACT

GC ATGGC C TC CTGTC AC-TGTGAATC GTG GCC CAGTC TC AGTTTG TAGTTTCTCATTAAATTGGCCCTTTC ACTCCC CCTTGGCCC TTTCACTCCC CC GCC C TGGGCCTCT

GC TCTCTTGC C TG GCTTC C T TCTTTTTTG AGG GAAAG AGG GTGGGCC TGCAGG CAG TCTACTGG CAG GACGGGAG GC TGAGTC C TC AGGGTCTC ACACC CTC AGTGCTGA

TG CCATG CCAACTGCCTGGGACAACACCAACACG TAAGGACCTAATTAAACCAAAC CAGAGTCG GGTGTAGACCAGC CCTGGGATTTC CAGCTG TGACTGGGCC AGGGCA

CACGT-TGGTC TCG GCAGTGGC TGTAAGGTCAC CTTCC TTC CTCTG ATG CTGGTTTC AAC CATCTATATATGG CATCC ACG CATGGGATCTG CAAGC-TGGAGCCCTCCTAC

CC GCAGGCTTGAG CACAG CATCATCC AGC CC TGG GGAGGC GCACC CTTAAGCAAGACAG ACTGG GC TGAGGC TGACAGGC AGAAGACTAAC AGAGCGCAGTC TGC ACAC6

CAGGTTC TGGGCG ACCTC TG6CCCIG GCC ATC TCTGC ACTAAC-TC AIC TGAATTATGAAGGTGG C AG TCTTGGTC AG-TAGTTTAAAGAGTTTCC CTACT TTTTAACCCTT

TTTG AAATAAAACTTTTACA6GT

Figure 3.4 Sequence of C16orf5. Nucleotide sequence of the Cl6orf5 cDNA and the deduced amino acid sequence of

its predicted protein are shown. Asterisks denote the start and termination codons. Bold capital letters in the sequence

flanking the start codon, (GCGAAGATCTT) conforms to the optimum Kozak consensus. The first 193 nucleotides were

obtained by 5'RACE. The proposed polyadenylation signals (Sheets et al. 1990; Wahle and Keller 1992), and an in

frame stop codon before the initiation codon are underlined. Proline residues are boxed and cysteine residues are shown

in boldface.The predicted lN-glycosylation (ASN), 3N-myristoylation (MYNSTYL) and 2 protein kinase C

(PKC)phosphorylation sites a¡e indicated. Each exon boundary is shown by >< above the nucleotide sequence. The

nucleotide sequence reported here has been deposiæd in GenBa¡rk under the accession number 4F131218,

1210
't320
1 430
1 540
1 660
1760
1870
1980
2090
2220
2310
2420
2530
2640
2750
2773
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Figure 3.5 Agarose gel analysis of 5' RACE products of Cl6orJ5 transcript. Lanel, First PCR

amplification of dC tailed cDNA using the Abriged Anchor primer (AUAP) supplied with 5'

RACE kit and GSP2 primer. No PCR product was amplified after first PCR amplification. Lane

3, Reamplification of the primary 5'RACE product using AUAP and nested GSP3 primer. Arrow

denotes the 5'RACE product of approximately 415 bp in size. Lane 5, represents no DNA

control. No sample was loaded in the lanes 2 and 4. Lane Iv! pUC l9lHpa II ma¡ker DNA. 15 ul

of each PCR reactions (lanes I and 3) were analyzed on2.5%oagatose gel in lX TBE stained with

0.5 ug/ml ethidium bromide. Fetal brain poly A+ RNA for 5'RACE analysis was kindly provided

by Dr Jozef Gecz, Departnent of C¡ogenetics, WCFI, Adelaide.
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three N-myristoylation sites and two protein kinase C phosphorylation sites

(Figure 3.4). Computer prediction of the subcellular localisation using PSORT II

indicated that Cl6orJ5 would most probably localize to the nucleus. Cl6orJ5

sequence has an unusually high content of proline residues (40Vo over 104

residues) at the N-terminus of the protein. The C-terminus of the protein is also

cysteine rich with 14 cysteine residues present (Figure 3.4).

3.3.7 Expression an&Iysß ol C16orf5 gene

The expression profile of C16orJ5 was investigated using a Multiple Tissue

Northern Blot and RNA dot blot. The Multiple Tissue Northern Blot contained

poly (A*) mRNA from various adult human tissues, including heart, brain,

placenta, lung, liver, skeletal muscle, kidney and pancreas. The Northern blot

when probed with the insert of cDNA clone 44070715 predicted a single band of

approximately 2.4 kb in size with the strongest signal in brain but also expression

in heart, skeletal muscle, kidney, pancreas and liver (Figure 3.6). This is likely to

correspond to transcripts that are generated using a polyadenylation site starting at

2,144 bp (Figure 3.4). Some transcripts in the NCBI database dbEST were

generated using the second polyadenylation site starting at2,756 bp (Figure 3.4),

however there was no clear evidence of transcripts of this size from the Northern

blot. Also probed was a RNA dot blot that contained poly A* RNA from 50

different human tissues with the quantity of RNA normalised with respect to

several housekeeping genes. This procedure showed that that there was expression

in all the brain samples (whole brain, amygdala, caudate nucleus, cerebellum,

cerebral cortex, frontal lobe, hippocampus, medulla oblongata, occipital lobe,

putamen, substantia nigra, temporal lobe, thalamus, subthalamic nucleus) and
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Figure 3.6 Detection of Cl6orf5 transcript by Northern blot analysis. The filter with 2 ug of

poly A+ RNA f¡om different tissues in each lane was probed with the insert of cDNA

AA070715. A single hanscript of 2.4kb was detected. The position of the size ma¡kers is

indicated.



12345678

A

B

c

D

E

x'

G

H

Figure 3.7 Human RNA dot blot expression analysis of Cl6orJ5 gene. The RNA dot blot was

hybridized with the insert of cDNA clone A4070715. The filter contained 100-500 ngll-mm dot poly

A+ RNA from 50 different tissues. Highest level of expression was obtained in all the tissues of the

brain (Al, whole brain; A2, amygdala; 43, caudate nucleus; 44, cerebellum; 45, cerebral cortex; 46,

frontal lobe; 47, hippocampus; ,A'8, medulla oblongata; Bl, occipital lobe; 82, putamen; 83,

substantia ntgra;84, temporal lobe; 85, thalamus; 86, subthalamic nucleus) and (87) spinal cord.

Heart (1C) and all othertissues (Figure 3.6) showed weak expression. The membra¡re also contained

negative controls that are represented by dots: Hl) yeast total RNA, FI2) yeast tRNA, H5) poly r(A),

H6) human Cot I DNA. These negative controls did not hybridise to the gene specific probe.

Hybridisation ofthe dots H3 and H4, which contained E coli RNA and DNA respectively, is likely due

to tlre presence of E coli DNA in the DNA prepared for the oDNA clone 44070715. D4 represents

pituitary gland.
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spinal cord, while heart and all other tissues showed very weak or absent

expression (Figure 3.7).

3.3.8 ldentifi,cation of DNA clones spünning the C16orf5 gene

In an attempt to determine the relative position of CI6orJ5 gene and the 16p13.3

breakpoints of the two patients with de novo balanced translocations, the cDNA

probes 44070715 and H07909 were used to screen two different PAC libraries

(section 3.2.7). The insert sizes of DNA clones were determined and restriction

mapped using pulsed-field gel electrophoresis (PFGE) (section 2.3.4.4.3) and the

infrequently cutting restriction enzymes NotI and EagI. This method allowed the

determination of clone overlaps and the clones were ananged into a possible

contig. A further walk was undertaken from one of the furthest extending PACs

(DNA clone 43106) by screening a BAC library (section 3.2.7) with the SP6 end

probe generated from the insert. An example of restriction fragment pattern

obtained for PAC and BAC DNA clones screened using cDNA clones 44070715

and H07909 and SP6 end probe generated from PAC 43106 is shown in Figure 3.8

A and B. The DNA restriction fragments were resolved within resolution limits

ranging from 10 kb-200 kb (Figure 3.8 A). To further resolve the high molecular

weight restriction fragments the DNA resolution was also carried out within limits

ranging from 5kb-50kb (Figure 3.8 B). Subsequently, the PFGE filter containing

the PAC and BAC DNA clones (Figure 3.8 B) was prepared. The contig spanning

CI6o(5 gene was confirmed by Southern analysis using the SP6 end probe

generated from PAC 43106 (Figure 3.9 A). The contig was also probed with

cDNA clones 44070715 and H07909 to identify the NotUEagI restriction

fragment containing the CI6orJ5 gene. The gene was contained in the 50 kb

fragment of this contig.
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The contig spanning the gene and the position of Cl6orJ5 gene on this constructed

contig is depicted in (Figure 3.9 B).

3.3.9 Fluorescent in situ hybridization

Chromosomal assignment of the CI6orJ5 gene was performed by FISH analysis

of metaphase chromosomes from a normal male. Twenty metaphases all showed

signal on one or both chromatids of chromosome 16 at L6pI3.3 for the cDNA

probes 4A070715 and H07909. 3 to 5 non-specific dots were observed in these 20

metaphases respectively (Figure 3.10 A and B). In order to determine the relative

position of CI6orJ5 gene with respect to the I6pI3.3 breakpoints, FISH analysis

was done with the PAC DNA clone IOZJL1 spanning the CI6orJ5 transcript to the

metaphase chromosomes of the two patients with t(14,16) and t(1;16) de novo

translocations. The PAC DNA clone IOZJII showed distal signal to the 16p13.3-

translocation breakpoints in both the patients (Figure 3.10 C and D).

lr4
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Figure 3.10 Fluorescence in situ hybridisation. (A and B) Metaphase showing FISH

with cDNA clones 4A070715 and H07909 respectively. Normal male chromosomes

stained with DAPI. Hybridisation sites on chromosome 16 are indicated by affows.

(C) FISH analysis of the PAC DNA clone l}2lll spanning the Cl6o(5 transcript to

the metaphase chromosomes from the patient having t(1a;16) de novo balanced

translocation. The FISH signals were seen on the normal chromosome 16 and

derivative chromosome la. @) FISH analysis of the PAC DNA clone l02ll1 to the

metaphase chromosomes from the patient having t(1;16) de novo balanced

translocation. The FISH signals were seen on the normal chromosome 16 and

derivative chromosome 1. This indicated that the PAC 102J11 was distal to the

16p13.3 translocation breakpoints of t(l4;16) and t(l;16).
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3.4 Discussion

The DNA probes were localised to the short arm of chromosome 16 in the vicinity

of the hybrid breakpoints CY196 and CY182 by PCR analysis of the somatic cell

hybrids at 16p73.3 (Callen et a1., 1995). These mapping data separated the

chromosome breakpoints contained in the hybrids CY196 and CYI97 (Table 3.2

and Figure 3.1). There were no markers identified earlier separating these two

breakpoints in the previously reported map of chromosome 16 (Callen et al.,

1995). The order of the hybrid breakpoints CYl77, CY182-CYI96, CYI97

reported in Callen et al., (1995), was refined to pter-CY196-CY197, CYl82,

CYl71. Later in the course of study additional markers were identified in the

region that separated the chromosome breakpoints in the hybrids CYlgl, CYl82

and CYI7T, which are presented in Chapters 4 and 6 respectively. The

preliminary physical mapping efforts in the vicinity of the hybrid interval defined

by CY196 and CY182 identified a novel proline rich gene CI6orJ5. The PCR

analysis of somatic cell hybrids at 16p13.3 localised the Cl6orfi gene in the

adjacent hybrid interval to the hybrid breakpoints CY196 and CY182. The

localisation of this gene was also confirmed by Southern hybridisation using

cDNA clones 44070715 and H07909. Schematic representation of CL6orJ5 gene

with respect to the hybrid breakpoints CY196 and CY182 is presented in Figure

3.1 1.

A notable feature of the peptide includes its proline richness (407o over I04

residues) at the N-terminus of the predicted protein. Proline richness is a

characteristic of DNA binding proteins (Bennett and Reed, 1993). Proline rich

activation domains are associated with transcription factors like CTFÆ.{F-I, AP-2,
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and steroid receptors for progesterone and estrogen (Mermod et al., 1989). The

predicted CI6orJ5 protein is also cysteine rich in the C-terminal half of the gene,

with 14 cysteine residues present that may participate in intra-and/or interchain

disulfide bonding (Marquardt et al., 1998). The Cl6orJ5 coding sequence also

contains a single N-glycosylation site, three N-myristoylation sites and two

protein kinase C phosphorylation sites, which suggests that the protein might

encode a secreted or plasma membrane protein (Habuchi et al', 1998).

The Cl6orJ5 gene is a 2.4-kb transcript and is highly expressed in the brain. The

expression pattems determined from the normalised RNA of the dot blot show

high levels of expression in all the tissues of the brain. Although the function of

the Cl6orJ5 protein is unknown, its proline richness, presence of cysteine

residues, predicted nuclear localisation, and an abundant brain specific expression

suggest that it is likely to have an important role in the development and function

of neuronal cells.

Because this gene was highly expressed in the brain and was localized within the

hybrid interval 23}JA and CY196-CYI82, it was a candidate that it may be

disrupted by the two translocations t(1;16) and t(14;16)at I6pI3.3 involved in

mental retardation and epilepsy respectively. The most likely possibility was that

this transcript is disrupted by the 16p13.3 breakpoint of t(l;16), as this gene was

localized to the immediate distal hybrid interval to the chromosome breakpoint in

CY196. Therefore, in an attempt to determine the relative position of the Cl6orft

gene with respect to the l6pl3.3 breakpoints, PAC and BAC DNA libraries were

screened to identify the DNA clones spanning the gene. Subsequently, FISH

analysis was carried out on the metaphase chromosomes of the two patients using
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PAC DNA clone l02JI1, which contained the entire CI6orJ5 gene. The FISH

data for PAC DNA clone l02JI1 placed the gene distal to the 16p13.3

translocation breakpoints of the two patients with t(1;16) and t(I4;16) de novo

balanced translocations. However, if only a small fragment of the PAC is

proximal to the breakpoints it is possible to obtain a distal FISH signal on the

metaphase chromosomes because the major length of the probe lies distal to the

breakpoint. Therefore, in order to determine if the CI6orJ5 gene was directly

disrupted by the L6pI3.3 breakpoints, it was necessary to generate the 5' and

3'end probes from the PAC DNA clone l02JÍ1 and to map them with respect to

rhe CY196 and CY182 hybrid breakpoints, which contained the der(16) of the two

translocations. It was then decided to construct a long range YAC restriction map

of the breakpoint region at l6pI3.3 with the aims to first localise the 16p13.3

breakpoints, and then to estimate if the C16o rj5 gene was directly disrupted by the

I6pI3.3 breakpoints involved in mental retardation and severe seizure. The YAC

long-range restriction map of the 16p13.3 breakpoints region is presented in

Chapter 4.
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4.1 Introduction

The Yeast artificial chromosome (YAC) cloning system, which is capable of

incorporating large fragments (greater than one megabase) of exogenous DNA in a

single clone (Burke et a1., 1987), facilitates the construction of long-range physical

maps. Long range YAC physical maps of the entire genome have previously been

established by Cohen et al., (1993), Chumakov et a1., (1995), Hudson et al., (1995)

and specifically of chromosome 16 by Doggett et al., (1995). YAC maps have made

important contributions to the identification of many disease genes. An example is

that of Huntington disease, where a YAC map spanning over a megabase at

chromosome 4pI6.3 between DNA markers D4S95 to D4S127 was highly beneficial

in the identification of candidate genes in the region (Rommens et al., 1993).

Geraghty et al., (lgg3), also used YACs mapping in the OATL1 (ornithine -õ-

aminotransferase gene) region at Xp11.2 associated with retinal disorders, for the

identification of candidate transcripts.

Even with the advent of BAC maps, YACs can still provide a useful method for

constructing long-range restriction maps. The large DNA inserts of YACs can be

resolved using pulsed-field gel electrophoresis (PFGE) (Chu et al., 1986)' This

technique is based on the principles of contour-clamped homogeneous electric field

(CHEÐ that alternates between two orientations that are t20" apart. The electric field

is generated by a method in which multiple electrodes are arraîged along a polygonal

contour and clamped to predetermined electric potentials (Chu et al., 1986).
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In the present study, the YAC pulsed-field restriction map of the breakpoints region

at I6pl3.3 was constructed with the major aim to localise the two breakpoints of the

t(1;16) aîdt(14;16) contained in CY196 and CY182 respectively. This was necessary

to determine if the Clíorfi gene is directly disrupted by either of these breakpoints.

This was approached by generating probes from the 5' and 3' ends of the insert of

PAC clone L02Jl1, which was placed distal to the 16p13.3 breakpoints of t(l;16) and

t(14;I6) by FISH (section 3.3.9), and mapping these end probes with respect to the

pulsed-field restriction map of YAC in the region. The YAC map will allow

integration of BAC and PAC clones to enable the cloning of the l6pl3.3 breakpoints

contained in CY196 and CY182.

In this Chapter the YAC PFGE restriction map of the breakpoints region at l6pl3.3

and mapping of the Cl6orj5 gene with respect to this YAC map of the region will be

presented.

4.2 Methods

The methods specific for this Chapter are described in detail. Other general

techniques used in this study are presented in Chapter 2.

4.2.1 Preparation of ugørose blocks containing yeúst DNA

The YAC DNA was prepared in agarose blocks using the lithium lysis method

described by Chaplin and Brownstein, (1995). The YAC cultures were sffeaked on

AHC agar (section 2.2.6.2) plates, which were incubated at 30oC for 48 hours to

obtain a single isolated colony. The single yeast colony was then inoculated in 200 rnl
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AHC broth media (section 2.2.6.I) containing 50 ¡lg/ml of tetracycline at 30oC with

shaking for 48 hours. After incubation, the yeast cells were pelleted at 3000 rpm for

10 minutes at 4oC. The pellets were resuspended in 10 ml of 50 mM EDTA solution,

then pelleted again as before. The supernatant was decanted and the yeast cell pellet

was fesuspended in 1 ml of a solution containing 1 M sorbitol, 20 mm EDTA, 14 mM

2-mercaptoethanol and 1 mg/ml lyticase. To this was added 2 ml (an equal volume to

the amount of resuspended pellet) of molten 27o low melting point agarose in 1 M

sorbitol, 20 mM EDTA and 14 mM 2-mercaptoethanol at 50oC (agarose was

dissolved by boiling, and then cooled to 50oC in waterbath before the addition of 2-

mercaptoethanol). The resulting solution was dispersed into plug molds, which were

set at 4oC for 15-20 minutes. Plugs were extruded into 20 ml of 1 M sorbitol, 20 mM

EDTA, 14 mM 2-mercaptoethanol, 10 mM Tris-HCl (pH 7.2), 1 mg/ml lyticase

solution, then incubated at 37oC for t hr. After incubation, the solution was removed

and replaced with 25 ml of lithium lysis solution (l7o lithium dodecyl sulphate, 100

mM EDTA, 10 mM Tris-HCl, pH 7.2), that is filtered and prewarmed at 50oC. The

resuspended plugs were incubated at 37oC for t hour, and then the solution was

drawn off and replaced with the fresh lithium lysis solution following an overnight

incubation at 37oC. After overnight incubation, the lithium lysis solution was

removed, and the blocks were washed twice in 50 ml of TE, first at 50oC for 60

minutes, then 50oC for 30 minutes. After washing the blocks were stored in TE at

4"C.

4.2.2 Restriction digestion of YAC DNA in øgarose block

(Modification of Finney, 199 4)
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The agarose block containing the YAC DNA was first washed with 100 ¡rl of 10X

restriction buffer (100 mM Tris-HCl, pH 7 .2; 100 mM MgClz; 10 mM DTT and 50

mM NaCl) for t hr at room temperature. The YAC DNA was digested in the presence

of 10 pl of 10X restriction buffer, 1 ¡rl of 10 mg/rnl BSA and 20 units of restriction

eîzyme (New England Biolabs) in a final volume of 100 ¡rl. The YAC DNA was

digested using following combinations of enzymesl. EagI + NotI; Notl + AscI; Ascl +

BssHII; AscI + MtuI; Notl + MtuI; BssHII + NotI; and AscI + Eagl. The reaction was

incubated at 37o C overnight.

4.2.3 Pulsed-field gel electrophoresis (PFGE)

Agarose blocks containing immobilised restricted YAC DNA were loaded into wells

prior to gel submersion in the PFGE apparatus buffer tank. Each block was cut to the

size of a well, then loaded using a small spatula, taking care that the interface

between the block and the front of the well contained no bubbles. The top of each

well was then sealed with l7o agarose gel before submersion. PFGE (2.3.4.4.3) was

achieved using a BioRad CHEF MapperrM apparatus. This apparatus has an

integrated software system whereby the parameters defining the required window of

DNA size separation are entered. An algorithm automatically selects the appropriate

switching ratios to maximise resolution within that window. Alternatively, the

software included barcode programs for the resolution of specific size ranges of DNA

molecules.
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4.2.4 Preparation oÍ YAC pulsed-field gel filters

The YAC DNA was digested using the restriction enzymes mentioned in section

4.2.2. DNA was separated by PFGE (2.3.4.4.3) and subsequently the DNA was

transferred to Hybond N+ rM (Amersham) membranes as per the method described in

section 2.3.4.7.L Gels were UV nicked using BioRad Gene LinkerrM UV Chamber

(CA, USA), before the transfer of DNA.

4.2.5 DNA probes

The YAC PFGE filters were probed with left and right vector arm probes, total

human BAC DNA probes (250-300 nglpl) and Clíoffi gene specific probes' The

undigested pUC DNA and pBR322 PCR product (515 bp) generated with the primer

pairs (Forward, 5'-AGG TGC GGT TGC TGG CGC CTA TAT C-3',; Reverse

primer, 5'-ATG CCG GCG ATA ATG GCC TGC TTC T-3') were used as the left

and right vector arm specific probes respectively. The restriction map was

constructed manually.

4.2.6 Labelling oÍ DNA probes

The DNA probes were purified using the methods described in section 2.3.2.

Subsequently, the probes were labelled with cx 
32P 

as described in section 2.3.4.5.

4.2.7 Fluorescent in situ hybridisation (FISH) anulysis

The FISH analysis of DNA clones, YAC 761C2, and BACs 375G12, 315L9 and

llSCZ to the metaphase chromosomes of the two patients with de novo balanced
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translocations t(l;16) andt(14;16) was performed as described in section2.3.lIby

Helen Eyre (Department of Cytogenetics and Molecular Genetics, WCH, Adelaide).

4.2.8 PCR tnapping of DNA Probes

The DNA probes localised in the vicinity of the l6pl3.3 breakpoints of the t(1;16)

and t(14;16) were integrated into the YAC restriction map of the breakpoints region

by PCR analysis of the YAC 761C2 and BACs 375GI2, 315L9 and 118C2. An

agarose block containing the YAC DNA was dissolved in 100 ¡r,l of TE and denatured

at 100oC for 10 minutes. 1 ¡rl of this suspension was used for PCR amplification of

the YAC DNA in 10 ¡rl PCR reaction. The amount of BAC DNA used in 10 pl PCR

reaction was 50 ng. The PCR reaction conditions used were as described in section

2.3.5. The primers for DNA probes (Table 4.2) incorporated onto the resfriction map

of the YAC 761C2were designed as mentioned in section 2.3.5.L

4.3 Results

4.3.1 ldentification ol YAC clones: mY761C2, tnY929E9 únd

mY665G1

The database searches of the 'Whitehead Institute (htç://carbon.wi.mit.edu:8000/cgi-

bin/contig/yac-info) using the DNA markers D165423 (AFM249yc5), AFM339xgl

and AFM288zf9 localised in the vicinity of the l6pl3.3 breakpoints (Table 3.2),

identified a YAC contig spanning the hybrid interval defined by CY196 and CY182.

Three overlapping clones (YACs 76tC2 92989 and 665G1) from this contig were
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expected to span the breakpoints region and were therefore obtained for the

construction of the long-range pulsed-field YAC map of the region.

4.3.2 Estimation olthe YACs sizes by PFGE

In order to determine the sizes of the respective YACs, the YAC DNA was prepared

in agarose blocks (4.2.I) and electrophoresed uncut on a pulsed-field gel (section,

2.3.4.4.3) followed by the preparation of YAC PFGE filters (4.2.4). The filters were

probed with left and right vector arm probes pUC19 and pBR322 PCR product

respectively. The size of YAC 761C2 was estimated to be approximately 850 kb

(Figures, 4.1 A and B), which was same as the size mentioned for this YAC in the

Whitehead database. The band corresponding to the YAC 92989 on the

autoradiographs in the Figures 4.I A and B was approximately 600 kb. However, the

size mentioned for this YAC in the Whitehead database was 1640 kb. This suggested

that the YAC 92989 isolate studied was deleted. For the YAC 665G1, no specific

YAC DNA band was detected on the autoradiographs in the Figures 4.L A and B. It

was likely that this YAC culture stab received was contaminated. The YACs 92989

and 665G1 were therefore discarded from further Southern analysis.

4.3.3 BAC DNA clones 375G12, 315L9 and 118C2

The BAC DNA clones 375G1.2,315L9 and 118C2 (RPCI-I1 human BAC library)

were identified from the BAC contig at l6pl33 constructed by the Los Alamos

National laboratory, New Mexico, using the DNA markers localised in the vicinity of

the 16p13.3 breakpoints contained in CY196 and CYl82 (Table 3.2). These BACs

were kindly provided by Dr Norman Doggett, Los Alamos National laboratory.
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Figure 4.1 Autoradiographs of YAC PFGE filærs probed with left and right vector arm probes pUCl9 and

pBR322 respectively. Sarnples:l)YAc 76LC2, uncut; 2)YAC 92989, uncut; 3) YAC 665G1- uncut. tanes 4-8

corresponds to YAC 761C2 digested with reshiction enzymes z4scl, BssHII, Notl, EagI, and Mlul respectively.

PFGE was performed using BioRad CFIEF Mapper appardus, Conditions used for ¡esolution of DNA fragments

within sizo nage 2M-2,200 Kb were: gel lYo agaroso in 0.5X TBE, running tomperaû¡re: l4oC, anglos of

electrodos: 1200, voltago: 6V/cm, run time: 15 hours. Protocol was obtained from CÍIEF lMapper instnrction

manual (Barcode # l0). Sizes ofYACs aro indicafed,

(A) Autoradiograph shown in 4.1 A was probed with LHS YAC probe (pUC19).

(B) Autoradiograph show¡r in 4.1 B was probed with RHS YAC probe þBR322).
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Figure 4.2 Estimation of the sizes for BACs 375G12,315L9 and ll8C2 by PFGE. Samples: Ml) Low range

pulsed-field gel marker; M2) molecular weight marker, Drigest; 3) BAC 375G12;4) BAC 315L9;5) BAC 1 l8C2;

M3) molecular weight marker, SPPI. These BACs were kindly provided by Dr. Norman Doggeü (Los Alamos

National Laboratory). The BAC DNA was digested using restriction onzymes NotI and ,EagI. Subsequently, the

DNA was resolved by PFGE. The conditions for resolution of DNA fragments within the range 5 kb - 150 kb were:

gel L%o agarose gel in 0.5X TBE, running t€mperatwe: l4oC, angles of electrodes: 1200, run time: 15 hou¡s. The

restriction fragments obtained for respective clones were added leaving the vector bands to estimate the sizes of

respective BAC DNA clones. The red a¡rows deplcts t}re vector band of the BAC vector pBACe3.6. The sizes of

BACs as estimated by PFGE were: BAC 375GL2,162kb BAC 315L9, 190 kb; and BAC ll8c2, 185 kb. The

position and sizes of marker bands are indicated.
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The BAC DNA was prepared (2.3.1.3) and digested using the restriction enzymes

EagI and NotI and the sizes were estimated by PFGE (2.3.4.4.3). The sizes of BACs

375G12,315L9 and 118C2 were found tobe 162 kb, 190 kb and 185 kb respectively

(Figure 4.2). The YAC 761C2 PFGE filters were hybridised with these BACs in

order to determine the YAC restriction fragments to which they were contained.

4.3.4 Chøracterisation oIYAC 761C2 by PFGE

The size of the YAC 761C2 (850 kb) as estimated by PFGE (Figures 4.1 A and B)

corresponded to the size mentioned in the Whitehead database, therefore this YAC

was used in further mapping experiments. In order to construct the YAC 76IC2

restriction map, the DNA in agarose block was digested (section 4.2.2) and resolved

using PFGE, at two different resolution limits, 50-500 kb and 250 kb-1.5 Mb.

Subsequently the YAC PFGE filters were prepared and probed with vector arm

probes (pUC19 and pBR322) and BAC DNA probes'

The YAC 761C2 filters were first probed with the o 32P labelled left and right vector

arm probes pUC19 and pBR322 respectively to identify the restriction fragments

located at both the ends of human insert of YAC 76IC2. The examples of banding

pattern are depicted in Figures 4.3 A and B, The radioactivity associated with pUC19

and pBR322 probes was stripped (section 2.3.4.9) from the filters and the filters were

reprobed with BAC DNA probes BACs 375GI2,315L9 and 118C2. An example of

the banding pattern obtained with the BAC 118C2 is shown in Figure 4.3 C. This

enabled the localisation of BACs on the YAC PFGE map.
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Figure 4.3 Autoradiographs showing examples of the hybridization pattorn of YAC 761C2 to voctor arm

probes pUC 19 and pBR322 and a human BAC DNA probe. Samples: 1) YAC 761C2, uncut. Lanes 2-13

represents YAC 761C2 DNA digested with following restriction enz5,mes: 2) EagI,3) EagI and NolI 4)

NotI,5) NotI and Ascl,6) AscI,7) AscI and BssHII, 8) BssHII,9) Ascl ndMlul,l0) NolI andMlul,ll) MluI,

12) üssIlII and NotI, 13) AscI and EagL The amount of DNA probes used ûo hybridse the YAC 761C2 PFGE

filtors was 50 ng for vector arm probes and for BAC DNA probes the ¡mount of DNA required to visualise

the hybridsed bands was standa¡dised to 250 ngs. The YAC filters probed with vector probes were exposed to

autoradiographs at -70oC for ovemigh! where as YAC filters probed with BAC DNA probes were required

to be kept at -70oC for 4 to 7 overnights in order to visualise the hybridised bands. The restriction map

consfiucted from these hybridization results is presenûed in Figwe 4.4.

Conditions for PFGE were: gel: l%o agarose gel in 0.5X TBE, runnning temperature: 4oC, resolution limits:

50 kb to 500 kb, run timo: 28 hours.

123

Ò
L

Ç
,,

år

5 6 7 A 9 t0 1t 1213



(IeløwQ (CeitrcMe)

--t--
I

I

{9kb 21kb25kb
T--Fr-l-
tttt
tttt

kb100100 kb¿sg l
I

I

E

Qef øm
olrAc)

(Rþhtøm

"ÍYAc)

120 kt' {2.8 kb

BAC 375G12
(162.8 kb)

BAC 315L9
(190 kb)

lì¿\c 118C2
(185 kb)

Scal¿
_ = 20kb

Figule 4.4 Restriction map of YAC 761C2. This map was prepared by using the hybridisation

results obtained from probing YAC 761C2 PFGE filters \Mith DNA probes: pUC19, pBR322,

B.AC 375G12, BAC 315L9 and BAC 118C2. The restriction fragments hybridised to pUCl9 and

pBR322 probes were located to the left and right ends of the YAC 761C2 respectively. The

relative order of the restriction fragments detected within YAC 761C2 using the BAC probes is

based on their arrangement with respect to the end fragments of YAC 761C2. The sizes for hgl
restriction fragments are indicated.

YAC 761C¿ (850 kb)
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The Southern hybridisation results obtained from probing the YAC 761,C2 filters with

left and right vector arm probes pUC19 and pBR322 respectively and all three human

BAC probes are suÍìmarised in Figure 4.4. The restriction fragments hybridised to

pUC19 and pBR322 probes were located to the left and right end of YAC 76lcz

respectively. The BACs 375GI2, 315L9 and Il8C2 helped to determine the

restriction fragments to which they were contained. The relative order of the

restriction fragments detected within the YAC by using BAC probes is based on their

afiangement with respect to the ends fragments detected in YAC 761C2. The

localisation of BACs to YAC restriction map was also confirmed by aligning the

Eagl restriction fragments in BACs (Figure 4.2) to EagI restriction sites detected

within YAC 761C2. The sizes of EagI rcstriction fragments in YAC 761C2 and

BACs 375G12,315L9 and 118C2 are indicated in Figure 4.4.

4.3.5 FISH anolysis ol DNA clones YAC 761C2, BACs 375G12' 315L9

und 118C2

In order to determine the location of the 16p13.3 breakpoints of t(l;16) contained in

CY196 and t(I4;16) contained in CY182 with respect to the YAC restriction map

(Figure 4.4), the DNA of clones YAC 761C2 and BACs 375G12,315L9 and 118C2

were used for FISH analysis of metaphase chromosomes with the translocation

(Figure 4.5). The data revealed that the YAC 761C2 was distal to the I6pl33

breakpoint of the t(I4;16) (Figure 4.5 A) and proximal to the I6p13.3 breaþoint of

the t(l;16) (Figure 4.5 B). The BACs 3I5L9 and 118C2 also showed proximal signals

to the l6pl3.3 breakpoint of the t(1;16). An example of the proximal signal to the

l6pl3.3 breakpoint of the t(1;16) is shown in Figure 4.5 B. The BAC 375G12
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showed distal signals to both of the 16p13.3 breakpoints of the t(14;16) and the

t(1;16) (Figure 4.5 C and D). The BACs 315L9 and Il8C2 showed FISH signals on

the normal chromosome 16 and the derivative 14 of the t(I4;I6) indicating that these

clones were also distal to the 16p13.3 breakpoint of the t(14;16). An example of distal

signal obtained from all three BAC DNA clones 375G12,375L9 and 118C2 with the

cell line of t(14;16) is presented in Figure 4.5 C. The FISH results for the DNA

clones YAC 761C2 and BACs 3l5cl2,3l5L9 and 118C2 with respect to the

l6pl3.3 breakpoint of the t(1;16) and t(14;I6) together with the restriction map data

presented in Figure 4.4 are summarised in Figure 4.6. The results of FISH analysis

together with YAC restriction map data helped in localisation of the two l6pl33

breakpoints (Figure 4.6)

FISH analysis suggested that the 16p13.3 breakpoint of t(l;16) was proximal to the

BAC 375G12 and distal to the BAC 315L9. These data when taken together with the

YAC restriction map data indicate that this breakpoint lies in the 296kb gap between

the BACs 375G12 and 315L9 (Figure 4.6). Additional data generated with the

cloning of 16p13.3 breakpoint of the t(1;16) (Chapter 5) further narrowed this

breakpoint interval to 66 kb. However, the FISH results for YAC 761C2 (Figure 4.5

B) revealed that the YAC was proximal to this breaþoint. This proximal FISH signal

was possibly obtained because the major length of the Y 

^C 
761C2 is proximal to the

I6pI3.3 breakpoint of the t(1;16) (Figure 4.6). The FISH analysis data together with

the YAC restriction map data separated the two l6pl3.3 breakpoints by a distance

greater than at least 758 kb (Figure 4.6).
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Figure 4.5 Fluorescent iru situ hybndisation. (A) The hybridisation signals from the

YAC 761C2 on the normal chromosome 16 and the derivative 14 of the t(I4;16),

indicating that YAC 761C2 is distal to the 16p13.3 breakpoint of t(14;16). (B) The

hybridisation signals from the YAC 761C2 on the normal chromosome 16 and the

derivative 16 of the t(1;16) indicating that YAC 761C2 is proximal to the 16p13.3

breakpoint of t(l;16). The BAC DNA clones 315L9 and 118C2 also gave proximal

signal to the 16p13.3 breakpoint of t(1;16). (C) An example of the hybridisation

signals on the normal chromosome 16 and the derivative 14 of the t(14;16) obtained

from hybridising BAC DNA clones 375G12,315L9 and 118C2 to the metaphase

chromosomes of the patient with t(14;16). All three BACs were located distal to the

16p13.3 breakpoint of t(l4;16). (D) The hybridisation signals from the BAC 375G12

on the normal chromosome 16 and the derivative 1 of the t(l;16) indicating that BAC

3l5GI2 is distal to the 16p13.3 breakpoint of t(l;16).
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Figure 4.6 Localization of the l6pl3.3 fanslocation breakpoints with respect to the YAC rostriction map. The

figure summarises the YAC 761C2 restriction map data and FISH results for DNA clones YAC 761C2 and BACs

375G12,315L9 and 118C2 obtained from the hybridisation of these clones to the metaphase chromosomes of the

two patients with (l;16) and (14;16). The FISH sþals for respective clones with respect to the 16p13.3

breakpoints are indicated. The data when taken together separated the two l6pl3.3 breakpoints by a distance

greater than at least 758 kb and placed the l6pl3.3 breakpoint of t(l;16) in the 296 kb gap between the BACs

375GI2 and 315L9. Additional data generated from the cloning of 16p13.3 breakpoints of t(l;16) þresented in

Chapter 5) and t(14;16) þresented in Chapter 6) revealed that the distance between the two breakpoints is at least a

megabase.
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4.3.6 Mapping ol the C16orf5 gene with respect to the YAC 761C2

restriction rnøp.

With the localisation of the two 16p13.3 breakpoints, it was possible to determine if

CI6od5 gene was disrupted by the 16p13.3 breakpoint of the t(1;16). The SP6 and

T7 end probes (Table 4.1) generated from the DNA clones spanning the Cl6orfi

gene were used for mapping experiments. The position of the C76orfi gene with

respect to the YAC map was estimated by PCR analysis of DNA clones YAC 761C2

and BACs 375GI2,315L9 and 118C2 used to construct the YAC restriction map of

the breakpoints region.

The SP6 andTT end probes were generated (section2.3.7.4.3) from PAC 102J11.

The PAC LOZJL1 was selected for generation of the end probes because FISH

analysis with this clone on the metaphase chromosomes of the two patients with

t(1;16) and t(14;16) (section,3.3.8 9) (Figure 3.5 C and D) showed signal distal to

both the l6pl3.3 translocation breakpoints. However, when sequence was obtained

for both ends of PAC 102J11 it was only possible to design the primers for the SP6

end as the sequence for the T7 end contained Alu repeat sequences. Therefore, two

other overlapping PAC clones 43106 and795L6 (Figure 3.11), which also contained

the entire gene, were then used to generate the SP6 and T7 end sequences of the

inserts. Primers for PCR mapping were designed from the generated sequences. The

sequences for primers designed for the SP6 end of PAC 702J11, and the SP6 andTT

ends of PACs 43106 and795L6, are presented in Table 4.1.
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Table 4.1 Primers sequences for end probes generated from DNA clones spanning

the Cl6orf5 gene for PCR mapping.

Primer name

Primer sequence 5t-3' PCR

product

size (bp)
Forward primer Reverse prímer

PAC 102J11 SP6

PAC 43106 SP6

PAC 43106T7

PAC 795L6 SP6

PAC195L6T7

ctg cct cag cct cct gag ta

tgcatt gac tgc a a^gagg

gca aca gagcaa gta ctc c

ggc gac aga ctg gaagaaaa

cgt gca cat atc caa cca ag

gag ttc gag acc agc ctg ac

agtcta ggc ctt gggagùgc

act cct gac ctt gtg atc cg

cac gaa agt tcc 
^gagaggg

gcc tgg gag aca aaatgaaa

115

t33

122

118

181

The results of PCR mapping of SP6 and T7 end probes designed from the DNA

clones spanning the C1.6orJ5 gene are shown in Table 4.2. The PCR mapping of the

SP6 and T7 end probes with respect to the YAC restriction map placed the CI6orj5

gene distal to YAC 76ICZ and 16p13.3 breakpoint contained in CY196, in the hybrid

interval defined by 23HA and CY196 (Table 4.2 and Figure 4.7).

In an attempt to estimate the distance between the contig spanning the Cl6orj5 gene

and the l6pl3.3 breakpoint of the t(1;16) (Figure 4.7), BLAST searches (May 17,

2O0O-November 8, 2000) were carried to link the gap between BAC 375G12 and the

Cl6orfi contig (Figure 4.7). BLAST searches with the BAC 375G12 sequence

(accession number, 4C005751) through htgs (high throughout genome sequencing)

database at NCBI identified the following overlapping BAC clones in the order: BAC

375G12-BAC 19H6-BAC 97H22-BACL24K4-BAC 61Il. However, the sequence

for these clones [BACs I9H6,97H22, 124K4 and 6IIA, (RPCI-ll Human BAC

library)l were only available as unordered pieces (contigs), and the relative

t4t
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orientation of the contigs as not known. Furthermore, the end contigs in the sequence

of BAC clones 124K4 and 6llA were not placed at the extreme ends of the sequence.

For example, when the SP6 (accession number, AQ342870) and T7 (accession

number, AQ342813) end sequences of the BAC 124K4 were blasted against the 248

kb sequence of this BAC, the SP6 end was contained within the nucleotides 196,2O7-

196,729 bp and T7 end sequence was contained within the nucleotides 196,836-

196,927 bp and l9l,L4O-I97,423 bp. This indicated that the SP6 and T7 ends were

present close to each other instead of being present at the extreme ends of the 248 kb

sequence of the BAC 724K4. Also for the clone BAC 6llA the SP6 end sequence

(accession number, 4Q202186) was present within the nucleotides 164,567-164,212

of the 255 kb sequence available, instead of being present in the extreme end. The

SP6 and T7 end sequences for the clone BAC 19H6 and T7 end for the clone BAC

91H22 were not available in the database.

Although, BLAST searches involving the BAC 375G12 sequence identified the

extending DNA clones, because the sequence for these clones as available in

unordered contigs whose orientations were not known, it was difficult to estimate the

distance extended between the BAC 375GI2 and the most distal clone in the contig,

BAC 6llA. Therefore, these clones are not incorporated in Figure 4.7. However, the

sequence for BAC 375GI2 (162 kb) was available as the finished sequence and it

overlapped with BAC 19H6 sequence (208 kb) by 50 kb, suggesting that 158 kb of

the sequence was extended by BAC 19H6 from the clone BAC 375L2 (Figare 4.7).

Also, the YAC map data taken together with the FISH analysis results (section 4.3.5)

placed the 16p13.3 breaþoint of the t(l;16) in the 296kb gap between the BACs
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375G12 and 315L9 (Figure 4.6). The 16p13.3 breakpoint interval was further

narrowed to 66 kb with the cloning of this breakpoint (Chapter 5). The BLAST

search results of the BAC 37512 and 19H6 when taken together with the YAC map

data, revealed that the distance of the Clíorfi gene from the 16p13.3 breakpoint of

the t(1;16) is greater than at least 386 kb (Figure 4.7).

Further steps towards the extension of the constructed contig (using B^C 375G12

sequence) by screening the PACÆAC libraries using BAC ends from the extending

clone 671A, to link the gap between BAC 375G12 and the Cl6ori5 contig, was not

included in this project due to the time constraints. The orientation of the contig

spanning the Clíorfi gene (Figure 4.7) may be reversed according to the orientation

of the contained STSs in the radiation hybrid map.

4.3.7 Møpping of the DNA probes in the vicinity oÍ the breakpoints at

16p13.3 to the YAC restriction map

The DNA markers, which were localised in the vicinity of the l6pI3.3 breakpoints

contained in the hybrids CY196 and CYl82 were integrated to the YAC map by PCR

analysis of the DNA clones YAC 761C2 and BACs 375G12,3I5L9 and 118C2 to

align the DNA markers with these clones. The results of PCR mapping are shown in

Table 4.2 and are also summarised in Figure 4.7. Sequences of the primer pairs for

the DNA markers listed in Table 4.2 are presented in Tables 3.1,4.I and 4.3.
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4.3.7.1 Mapping of additional probes

Additional markers (D16S3042, 38H1 l, 25G3, SGC326I2, D16S3135, D16S3128

and T53018) were identified to map within the hybrid interval defined by CY197 and

CYl82, thereby separating the chromosome breakpoints of these two hybrids. The

primer sequences for these markers are presented in Table 4.3. These markers were

localised to the short arm of chromosome 16 by PCR analysis of the somatic cell

hybrids at l6pL3.3 (Callen et al., 1995). An example of somatic cell hybrid analysis

showing the localisation for a DNA marker (T53018) in the hybrid interval defined

by CYI97 and CY182 is presented in Figure 4.8. There \ /ere no markers identified

earlier separating these two breaþoints (Figure 3.1). The order of the breakpoints of

the hybrids (Figure 3.1) was refined from pter-CY196-CY19l, CYl77, CY182 to

pter-CY196-CYl97-CYl82, CYl77 (Figure 4.7). This placed the chromosome

breakpoint contained in the hybrid CYl97 between the 16p13.3 breakpoints of the

two translocations contained in the hybrids CY196 and CY182. The CY197 hybrid

was derived by fusing the human fibroblast cell line (K7006) containing the

chromosome 16 translocation 46,XY,t(13;16Xq13.3;p13.3) with the A9 mouse cell

line (Callen et al., 1990b). This was a familial translocation derived from cultured

chronic villi cells.
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Table 4.2 Mapping of the DNA probes in the vicinity of 16p13.3 breaþoints of

t(l;16) and t(14;16) to the YAC restriction map.

DNA marker Hybrid interval
YAC

76tC2

BAC

375Gt2

BAC

315L9

BAC

118C2

SP6 PAC 102J11

SP6 PAC 43106

T7 PAC 43106

SP6 PAC 795L6

T7 PAC 795L6

D165423

wr-4274

AFM339xg1

AFM288zf9

D1653042

38H11

25G3

sGC32612

D1653135

D1653128

T5301 8

23HA-CY196

23HA-CY196

Z3HA-CY196

23HA-CY196

23HA-CY196

23H^-CYt96

cY196-CYt97

cY196-CY197

cY196-CY197

CY197-CYT82

CYT97-CYI82

cY197-CY182

cY197-CYt82

cY197-CY182

cvr97-cYr82

cYt97-CYt82

+

+

+

+

+

+

+

+

+

+

+

+

+

* indicates the probe present in the respective DNA clones; -, probe is absent in the

particular DNA clone. The DNA markers depicted in red separated the chromosome

breakpoints in the two hybrids CY197 and CY182.
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Figure 4.8 An example showing mapping of a DNA marker T53018 to the somatic hybrid interval

CY197-CY182 at 16p13.3. Samples: M) pUCl9 marker DNA, l) Human DNA, 2) 49, 3) CYl8, 4)

23H4, 5) CYl96, 6) CYte7,7) CYr82,8) CYt77, e) CYte4, l0) CYl98, ll) CY168, 12) YAC

76LC2. The CY18 and A9 somatic cell hybrids were used for determination of the ch¡omosome 16

specific bands and mouse bands respectively. Lane C, represents no DNA (wateÐ control. The DNA

marker T53018 was located on chromosome 16 in the hybrid interval CY197-CYI82 outside the

YAC76lC2 (Figure 4.7).
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Table 4.3 Primer sequences for the DNA markers physically mapped on the short

arm of chromosome 16 within the hybrid interval defined by CYl97 and CY182 at

16p13.3.

DNA
markers

Primer sequences (5'-3') PCR
product

size (base
pairs)Forward primer Reverse primer

D16S3042 agctttacgtggacaccaag Ctacctatctgatcctagttgacc 233

38H11 tttgatgtaggtagccttttag Gtcaacacatctgtcattcctt t78

25G3 aaggaatgtgtgccaagatgtg Cagttcgctgttataggccatt 103

SGC326T2 caaacagacctttggtttgag Atgcagacaagcagagctgg 150

D1653135 ctggaactggaactcatatc Ccatagtgctgggacc t78

D1653128 ggttgctgattccaggc Cccgtgtatatgattatgtttgc r74

T53018 tggcagctgaaggctactct Cctctcggatgggaactgta 2II

4.3.7.2 BAC 18sJ20

The DNA markers that were localised in the hybrid interval defined by CY197 and

CYl82 (Table 4.2) were used to identify the extending BAC/PAC clones in the htgs

database to narrow the distance between the right arm of YAC 761C2 and the

t6pl3.3 breakpoint contained in CY182 (Figure 4.7). The htgs BLAST search at

NCBI with DNA marker D16S3135 identified a BAC clone 185J20 (RPCI-I1 Human

BAC library). The sequence for this BAC was available in the database (accession

number, 4C007012), which enabled the design of primers (Table 4.4) from the

extreme ends of BAC 185J20 to map this clone with respect to the Y 
^C 

761C2 and

the 16p13.3 breakpoint contained in CY182. The BAC was localised on short arm of

chromosome 16 in the hybrid interval defined by CYI97 and CY182 (Figure 4.9 A)

by PCR analysis of the somatic cell hybrids at I6p1'3.3.
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Table 4.4 Primers designed from the extreme ends of BAC 158J20 sequence to map

this clone with respect to YAC 761C2 and the I6pl3.3 breakpoint contained in

cY182.

Primer name Primer sequence 5'-3t
PCR product size

(bp)

185J20 #1

t85120 #2

Forward primer

Reverse primer

Forwørd primer

Reverse primer

ccc agg ctacagggacaata

aag agc cct tca gtc caa cc

agc cat ttt gaa tgg tca ca

aaa gag gac gct aga ccg ata

215

157

The BAC 158J20 ends were also mapped with respect to YAC 761C2. The primer

pair (185J20 #1), which was derived form the first 200-600 bp sequence of BAC

185J20, was negative for YAC 76tC2 (Figure 4.9 B). The primer pair (185J20 #2),

which was present at 168 kb of the BAC 185J20 sequence, was positive for YAC

761C2 (Figure 4.9 B). The DNA marker D16S3135, which identified this BAC and

was positive for YAC l6lc2 (Table 4.2) and was located atTkb of the BAC 185J20

sequence. PCR mapping of the end probes designed from BAC 185J20 sequence and

DNA marker D1653135 with respect to YAC 76IC2 suggested that the BAC 185J20

extended the YAC map beyond the right arm of YAC 761C2 by approximately only 7

kb (Figure 4.7).
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Figure 4.9 Localisation of the BAC 185J20. (A) An examplo showing localization of the primer pair

designed from BAC 185J20 by PCR analysis of the somatic cell hybrids at 16p13.3. Samples: M)

pUCl9 marker DNA, l) Human DNA, 2) 49, 3) CYl8, 4) 23H4,5) CYl96, 6) CYl97,7) CY182, 8)

CYl77,9) CYl94, 10) CYl98, 1l) CYl68. The CY18 and A9 somatic cell hybrids were used for

determination of the chromosome 16 specific bands and mouse bands respectively. Lane C, represents

no DNA (water) control. The BAC 185J20 was located on chromosome 16 in the hybrid interval

CYI97-CY182. (B) Locúlzation of the primer pairs designed from the exFeme ends of BAC 185J20

seqnence with respect to YAC 761C2. M represents pUC19 marker DNA and = represents an empty

lane. The sizes of the PCRproducts are indicded.
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4.4 Discussion

The DNA markers DI6S423 (AFM249yc5), AFM339xgl and AFM288zf9 in the

vicinity of the 16p13.3 breakpoints identified overlapping YAC clones YAC 761C2,

YAC 92989 and YAC 665G1, which were expected to span the hybrid interval

defined by CY196 and CY182. These clones were obtained to prepare the long-range

YAC map of the breakpoints region but only one of the clone YAC 761C2 was found

to be of the correct size by PFGE to that given in the database of the 'Whitehead

Institute. Therefore, a YAC resffiction map was prepared using the YAC clone

76IC2. The YAC DNA was digested and subsequently, YAC PFGE filters were

prepared and probed with the left and right YAC vector arms probes, and human

BAC DNA probes 375G12, 315L9 and 118C2 to determine the YAC restriction

fragments.

FISH analysis of YAC 761C2 (850 kb) to the metaphase chromosomes of the two

patients with t(l;16) and t(14;16) showed proximal signal to the l6pl3.3 breakpoint

of the t(1;16) and distal signal to the 76p133 breakpoint of the t(14;16). This

suggested that the YAC 761C2 was located between the two 16p13.3 breakpoints of

the r(1;16) and t(14;16). The FISH data for YAC 761C2 and BAC DNA clones

375GI2, 315L9 and 118C2 together with the YAC restriction map separated the two

I6pI3.3 breakpoints contained in CY196 and CY182 by a distance gteater than 758

kb. Later in the course of study, with the cloning of the 76pI3.3 breakpoints of the

t(l;16) and t(14;16), the distance between the two breakpoints was determined to be

at least one megabase. The YAC map of the breakpoints region at I6p1,3.3 placed the
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I6pI3.3 breakpoint of the t(l;16) in the 296kb gap between the BACs 375G12 and

315L9 (Figure 4.6), which facilitated the positional cloning of this breakpoint.

The preliminary physical mapping data presented in Chapter 3, placed tha CI6orfi

gene distal to the l6pt3.3 breaþoints t(1;16) and t(14;16). However, it was not

established whether the gene is directly disrupted by any of the l6pl3.3 breakpoints

contained in CY196 and CY182. A Long-range YAC restriction map of the

breakpoints region constructed using DNA clones YAC 761C2, BAC 375G12, BAC

3I5L9 and BAC llsc2localized the 16p13.3 breakpoints contained in CY196 and

CY182. It was therefore possible to map the end probes from the DNA clones

spanning the CI6orJ5 gene with respect to the l6pl3.3 breakpoint of the t(1;16) and

the YAC map of the region. The mapping data revealed that C76orj5 gene lies distal

to YAC 76IC2, in the hybrid interval defined by 23HA and CY196, ata distance

greater than 386 kb from the 16p13.3 breakpoint of the t(1;16). The Cl6orfi gene

was not directly disrupted by the de novo translocations in the two patients with

mental retardation and severe seizures.

The DNA probes in the vicinity of the l6pl3.3 breakpoints of t(1;16) and t(14;16)

were also integrated into the YAC restriction map (Table 4.2) to align these markers

with the DNA clones YAC 761C2 and BACs 375G12,3I5L9 and 118C2. Additional

markers (D16S3042, 38H11,25G3, SGC326I2, D16S3135, D16S3128 and T53018)

were identified to map between the hybrid interval defined by CY197 and CY182,

there by separating the breakpoints in these two hybrids. There were no markers

identified earlier separating these two breakpoints in the previously reported map of
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chromosome 16 (Callen et al., 1995), and in the data presented and discussed in

Chapter 3, Figure 3.1. DNA markers localised within the hybrid interval defined by

CYl97 and CY182 were used to identify the extending BAC/PAC clones in the

database to narrow the distance between the right arm of YAC 761C2 and the

l6pl3.3 breakpoint contained in CY182. The DNA marker D16S3135 identified a

BAC clone 185J20 that was localised on short arm of chromosome 16 in the hybrid

interval defined by CY197 and CY182 by PCR analysis of the somatic cell hybrids at

16p13.3. However, PCR mapping of the end probes designed from BAC 185J20

sequence with respect to YAC 761C2 suggested that this BAC clone extended the

YAC map at the right arm of YAC 761C2 by approximately only 7 kb.

To further refine the two-translocation breakpoints contained in CY196 and CY182,

in order to identify if any transcript is directly disrupted at the 16p13.3 breakpoints of

t(1;16) andt(14;16), a BAC/PAC contig was constructed across both the breakpoints.

The cloning of 16p13.3 breakpoints of the t(1;16) and t(14;16) is presented in

Chapters 5 and 6 respectively.
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5.1 Introduction

Mental retardation (I\ß) is a very conìmon phenotype and is known to be caused

by defects in a large number of genes (Antonarakis and Aelst, 1998).

Approximately 27o-37o of the human population has either learning or behaviour

disabilities with an intelligence quotient (IQ) less than 70 and 0.37o of the

individuals are severely handicapped (IQ<50) (Mclaren and Bryson, 1987). The

disorder has a substantial genetic component and there may be a genetic cause in

approximately 5O7o of severely retarded patients (Hagberg and Kyllerman, 1983).

Identification of families with mentally retarded males has led to the mapping and

cloning of a number of X-linked genes for mental retardation (section 1.8.1.1).

However, there has been little progress in the identification of equivalent genes on

autosomes (section, 1.S.1.2). Although, the positional cloning efforts based on the

investigation of autosomal translocations, deletion mapping and candidate gene

strategy have identified many genes involved in the syndromal forms of

autosomal MR (section 1.8.1.2). However, these genes may not be directly

involved in human intellectual and development of learning abilities as MR is a

secondary feature in most of the syndromes (Chelly, 1999). Further, there is no

gene identified yet for autosomal non-specific MR. Therefore, it is important to

exploit any opportunity to clone autosomal genes for non-specific MR. The

identification of autosomal genes implicated in MR can be accelerated by

thorough investigation of molecular abnormalities involving autosomes that are

associated with MR.

Balanced structural reaffangements of the autosomes have been observed in

O.I57o of the live-born human infants and are usually associated with a normal
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clinical phenotype (Tharapel et al., 1977). However, the risk of serious congenital

anomaly is estimated to be 6.17o (n=I63) for de novo reciprocal translocations

(Warburlon, I99I), which is considered to arise from such translocation

disrupting a gene at or near the translocation breakpoint (Bedell et al., 1996;

Baere et al., 2000). A patient was reported at the Department of Cytogenetics,

WCH, Adelaide, with a balanced de novo translocation 46,XY,t(I;16)(ql2;p13.3)

associated with severe mental retardation. This provided a unique resource for the

application of the positional cloning strategy to identify an autosomal gene for

non-specific mental retardation.

The search for the gene responsible for the patient's phenotype was focussed on

chromosome 16 because the chromosome 1 breakpoint was shown to be within

the lq heterochromatin. As described in the previous chapter the l6pl33

breakpoint of the t(1;16) was narowed to a 296 kb distance between the BACs

375GI2 and 315L9 by use of a YAC restriction map of this region.

The major aim of this Chapter involved the detailed molecular characterisation of

the t(1;16)(ql2;pl3.3) de novo balanced translocation associated with severe

mental retardation in order to identify if there was a gene disrupted by the

breakpoint that was responsible for the patient's phenotype. In order to achieve

this aim the breakpoint at I6pl3.3 was cloned by constructing a contig of

BAC/PAC clones. FISH analysis with these clones to metaphase chromosomes of

the patient with the t(1;16) identified a BAC clone spanning the 16p13.3

breakpoint. To further nanow the region of 16p13.3 breakpoint to a smaller DNA

clone a PAC contig was constructed across the 16p13.3 breakpoint. Subsequently,

DNA of a PAC clone, which was found to span the 16p13.3 breakpoint was
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sequenced. The breakpoint was localised within the PAC clone by PCR using the

somatic cell hybrid CY196, which contains the der(16) of the t(1;16). The

sequence data generated was analysed to identify any transcripts in the region.

5.2 Methods

Many of the methods used in this chapter are described in detail in Chapter 2.

Specifically presented are the methods for the heterochromatin staining of the

patient's metaphase chromosomes and the sequencing of the PAC 978II DNA

clone.

5.2.1 Heterochromütin staining

Heterochromatin staining was performed by Helen Eyre (Department of

Cytogenetics and Molecular Genetics, V/CH, Adelaide). Metaphase chromosomes

from the lymphoblastoid culture of the t(1;16) were stained by the Distamycin A/

DAPI method (Schweizer, 1981), which specifically stains the heterochromatic

regions of chromosome 1, 9,15,16 and Y.

5.2.2 PAC|BAC DNA clones

The PAC clones were identified by hybridisation screening of the human PAC

library RPC15 (PAC/BAC Resources, Buffalo, New Yorþ with the 375GI2BAC

end PCR product. The PAC library was screened as per the methods described in

section 2.3.7.I. The positive PAC DNA clones were purchased from PAC/BAC

Resources. These clones were confirmed as true positives by colony blot

hybridisation (2.3.4.7.3). BAC 518P2I was obtained through Research Genetics

(USA). DNA clones were grown at 3JoC in LB (Luria Bertoni) medium (section

2.2.6.I) containing 50 ug/ml of kanamycin in the case of PACs or 30 ug/ml of
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chloramphenicol for DNA cultures of the BACs. DNA was isolated using Qiagen

100 columns (section 2.3.1.3). The clone inserts were sized and restriction

mapped using pulsed-field gel electrophoresis (PFGE) (section 2.3.4.4.3) and the

infrequently cutting restriction enzymes NotI and EagI (section 2.3.4.I). The gels

were then transferred to Hybond-N* nylon membranes as described in section

2.3.4.7.L The radiolabelling of probe, membrane hybridisation and washing was

done as per the methods described in sections 2.3.4.

5.2.3 Somatic cell hybrid ønalysis

The somatic cell hybrid analysis was performed as described earlier in section

2.3.6. The primer pairs used in this Chapter were designed as described in section

2.3.5J.

5.2.4 FISH ønølysis

FISH analysis of BAC 578P2I and PACs 97811 and I089J21 on the metaphase

chromosomes of the patient with t(1;16) was performed by Helen Eyre

@epartment of Cytogenetics and Molecular Genetics, 'WCH, Adelaide) as

described in section 2.3.\L

5.2.5 PAC 97811 sequencing

The PAC 978II, which was identified to span the 16p13.3 breakpoint of the

t(1;16) was sequenced by the joint efforts of the Australian Genome Research

Facility (Brisbane, Queensland), and Dr Gabriel Kremmidiotis and Alison

Gardner (Department of Cytogenetics and Molecular Genetics, WCH, Adelaide).

The DNA was prepared from PAC 978II and sheared by nebulization.

Electrophoresis of the sheared DNA on agarose gel allowed isolation of DNA in
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the 2-4 kb range. These fragments were cloned into the plasmid vector pUC 18

and used to transform competent E. coli cells. This work was performed by Dr

Gabriel Kremmidiotis and subsequent colony isolation, DNA preparation and

sequencing on an ABI377 sequencer were performed by the Australian Genome

Research Facility (Brisbane, Queensland). Assembly and analysis of genomic

sequence was performed together by Alison Gardner and Dr Gabriel

Kremmidiotis using PHRED, PHRAP and GAP4 software (Ewing and Green,

1998) on a SUN workstation.

5.2.6 ComputationøI analysis ol PAC 97811 sequence

The genomic sequence was masked for repeats (Repeat Masker, Baylor College of

Medicine, http://dot.imgen.bcm.tmc.edu:9331) and blasted through dbEST at

NCBI (http://ncbi.nlm.nih.gov) for the prediction of ESTs using the BLASTN

algorithm (Altschul, 1990). The computer prediction of ESTs and exons was also

done using the NIX program (UK HGI\4P Resource Centre,

http://www.hgmp.mrc.ac.uk/). The PAC 97811 sequqnce was also analysed for

matches to the PROSITE database (http://www.expasy.ch/cgi-bin/scanprosite?1)

and the ProDom NCBI-BLASTP2 database

(http:/þrotein.toulouse.inra.frþrodom/cgi-bin/NewBlastProdomll.pl) for the

identification of any motifs or domains in the sequence.

5.2.7 DNA sequencing of PAC ends, PCR, ünd RT'PCR products

PAC/BAC end sequences were generated by direct sequencing of the inserts using

standard SP6 and T7 sequencing primers (section 2.3.7.4.2). Other PCR/RT-PCR

products were either directly sequenced after DNA purification (section 2.3.2)

using the BigDye sequencing chemistry (section 2.3.12.3) or subcloned into
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pGEM-T vector (section 2.3.3) and sequenced using Dye Primer sequencing kit

(section 2.3.I2.1).

5.2.8 RT-PCR and Mukþle Tissue Northern (MfLirM )unalyses

The RT-PCR and Northern analyses were done as described in section 2.3.8 and

2.3.9 rcspectively to determine if ESTs and computer predicted exons on the PAC

978II sequence corresponded to expressed transcripts. A human RNA Master blot

(Clontech) was probed with the insert of A1243740 as described in section 2.3.10.

The RNA samples for RT-PCR analyses performed in section 5.3.4.2 were kindly

provided by Dr Scott Whitmore (Department of Cytogenetics and Molecular

Genetics, \ry'CH, Adelaide).

5.3 Results

5.3.1 Case report of the pútient with t(1;16)

Phenotvpe of the patient:

The patient presented at the age of four years and eleven months. He was born at

36 weeks after an uneventful pregnancy and was reported to have a single episode

of fitting at 5 days of age. This boy had severe intellectual retardation with

developmental skills at the 2-2rt2 year level. Strabismus and down-turned angles

of the mouth were the only dysmorphism. The family history revealed that the

mother of the patient had probable intellectual retardation and father had learning

difficulties up to Grade 6 (in the Netherlands). He was referred to the Victorian

Clinical Genetics Service at 5 years of age where developmental delay and no

clear dysmorphism were noted.

Karvotvpe of the patient:
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The karyotype of the patient was 46,XY,t(l;I6)(qI2;p13.3). This translocation

was de novo as parental karyotypes were normal. A somatic cell hybrid

designated as CY196 (Callen et a1., 1990b) was generated containing the

derivative chromosome 16 of this translocation.

5.3.2 1q12 breakpoint

Distamycin A/DAPI (Sigma) staining of this patient showed that the derivative

chromosome 16 had two positive regions (Figure 5.1 A). One was the

pericentromeric heterochromatin of 16 and the other was a segment of the

chromosome 1 pericentric heterochromatin translocated to 16p13.3. This

demonstrates that the breakpoint of the chromosome one had occurred within the

pericentric heterochromatin at lqI2.

5.3.3 Cloning of the 16p13.3 breakpoint

Since the chromosome 1 breaþoint of the t(l;16) was shown to be within the lq

heterochromatin and this region is considered to be devoid of genes, the approach

was to clone the other breakpoint of the translocation at 16p13.3 in order to

identify if this breakpoint disrupts a gene which may be responsible for the

patient's phenotype.

5.3.3.1 BAC 375G12

The long range YAC map data presented in Figure 4.7 nanowed the I6pl3.3

breakpoint of the t(1;16) to the 296 kb distance between the BACs 375G12 and

3r5L9.
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Figure 5.1 Fluorescent in situ hybridisation. (A) Heterochromatin staining:

distamycin A/DAPI staining showing the chromosome I breakpoint is within the

heterochromatin. Chromosome 1 is indicated with arro\¡/s and chromosome 16

heterochromatin is indicated with asterisk. (B) An example of the spanning FISH

signal to the 16p13.3 breakpoint of t(1;16). The FISH signals obtained by the

hybridisation of PAC 97811 to the metaphase chromosomes of patient were seen on

the normal chromosome 16, the derivative 16 and the derivative I of the t(1;16)

indicating that the PAC 97811 spans the 16p13.3 breakpoint of t(l;16).
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To further reduce the breakpoint interval, the sequence of BAC 375G12, which

was available in the database under the accession number AC005751, was used to

generate end probes in order to identify overlapping DNA clones. These clones

would likely be positioned in the 296 kb gap. The orientation of the B.AC 375G12

with respect to the YAC 76IC2 was determined by mapping its end probes. The

end of BAC 375G12 contained within the YAC 76IC2 is closest to the

translocation breakpoint and was used to screen a PAC library.

Primers were designed from the extreme ends of the BAC 375G12 sequence, and

are listed in Table 5.1. Information regarding SP6 and T7 ends sequences of this

BAC was not available in GenBank. Therefore, the primers designed from 25 bp-

3I7 bp of the 162.8 kb BAC sequence were designated as the "top end" primer

pair and the primers designed from 162,025 bp-I62,204 bp of the 162.8 kb BAC

sequence were designated as the "bottom end" primer pair. The "top end" and

"bottom end" primer pairs will be referred in the text as distal and proximal

primer pairs respectively. It was not possible to design primers at the extreme

proximal end of the sequence as the region between 162,360 bp- 162,820 bp

contained repeat sequence.

Firstly, the localisation of these primer pairs on chromosome 16 was confirmed by

PCR analysis of somatic cell hybrids with breakpoints at 16p13.3 (Callen et al.,

1995). Both the primer pairs amplified the chromosome 16 specific band from the

somatic cell hybrid CY18, which contained the entire chromosome 16 as the only

human chromosome, and were localised distal to the 16p13.3 breakpoint

contained in CY196.
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Figure 5.2 Mapping of distal and proximal ends of BAC 375G12. (A) An example of mapping of

BAC 375G12 proximal end primer pair to chromosome 16 with respect to the l6pl3.3 breakpoint in

CY196 using somatic cell hybrids at 16p13.3. Samples: l) Human DNA, 2) 49, 3) CYl8, 4) 23}{Á.,

5) CY196, 6) CYl97,7) CYI82,8) CY198, 9) CYl68. The CY18 and A9 somatic cell hybrids were

used for determination of the ch¡omosome 16 specific bands and mouse bands respectively. Lane C,

represents no DNA (water) control. The BAC 375G12 primer pairs were located on chromosome 16

inthehybridintervaldefinedby23HAandCY196.(B) Mappingofdistalandproximalendsprimer

pairs designed from BAC 375G12 with respect to YAC 761C2. The YAC 76IC2 was found to

contian the bottom end of BAC 375G12. Lane C, represents no DNA (water) control and H, positive

control (human DNA from blood bank). The PCRproduct sizes a¡e indicated by arrows. :: represents
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An example showing localisation of these primer pairs to chromosome 16 in the

hybrid interval defined by 23}JA and CY196 is shown in Figure 5.2 A. PCR

analysis of the YAC 761C2, wtth these primer pairs (Table 5.1) showed that the

proximal end primers of the BAC 375G12 sequence were contained in the YAC

l6IC2 (Figure 5.2 B). The proximal end primers were therefore closest to the

translocation breakpoint and were then used to screen a PAC library (see 5.3.3.6).

While this was in progress further in silico analysis of the BAC 375G12 sequence

was undertaken.

Table 5.1 Primer pairs designed from BAC 375G12 sequence (accession number,

AC005751).

'top' and 'bot' refer to the primers designed from the distal (top) and proximal

(bottom) ends of the BAC 375GI2 sequence.

5.3.3.2 Identifrcation of BAC 578P21

The gss database (genome survey sequence database, which contains the

sequences of BAC ends) was searched using the repeat masked BAC 315G12

sequence. The T7 end (AQ332080) of BAC 578P2I (RPCII1 Human Male BAC

165

Primer name Primer sequence (5'-3')

PCR
product

size
ftn)

Positions of
primers in BAC

sequence

375G12/top end

Forward primer

Reverse primer

375G12/bot end

Forward primer

Reverse primer

GAC GGC CAT TCT CTG TGT CT

CGG GAÁ, GGC TTT AAC TGT GA

TAT GAA AAA TGA CGC GTG GA

GCC ACT CCT TCC CCT AAG AC

293

180

25-317 bp

t62,025-r62,204bp
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Library) was identified. The BAC 578P21 was then obtained through Research

Genetics and the DNA was prepared. The overlap and orientation of BAC 578P21

with respect to BAC 315G12 was determined by PCR analysis using the end

primers (Table 5.1) of the BAC 375GI2 sequence. The PCR results are shown in

Figure 5.3. The BAC 578P21 overlapped only with the proximal end of the BAC

375GI2, which indicated that this clone extended proximally from BAC 375G12

thereby potentially reducing the 296 kb gap at the 16p13.3 breakpoint interval.

However, to estimate the distance extended by this clone from BAC 375GI2 it

was necessary to determine the size of this BAC by restriction fragment analysis

followed by the identification of their conìmon restriction fragments.

5.3.3.3 Estimation of the size of BAC 578P2lby PFGE.

The BAC 518P21DNA was digested using the restriction enzymes Nofl and EagI

and the DNA fragments resolved using PFGE (2.3.4.4.3) at resolution limits

ranging from 5 kb-150 kb (Figure 5.4 A). The higher molecular weight restriction

fragments were further resolved at resolution limits ranging from 130 kb-40 kb

(Figure 5.4 B). By summation of these restriction fragments the size of the BAC

578P2I was estimated to be I47 kb by PFGE analysis.

5.3.3.4 ldentifïcation of the overlapping restriction fragments in BAC

375GI2 and 578P21.

The PFGE filter-containing DNA restricted with enzymes Nofl and EagI was

generated and probed with the c{,32P-dCTP labelled BAC 375G12 proximal end

probe. The results of the Southern hybridisation of this filter are shown in Figure

5.5 A. The o32p-dCTP labelled BAC 375G12 end probe hybridised to itself and to

a 5 kb restriction fragment of the BAC 578P21.

t66



BAC 375G12 tlistal end
prìner paìr

l-----l

BAC 375G12 proxitnol end
priner pür

l- - - - -l

293 bp

180 bp

Figure 5.3 PCR analysis using BAC 375G12 distal and proximal end primer pairs to confirm the overlap

between BAC 375G12 arrd BAC 578P21. Samples; 1) negative control (no DNA), 2) postive control

(genomic DNA from blood bank), 3) BAC 375G12,4) BAC 578P21. The BAC 375G12 proúmal end primer

pair was also positive for BAC 578P21, which is depicted by an arrow. This experiment indicated the overlap

between BAC 375GI2 and BAC 578P21that was also confirmed by Southem analysis (refer Figure 5.5).
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Figure 5.4 Estimation of the size of BAC 578P21 by PFGE. Samples: Ml) low pulsed-field gel

molecular weight marker 1) BAC 375G12, 2) BAC 578P21, M2) SPPI marker. The sizes and

positions of the marker bands a¡e indicated. BAC 375G12 was used ¿ìs a positive control in the

experiment. DNA for BACs 375G12 and 578P21 was digesûed using restriction enzymes NofI and

EagL Subsequently, the restriction digested DNA fragments were resolved by PFGE. The conditions

for resolution of DNA fragments were: gel: lolo agarose gel in 0.5X TBE, running temperature: l4oC,

angles of electrodes: 1200.

(A) The resolution of DNA fragments within the range 5 kb - 150 kb, time:16 hours. The purple

colour a¡row shows two DNA fragments for BAC 578P21, which were further resolved in gel B.

(B) The resolution of DNA fragments within the range 40 kb - 130 kb. The restriction fragments

obtained for respective clones were added leaving the vector bands to estimat€ the sizes of the

respective BAC DNA clones. The red a¡rows depicts the bands of the BAC vector pBACe3.6. The

sizes of BACs as estimated by PFGE were: 84C375G12,162 kb and BAC 578P21, 146.7 kb.
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Figurc 5.5 Southern hybridisation analysis to confirm the overlap between BACs 375G12 and 578P21. (A)

Samples: Ml) low pulsed-flreld gel molecular weight marker l) BAC 375G12,2) BAC 578P21, M2) SPPI marker.

The sizes and positions of the marker bands are indicated. B^C 375G12 was used as a positive control in the

experiment. BACs 375G12 and. 578P21 DNA was digested using restriction enzymes Notl and Eagl. The

reshiction enzyme digested DNA fragments were resolved by PFGE and subsequently, PFGE filter was made. The

frlter was probed with PCR product generated using BAC 375G12 proximal end primer pair. Autoradiography w¿ts

carried out at room temperature for 3 to 4 hours to visualise the hybridised bands, which are depicted by red

¿urolvs. (B) This Figure summarises the results of Southern hybridisation shown in Figure 5.5 A. The position of

end probe generated from BAC 375G12 is indicated, The DNA fragments positive for the probe are shown by a

dashed red line. BAC 578P21extended the distance from BAC 375G12 by l4l kb.

r20 kb 42.8 kb



Positional clonins of t(1:16)

Therefore, the BAC 518P2I extended the length of BAC 315GI2 by another 141

kb (Figure 5.5 B) and further narrowed the 296 kb gap between the BACs 375G12

and 315L9.

5.3.3.5 FISH analysis of BAC 578P21

The BAC 578P21narrowed the gap between the BACs 315GI2 and 315L9. This

gap contains the 16p13.3 breakpoint of the t(1;16). Therefore, FISH analysis was

carried out with this clone on metaphase chromosomes of the patient with t(1;16).

FISH signals were obtained on the normal chromosome 16, and both the

derivative 1 and the derivative 16 of the t(1;16). This indicated that this clone

spans the 16p13.3 breaþoint. An example of the DNA clone (PAC 97811)

depicting spanning FISH signal on the metaphase chromosomes of t(1;16) is

shown in the Figure 5.1 B.

5.3.3.6 Screening of the human PAC library (RPCIS)

Although the BAC clone 578P2I spanned the 16p13.3 breakpoint of the t(l;16),

the sequence of this clone was not available in the GenBank at that time and the

insert size as estimated by PFGE was 147 kb. Due to budgetary restraints it was

necessary to further refine the breakpoint region to a smaller DNA clone, which

could be more economically sequenced. Accordingly, a human PAC library

(RPCI5) (PACIBAC Resources, Buffalo, New York) was screened using the BAC

375G12 proximal end probe.

Seven positive PAC DNA clones were identified, Figure 5.6. These clones were

purchased and confirmed as true positives by colony blot hybridisation using the

same probe used to screen the PAC library.
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Fílter # 21 D, Panel # 6
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Fílter # 22 D, Panel # 4

Fìlter # 23 D, Panel # 3

Figure 5.6 $creening of the human PAC library ßPCI5) with BAC 375G12 proximal end probe, The

positive clones, which a¡e indicated by red auovs wero obtained through PAC/BAC Resources, BufFalo,

New York. The double dots are positives as duplicate dots indicated by red arrows. Only the panels (field

soctions) for respective filten oontaining the positive clones are shown. The filter numben and panel

numbers for respoctive filten along with the names of positive clones identified in each filter a e

indicated,



Figure 5.7 Colony blot hybridisation. The PAC DNA clones (Figure 5.6) positive for BAC 375G12

proximal end probe were obtained and confnmed as true positives by preparing colony blots. An

example of a colony blot hlter containing PACs 97811, l069K2l and 887N4 is shown. The negative

control is a PAC clone located on chromosome l. Each clone was spotted as two dots. The filter was

probed with radiolabelled F.AC 375G12 end probe. Autoradiography was carried out ovemight at -

70oC. All the three clones depicted in the hlter were positve for the BAC 375G12 end DNA probe.
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Figure 5.8 Restriction fragment analysis for PAC DNA clones poisitve for BAC 375G12 proximal

end probe. Samples: Ml) low pulsed-field gel molecular weight marker, l) PAC 842F20,2) PAC

97811, 3) PAC t0s4F244) PAC 887N4, 5) PAC 108eJ21, 6) PAC r069K2r,7) PAC 956N2, 8) BAC

375G12, M2) SPPI marker. The sizes and positions of the marker bands are indicated. BAC 375G12

was used as a positive control in the experiment. The DNA for all the clones was digested using

restriction enzyrnes NotI and, EøgI. Subsequently, the DNA fiagments were resolved by PFGE. The

conditions for resolution of DNA fragments within the range 5 kb - 150 kb were: gel: lY, agarose gel

in 0.5X TBE, running temperature: 14oC, angles of electrodes: 1200, time:15 hours. The restriction

fragments obtained for respective clones were added leaving the vector bands to estimate the sizes of

the respective DNA clones. The red arrow depicts the 16 kb vector bands ofthe PAC vector and the

greon ¿urow depicts the BAC vector pBACe3.6 specific band. The sizes of respective DNA clones as

estimated by PFGE were: PAC 842F20,80.8 kb; PAC 97811, 92 kb; PAC 1054F24, 129.8 kb; PAC

887N4, 119 kb; PAC 1089J21, 94 kb; PAC 1069K21, L37 kb; PAC 956f12, 47.6kb; BAC 375G12,

162kb,
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Figure 5.9 Southern hybridisation of PFGE filter containing PAC DNA clones poisitve for BAC

375G12 proximal end probe. Samples: Ml) low pulsed-field gel molecular weight marker, l) PAC

842F20,2)978rr,3) t054F24,4) 887N4, s) 108eJ21,6) 10ó9K21,7) 956N2,8) BAC 375ct2,t{2)

SPPI ma¡ker. The sizes and positions of the marker bands are indicated. BAC 375G12 was used as a

positive control in the experiment. The DNA fragments were resolved by PFGE and subsequently,

the PFGE filter was made. The filter was probed with PCR product generated using BAC 375G12

proximal end primer pair. Autoradiography was carried out at room t€mperature for 2 hours to

visualise the hybridsed ba¡rds, which are depicted by an arrow. The results of hybridisation are

summa¡ised in Figure 5.10.
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Figure 5.10 Positional cloning of the 16p13.3 breakpoint of the t(1;16) associated \üith severe mental retardation.

The results from Figure 4.4 (Y AC restiction map) are also merged for the purpose of Figure preparation. The

YAC map data presented in Chaper 4 narrowed the I 6p I 3.3 breakpoint interval n the 296 kb gap betwe en the '

BACs3T5Gl2and3l5L9,whichisshownbyahorizontalblackdashedlineand areddashedlinewithanarroìil

at the end. The other two red dashed lines with affows at end depict the distance of 16p13.3 translocation

breakpoint interval narrowed by the clones 578P21 and 97811 respectively from the 296 kb gap between the '

BACs 375G12 and 315L9, during an attempt to clone this breakpoint. The PAC clones identified using BAC

37 5Gl2 end probe were digested using restriction enrymes Notl and Eagl and were arranged into a contig on the ,

basis of the shared common restriction fragments. The sizes of NotI/EagI restriction fragments are indicated. The

sizes for the same size fragments are depicted only once. The SP6 and T7 ends for the clones whose ends were

sequenced are also indicated. The blue dashed line indicates the position of BAC 375G12 end probe on the

generated BAC/PAC contig across the 16p13.3. breakpoint. The 16p13.3. breaþoint of the t(l;16) is located

within the 66 kb fragment on PAC 97811.
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Positional clonins of t(1:16)

An example of the colony blot filter hybridised to o32P-dCTP radiolabelled BAC

375GI2 proximal end probe is shown in Figure 5.7. All the clones screened

(Figure 5.6) were identified to be true positives for the BAC 375G12 proximal

end probe.

Subsequently, for all the clones DNA was prepared and digested using restriction

enzymes NotI and EagI to estimate insert sizes. The digested fragments were

resolved using PFGE at the resolution limits ranging from 5 kb to 150 kb, Figure

5.8. The clones were affanged in a possible contig on the basis of their shared

restriction fragments. This contig was confirmed by Southern hybridisation

analysis to the o(32P-dCTP radiolabelled BAC 375GI2 proximal end probe (Figure

5.9). Also the SP6 and T7 ends of the PACs 842F20,918II, and 1089J21 were

sequenced in order to confirm the orientation of the end fragments in the contig.

The generated end sequences were aligned using the genomic sequence of the

overlapping BAC clone 375G12. The contig spanning the 16p13.3 breakpoint of

the t(1;16) is shown in Figure 5.10.

5.3.3.7 FISH analysis of PAC clones 9781L and 1089J21

PAC DNA clones 97811 and 1089J2I werc used for FISH analysis on the

metaphase chromosomes of the patient with t(l;16) de novo balanced

'translocation. PAC 1089J21 was distal to the l6pI3.3 breakpoint. The FISH

signals for the PAC 97811 were seen on the normal chromosome 16, and both the

derivative chromosomes of the translocation, Figure 5.1 B, indicating that this

clone spanned the 16p13.3 breakpoint. Because PAC LO89J2I was localised by

FISH distal to the l6pl3.3 breakpoint this eliminated the restriction fragment

shared with PAC 97811. Therefore, the breakpoint falls within the 66 kb
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restriction fragment of PAC 9l8II, reducing the interval from the previous 141 kb

(Figure 5.10). Since the size of PAC 978II, as estimated by PFGE, was only 92

kb in length this was chosen for genomic sequencing.

5.3.4 Sequencing of PAC clone 97811

The PAC 97811, which spans the 16p13.3 breaþoint was sequenced to allow the

genes and transcripts in the region to be identified. The generated sequence can

also be utilised to further localise the 16p13.3 breakpoint in the PAC 97811. The

generated 1.5 X coverage sequence of PAC 978II was assembled into 6 blocks.

The orientation of the end blocks with respect to BAC 375GI2 was determined on

the basis of the alignment of the SP6 and T7 ends sequences of PAC 97811 with

the overlapping BAC 375G12 sequence (accession number, 4C005751). The

sequence generated for PAC 91811 has been deposited in GenBank under the

accession number 4C091070.

5.3.4.1 Localisation of 16p13.3 breakpoint on PAC 97811

The sequence of PAC 97811, excluding that contained within the sequence of

BAC 375G12, was used to design primers for localisation of the l6pl3.3

translocation breakpoint of the t(1;16). The primers used are listed in Table 5.2.

Each primer pair was localised either distal or proximal to the somatic cell hybrid

CYl96, which contained the derivative 16 of the t(l;16). The primers from block

numbers one to five were localised distal to the 16p13.3 breaþoint contained in

CY196 by PCR. While the primers from block number six were localised

proximal to this breakpoint, Figure 5.11.
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Table 5.2 Primers used to localize the 16p13.3 breakpoint on PAC 978II

Block
No.

Primer name

Sequence (5'-3') PCR
product

size
(bp)

Forward Primer Reverse primer

Block #1

Block#1/F/R

Block#1/F2lR2

TGGGCTTTGAGfu{ATCAAÁCA

CAGGTACTAGGGGGTCACCA

GCCTTTGGGGCTAATTCTCT

AATCAGCAGCCCAGAGAAGA

202

202

Block #2

Block#2/top/F/R

Block#2/bot/F/R

Block#2ltoplF2tR2

CCCCAACCCTCCTTTTATTC

TCTCCAGTTTGCACCTCCAT

CGGGTTCGACCTATTTTCAA

GCCTCGATTTCCAAGTGTGT

CCCTAAGATCTCCAGCGTCA

GCACTTCGTAAGCCACCTTC

202

187

192

Block #3

Block#3/top/F/R

Block#3/bolF/R

GGAGCAGÀAAGCCACAGAAC

GAAGTAGGCAACCGCTCAGT

AGCCCTACACTCCCTCACCT

GTGTCTGCGTTTGCTCCTTT

198

200

Block #4

Block#4/topÆ/R

Block#4/bot/F/R

Block#4lbo1/F2tR2

CAGGGGCAGAGAGTTCAGTC

TTGAGCATGGATGCCATTTA

TCTGTTAACACCCACCACCA

TGTGCCATATGTGGGAAAGA

TGGATTTAGCCCTCAGCAAC

CAGCTAAGGAGGGAATGTGC

200

203

200

Block #5

Block#5/top/F/R

Block#5/bolF/R

Block#5/bot/F2lR2

TTGCTGGAATGTTTTGAAGC

TGCCAGAAGGCCTACAATCT

GACTCCTCTCATGCCACCAT

TGATGTGAGCTCCTGGATCA

GCCATGCTCTTCAGGTTTTC

ACTCTTAACCTCCCCGGAAA

188

191

206

Block #6

Block#6/top/F/R

Block#6/bot/F/R

Block#6/foplF2lR2

Block#6/c.36ÆllRl

Block#6/c.36/F2/R2

Block6/c.392/top/F/R

Block6/c.392lbolF/R

Block#6/c. 30 I /top/F/R

AACAAGATCCACCATGCACA

GTTCAACACTCCGGG AJA!ÁIAA

GGTAAGCCAGACCCAAATGA

TGATGTGGACTTAATGGCAGA

AAAGGGAAAAGCATGTGCAG

TCCAATACTTGGCTCAGAGGA

GGGAGTTGGAAAGTGTTGGA

TGTCGTTGACCATTTTACGG

CCTGTCTGACGCCTTCAAAT

CAATGCACGCTTCCCTTATT

CTTGGAAACGAAGGTGAAGC

CCTCCGTTCCTATTTCATGC

GA{{TGCCCTCATGATCTCC

TTGGCTTCCAAACCACTCTT

CCACGACTCAGGGAGTAAGC

TG CAGCAACTATTGCCTTTTT

205

203

203

t6'7

199

202

219

209
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Figure 5.11 Localizaton ofthe 16p13.3 breakpoint on PAC 97811 by PCR analysis ofthc somatic cell hybrids at 16p13.3.

The primers were mapped distal or proximal with respect to the CYl96 somatic cell hybrid that contained the der(16) of the

t(1;16). The 16p13.3 breaþoint was localized between the blocks 5 and ó of PAC 97811. The sequence of the PAC 97811

excluding that contained within the sequence of BAC 375G12, which was distal to the 16p13.3 breakpoint was used for the

mapping of 16p13.3 breakpoint ofthe t(l;16).
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Further combinations of the forward and reverse primers designed from the

extreme ends of respective blocks, 1-5, Table 5.2, were used with the closest

proximal primer pair (Block#61c.36[Rl, Table 5.2) from block number 6 to PCR

amplify the breakpoint junction fragment from PAC 978II. A 1 kb PCR product

was amplified with the primers notated as Block#5/bot/R (Table 5.2), designed

from block number 5 and the proximal primer pair (Block#6lc.36lRl) from block

number 6. None of the other primer combinations yielded any product.

Subsequently, the PCR product was purified and sequenced using respective

primer pairs used to generate the product. The distal and proximal sequence

generated matched the sequences of block numbers five and six, indicating it to be

a specific product. It was determined that this sequence was highly repetitive and

contained Alu sequences however it was not possible to completely close the gap

by standard big dye cycle sequencing chemistry (section 2.3.12.3). The 16p13.3

breakpoint was localised to a 1 kb region between the blocks 5 and 6 on the PAC

97811 sequence (Figure 5.11).

5.3.4.2 Prediction of ESTs and exons on PAC 9781L sequence and

expression analysis using these predicted ESTs and exons.

The repeats contained within the PAC 978II sequence were masked and the

sequence initially analysed through dbEST for the detection of matching ESTs

using the BLASTN algorithm at NCBI. Very few matching ESTs were detected,

indicating that this region was not gene rich. The following ESTs matched the

PAC 97811 sequence: A1243140, A1243860, AII248O2, T05472, 41478209 and

R88001 (Figure 5.I2 and Table 5.3).
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Figure 5.12 dbEST analysis of PAC 97811 sequence as of August ll, 1999. The analysis

identified very few EST matches indicating the region to be gene poor. Only the ESTs used to

perfonn expression studies are indicated in the Figure.
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Table 5.3 dbEST analysis of the PAC 97811 and BAC 375G12 sequences as on

August ll, 1999 and March 2l,20OO respectively predicted following ESTs. The

information on colresponding cDNA clones, library source, restriction enzymes

used to isolate the inserts, and insert sizes is also depicted'

-do-: same library source, -: the inserts of these clones were not isolated for the

expression analysis study as these clones either contained the repeat sequences or

were not received from the culture collection centre.

DNA
clone

ESTs CDNA clones Library Enzymes
Insert

size

ftp)
PAC

97811

BAC

375G12

^1243740

Ar243860

Att24802

T05472

Ar478209

R88001

Ar902377

Ar207874

M78059

N-r19749

Image:1854113

Image:1854191

Image:1539553

f#BCZ23

lmage:2t61549

Image:165868

BTOO3

Image:1684805

HHCPA6T

Dl(FZp76ICt924

Soares-NFL-T-

GBC 51

-do-

Johnston

cortex

frontal

Fetal brain

NCT-CGAP-Kid11

Soares adult brain

N2b4I{855Y

Breast

Stratagene schizo

Brain S 11

Hippocampus

hamy2

NotA

EcoF.I

NotA

EcoR.I

EcoF.U

Xhol

EcoRU

Xhol

588

588

1900

1390
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These EST matches were 98-997o identical to the PAC 97811 sequence except that

of the ESTs R88001, and A1478209 (from one of the large group matching PAC

978II sequence), which were only 937o and 867o identical to the genomic

sequence respectively.

ESTs 41243740 and 41243860

These two ESTs overlapped and formed part of the Unigene cluster number Hs

(Homo sapiens) 149074 and were therefore selected in preference to determine

possible expression. Both originated from the same library,

Soares_NFL_T_GBC_S1, which is pooled from three different normalised

libraries, fetal lung NbHL19W, testis NHT, and B-cell NCI-CGAP-GCB1. Only

the 3' end sequences were available in the dbEST database therefore the

corresponding cDNA clones (Table 5.3) were purchased to allow the sequences of

the inserts to be determined. The cDNA inserts were isolated using the respective

enzymes (Table 5.3) and their sizes were estimated. Both the cDNA clones had

the insert sizes of 588 bp. Therefore, the insert for one of the cDNA clones,

Image:1854113, was sequenced. The sequence generated was aligned with the PAC

918II sequence and was contiguous with no evidence of any exon/intron

boundaries and an absence of a poly A signal.

Further the g32P-dCTP radiolabelled cDNA insert (cDNA clone Image:1854113)

when hybridised to the RNA Master blot and Multiple Tissue Northern blot did

not identify any coresponding transcript. The Multiple Tissue Northern Blot

contained poly (A*) mRNA from various adult human tissues, including heart,

brain, placenta, lung, liver, skeletal muscle, kidney and pancreas.
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EST 411.24802

The 3' end sequence (419 bp) of this EST was only available in the dbEST

database and this contained a MER20.b2 repetitive element. Therefore, the

corresponding cDNA clone was obtained to generate additional sequence in order

to design primers without the repeat sequence for use in expression studies.

Table 5.4 Primers used for the RT-PCR analysis.

The cDNA insert was isolated using restriction enzymes (Table 5.3) and the size

of the clone was estimated to be 1.9 kb. The 5' and 3' end sequence was

generated. The primers 41124802Fl and R1 (Table 5.4) were designed from the

generated 5' and 3' end sequences to obtain the remaining sequence of the 1.9 kb

insert. This cDNA insert sequence was aligned with the PAC 918II sequence,

which was also contiguous with PAC sequence with no evidence of any

exon/intron boundary and poly A signal.

To detect if this EST corresponds to an exon, RT-PCR analysis was done using

the primers AIL248O2 Fl and R1, and AII24802nor/1F and lR (Table 5.4) and

184

Primer
name

Primer sequence 5t-3t PCR
product
size (bp)Forward primer Reverse primer

1^1124802

F1iR1
TGC TTA AAA CCC ACC ACA GC TCT GCT CCA CCT TTG TTA ATG t290

A1124802

nor/1F/1R
TCG TTT CTA GGC AGG GAA TG CCA TTA ACÄ AAG GTG GAG CA 388

Ar478209

F/R
CGG CCT GCA AGA TCC TGT C ACC TGG GAT GTT TCC CTG AC 233

RT-PCR

NIX #1
TGC CAG AAG GCC TAC AAT CT GCC ATG CTC TTC AGG TTT TC 1 9 1

RT-PCR

ND( #2
ATC CCC TTT CTC CCC TCT GT TCT GGT ACC ÄAA GGG TGT CC t39
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Figure 5.13 PCR and RT PCR analysis of EST 41124802. ( ) PCR amplification of cDNA and genomic DNA

using primer pairs designed from 41124802 sequence. Both the primer pairs amplified the same size products from

cDNA and genomic DNA. The red arrow indicates the product obtianed using 41124802 Fl/Rl primer pair and

green arrow indicates the product obtianed using 41124802 nor Fl/Rl primer pair. Samples: M) pUC 19, C) no

DNA control, l) cDNA A1124802,2) PAC 97811 DNA, 3) blood bank DNA, M2) SPPI marker. (B) The primer

pairs 41124802 Fl/Rl and 41124802 nor Fl/Rl were also used for RT PCR analysis. The fetal brain poly mRNA

was reverse tra¡rscribed using both oligo dT and random hexamers. + represents lanes with reverse transcriptase

enz)¡me and - represents the lanes without reverse transcriptase enzyme. Esterase D primer pairs were used as the

positve control in the experiment. The sizes for pUCl9 marker bands are indicated.
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fetal brain poly A mRNA. Esterase D primer pairs (section 2.3.8), which only

amplify a product from cDNA were used as a positive control to check the success

of the cDNA synthesis. The primer pair AII24802 Fl and Rl amplified a faint

product of approximately 435 bp (Figure 5.13 B). However, this faint RT-PCR

product was more likely to be a genomic artefact because the primer pair

AII24802 F1 and R1 amplified the same size PCR products (1.29 kb) from the

cDNA clone and genomic DNA (Figure 5.13 A). The faint 435 bp RT-PCR

product was therefore cloned and subsequently sequenced' The sequence

generated did not match the cDNA and PAC 918II sequence, which revealed that

it was a non-specific product. The second set of the primers AII248O2nor/1F and

lR amplified a 388 bp RT-PCR product (Figure 5.13 B). Because this RT-PCR

product was of similar size to the product obtained by PCR amplification of

cDNA clone and genomic DNA (Figure 5.13 A) it was purified and used to

hybridise to a Multiple Tissue Northern blot. However, the 388 bp RT-PCR

product failed to identify any transcript, which indicated that this product could

possibly be the amplified genomic DNA present in the RNA sample or a non-

specific product. It was unlikely that the corresponding transcript was expressed

in a tissue not present on the Northern because the EST AII24802 was derived

from brain tissue and this was present on the Northern blot.

In the absence of the hybridisation signals being detected by the DNA probes

corresponding to the ESTs A1243140 and AII24802, the Northern membrane was

probed with a positive control, which detected specific hybridisation signals.

The sequences obtained for the cDNA clones Image 1854113 and 1539553

corresponding to the ESTs A1243740 and ÃII24802 respectively (Table 5.3)
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completely matched the PAC 9l8II sequence. The sequence for PAC 97811 has

been deposited in GenBank under the accession number 4C091070. Therefore,

the sequences for cDNA clones Image 1854113 and 1539553 are not separately

presented in this thesis.

EST T05472

Only 219 bp of the sequence was available for this EST in the database.

Therefore, the corresponding cDNA clone (Table 5.3) was obtained to generate

further sequence of the cDNA insert. The insert size was 1.39 kb (Table 5.3). The

5' and 3' ends of the clone were sequenced but the sequence generated did not

match with the PAC 97811 sequence. This indicated that the culture collection

centre sent the incorrect clone or the entries in the databases are incorrect.

Therefore, further RT-PCR analysis was not performed with this EST.

Lt478209

The EST A1478209 originated from a library NCI-CGAP-Kid11 (Table 5.2)

derived from kidney tissue. This EST was only 867o identical to the PAC 978II

sequence. Therefore, in order to check if it is a true positive match for PAC 97811

sequence, the forward and reverse primers A1478209 F and R (Table 5.4) were

designed from the sequenced regions of this EST, which were not completely

identical to PAC 978II sequence. Using this primer pair no PCR product was

amplified from the PAC 97811 DNA, which indicated that this EST was a false

positive match to the PAC 97811 sequence. This EST was discarded from further

analysis.
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R88001

This EST was located at the 5' end of the cDNA clone lmage: 165868. 487 bp of

the 5' end sequence was available in the dbEST database that was only 93Vo

identical to the PAC 97811 sequence with 6Vo gaps in the sequence alignment. The

3' end sequence for this clone was not available in the database. Therefore, the

corresponding cDNA clone was ordered to generate the insert sequence and to

first determine if this EST was a true positive match on the PAC 97811 sequence

to be able to perform further expression analysis. However, it was not possible to

work with this EST because the corresponding cDNA clone (Table 5.3) was dead

in the culture collection centre and therefore was not received.

Expression analysis with the ESTs, which matched the PAC 978II sequence did

not identify any potential transcript on PAC 97811. Therefore, the computer

prediction of exons was also performed using the NIX program (UK HGMP

Resource Centre) (Figure 5.14), which enables the results from several different

gene predicting programs to be displayed simultaneously on the genomic

sequence. This analysis also indicated that the region surrounding the breaþoint

is gene poor with very few matches to expressed sequences or computer predicted

exons. Most of the exons predicted were present as singletons, that is, were

predicted by only one particular program and not by other programs. Therefore,

these regions were less likely to be true exons. However, there were two regions,

which are indicated in the Figure 5.14, where exons were predicted by four

different programs in the same region of the genomic sequence.
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Figure 5.14 NIX (UK HGMP Resource Centre) analysis of PAC 97811 sequence as of November I, 1999. This program enables different gene predicting programs to run
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Figure 5.15 RT PCR analysis of NIX predicted exon, designated as RT PCRNIX # 2. Samples: 1) fetal brarn poly

A mRNA, 2)tßtal RNA from fetal spleen, 3) total RNA from fetal kidney, 4) total RNA from fetal lung. + indicates

lanes with revenie transcriptase enzyme and - indicates lanes without reverse transcriptase enzyme. The product

sizes are indicated. Esterase D was used as a positive control in the experiment. The RT PCR product amplified

from fetal brain poly A mRNA, depicted by an arrow was purified and used as probe on Northem blot, that failed

to identifu any transcript.
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Primers (Table 5.4) were designed from these regions for RT-PCR analysis of

fetal brain poly A mRNA, and total RNA samples from fetal spleen, fetal kidney

and fetal lung. Esterase D primers were included as positive control in the

experiment. The RT-PCR products were only amplified by the primer pair RT-

PCR NIX #2,the results of which are shown in Figure 5.15. However, for these

primers the same sized bands were also seen in the negative control (lanes without

the reverse transcriptase enzyme) lanes containing total RNA from fetal spleen,

fetal kidney and fetal lung. These products were likely to be amplified from the

contaminating genomic DNA present in the RNA samples because the esterase D

control primers did not amplify any products in the negative control lanes of these

samples. This only exception was the fetal brain poly A mRNA where no band

was seen in the corresponding negative control. Therefore, this 139 bp RT-PCR

product was purified (section 2.3.2.2.I) and used as a probe to hybridise to a

Northern blot for transcript identification. This probe failed to identify any

corresponding transcript. The PCR amplification of this product could be a result

of genomic artefact or the transcript might be expressed in a tissue not present on

the Northern membrane used.

The ESTs matches identified by dbEST BLAST analysis (August 11, 1999) of

PAC 97811 sequence and the computer predicted exons identified by NIX

analyses (November 1, 1999) of PAC 978II sequence did not identify any

transcript by RT-PCR or Northern analyses. PROSITE and ProDom databases

searches using the entire PAC 97811 sequence showed no significant homology to

known proteins and domains. Therefore, the sequence of the overlapping adjacent

BAC 375G12 was also analysed by BLAST search analysis using dbEST database

to detect matching ESTs near the I6pI3.3 breakpoint. The BAC 375G12
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contained 43%o repeat sequences and the dbEST BLAST search results as of

March 21, 2000 detected only four EST matches on the BAC 375G12 sequence

(Table 5.3). The corresponding cDNA clones were ordered for each of these ESTs

but only two clones Image:1684805 (EST 41207874) and DKFZp76IC[924 (EST

ALll9749) were available. The end sequences of the inserts were generated.

These sequences contained Alu repeats, and further did not identify any intron

boundary on alignment with the genomic sequence. Because these ESTs were

present as singletons, had repeat elements and no evidence of any intron/exon

boundaries it was unlikely that these ESTs would correspond to any transcript

except if they were a part of the UTR region of a gene. Therefore, further steps

towards expression studies using these ESTs were not performed.

5.4 Discussion

A positional cloning strategy was used to define the I6pl3.3 translocation

breakpoint in the patient with a de novo balanced translocation t(l;16) associated

with severe mental retardation. Chromosomal rearrangements have greatly

assisted the positional cloning of disease causing genes (Collins, 1995). Since the

chromosome 1 breakpoint was shown to be within the 1q heterochromatin, the

search for the gene responsible for the patient's phenotype was focussed on the

chromosome 16 breakpoint.

The long range YAC map data presented and discussed in Chapter 4 (Flgure 4.7)

narrowed the 16p13.3 breakpoint of the t(l;16) to a296 kb distance between the

BACs 375GI2 and 315L9. To further refine the breakpoint interval, the BAC

375GI2 sequence was used to design end probes to screen a PAC library and for

BLAST search analysis to identify any overlapping DNA clones that would lie in
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the 296 kb gap. Firstly, the orientation of the BAC 315GI2 with respect to the

YAC 761C2 was determined by mapping the end probes generated from the BAC

375GI2 with respect to the YAC 761C2 and to somatic cell hybrids at 16p13.3

including the hybrid CY196, which contained the der(l6) of t(1;16). The proximal

end probe of the BAC 375G12 was contained within Y AC 76IC2.

Database searching using the BAC 315G12 sequence identified the T7 end of

BAC 57SP21. Subsequent, PCR and Southern analyses using the end probes

generated from the BAC 375G12 sequence confirmed that the BAC 578P21

overlapped with the proximal end of BAC 375G12. Restriction fragment analysis

using PFGE estimated the size of BAC 578P21 to be 147 kb. This BAC further

reduced the 296 kb gap between the BACs 375GI2 and 315L9 to 141 kb. FISH

analysis with this clone on the metaphase chromosomes of the patient with t(1;16)

indicated that this clone spans the breakpoint of the translocation at 16p13.3.

However, to further naffow the region of 16p13.3 breakpoint to a smaller DNA

clone, which could be more economically sequenced, a PAC contig was also

constructed across the CY196 breaþoint. For this, the end probe of BAC

3'l5GI2, which was contained within the YAC 76LC2 was used to screen a human

PAC (RPCI5) library. The positive DNA clones identified were ¿uranged in a

contig on the basis of the similar size restriction fragments and hybridisation of

these clones to the BAC 375G12 end probe.

The PAC clones 97811 and 1089J21 were used for the FISH analysis on the

metaphase chromosomes of the patient with t(1;16). PAC I089I2l was distal to

the 16p13.3 breakpoint, where as the FISH signals for the PAC 97811 revealed
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that this clone spanned the 16p13.3 translocation breakpoint of t(1;16)' This

enabled the 16p13.3 breakpoint interval to be reduced to 66 kb. DNA of this

spanning PAC was sequenced. The PAC sequence with 1.5 X coverage was

assembled into 6 blocks. Analysis of this sequence by PCR localised the 16p13.3

translocation breakpoint to a 1 kb region between the blocks 5 and 6 on the PAC

97811 sequence.

Analysis of the PAC 97811 and BAC 315G12 sequence using dbEST and the NIX

program indicated that the region surrounding the breakpoint is highly repetitive

with very few matches to expressed sequences (ESTs) or computer predicted

exons. These ESTs and exons were present as singletons, none of these ESTs had

a poly A signal, no homology was observed to other known proteins and there

was no evidence of any exorVintron boundaries. Therefore, it was concluded that

it was unlikely that these transcripts represented transcribed genes. Furthermore,

expression studies with some of these EST matches and predicted exons failed to

identify any evidence of an expressed transcript. This suggested that the

chromosomal reanangement either resides in a large intron of a causative gene,

the observed phenotype is the result of a position effect of the chromosome I

heterochromatin or the association of translocation and clinical abnormalities is

fortuitous.

The physical mapping data presented in Chapter 3 had identified Cl6orft, a

proline rich transcript highly expressed in the brain, which is the closest identified

gene distal to the 16p13.3 breakpoint of the t(1;16). Therefore, the position effect

of the adjacent translocated chromosome t heterochromatin on the expression of

Cl6orJ5 gene was determined, which is presented in Chapter 7. Juxtaposition of a
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gene to a region of heterochromatin through chromosomal rearrangements can

result in the alteration of gene expression (Karpen, 1994)'

Subsequent to this work being completed a dbEST BLAST search using the BAC

375GI2 sequence performed on November 11, 2000 revealed that the BAC

375G12 contains the 5' UTR of the novel protein A2BP1 (ataxin-2 binding

protein 1). A2BP1 was recently identified and sequenced (Shibata et al., 2000).

The 16p13.3 breaþoint of the t(l;16) charactenzed in this Chapter was found to

be present in an intron of this gene. This explains the failure of transcript

identification in this region. The physical mapping data of the A2BP1 gene with

respect to the 16p13.3 breakpoints of the t(1;16) and t(14;16) is presented in

ChapterT.
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6.1 Introduction

A male patient with a balanced de novo translocation t(1a;16Xq32;pI3.3)

associated with mild mental retardation and grand mal seizures was reported in

the Department of Cytogenetics and Molecular Genetics, Women's and

Children's Hospital, Adelaide. It is proposed that the chromosomal translocation

in this patient is related to a disruption of a gene at or near the translocation

breakpoint and this is responsible for the observed phenotype.

Mental retardation and/or epilepsy account for the majority of childhood brain

disorders. Mental retardation (NR) is described as significantly sub-average

intellectual functioning and limitations in adaptive skills, with onset before 18

years of age (American Psychiatric Association, 1995). A seizure is a paroxysmal

and transitory disturbance of brain function that develops suddenly and terminates

spontaneously. It is physiologically chaructenzed by abnormal, excessive and

self-terminating discharges from neurons (Zara et al., 1995). Approximately 27o-

37o of the human population has either learning or behavior disabilities with an

intelligence quotient (IQ) less than 70 and is subdivided into ranges: borderline

(-70), mild (50-69), moderate (35-49), severe (20-34), and profound (<19)

(Mclaren and Bryson, 1987; Gecz and Mulley, 2000). Extensive population

based studies reported by Steffenburg et al., (1995) and Stromme and Hagberg

(2000) into the causes of MR suggests that epilepsy is one of the common

neurological impairments occurring in a population with MR. In a population-

based study of Norwegian children with MR conducted by Stromme and Hagberg

(2000), MR in 2O7o of the children was associated with epilepsy. This proportion

was found to be (337o) in children with severe mental retardation and 97o tn

children with mild mental retardation. Epilepsy comprises a heterogeneous group
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of seizure disorders, affecting 37o of the population during life (Hauser et al.,

1996; Sander et al., 2000).

The hunt for a disease gene was focused on chromosome 16. The two

translocations t(l;16) and t(14;16) characterizedin the present study were mapped

to the same physical interval on 16p13.3 and it was hypothesized that MR and

epilepsy in the two patients was due to disruption of the same gene at 16pI3.3.

In order to refine the I6pl3.3 translocation breakpoint of the t(14;16), a

BAC/PAC contig was constructed across the breakpoint using the closest flanking

probes. FISH analysis with these clones to metaphase chromosomes of the patient

was done to identify a clone that spanned the breakpoint. The sequence of this

spanning clone was analyzed for the identification of candidate genes.

This Chapter presents the molecular charactenzation of the t(14;16)(q32;p73.3) de

novo balanced translocation associated with mild mental retardation and grand

mal seizures.

6.2 Methods

The majority of methods used in this chapter were the general molecular genetic

techniques of DNA analysis, which are described in detail in Chapter 2.

6.2.1 Somatic cell hybrtd analysis

The somatic cell hybrid analysis was performed as described earlier in section

2.3.6. The primer pairs used in this Chapter were designed as described in section

2.3.5J.
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6.2.2 Screening of PAC|BAC librøries

Screening of three different high-density PACiBAC libraries was performed as

described in section 2.3.7. The following human PAC/BAC libraries, PAC library

RPC14, PAC library RPCI5 and BAC library RPCI-ll Segment 4 (PACÆAC

Resources, Buffalo, New York) were screened using the closest probes flanking

the 16p13.3 breakpoint. To ensure that cross hybridization was absent, the probes

were initially hybridized to the PAC vector filters, prepared (section 2.3.7.4.1)by

digesting the PAC vector DNA with restriction enzyme BamTn, and human

genomic filters, prepared (section 2.3.4.7.2) by digesting the genomic DNA with

restriction enzyme P stL

6.2.3 Idenffication of PAC4BAC clones

Individual PACI BAC DNA clones identified from screening the high-density

PACIBAC filters (6.2.2) were obtained from PACIBAC Resources, Buffalo, New

York. Additional BAC clones were identified by BLAST search analysis and were

obtained from Research Genetics, USA. The BAC clones 192K18 and26O3 were

kindly provided by Dr. Norman Doggett, Los Alamos National laboratory, New

Mexico. The BAC clones located from l6pI2.2 to I6plI.2 were from the physical

map of Cao et aI., (1999), which were kindly provided by Dr. Mei Wang

(California Institute of Technology, Pasadena, USA).

6.2.4 DNA isolation

Clones were grown at 37oC in LB (Luria Bertoni) medium (section 2.2.6.I)

containing 50 ug/rnl of kanamycin, in the case of PACs, or 30 ug/ml of

chloramphenicol for BACs. DNA was isolated using Qiagen 100 columns (section

2.3.I.3). The clone inserts were sized and restriction mapped using pulsed-field
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gel electrophoresis (PFGE) (section 2.3.4.4.3) and the infrequently cutting

restriction enzymes NotI and EagI (section 2.3.4.1). The gels were then

transferred to Hybond-N* nylon membranes as described in section 2.3.4.7 .1. The

radiolabelling of probe, membrane hybridization and washing was done as per the

methods described in sections 2.3.4.

6.2.5 Fluorescent in situ hybridization (FISH)

FISH analysis was performed by Helen Eyre (Department of Cytogenetics and

Molecular Genetics, 
'WCH, Adelaide) as described in section 2.3.11. The DNA

clones identified using the probes located distal and proximal to the 16p13.3

breakpoint were analyzedby FISH to the metaphase chromosomes of the patient

with the t(14;16) in order to determine if these clones span the I6pI3.3

breakpoint.

FISH analysis was also done using a series of probes located on the short arm of

chromosome 16 to resolve the chromosomal reaffangement in this patient. For use

as FISH probes, cosmids, PACs and BACs were labelled by nick translation with

biotin-14-dATP (GIBCO-BRL). For chromosome painting, commercially

prepared whole chromosome paints for chromosome 14 (Cambio, DlG-labelled)

and chromosome 16 (Cambio, biotin-labelled) were hybridized to metaphase

chromosomes according to the manufacturer's instructions and detected with

TRITC-anti DIG for chromosome 14, and avidin-FlTc for chromosome 16.

6.2.6 Computational analysis

Searches of the gss and htgs databases were performed using the BLAST

algorithim at NCBI with the BAC 44IK8 sequence (accession number,
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AC007222) for the identification of overlapping DNA clones. A dbEST database

analysis of the BAC 545E8 sequence (accession number AC022206) was

performed for the identification of ESTs matching the genomic sequence.

6.2.7 Northern anülysis

Northern analysis was performed to determine the size and tissue expression of a

transcript corresponding to the cDNA clones, Image:44969 and Image:25052, by

hybridizing the cDNA inserts to a commercially obtained Northern blot

(Clontech, Palo Alto, USA) as described in section 2.3.9.

6.3 Results

6.3.1 Case report ol the pøtient with t(14;16)

Phenotvpe of the patient

This boy was born after an uneventful pregnancy and labour. During the first three

months of life he had feeding difficulties and abdominal pain. He sat at.8 months

and walked at 18 months. At 14 years of age his speech was norrnal and he was in

special school being assessed as having mild mental retardation. He had a grand

mal seizure at the age of 5 and at 7 , and a further two from 7 to 14 years. Short

absences were noted at about monthly intervals. Anticonvulsive therapy was

initiated at age 7. At the age of 7 he was in the 97th percentile for height, weight

and head circumference. Motor abilities were retarded and there were behaviour

difficulties. EEG was normal. Clinodactyly of the 5th finger and mild syndactyly

of the 2"d and3'd toes were the only dysmorphisms.
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Karvotvpe of the patient

The classical G-banding of chromosomes from the patient demonstrated a de novo

translocation between chromosomes 14 and 16, t(14;16Xq32;pI3.3), Figure 6.13

a. A mouse/human somatic cell hybrid was generated from the cell line of this

patient containing the der(16)t(14;16) designated as CYl82 (Callen et al., 1995).

Later in the course of this thesis, during an attempt to clone the 16p13.3

breakpoint contained in CY182, a paracentric inversion of a portion of the short

arm of 16 was identified with the distal breaþoint coincident with that of the

translocation at 16p13.3 and the proximal breakpoint at I6pI2.I. This complex

three break rearrangement can be notated as

t( 1 4 ; 1 6Xp3 2;pI3 .3)inv I6(pL3 .3pl2.L).

6.3.2 Cloning of the 16p13.3 breakpoint of t(14;16)

6.3.2.1 Cosmid c62F6

Probes located proximal to the I6p13.3 breakpoint in CY182 were initially used

to construct a PAC/BAC contig. Primers (Table 6.1) were obtained for the cosmid

c62F6 that was located proximal to the breakpoint in CY182 in the previously

constructed chromosome 16 map in the Department of Cytogenetics and

Molecular Genetics, WCH, Adelaide. The physical mapping data presented in

Chapters 3 and 4 refined the order of chromosome breakpoints of hybrids at

L6pI3.3 from that reported earlier (pter-23H4, CYI82, CY777-CYI96, CYl97-

CY198-CY168) in Callen et al., (1995) to pter-23H4-CY196-CYL97-CYI82,

CYl77-CY 198, CYl68. Therefore the locahzation of c62F6 was first confirmed

by PCR analysis of these somatic cell hybrids. The results of mapping are shown

in Figure 6.1.
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Figure 6.1 IMapping of c62F6 wiûr respect to the l6pl3.3 breakpoint in CYl82 using somdic cell

hybrids at 16p13.3. Samples: l) Human DNA, 2) cosmid c62F6 DNA, 3) 49, 4) CYl8, 5) 23H4, 6)

CY194,7)C{177,8) CYl82,9) CYl96, l0) CYl97, 11) CY198, 12) CY168. The CYIS andA9

somatc cell hybrids were used for determination of the ch¡omosome 16 specific bands and mouse

bands respectively. Lane C, represents no DNA (water) control and M is pUCl9 nia¡ker DNA. The

cosmid c62F6 was located on çhromosome 16 in the hybrid interval defined by CYl82, ú177 and

CYl98. The size of PCRproduct is indicated.



Positional cloning of t(14;16)

The cosmid was localized in the hybrid interval defined by CY182, CYl77 and

CY198. The results were then confirmed by FISH analysis on metaphase

chromosomes of the patient with the t$aJO. This showed that c62F6 was

proximal to the I6pI3.3 breakpoint of the t(I4;I6), which was consistent with

PCR mapping.

6.3.2.2 Screening of the human PAC library (RPCL4)

In order to identify a DNA clone spanning the 16p13.3 breaþoint contained in

CYI82, the human PAC library RPC14 was screened using the PCR product

generated from c62F6. Five clones were initially identified and subsequently

confirmed as probable positives by colony blot hybridization using the c62F6

probe. An example of the colony blot filter hybridized to cr32P-dCTP radiolabelled

c62F6 probe is shown in Figure 6.2 A. Subsequently, hybridization of Southern

blots with cr32P-dCTP radiolabelled c62F6 probe showed that only three of these

clones were true positives, 722G3,722F24 and 768815.

PAC DNA was prepared and digested using the restriction enzymes Nofl and EagI

to estimate their insert sizes. The digested fragments were resolved using PFGE at

the resolution limits ranging from 5 kb to 150 kb. The restriction fragment

patterns obtained are shown in Figure 6.28. The PACs were then arranged into a

contig on the basis of shared similar size restriction fragments and probing with

the a32P-dCTP radiolabelledc62F6 probe, Figures 6.28 andC.
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Figure 6,2 Experiments perfoÍned to aÍange the PAC clones screened fiom RPCI4 huma¡r PAC library using c62F6 probe

into a possible contig. (A) Colony blot hybridisation. The PAC DNA clones positive for c62F6 were obtained and confirmed for

true positives by preparing colony blots. An example of the colony blot filær containing PACs 7ó8815 and722F24 is shown.

c62F6 cosmid ìilas used as a positive conüol. The negative control is a PAC clone located on chromosome l. Each clone was

spotted as two dots. (B) Restriction fragment analysis for PAC DNA clones poisitve for c62Fó probe. Samples: Ml) low

pulsed-field gel molecular weight marker, I)PAC 722F4,2) PAC 8l4Ol8, 3) PAC 722G3,4) PAC 768815, 5) PAC 687D8, 6)

cosmid c62F6, M2) SPPI marker. c62F6 was used as a positive control. The sizes and positions of the marker bands are

indicated, DNA for all the clones was digested using restriction enzymes and the DNA fragments were resolved by PFGE

within the range 5 kb - 150 kb. Subsequently, PFGE filter was prepared and probed with radiolabelled c62F6 probe. The

reshiction fragments that hybridised ø the c62F6 probe are depicted as red dots. Out ofthe five clones screened three were real

positives for the probe c62F6. (Q Sizes of clones as estimated from the restriction fragments that are indicated. Contig

established based on Souttrem hybridisation results and shared restriction fragments is shown.
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Figure 6.3 Fluorescent iz situ hybndisation. (A) An example of a proximal FISH

signal to the 16p13.3 breakpoint of t(14;16). The FISH signals obtained by the

hybridisation of PAC 722G3 to the metaphase chromosomes of patient were seen on

the normal chromosome 16 and the der(16) of the t(14;16) indicating that the PAC

722G3 is proximal to the 16p13.3 breakpoint of the t(14;16). (B) An example

depicting a distal FISH signal to the 16p13.3 breakpoint obtained by the hybridisation

of BAC ll4Il2 to the metaphase chromosomes of patient with t(14;16), The FISH

signals were seen on the normal chromosome 16 and the der(14) indicating that the

BAC 1l4Il2 is distal to the 16p13.3 breakpoint of the t(14;16).
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6.3.2.3 FISH analysis of PAC clone 722G3

PAC DNA clone 722G3 was used for FISH analysis on the metaphase

chromosomes of the patient with the t(14;I6) de novo balanced translocation. The

FISH signals for the PAC 722G3 were seen on both the normal chromosome 16

and the der(16) indicating that this clone was proximal to the I6pI3.3

translocation breakpoint of t(14;16), Figure 6.3 A.

6.3.2.4 Mapping of probes in the vicinity of 16p13.3 breakpoint in CY182

Additional markers [D16S3088 (AFMb281ze9), 4008547 and WI-6421] were

localized in the vicinity of the l6pl3.3 breaþoint of the t(14;16) to generate more

extensive physical map of the region. Information regarding these markers was

obtained from the integrated map of human chromosome 16 available on the

World Wide Web at URL W4, Table 1.1. These markers were mapped by PCR

within the hybrid interval defined by CY182 and CYI77, thereby separating and

ordering the chromosome breaþoints in these two hybrids. The primer sequences

for these markers are presented in Table 6.1.

An example of somatic cell hybrid analysis showing the localization of the DNA

marker WI-6421in the hybrid interval defined by CY182 and CYI77 is presented

in Figure 6.4. There were no markers identified earlier (Figures 3.I and 4.7)

separating these two breakpoints. The CYI77 hybrid was derived by fusing the

human cell line (TROJ) containing the der(16) of the familial translocation

t(I6;22)(pI3;q11) with A9 mouse cell line (Callen et al., 1995). These results

indicated that the order of the chromosome breakpoints of the hybrids at I6pt3.3

w as pter -23H4-CY 1 9 6 -C Y 1 97 -CY I 82 -CY I7 1 -CY 1 9 8 - C Y 1 6 8.
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Figure 6,4Mapping of \ilI-6421 with respectto the l6pl3.3 breakpoint in CYl82 using somatic cell

hybrids at 16p13.3. Samples: l) Human DNA, 2) 49, 3) CYl8, 4) 23H4,5) CYl96, 6) CYl97,7)

CYl82, 8) CYl77,9) CY194, 10) CYl98, ll) CY168. The CYlS and A9 somatic cell hybrids were

used for determination of the chromosome 16 specific bands and mouse bands respectively. Lane C,

represents no DNA (water) control and M is pUCl9 ma¡ker DNA. WI-6421 was located on

chromosome 16 in the hybrid interval defined by CYl82 and CYl77, thereby separating the

chromosome breakpoints in these two hybrids. The size of PCRproduct is indicated.



DNA
markers

Primer sequences (5'-3') PCR
product

size
(base
pairs)

Forward prímer Reverse primer

c62F6 cgt tcc ttc tca ggc att tgt c gct caa gag tct gaa gtggga g r63

D1653088 ctc tga ata ggg tggggatg aag gaa atc tgg ggt gta cg 223

A008s47 ata aga gta ttt tct ttc ccc ac atc tca aaa gag gct gag aaa

ga
t02

wr-642r acc aag aga tca gct gtc taa

aca

ttc aga gcc ttc atttggct 2r0

AC007222

(top)

gcc ctt ttt gtc cat cag tc ttt cag gga tgggct aattg 198

ACOO7222

(bot)

gg 
^gEagggtgtcacttca

cac ctt gggaga ctc atc ct 208

SP6

192K18

aat gca tga aggtga tgctg g gqgtaagtcgggaccaat 205

2603/bot gcc aac tcg act ctc tgc tt gtg gag cca ctg ctc ctt ag 202

2357Pt4

(r7)

cat gca agc ttc cctgttct agg ctg agtgag acc cat gt r82

3052824

SP6

ggttgc agc cca tgtaaaat aag ctc cat ggttggtgttc 162

TI4II2

T7

acc acc tcttgtgcaggaat gtg gtt tga caa tcg caa tg 200

tr4rt2

SP6

gca ttt gct gggtcttcatt agggtggta gca tct cat gg 192

Positional cloning of t(14;16)

Table 6.L Primer sequences for the DNA markers located proximal to the I6pI3.3

breakpoint in CY182 at I6pI3.3

'top' and 'bot' refer to the primers designed from the distal (top) and proximal

(bottom) ends of the respective genomic sequences.
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6.3.2.5 Identifrcation of a cDNA clone and BAC DNA clone using DNA

markers 4008547 and Wl-6421

Having localized the DNA marker 4008547 in the hybrid interval defined by

CY182 and CYI77 further mapping information on this marker was obtained by

accessing the GeneMap'99 data provided for this marker at

http://www.ncbi.nlm.nih.gov/genemap/. The electronic PCR data provided for this

marker indicated that 4008547 is present in the 5' end (accession number,

H0S623) of the Image human cDNA clone 44969. The 3' end sequence for this

cDNA clone was also available in GenBank under the accession number,H08624,

which was found to contain the DNA marker WI-6421. Information was also

provided regarding a chromosome 16 BAC clone 441K8, whose working draft

sequence was available in two ordered pieces (accession number, AC007222).

The STS 4008547 was present within nucleotides 55807-55908 bp of the

AC007222 sequence. The Image human cDNA clone 44969 and BAC DNA clone

441K8 were obtained from Genome Systems, St Louis, Missouri and Research

Genetics, USA respectively for further analyses.

6.3.2.5.1, Image human cDNA clone 44969

Because the DNA markers 4008547 and WI-642I were localized in the adjacent

proximal interval of the I6p73.3 breaþoint contained in CYl82 and were present

at the 5' and 3'ends of the Image human cDNA clone 44969 respectively, the

cDNA clone was obtained and processed to determine the corresponding

transcript. The Image human cDNA clone 44969, which was derived from the

Soares infant brain 1NIB cDNA library, is part of the human Unigene cluster

number Hs.22833. However, the EST sequences present in the Unigene cluster

corresponding to cDNA clones Image:44969, Image:34949 and c-0ca10 when

2r0



Positional cloning of t(14;16)

analyzed with respect to the genomic sequence (BAC clone 441K8; accession

number, AC007222) had no indications of intron exon boundaries being present,

poly-adenylation signal was absent and there was no similarity to any known

proteins. On the basis of this information it was considered unlikely that these

EST sequences were part of a real transcript. Furthermore, the insert of cDNA

clone Image:44969 (isolated using the restriction enzymes NofI and Hindfr) when

hybridized to a Multiple Tissue Northern blot (Clontech) did not detect any

corresponding transcript.

6.3.2.5.2 BAC DNA clone 441K8

The BAC DNA clone 441K8 (RPCI-I1 Human BAC library) was used for FISH

analysis on metaphase chromosomes of the patient with the t(14;I6) to determine

if this clone spans the 16p13.3 breakpoint of the translocation. However, the FISH

analysis indicated that the clone 44LK8 was proximal to the 16p13.3 breakpoint.

Because the working draft sequence for this clone was available in the NCBI

database in two ordered pieces (accession number, AC007222), this enabled the

design of primers from the extreme ends of the 4C007222 sequence. The primers

(Table 6.1) were designed from the distal (top) and proximal (bottom) ends of the

BAC 441K8 sequence. These ends were localized by PCR of the somatic hybrids.

Both the ends of the BAC clone 441K8 were localized to the hybrid interval

defined by CY182 andCYITT, confirming the FISH localization.

6.3.2.6 Identification of DNA clones overlapping BAC clone 441K8

A database search was carried out with the available sequence (accession number,

AC007222) of the BAC clone 44LK8 for the identification of any overlapping

sequenced clones. This BLAST search of the gss database (NCBI genomic survey
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sequence database) identified the T7 end of BAC 3052824 and TF end of BAC

2I7OHI6, which were located at the extreme ends of the BAC 441K8 sequence.

The sequence analysis indicated that these clones partially overlapped and

extended beyond BAC 441K8. Therefore, BACs 3052824 and 2I70HI6

(CIT_HSP, Human BAC library) were obtained through Research Genetics, USA,

to perform FISH analysis on metaphase chromosomes of the patient with t(14;16)

to determine if any of these clones spanned the 16p13.3 breakpoint. However, the

FISH analysis indicated that the BAC 3052824 was proximal to the 16p13.3

breakpoint. The clone BAC 2l7OH16 was located on chromosome 4q21.

6.3.2.7 Screening of the human PAC library (RPCIS)

DNA probes localized in the immediate vicinity of the I6pL3.3 breakpoint of the

t(L4;I6) were then used to screen a PAC library to identify additional clones to

further extend the physical map. The distal probes selected to screen the PAC

library were D16S3L28 and T53018 (Figure 4.7), which were located outside the

YAC 761C2 in the hybrid interval defined by CYl97 and CY182. The proximal

probes selected to screen the PAC library were D16S3088, 4008547 and WI-

642I and the end probes from BAC 441K8. All probes were first hybridized

individually to filters of the PAC vector and human genomic DNA to ensure that

cross hybridization was absent. The results indicated that only the probes T53018,

WI-642I and the proximal end probe generated from BAC 441K8 were suitable

for hybridization to PAC filters as the other probes contained repeat sequences.

Therefore, the probes T53018, WI-642I and the proximal end probe generated

from BAC 441K8 were used to screen the human PAC library RPCI5 (PAC/BAC

Resources, Buffalo, New York). An example of the results obtained is depicted

for RPCI5 filter number 20D containing a positive clone 953H1 in Figure 6.5 A.
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Five PAC clones were identified, purchased, and DNA prepared. The clones were

subsequently processed for Southern analysis to be confirmed as true positives.

DNA was digested using restriction enzymes NotI and EagI. The digested

fragments were resolved using PFGE at the resolution limits ranging from 5 kb to

150 kb. The BAC clones 441K8 and 3052824 were included to align these clones

with the PAC clones. The restriction fragment patterns obtained are indicated in

Figure 6.5 B. The clones were affanged in a possible contig on the basis of shared

similar size restriction fragments. This contig was then confirmed by Southern

hybridization analysis by hybridizing the PFGE filters with the probes used to

screen the PAC library. The results indicated that out of the 5 clones identified

from screening the RPCI5 PAC library only two clones, PAC 953H7 and PAC

1109N1, were positive for WI-642I. None of the five clones screened were

positive for the other two probes, T53018 and the proximal end probe generated

from BAC 44IK8. These clones were therefore false positives generated from the

original screening. The restriction fragments of the PACs 953H7 and 1109N1 and

BACs 44IK8 and 3052824 that hybridized toWI-642I are indicated in Figure 6.5

B. Arrangement of these clones in a contig on the basis of these results is shown

in Figure 6.5 C. Because the PACs 953H7 and 1109N1 did not extended beyond

the 441K8 and 3052824 BAC contig (Figure 6.5 C) they were not used for

subsequent FISH analysis.

In a further attempt to extend the established contig, additional database analysis

was undertaken using the BAC 441K8 sequence.
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Figure 6.5 Screening of the human PAC library RPCI5 (PAC/BAC Resources, Buffalo, New Yorþ with probes located

proximal and distal to the 16p13.3 breakpoint of the t(14;16). (A) An example depioting a filter (number 20D) containing the

positive clone 953H7, which is indicated by a red arrow. Only the panel (field section) for the respective filter containing the

positive clone is shown. The filter number and panel number are indrcated. (B) Restriction ftagment analysis for PAC DNA

clones screened using RPCI5 PAC library. Samples: Ml) low pulsed-field gel molecular v/eight marker, l) PAC 953H7,2)

PAC tr27D2,3) PAC 8274122,4) PAC l109Nl, 5) PAC 106823,6) BAC 441K8, 7) B.AC 30s2B2{ M2) DNA marker

Drigest. The sizes and positions of the marker bands are indicated. BACs 441K8 and3052824 were included for the purpose to

align these clones with the PACs screened. DNA for all the clones was digested using restriction enzymes NotI and Eagl.

Subsequently, the PFGE filters were prepared and hybridised to the probes used to sc¡een the library. An example of the filter

probed with W-642I is shown. The restriction fragments that hybridised to the probe are depicted as red dots. (C) The clones

were arranged into a possible contig based on the Southem hybridisation results. The sizes of clones as estimated by PFGE are

indicated.
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6.3.2.8 f)atabase searches using the BAC 44IK8 sequence

As the Human Genome Project was rapidly generating genomic sequence regular

BLAST searches of the human genomic sequence at NCBI was undertaken. One

of these searches identified the BAC clone l92KI8 (RPCI-l1 Human BAC

library). Complete sequence of this clone was available in GenBank under the

accession number, 4C006075. The SP6 and T7 end sequences of BAC 192K18

were also available under accession numbers, AQ4I7237 and /,Q417240

respectively. Alignment of these (4C006075, AQ417237 and AQ4I1240)

sequences with the BAC 441K8 sequence indicated that the SP6 end of the BAC

I92KI8 extended the contig previously generated using the BAC 44lKB

sequence. At that stage the orientation of the contig was unknown. The order of

these BAC clones in the contig on the basis of sequence alignment was BAC

3052824-BAC 441K8-BAC t92Kr8.

Primers were designed (Table 6.1) from the SP6 end sequence of BAC 192K18 to

map this end with respect to the I6pl3.3 breakpoint by PCR using the somatic

cell hybrids. The SP6 end of BAC I92KI8 was still contained within the hybrid

interval defined by CY182 andCYI77, Figure 6.6.

A BLAST search of the gss database using the complete sequence of BAC

l92KI8 (accession number, 4C006075) identified the BAC clone 3015419

(CIT_HSP Human BAC library) whose SP6 and T7 end sequences were also

available in GenBank under the accession numbers, 4Q214317 and 4Q091699

respectively. Alignment of the end sequences with BAC I92K18 (accession

number, 4C006075) sequence indicated that the SP6 end of BAC 3015419

extended beyond the existing contig pter-(BAC 3052824-BAC 441K8-BAC
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Figure 6.6 I\{apping of SP6 end of BAC 192K18 with respeot to the 16p13.3 breakpoint in CY182 using somatic

cell hybrids at 16p13.3, Samples: 1) Human DNA, 2) BAC 192K18 DNA, 3) 49, 4) CYl8, 5) 23H4, 6) CYl96,

7) CYl97,8) CY182, 9) C{177,10) CY194, 1l) CY198, 12) CY168. The CY18 and A9 somatic cell hybrids

were used for determination of the chromosome 16 specific bands and mouse bands respeotilely. Lane C,

represents no DNA (water) control urd M is pUCl9 marker DNA. Ths BAC end was located in the hybrid intorval

defined by CY182 and CYl77. The sizo of PCRproduct is indicated.
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l92KI8- 3015419). A further BLAST search using this SP6 end sequence of

BAC 3015A19 identified an additional BAC clone 26C3 (RPCI-ll Human BAC

library). Complete seguence for this clone was available in GenBank under the

accession number, AC005774. Primers were designed (Table 6.1) from the end of

this sequence, which did not overlap the existing contig, to map this clone with

respect to the l6pI3.3 breakpoint in CY182. PCR analysis of the somatic cell

hybrids with this end probe of BAC 26C3 revealed that the clone was still

contained within the hybrid interval defined by CY182 and CY177. With the

identification of BAC clone 26C3 the order of the clones in the contig generated

based on the sequence analysis data was pter-(BAC 3052824-BAC 441K8-BAC

BAC 192K18- 3015419-BAC 26C3). The orientation of the contig was still not

known at this stage.

Further database analysis with the BAC 2603 sequence identified a BAC

2357PL4 (CIT_HSP) whose SP6 end (accession number, 4Q76666) was

contained in the BAC 26C3 sequence. The low pass sequencing of BAC 2357PI4

was available in 25 unordered contigs (accession number, 1rC027683), which was

used for alignment of this clone with the existing contig. Additional searches of

sequence database at NCBI with BAC 2357PI4 did not extend the existing contig

[pter-(BAC 3052824-BAC 441K8- BAC l92KI8- BAC 3015419-BAC 2603-

BAC 2351P14)1. The alignment of these clones identified by BLAST search

analyses with the sequence of BAC 44IK8 was subsequently confirmed by

restriction fragment and Southern analyses, Figure 6.10, with the identification of

additional clones in the vicinity of the l6pl3.3 breakpoint.
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As expected from the PCR analysis, FISH analysis with the BAC DNA clones

I92KI8 and 2603 on the metaphase chromosomes of the patient with t(14;16)

revealed that these BACs were proximal to the 16p13.3 breaþoint of the t(I4;I6).

6.3.2.9 Further extension of the 441K8 contig

Database searching with BAC 44lKB sequence allowed the contig shown in

Figure 6.5 C to be extended as pter-(BAC 3052824-BAC 441K8- BAC I92KI8-

BAC 3015419-BAC 26O3-BAC 2357PI4). The extremities of this contig were

theTT end (accession number, 4Q076663) of the BAC 2357P14 and the SP6 end

(accession number, AQI47393) of the BAC 3052824. Pnmers were designed

(Table 6.1) from either extremity and these both mapped by PCR to the hybrid

interval defined by CY182 and CYITI @gure 6.7 A and B). The SP6 end probe

derived from BAC 3052824 was also hybridized to the PFGE filter containing the

BACs 3052824 and 441K8 and confirmed that this end of BAC 3052824 extends

beyond BAC 441K8 (Figure 6.7 C).

The extending ends (SP6 end of the BAC 3052824 and T7 end of the BAC

2357PI4) of the contig were then used for another round of BAC library (RPCI-

11 Segment 4) screening. The distal probe T53018 was also included in this

screening because an earlier round of the PAC library RPCI5 screening (section

6.3.2.7) with probes located distal and proximal to the 16p13.3 breakpoint of the

t(14;L6) did not identify any clone positive for this (distal) probe. Identification of

overlapping distal and proximal clones would help to determine the orientation of

the contig across the 16p13.3 breaþoint.
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Figure 6.7 Mapping of the end probes of the contig gørerated from sequence analysis of BAC 441K8 sequence

with respect to the l6pl3.3 breakpoint in CY182 using somatc cell hybrids at 16p13.3. (A) Samples: l)
Hnman DNA, 2) 49, 3) CYl8, 4) 23HA, 5) CYl96, 6) CYl97,7) CYl82,8) CYl77, 9) CY198, l0) CYl68.

(B) Samples: l) Human DNA, 2) 84C3052824,3) 49,4) CY18, 5) 23H4, 6) CY196, 7) CYl97,8) CY182,

9) CYl77, 10) CY194, I l) CYl98, 12) CY168. The green rrow indicates the chromosome 16 specifrc bands.

Both the extending ends of tho oontig wore localised in the hybrid intorval dofined by CY182 a^d CYl77.

CY18 and A9 somatic cell hybrids were used for the determination of chromosome 16 speoifio bands and

mouse bands respectively in both of the mapping experiments. In both the gels (shown in Figures A and B)

lane C, ropresents no DNA (water) control and M is pUCl9 marker DNA. The sizos of PCR products are

indicated. (C) Mapping of SP6 end probe of BAC 3052824 with respect to BAC 441K8. The ond probo just

hybridsed to itself (9.4 kb restriction fragment indioated by an arrow) which confirmed it to be the extending

end on one end ofthe contig generated from sequence analysis ofBAC 441K8.
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An example of the results with filter number 19K (RPCI-ll Segment 4 BAC

library) containing positive clones is depicted in Figure 6.8 A. In all nine positive

clones were identified and subsequently purchased (PAC/BAC Resources,

Buffalo, New Yorþ. BAC 2357PI4 was also purchased (Research Genetics) to be

included as a positive control in the subsequent Southern hybridization analysis.

These clones were initially confirmed as probable positives by colony blot

hybridization using the same probes used to screen the BAC library. An example

of the colony blot filter hybridized to cr32P-dCTP radiolabelled probe T53018 is

shown in Figure 6.8 B. Subsequently, hybridization of Southern blots with ut'P-

dCTP radiolabelled probes, T53018, SP6 end of the BAC 3052824 and T7 end of

the BAC 2351PI4 showed that only four of these clones were true positives,

898J11, 9007H17,994NI2, and 1143H10 for the distal probe T53018 (Figure

6.10). None of these clones were true positives for the proximal probes (SP6 end

of the BAC 3052824 and T7 end of the BAC 2357P14). These clones were

therefore false positives generated from the original screening. An example of a

PFGE filter hybridized to the probe T53018 is shown in Figure 6.9 B.

DNA was prepared and digested using the restriction enzymes Nofl and EagI, and

fragments resolved using PFGE at the resolution limits ranging from 5 kb to 150

kb. The BAC clones 3052824, 441K8, I92KI8, 26C3 and 2357P14 were

included to align these clones with the BACs screened using RPCI-I1 Segment 4

BAC library. An example of the restriction fragment patterns obtained is depicted

in Figure 6.9 A. The clones were then arranged in a contig on the basis of shared

similar size restriction fragments and probing with distal and proximal probes

(Figure 6.10).
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Positional cloning of t(14;16)

From the restriction map depicted in Figure 6.10 it was evident that the orientation

of the B^C 2351P14 with respect to BACs l92Kl8 and 2603 was opposite to

that determined from the database searches using BAC 441K8 sequence (section

6.3.2.8). This was the result of the working draft sequence of BAC 2357PI4

(accession number, 
^C027683) 

that was available as 25 unordered pieces.

According to the Southern analysis the BAC 2357PI4 was completely contained

within the BACs l92Kl8 and26C3 (Figure 6.10). Subsequently, this orientation

of the B^C 2357P14 was further confirmed with the alignment of A2BP1 exons

(Chapter 7) to the genomic clones identified in this region @gure 7.4).

The RPCI-l1 Segment 4 BAC library screening did not identify any BAC clone

overlapping the distal and proximal contigs generated in the vicinity of the

I6pI3.3 breakpoint of the t(I4;I6). However, these contigs were later joined with

the identification of BAC clones IL4IL2 and 545E8 (section, 6.3.2.10).

6.3.2.10 Identification of a clone spanning the 16pL3.3 breakpoint of the

t(1.4;1,6)

Subsequently, the NCBI database searches were also performed with the

sequences for the DNA probe T53018 and the SP6 end of the BAC 3052824.The

marker T53018 identified an additional BAC II4II2 (RPCI-ll human BAC

library). FISH analysis on metaphase chromosomes of the patient with t(14;16)

revealed that the BAC 1I4IL2 was distal to the l6pl3.3 breaþoint, Figure 6.3 B.

Because the SP6 (accession number, AQ34644I) and T7 (accession number,

AQ346442) end sequences were also available in GenBank, which enabled the

design of primers (Table 6.1), this BAC was also localized by PCR analysis of the

somatic cell hybrids at 16p13.3, Both ends were localized in the hybrid interval
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Positional cloning of t(14;16)

defined by CY197 and CYl82 similar to the marker T53018 (Figure 4.8), which

identified rhis BAC.

The SP6 end of the BAC 3052824 was the extreme end of the contig constructed

proximal to the 16p13.3 breaþoint of the t(14;16). Database searches with this

sequence identified the BAC clone 545E8 (RPCI-ll human BAC library). The

working draft sequence for this clone was available as six unordered pieces in

GenBank under the accession number AC022206. This sequence was analyzed to

detect any matches with sequence located distal to the l6pl3.3 breaþoint of the

t(I4;I6).It was found that the sequence of the BAC 54588 contained the SP6 end

of BAC II4IL2 (Figure 6.11 A). This finally was evidence that, the BAC 545E8

spans the breakpoint.

Southern analysis was performed to confirm these results. BAC 545E8 DNA was

restricted with enzymes Nofl and EagI, analyzed by PFGE and probed with the

SP6 end probes of the BACs II4II2 and 3052824 (Figure 6.11 B). This Southern

hybridization showed that the SP6 end probe of BAC II4II2 distal to the 16p13.3

breakpoint of the t(I4;I6) and the SP6 end probe of BAC 3052824 proximal to

the 16p13.3 breakpoint both hybridized to NotI and EagI restriction fragments of

BAC 545E8. Therefore, this confirmed that the BAC 545E8 crossed the 16p13.3

breakpoint of the t(I4 16). From the restriction map, this breakpoint was localized

within a distance of 115 kb on BAC 545E8 (Figure 6.10). The sizes and

¿uïangement of BACs Il4Il2 and 545E8 are depicted in Figure 6.10. This

allowed the contigs generated distal and proximal to the I6pI3.3 breakpoint in

CY182 to be orientated, Figure 6.10.
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6.3.2.11, FISH analysis of BAC clone 545E8

To confirm these findings the BAC DNA clone 545E8 was used for the FISH

analysis on the metaphase chromosomes of the patient with the t(14;16) de novo

balanced translocation. The FISH signals for BAC 545E8 were seen on the

normal chromosome 16, the derivative(16) and the derivative(l4) (Figure 6.13 d)

confirming that this clone spans the 16p13.3 translocation breaþoint.

6.3.2.12 Transcript analysis of the BAC 54588 sequence

The BAC 545E8 sequence, which was available as six unordered pieces in

GenBank under the accession number AC022206, was analyzed (June 15, 2000)

using the BLAST algorithm for matches to ESTs (Figure 6.12). Most of these

predicted ESTs were present as singletons, none of these ESTs had a poly A

signal, the alignment of the predicted sequences available in the database was

contiguous with the genomic sequence of BAC 545E8 and therefore, did not

predict any exon/intron boundaries. On the basis of this information it was

considered unlikely that the identified ESTs corresponded to a transcript.

Therefore, expression analysis with these ESTs was not performed. There was one

human Unigene cluster number Hs.165570 predicted on this BAC sequence. A

human cDNA clone Image:25052 (Soares infant brain library) from this cluster

was chosen for Northern analysis. However, this clone did not identify any bands.

This cDNA was derived from an infant brain tissue and RNA from the brain tissue

was contained on the Northern membrane, therefore it was considered unlikely

that the transcript was expressed in tissues not present on the Northern. In addition

the 5' (accession number, T81283) and 3' (accession number, R38891) sequences

available in GenBank for this clone had no indication of intron exon boundaries

being present, a poly-adenylation signal was absent and there was no
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Positional cloning of t(14;16)

similarity to any known proteins. Together, these data reduced the possibility that

this cDNA clone was a part of a real transcript. Later with the identification of

A2BP1 gene (Chapter 7) it was revealed that both the chromosome 16p13.3

breakpoints of the t(1;16) and t(14;16) are located in introns of this gene.

6.3.3 Resolution of chromosomøl rearrangement in the pøtient

initiølly detected with t(14;16)

Classical G-banding from this patient demonstrated a de novo translocation

between chromosomes 14 and 16,t(14;16)(q32;p13.3), Figure 6.13 a. There was

no evidence from PCR localization of probes of any loss of material on

chromosome 16 proximal to the 16p13.3 breakpoint in CY182. Chromosome

painting with chromosome 14 and 16 paints (Figure 6.13 b and c) supported the

interpretation of an apparent reciprocal translocation.

However, DNA clones which were localized proximal to the 16p13.3 breakpoint

of the t(1a;16) by FISH analysis on the metaphase chromosomes of the patient

indicated that the translocation in this patient was also associated with an

inversion of chromosome 16. The BAC clone 54588, which was known to span

the L6pI3.3 breakpoint resulted in a single FISH signal on the normal

chromosome 16 and as expected two signals on the translocated chromosome 16,

one on the der(14) and the other on the der(16). However, unexpectedly the signal

on the der(16) was at I6pIl.2 rather than at I6pI3.3. This suggested that the short

arm of chromosome 16 involved in the translocation was also involved in a

paracentric inversion with the breakpoints of the two arrangements at I6pI3.3

being coincident.
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Figure 6.13 FISH studies of chromosome 16 reaffangement. (a) GTl-banding of the

normal and derivative chromosomes 14 and 16. (b) Cohybridisation of number 14

paint and b26889. Number 14 paint was detected with TRITC (red). b268E9 was

detected with FITC (green). (c) Number 16 paint detected with FITC (yellow). (d)

Hybridisation signal from BAC 545E8 on the normal chromosome 16, the derivative

16 and the derivative 14 (spanning the translocation breakpoint).
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Positional cloning of t(14;16)

Probe
Somatic cell hybrid

interval

Chromosome 16

band
FISH signall

c7788 CY14-CY190 p13.3 Distal
pIO2Ill 23H^-CYt96 p13.3 Distal
b375Gr2 Z3HA-CYT96 p13.3 Distal
b315L9 CYI96-CYI82 p13.3 DistaI
bII8C2 cY196-CY182 p13.3 Distal
btt4rr2 CYI97-CYI82 p13.3 DistaI
b545E8 CY197-CYI82-CYI7] p13.3 SPANS

b3052824 CYI82-CYI77 p13.3 Proximal, *

b441K8 CYT82-CYI]7 p13.3 Proximal, *

bI92KI8 CYI82-CYT77 p13.3 Proximal, *

b2603 CYI82-CYI77 p73.3 Proximal, *

c62F6 CYI77-CYI98 p13.3 Proximal, *

p722G3 CYTIT-CYI98 p13.3 Proximal,*
c1088 CYI77-CYI98 p13.3 Proximal, *

c37C6 FRA16A-CY183 p13.1 1 Proximal,*
c307G2 CY13-CY15 p12.3 Proximal,*
bA-279810 cY156-CY165 p12.2 Proximal,*
bA-26889 cY156-CY165 p12.2 Proximal,*
c311D5 cY155-CY160(D) pl2.l Proximal,*
bA-2r8C7 cY155-CY160(D) þT2.7 Proximal,*
bA-485G10 cY155-CY160(D) pl2.I Proximal,*
bA-67085 cYl60 (D)-FRA16E pl2.l Proximal,*
b2049C,4 FRA16E-CY12 plL.2pI2.L Proximal
bA-331G1 FRA16E-CY12 plL.2pl2.I Proximal
b761H5 FRA16E-CY12 pIl.2pL2.I Proximal
bA-30548 FRAl6E-CY12 pIL2pIZ.l Proximal

Table 6.2 Resolution of der(16) by FISH

Position of signal on short arm of chromosome 16 relative to translocation

breakpoint at I6pI3.3; (b) represents BACs and (p) PACs

The order of probes is given from 16pter to centromere. The somatic cell hybrids

are as given in Callen et al., (1995). The FISH signal designated as distal was

located on the de(I4), while proximal was located on the der(16). Those signals

marked with an asterisk were located in a different position relative to the

centromere on the der(16) compared with the normal chromosome 16 in the same

metaphase.
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This was confirmed by FISH using a series of DNA clones (Table 6.2) that were

identified proximal and distal to the I6pI3.3 breaþoint of t(14;16), probes known

to be distributed on the short arm of chromosome 16 from their location on the

mouse/human somatic hybrid map (Callen et a1., 1995) and BACs from the BAC

map of Cao et al., (1999). Six probes at l6pI3.3 distal to the BAC 545E8 were

only present on the der(14). A series of 15 probes between 16p13.3 and l6pll.2

were all located on the der(16) in positions relative to the centromere which were

different from that on the normal 16p. These locations were consistent with the

presence of a paracentric inversion. Four BACs at 16p1L2-I2.1 were located at

the same position on the normal and the der(16). The proximal breakpoint of the

inversion was located between the BACs A-67085 and204904.

These data arc consistent with a paracentric inversion of a portion of the short arm

of 16 with the distal breakpoint coincident with that of the translocation at

L6pl3.3 and the proximal breaþoint at l6pI2.L This complex three break

reaff angement can be notated as t( 1 4 ; 1 6) (p32;pI3 .3)inv 1 6(p 1 3 .3pI2.l).

6.4 l)iscussion

The t(14;I6) de novo balanced translocation associated with mild mental

retardation and grand mal seizures was characterised using a positional cloning

strategy. This case provided a unique resource to identify gene(s) at or near the

chromosomal breaþoint, the functions of which may be disrupted by the

reaffangement and which may be responsible for the disease phenotype observed

(Bedell et al., 1996; Baere et al., 2000). Studies involving patients with

translocations associated with a particular disease has earlier led to the cloning of

numerous disease causing genes (reviewed by Collins 1992, L995).
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In order to identify the disease gene responsible for the observed phenotype in the

patient with t(14;16), the cosmid c62F6, which was located in the hybrid interval

defined by CY182, CYI77 and CY198 was initially used to screen the human

PAC library RPC14 to construct a BAC/PAC contig across the 16p13.3

translocation breaþoint. The PAC clone 722G3 from this library was used to do

FISH analysis on the metaphase chromosomes of the patient with t(14;16) which

revealed that this clone was proximal to the L6pI3.3 breakpoint of the t(I4;16).

Additional markers [D16S3088 (AFMb281ze9), 4008547 and WI-6421] were

then identified to be used as probes for screening of PAC/BAC libraries. These

markers were localized within the hybrid interval defined by CYl82 and CYl77,

thereby separating the chromosome breakpoints in these two hybrids. There were

no markers identified earlier separating these two breakpoints in the previously

reported map of chromosome 16 (Callen et al., 1995). The order of the

breakpoints of the hybrids was refined to pter-23HA-CYl96-CYl97-CYI82-

cYr77-CY198, CYl68.

The STS 4008547 identified a BAC DNA clone 44LK8. Analysis with the

sequence for this clone identified another extending BAC clone 3052824.

However, both these clones were also proximal to the I6pl3.3 breaþoint of the

t(14;16). Therefore, the markers mapping distal and proximal to the 16p13.3

breaþoint were used for a second round of screening of a PAC library (RPCIS).

The PAC clones 953H7 and 1109N1 were identified, which were contained within

the BACs 44IKB and 3052824 and were therefore not used for FISH analysis on

the metaphase chromosomes of the patient.
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Further analysis with the available sequence (accession number, AC007222) of

BAC clone 441K8 identified additional overlapping DNA clones. These BAC

clones were arranged in a contig pter-(BAC 3052824-BAC 441K8- BAC

l92KI8- BAC 3015419-BAC 26O3-BAC 2357P14) based on the sequence

analysis data. The BAC clones 192K18 and 2603 identified by these searches

were subjected to FISH analysis on the metaphase chromosomes of the patient.

However, both the clones were proximal to the l6pl3.3 breakpoint. This

localization was also confirmed by PCR analysis of the somatic cell hybrids at

16p13.3. All the clones were found to map in the hybrid interval defined by

CYI82 andCYI77.

Therefore, a third round of the BAC/PAC library screening was undertaken. The

BAC library RPCI-l1 Segment 4 was screened using the probes proximal to the

16p13.3 breakpoint, the end probes (T7 end of the BAC 2357P14 and SP6 end of

the BAC 3052824) of the contig generated using the database searches with the

BAC 441K8 sequence. In addition, the probe T53018, which was localized distal

to the I6pI3.3 breaþoint of the t(14;16) was also used. The positive clones

screened were affanged in the contig (Figure 6.10) on the basis of the restriction

fragment and Southern analyses. However, this screening did not identify any

clone spanning the 16p13.3 breakpoint.

As the HGP gained momentum there was increasing availability of human

genome sequence in the NCBI database. Database searches using the sequences of

the SP6 end of the BAC 3052824 and the T53018 probe eventually identified the

BAC clones ll4Il2 and 545E8. The BAC 545E8 was found to span the 16p13.3

breakpoint contained in CYl82 by FISH analysis on the metaphase chromosomes
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of the patient with the t(14;I6). The DNA clones identified distal and proximal to

this 16p13.3 breaþoint were arranged in a contig that is depicted in Figure 6.10,

which spanned over approximately 822kb of genomic DNA.

Analysis of the BAC 545E8 sequence identified a number of matching ESTs.

However, these ESTs were present as singletons, did not contain a poly A signal,

and were contiguous with the genomic sequence. Therefore, it was considered

unlikely that these ESTs were part of a real transcript. Two cDNA clones, 44969

and25052, identified with sequences of BACs 441K8 and 545E8 respectively, did

not identify any transcript when hybridized to a Northern blot. With the

identification of the A2BP1 gene (Shibata et al., 2000) it was revealed that the

sequenced regions of the BACs 44LK8 and 545E8 that were used for expression

analyses reside in introns of the A2BP1 gene (Chapter 7).

The t(14;16)(q32;p13.3) was characteized in detail using FISH with a BAC

545E8, which was found to span the 16p13.3 breakpoint and a series of probes

located proximal and distal to this breakpoint. These results demonstrated a

complex three break chromosomal rcanangement, which was apparently derived

from a simultaneous translocation and paracentric inversion. This was suggested

by the sharing of a breakpoint between the two rearangements. The chromosomal

abnormality is notated as t(14;16)(p32;p13.3)inv16(p13.3pl2.I). Translocations

and inversions of chromosome 16 have been previously described in the patients

with M4Eo acute myelomonocytic leukaemia (Maarek et al., 1999). This

unexpected complex three break chromosomal rearrangement in the patient

initially reported with the t(14;16) complicated the further positional cloning

approach.
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C16orf5 andA2BPl

7.1 Introduction

A patient was reported at the Department of Cytogenetics, WCH, Adelaide, with a

balanced de novo translocation 46,XY,t(L;I6)(qI2;p13.3) associated with severe

mental retardation. The 16p13.3 breakpoint of this translocation was charactenzed

(Chapter 5) which failed to identify any transcript at the breakpoint. However,

there are cases where translocation breakpoints map outside the putative disease

genes (Kleinjan and Heyningen, 1998). Chromosomal rearrangements frequently

lead to alteration of the gene's environment and this may be reflected in a change

in the expected level of expression, referred to as a position effect (Milot et al.,

1996). The chromosome 1 breaþoint of the t(1;16) was shown to be within the

pericentromeric heterochromatin (section, 5.3.2). It was possible that the

transcription of the gene Cl6o(5 (Chapter 3), which is the closest identified gene

distal to the I6pI3.3 breakpoint of the t(1;16), was altered due to the position

effect of the adjacent translocated chromosome t heterochromatin. Examples

demonstrating the silencing or altered expression of a gene and its proximity to a

heterochromatic compartment are reviewed in Milot et a1., (1996) and Cockell and

Gasser, (1999).

Because CI6orJ5 is the closest gene to the breakpoint, and has an abundant brain

specific expression, this was considered an excellent candidate for involvement in

non specific-MR. The hypothesis is that there is a position effect of the adjacent

translocated chromosome t heterochromatin on the expression of the CI6orl5

gene. Therefore, the expression of the Cl6orJ5 gene was compared between

normal diploid tissue and tissue with translocation by semi-quantitative RT-PCR

analysis (Bercovich et a1., 1999). Further, to demonstrate any possible role of
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CI6orJ5 gene in mental retardation, the open reading frame of this gene was

screened for mutations in 100 female patients with non-specific MR.

Subsequent to this work being completed a database search performed on

November 11, 2000 using the BAC 3l5cl2 DNA sequence revealed that the 5'

UTR of the novel protein A2BP1 was contained in the BAC 375G12. This protein

was recently isolated by yeast two-hybrid screening using an ataxin-Z C-terminal

as "bait" (PCR amplified 3' cDNA fragment corresponding to a C-terminal

fragment of ataxin-2 subcloned into pBDGal4Cam vector) by Pulst and colleagues

(2000). Ataxin-2 is the gene product of human SCA2 gene that is known to cause

Spinocerebellar ataxia type 2 (Huynh et a1., 1999). A2BP1 is predominantly

expressed in brain and muscle and binds to the C-terminus of ataxin-2 (Shibata et

a1.,2000). Co-localization of A2BP1 and ataxin-2 to the trans-Golgi network and

dentate neurons suggest that the specific binding of A2BP1 to ataxin-2 in brain

may contribute to the restricted pathology of SCA2. The patients with SCA2 often

complaints of muscle cramps, which may be related to ataxin-2 interaction with

A2BP1 (Shibata et al., 2000). The physical mapping data of the breakpoints

generated in the present study together with the A2BP1 cDNA sequence suggests

that both the chromosome I6pI3.3 breakpoints of the t(1;16) and t(14;16) are

located in introns of A2BP1 gene.

This Chapter presents the expression and mutation studies of the CI6orJ5 gene

and the physical mapping data of A2BPI with respect to the I6pI3.3 breaþoints

of the t(l;16) and t(14;16).
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7.2 Methods

The methods specific for this Chapter are presented. Other general techniques

used in this study are presented in Chapter 2.

7.2.1 Isolation of tutul RNA

An established lymphoblastoid cell line (MI-APY) in the Department of

Cytogenetics and Molecular Genetics, 'WCH, Adelaide from the patient with

t(1;16) was used for the isolation of total RNA to perform semi-quantitative RT-

PCR analysis of CL6orJ5 gene in this patient. RNA was also isolated from another

established lymphoblastoid cell line (SKB) from an individual with a normal

karyotype to be used as control in RT-PCR experiments. RNA was isolated by

using either Trizol reagent method or RNeasy Midi Kit (Qiagen) columns. Both

the procedures were carried out under RNAase free conditions. The solutions used

were incubated in DEPC (0.27o, v/v) with constant shaking at room temperature.

Subsequently the solutions were autoclaved. Filtered Gilson pipette tips were used

and the Gilson pipettes were cleaned with RNaseZAP (Ambion) prior to use in

isolation of RNA. Gloves were worn throughout the procedure. Isolated RNA was

stored at-:70oC.

7.2.1.1 Total RNA isolation using Trizol reagent

Total RNA using Trizol reagent was isolated using a method based on that of

Chomczynski and Sacchi (1937). 1X107 cells obtained from cell cultures were

used as a starting material for total RNA isolation. The cells were washed in PBS

and spun down at I,200 rpm for 10 minutes. The cells were then resuspended in 1

ml of Tnzol by brief vortexing. One-tenth of the volume of chloroforrn was

added. Sample was vortexed briefly for 25 seconds and then placed on ice for 10
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minutes. The sample was then spun at 12,000 for 15 minutes at4oC. The aqueous

phase was then collected in a fresh tube. To this, an equal volume of isopropanol

was added and the sample was incubated on ice for 15 minutes followed by a

centrifugation at 4oC for 15 minutes. The supernatant was discarded and the pellet

was washed by adding at least 1 ml of 157o ethanol per 0.75 rnl of Trizol reagent

used for the initial homogenization. The contents in the tube were mixed by gently

tapping the tube with finger and centrifuged at 7,500 rpm for 2-5 minutes at 4oC.

The supernatant was removed and the RNA pellet was briefly air-dried for 10-15

minutes. The RNA pellet was resuspended in 50 pl of DEPC-treated water by

passing the suspension a few times through the pipette tip to ensure complete

resuspension of the RNA pellet.

The resuspended RNA was reprecipitated by adding one-twentieth the volume of

4 M NaCl and 2 volumes of IOOTo ethanol. This second precipitation was

recommended for RNA to be used in PCR and enzymatic reactions. The reaction

was incubated at -20oC for one hour followed by a centrifugation at 7,500 rpm for

15 minutes at 4"C. The RNA pellet was washed again with757o ethanol, air-dried

for 20 minutes and resuspended in DEPC treated-water. This was then followed

by the quantitation of diluted (1:100 in DEPC water) RNA using

spectrophotometry (section, 2.3.L6). The concentration of RNA sample was

determined by measuring the absorbance at 260nm (Azoo). In case of RNA the

relevant conversion factor is 40, which gives a concentration in ¡r,g/ml. The RNA

concentration was calculated using the following formulae.

RNA yield in þglrrl = OD reading X Dilution factor (100) X Conversion factor

(40) X (Total volume of RNA sample prepared)/1000.
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An aliquot of the purified RNA (3 to 4 pl) prepared was then subjected to agarose

gel (0.87o) electrophoresis in order to determine its integrity and size distribution.

Isolated RNA was stored at -70oC.

7.2.1.2 Total RNA isolation using RNeasy Midi Kit (Qiagen)

Total RNA using RNeasy Midi Kit was performed as per the protocol described in

RNeasy Midi handbook catalogue number, 75142. The amount of starting

material recommended was 3-4XI01 ceils for high and pure RNA yield with

RNeasy Midi Qiagen columns (Qiagen, Hilden, Germany). Cells obtained from

cell cultures were washed in PBS and spun down at I,200 rpm for 10 minutes.

The cell pellet was loosen by gently flicking the tube with finger. This was done

to allow complete cell lysis for maximum RNA yield. For cell numbers less than

3X107, 1.9 ml of kit supplied RLT buffer (10 ¡rl of 14.5 M B-Nß was added per 1

ml of buffer RLT prior to use) was added to the cells. The sample was then briefly

vortexed (10 seconds) and homogenized by passing it 5-10 times through first a

2I gauge needle and then a 18 gauge needle fitted to an RNase free syringe. This

allowed complete homogenization of the cell lysate. Incomplete homogenization

witl lead to significant reduced yields and can cause clogging of the RNeasy midi

spin column.

To the homogenized lysate was added 3.8 ml (approximately one volume of the

lysate) of 7O7o ethanol. The sample was then mixed by brief vortexing. The

sample was then applied to RNeasy midi spin column fitted with a 15 ml

centrifuge tube (kit supplied) and the tube was closed gently. This was followed

by centrifugation for 10 minutes at 3,000 rpm, to allow the lysate to completely

pass through the column. The flow-through was discarded and the centrifugation
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tube was reused in successive steps till the sample was ready for the RNA elution

step. To the column was then added 3.8 fnl of buffer RWl (kit supplied), the

centrifugation tube was closed gently and spun at 5 minutes to wash the column.

The flow-through was discarded again and2.5 ml of the buffer RPE (kit supplied)

was added to the column and the column was spun for 2 minutes at 3,000 rpm

(prior to the use of buffer RPE 4 volumes of I007o ethanol was added to obtain

the working concentration). This step was repeated again to dry the spin column

membrane because any traces of residual ethanol may interfere with subsequent

reactions

The RNeasy midi spin column was then transferred to a new 15 rnt collection tube

(kit supplied) and total RNA was eluted by adding 150 pl of (kit supplied) RNase-

free water. The column was incubated for 1 minute at room temperature and then

was spun for 3 minutes to elute total RNA. The elution step was repeated for

maximum RNA recovery. The concentration, integrity and size distribution of the

total RNA sample prepared was determined as described in section 7.2.L.1.

Isolated RNA was stored at-70oC.

7.2.2 RT-PCR nnalysis

RT-PCR analysis was performed as described in section 2.3.8 to determine the

expression of CL6o(5 gene in lymphoblastoid cells using the gene specific (GSP)

primers. The primer pair GSP#I was derived from WI-16589 EST (Chapter 3,

section 3.3.2). The forward and reverse sequences for WI-16589 primer pair are

provided in Table 3.1. The forward and reverse sequences for primer pair GSP#2

are as follows: forward primer 5' GGT CTC ACA CCC TCA GTG CT 3' and
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reverse primer 5' ACT GAC CAA GAC TGC CAC CT 3'. These primers

amplified a430 bp product.

7.2.3 Semi quuntitutive RT-PCR analysís

RNA was prepared as described in section 7.2.1. 1 pg of the total RNA was

reverse transcribed for first-strand cDNA synthesis followed by standard PCR

using reagents from Gibco-BRL (Life Technologies, Gaithersburg, USA, see

section, 2.3.5). Standard PCR using 1/10 of the first strand cDNA was performed

in a final volume of 2O pl with 0.5 units of Taq DNA polymerase (Gibco-BRL,

Life Technologies, Gaithersburg, USA). Initially the PCR was performed at 20,

25,30 and 35 numbers of PCR cycles using the identical quantities of the patient

and control (normal lymphoblastoid cell line, SKB, section 7.2.1) template DNA

and 150 núttl of the control (esterase D) and GSP primer pairs. This was done to

determine the minimum number of PCR cycles needed to visualize the RT-PCR

products on agarose gel. A minimum of thirty PCR cycles were initially chosen

for subsequent RT-PCR experiments. For quantitative PCR amplification

reactions, internal standards, in which the sample and the internal control are

amplified in the same tube (duplex amplification reaction, DA), are preferred

(Bercovich et al., 1999). The internal standard approach eliminates the differences

in the reaction conditions and ensures reliable internal controls. Therefore, having

standardized the number of PCR cycles using external control (single band

amplification reaction, SBA), the different concentrations of gene specific and

control primer pairs required to have a relative amplification of the control and

target products in a DA reaction was then calculated. The concentration of the

primer pairs was varied until there was a relatively similar amplification of the

esterase D and CL6orJ5 PCR products. The amount of primers used for esterase D
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and Cl6orJ5 in duplex amplification were 15 ng and 250 ng respectively. Finally,

the effects of increasing number of cycles on the PCR amplification of the

CI6orJ5 and the esterase D PCR products in the patient with t(l;16) and a normal

control was also studied. The RT-PCR products were analyzed on I.5Vo aflarose

gels with 0.5 ug of ethidium bromide staining in 1 X TBE. Quantitative analysis

was performed using the NIH Image 1.54 software (the/pub/nih-image directory)

to calculate the arbitrary units of the signal intensity of the respective RT-PCR

amplified products.

The following gene specific primers were used in the RT-PCR experiments: Exon

1- Forward primer, 5'-GAAGCAGCGAAGATGTCCAGC-3', Reverse primer,

5'-GGAGTGGCATGCCTGGAG-3'; Exon 2- Forward primer 5'-

CTCCAGGCATGCCACTGC-3', Reverse primer, 5'

GGAGGGTAGAAACCCGGAGG-3'. The primers used for RT-PCR analysis

were designed as described in section 2.3.5.1. The sequences for the esterase D

(positive control) forward and reverse primers used are presented in section 2.3.8.

7.2.4 Mutation detection

For mutation screening of the coding regions of the CIorJS gene, genomic DNA

from 100 female patients diagnosed with non-specific mental retardation was

submitted to PCR amplification. These samples were kindly provided by Dr. Agi

K. Gedeon, Department of Cytogenetics, 'WCH, Adelaide. Primers were designed

flanking each exon at -50-80 bp distal and proximal in the introns as described in

section 2.3.5.1. The primers used for mutation detection analysis were synthesized

with the FIEX fluorescent label. Subsequently, SSCP analysis was performed by

Joanna Crawford (Department of Cytogenetics, WCH, Adelaide). Briefly, PCR
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amplification was carried out with initial denaturation for 5 minutes at 95oC,

followed by amplifications for 10 cycles under the following conditions: 94oC for

1minute,60oC for 1.5 minute, thenT2oC for 1.5 minute. This was then followed

by25 cycles of 90oC, for l minute,55oC for 1.5 minute andT2oC for 1.5 minute,

with a final extension at 72oC for a further 10 minute. The completed PCR

reaction was then diluted 1 in 3 with formamide loading dye, denatured at 94oC

for 2 minute, placed on ice prior to loading 1 ¡,r,1 of the final volume onto a 4.57o

non denaturing polyacrylamide gel. SSCP analysis was performed on the GEL-

SCAN 2OO real time gel system (Corbett Research, Australia). The bands showing

altered mobility were then reamplified and sequenced using the original PCR

primers (minus IÌEX) by the candidate.

7.3 Results

7.3.1 Cl6orþ expression in affected mule with non-specific MR

The chromosome 1 breaþoint of the t(1;16) was shown to be within the

pericentromeric heterochromatin (section, 5.3.2).It was possible that the Cl6orJ5

expression pattern was decreased due to a position effect of the adjacent

translocated chromosome t heterochromatin. In view of this hypothesis, semi-

quantitative RT-PCR analysis involving Cl6orJ5 was performed to study its

expression in the patient with t(l;16) as compared to a normal individual.

7.3.1.1 RT-PCR analysis of CL6orf5 using RNA from lymphoblastoid cells

In order to study the expression pattern of the CI6o(5 gene in the patient as

compared to a normal individual, RNA was extracted from the established

lymphoblastoid cell lines of the patient and an individual with a normal karyotype

(section 7.2.1).
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Initially, RT-PCR analysis was performed using the Cl6orJ5 gene specific primer

pairs (sectionT .2.2) and RNA from lymphoblastoid cells to ensure that the gene is

expressed in these cells. The RT-PCR results showed that CI6orJ5 gene was

expressed in lymphoblastoid cells (Figure 7.1). Esterase D primers (section 2.3.8)

were used as a positive control in the experiment.

7.3.1.2 Semi-quantitative RT-PCR analysis of Cl6o4f5 gene

The C16orf5 gene was the closest identified gene to the 16p13.3 breaþoint of the

t(1;16) and was highly expressed in brain. Therefore, it was targeted for

quantitative RT-PCR analysis to study its expression in the patient as compared to

the normal individual. An example of the RT-PCR analysis with exon 1 and

esterase D primers in duplex amplification is shown in Figure 7.2 A. The results

shown in Figure L2 A were further confirmed by performing the same experiment

at different number of PCR cycles (Figure 7 .28). An example of the gene specific

and esterase D RT-PCR products from a normal control and the patient scanned

using NIH Image 1.54 software is depicted in Figure 7.2 C. The arbitrary relative

values obtained for the signal intensity of the esterase D and CI6o(5 RT-PCR

products from the agarose gel shown in Figure 7.28 are depicted in Table 7.1.

The arbitrary relative values obtained for the signal intensity of the respective

products suggested that the expression of Cl6orJ5 was reduced by average of I47o

in the lymphoblastoid cell line from the patient compared to the normal control

cell line. This was less than 507o reduction expected from the position effect.

However, it was not possible to study the expression of CI6orJ5 in the appropriate

tissue (brain) due to the unavailability of RNA samples. It is possible that the

observed level of reduced expression of this brain specific transcript in the patient

is a consequence of normal human variation.
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Table 7.1 Quantitation of the results shown in Figure 7.28. This Table depicts

the arbitrary relative values obtained for the signal intensity of the esterase D and

Cl6orJ5 RT-PCR products amplified from the template DNA of the normal

control and patient with t(l;16) using NIH Image 1.54 software.

Arbitrary relative value for esterase D expression in the normal lymphoblastoid

cell line was taken tobe l0l%o

7.3.2 Mutation unalysis involving C16orf5 gene

Mutation analysis was carried out to further investigate the possible role of

Cl6orJ5 gene in non-specific mental retardation in the human population.

7.3.2.1 Intron exon boundary organization of C16orl5 gene

The partial genomic structure of the gene was determined (section, 3.3.5), which

identified at least four tentative exonic boundaries for the CI6orJ5 gene.

However, the sequences of the introns were not known at this stage. Latet,DNA

sequence database searches performed on May 11,2000 with C16orl5 cDNA

sequence (Figure 3.4) identified the working draft sequence of the BAC 35P16

(RPCI-ll, BAC library) that was available in GenBank under the accession

number, 4C007606 as two ordered pieces.
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Identification of the BAC 35P16 spanning the CI6o(5 gene enabled the

determination of the intron--exon organization and sequence of the boundaries of

the Cl6orJ5 gene (Figure 7 .3, Table 7.2). The introrVexon splice sites junctions

conform to the aglgtrule (Shapiro and Senapathy, 1987). This allowed the design

of primers flanking each exon at -50-80 bp distal and proximal to the coding

sequence to search for mutations in the open reading frame of the Cl6orft gene.

Table 7.2Bxon-Intron boundaries of CI6orJ5 gene.

The splice sites junction sequence conforms to the aglgt rule (Shapiro and

Senapathy, 1987)

7.3.2.2 Mutation analysis

DNA from 100 female patients diagnosed with non-specific mental retardation

was used for the mutation screening of the coding regions of the CIorJ5 gene. The

primers used for mutation detection are shown in Table 7.3. 
^ 

single nucleotide

polymorphism was detected in three patients in exon 4 of the Cl6orJ5 gene at

nucleotide position 983 of the Cl6orJ5 cDNA sequence (Accession number,

4F131218, Figure 3.4). This resulted in a substitution of the nucleotide (C->T), in

Exon
#

Acceptor site Donar site
Exon size

(bp)

Intron
size

ftp)

5'UTR CGGATTT G ÃG / gtaagaaatc 28t 430

1 cc atgtccag/GAGAAGCAGC CCCACCC C ÃG I gtagggggtc
99

194

2 ctctgtc c agl GCCGTTC CTC ATGCCTCCGG/gtgagtgggg
156

63r

J gccattcca{GTTTCTACCC GCTTCATGGG/gtaggtggtg 274
107

4 tctgattcagl AT GTGATCTG GAGCCGCTGA*/3'UTR 269TGL*

3'UTR

(16s4)

aataaa
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the third position of a codon (TGC) for the cysteine residue. This does not result

in an amino acid change. Another nucleotide substitution was observed in the

third patient in the flanking intronic sequence of exon 4 (C->T), 23 bp distal to the

coding sequence. No mutations were detected in the coding sequence of the

CI6orJ5 gene that changed the aminoacid sequence in any of the samples

examined. It was concluded that mutation in the Cl6orJ5 gene is unlikely to be a

cause of sporadic cases of mental retardation.

Table 7.3 Primers used to amplify the coding regions of CI6orJ5 for mutation

detection.

Each primer set was prefixed'with "kav

7.3.3 ldentification of A2BPI gene (ataxin-2 binding protein 1).

A recent search (dated: November 11, 2000) of the sequence databases using the

BLAST algorithm with the sequence of BAC 375GI2, which is distal to the

l6pL3.3 breakpoint of the t(1;16) (Figure 5.10), detected the 5' UTR of the novel

protein A2BP1 (ataxin-2 binding protein 1). The A2BP1 cDNA sequence (2279

bp) became available in the GenBank on November 2,2000 under the accession

number NM 018723.
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Primer
name

Forward primer (5'-3') Reverse primer (5'-3t)
PCR

product
size (bp)

Exon#1/

FIR
TGGGCATCACCACTTAGAGA CCACAGGGCTGAAGGAGA 247

Exon#21

F/R
CAGACAGCAGCCAGGAGTTC TCTGTGTCCCAAAACAGTGG 294

Exon#31

F/R
CAGAGGCAGCCAGTTGACC CGCCAATCTCTTTGTCTGGT 403

Exon#41

F/R
CACTGACCCTTGGCCTTAAA GGTCAACTGGCTGCCTCTG 384
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7.3.3.1 Physical mapping of A2BP1 with respect to 16p13.3 breakpoints of

the t(l;16) and t(14;L6)

The oDNA sequence of A2BP1 (2279 bp, accession number NM-018723) was

used to detect homologous sequences in the non-redundant and htgs databases of

NCBI. These sequence analyses identified seven BAC clones (375GI2, 16784,

185J20, 545E8, 192KI8,2357PI4, 2603) with matches to exons of the A2BP1

sequence. These BACs had all been previously mapped in the vicinity of the

t(1;16) and t(I4;I6) chromosome 16 breaþoints @igures 5.10 and 6.10). The

BAC 167B4 (RPCI-1l), which is not shown in the Figures 5.10 and 6.10 was

subsequently mapped in the region by PCR analysis of DNA markers DI653232

(WI-4274), D16S3128 and T53018 (Figure 4.1). The marker D16S3232 (\ryI-

4274) is contained within the BAC 167B,4. Pulsed-field gel electrophoresis of

restricted DNA using the enzymes Noil and EagI estimated the size of the BAC

16784 to be 174 kb.

The comparisons of A2BP1 cDNA sequence with the genomic sequences of the

above BACs allowed the determination of 16 exons and the relevant exon/intron

boundaries, Table 7.4. A2BP1 spans at least 1.6 Mb of the genomic DNA and the

chromosome l6pl3.3 breakpoints of the t(l;16) andt(I4;I6) are located in introns

1 and 3 respectively of the A2BP1 gene. The positions of the 16 A2BPI exons

with respect to the BACs 375GI2, 16784, 185J20,545E8, I92KI8, 2357P14,

2603 and the I6p73.3 breakpoints of the t(1;16) and t(14;16) are shown in Figure

1.4.
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Exon # Acceptor site Donar site Exon size

1 5'UTR GGGAGTTCTAG/gtaa gtccag 860

2 tcttcttta g/GAAACTGGTC TCAGCATTCNgtaagtgcaa 62

J ctc ttctcag/GATATCAAAG A GA CAGA A ÃG / gtgagtc aat 48

4 ttctttctag/GTTTCAAGAC GCAGCTAAGG/gtaggtgc ac 42

5 gatttttcaglGGTAATCAGG CACCGCCACNgtaagtggac 243

6 gttcttttag/CAGACAGATG AAATGTTTGGT/gtaa gtatca t43

7 ttctttgc agl CAATTT G GTA AGGCTCA A ÃG / gtaagcaact 54

I ctgc atgcagl GGATTT GGTT TAAAAT C G AG / gtgc atgttc 93

9 atgtac atagl GTAAATAATG TATACAA AT G I gtaagtagag 6I

10 ttgttttaagl GCT G GAAATT TT CTAT G C ÃG I gtac agagtt 54

11 tctttc gtagl GCAC GGT CCT ACTTCTGCAA/gtaagcccac 81

l2 tgcccc gcaglTGCCAGGCTT C CTACGG CG G I gtaagtgggg t33

l3 ac c cttgc agl TGTTGTTTAC AGACATTT AT I gtaagtattc 40

L4 tgtgttttag GGTGGTTATG ACAGT GA C AG I gtaagggtc a 65

15 ttcctttcag/TTACGGACGA TG GT GC C AT G / gtgagtac aa 76

t6 tttgtttcag/AATGCTTTTG 3'UTR 20r

Table 7.4 Exon-Intron boundaries of A2BP1 gene.

The splice sites junction sequence conforms to the aglgt rule (Shapiro and

Senapathy, 1981)

7.4 Discussion.

Because the chromosome 1 breakpoint of the t(1;16) was shown to be within the

pericentromeric heterochromatin (Figure 5.1 A), it was hypothesized that the

phenotype observed in the patient might be a result of a position effect on the

expression of the CI6orJ5 gene due to the adjacent translocated chromosome 1

heterochromatin. The C16orf5 gene was a potential candidate because at this time

it was the closest identified gene to the 16p13.3 breakpoint of the t(l;16) and was

highly expressed in brain. Therefore, semi-quantitative RT-PCR analysis of
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C16orf5 gene was performed to study its expression in the patient as compared to

the normal individual using the lymphoblastoid RNA. Semi-quantitative RT-PCR

analysis showed that the expression of Cl6orJ5 was reduced in a lymphoblastoid

cell line from the patient compared to a normal cell line. However, it was not

possible to further study the expression of CI6orJ5 in the appropriate tissue

(brain) due to the unavailability of RNA samples. It is possible that the reduced

expression of this brain specific transcript in the patient is a consequence of

normal human variation.

Therefore to further evaluate the role of Cl6orJ5 gene in mental retardation

mutation analysis of this gene was carried out. Identification of BAC 35P16

containing the Cl6orJ5 cDNA sequence allowed the determination of sequence of

the intron/exon boundaries. This enabled the design of primers flanking each exon

at -50-80 bp drstal and proximal to the coding sequence. These primers were used

to search for mutations in the open reading frame of Cl6orJ5 gene by SSCP in

100 female patients with non-specific mental retardation. However, no coding

mutations that altered the protein sequence were seen. This suggests that CL6o(5

gene is unlikely to be involved in mental retardation.

Subsequent to this work being completed, the gene A2BP1 was identified by

sequence homology to the sequence of BAC 375G12, which was located distal to

the 16p13.3 breaþoint of the t(1;16). A2BP1 is highly expressed in brain and

muscle and binds to the C-terminus of al'axin-2 (Shibata et al., 2000)' An

expansion of a polyglutamine tract in ataxin-2 is known to be responsible for

spinocerebellar ataxia type 2 (Huynh et al., L999).It is suggested that binding of

A2BP1 to ataxin-2 may be involved in the cell type-specific neuronal death seen
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in SCA2. The exact role of the ataxin-2lAZBPI protein complex is not resolved.

However, it is suggested that if RNA binding domains in both proteins are

functional, ataxin-2lÃ2BP1 complex may have a role in RNA transport in neurons

(Shibata et al., 2000).

Nucleotide database searches using the cDNA sequence of A2BP1 identified

homologies to the BAC clones 375GI2, 16784, 185J20, 545E8, l92KI8,

2357PI4 and2603. These were used for the cloning of the 16p13.3 translocation

breakpoints of the t(l;16) and t(14;16) confirming the location of this gene. The

comparison of the A2BP1 cDNA sequence with the genomic sequences for these

BACs showed that the chromosome 16p13.3 breakpoints of the t(1;16) and

t(I4;16) reside within introns of the A2BP1 gene. The established physical map of

the breakpoints region, together with the cDNA sequence of A2BP1, suggest that

A2BP1 gene consists of 16 exons and spans at least 1.6 Mb (Figure 7.4) of the

genomic DNA.

Because A2BP1 is predominantly expressed in brain and muscle tissues, ataxtn-

2lA2BPI complex might have a role to play in RNA transport in neurons, and the

A2BPI transcript is directly disrupted by the I6pI3.3 breakpoints of both de novo

chromosomal rearrangements, it is highly probable that A2BP1 is involved in the

clinical phenotypes of the two patients. Identification of this disrupted gene

provided a candidate for further mutation and expression analyses (currently

underway in the Department of Cytogenetics and Molecular Genetics, WCH,

Adelaide) in other affected patients to assess the involvement of A2BP1 in

sporadic autosomal mental retardation and/or epilepsy.
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Mental retardation andlor epilepsy account for a majority of childhood

neurological disorders. A major priority of neuroscience research today is the

identification of genes related to brain disorders. Identification of families with

mentally retarded males has led to the mapping and cloning of a number of X-

linked genes for mental retardation. However, the etiologies of most non-specific

autosomal MR cases are unknown. The identification of equivalent genes on

autosomes is more problematical because autosomal recessive genes related to

such disorders are unlikely to be identified except in specialised circumstances

(example, defined populations with founder effects, families with inbreeding).

Autosomal dominant forms may also be difficult to genetically map due to the

likely presence of genetic heterogeneity if the phenotype is relatively non-

specific. In addition, individual pedigrees are unlikely to be large when affected

individuals have a relatively severe phenotype.

There are several published reports in which individuals with balanced de novo

translocations involving auotsomes have had MR of varying degrees, however, no

autosomal gene for a non-specific form of mental retardation has yet been

identified. Another approach being practiced is to identify families associated

with nonspecific mental retardation and map the gene by linkage analysis. There

is only a single published report suggesting the localisation of a gene for

autosomal NSMR to 3p25-pter (Higgins et al., 2000). At this time, the gene

responsible for NSMR in this family has not yet been identified. Mutations in

some ion channel genes (refer, section L8.2.2) are now shown to be causes of

epilepsy, but due to genetic heterogeneity the molecular mechanisms involved in

the clinical phenotypes are not completely understood. Hence, to better

understand the genetics underlying mental retardation and epileptic seizures, it is
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necessary to identify more disease genes associated with the functions of brain by

exploiting any opportunity to clone such genes.

Linkage analysis has been successful in mapping various gene loci for MR and

epilepsy. But this technique requires a single large family to accurately map the

disease-related gene, which is not always possible. A possible alternative is the

positional cloning of chromosomal rearrangements associated with clinical

phenotypes (Villard et a1., 1999). However, the occurrence of such cases is very

rare, and therefore when identified, it is important to explore them for the

identification of disease genes. Two such patients were reported at the Department

of Cytogenetics, WCH, Adelaide, with balanced de novo translocations t(1:16)

and t(L4;16) associated with mental retardation and epilepsy respectively. The

mouse/human somatic cell hybrids isolated from the cell lines of these two

patients containing the der(16)t(1;16) and the der(16[14;16) were designated as

CY196 (Callen et al., 1990b) and CYl82 (Callen et al., 1995) respectively. These

two chromosome 16 breakpoints were included in the chromosome 16 somatic

cell hybrid panel that was used to physically map chromosome 16 in detail with

an average resolution of l-Mb (Callen et al., 1992, 1995). The translocation

breakpoints in the two patients were localised in close proximity on chromosome

16 at 16p13.3 (Callen, 1995). It was hypothesised that mental retardation and

epilepsy in two patients with de novo balanced translocations is due to a common

gene defect at or near the 16p13.3-translocation breakpoints. These two

translocation cases provided a unique opportunity to clone the gene related to

brain function in the two patients. Studies involving patients with translocations

associated with a particular disease has earlier led to the cloning of genes like NF-
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1 (neurofibromatosis-1) (I-edbetter et al., 1989), and Duchenne muscular

dystrophy (Koenig et a1., 1981)

In the current study, the positional cloning strategy was chosen as an approach to

identify the disease gene responsible for the phenotype observed in the two

patients. The major aims of the study were to clone the 16p13.3 translocation

breaþoints of the t(1;16) and t(14;16) using BAC/PAC clones, subsequently

sequence the genomic insert of interest and then analyse the sequence data for the

presence ESTs and genes using publicly available sequence comparison tools such

as BLAST (Altschul et al., 1990, 1994) and FASTA (Wilbur and Lipman, 1983)

at NCBI to identify if there was any gene disrupted at the breakpoints. This was

chosen as the method of choice because by the time the present project was started

tn 1997, the identification of human genes was revolutionised by the advent of

large-scale cDNA sequencing (Brenner, 1990) and generation of ESTs (Adams et

al., I99I) as a part of the HGP. By 1995, the number of the ESTs in the

GeneBank was increased by thousands and a human gene catalogue was created.

Adams et al., (1995) assembled 118,406 ESTs, present at that time in dbEST, into

29,599 distinct assemblies (contigs), which were notated as THCs. At NCBI,

ESTs representing single gene were also assembled in cluster in the UniGene

database (Schuler et a1., 1996). The version of the human gene map published in

1998 by Bentley and colleagues reported the identification and localisation of

18,703 UniGene clusters. The EST strategy allowed rapid identification of

expressed genes by sequence analysis, which transformed the previous tedious

laboratory based methodology such as direct cDNA selection and exon trapping

into a largely in silico based approach. The most recent developing approach for

gene identification is cDNA microarray technology or DNA chip technology,
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which allows expression monitoring of hundreds and thousands of genes

simultaneously, and provides a format to identify genes as well as changes in their

activity (Heller et al., 1997). The ultimate goal of this technology is to develop

¿uïays that contain every gene in the human genome against which mRNA

expression can be assessed. However, this technology has only been recently

developed and was not available in the Department during the course of the

present study and therefore was not used in this thesis. The efforts of HGP and

Celera Genomics in sequencing the human genome will ultimately allow the

identification of all human genes. However, until an array with a complete set of

human genes is available, positional cloning approaches will still be required for

the identification of particular disease genes.

At the beginning of the project in 1997, there was not a DNA marker or clone

mapping within the hybrid interval defined by the CY196 andCYIS2 breaþoints.

Therefore, it was necessary to prepare a detailed physical map of this region at

16p13.3. This preliminary mapping identified a novel proline rich gene CI6orJ5,

highly expressed in the brain (Chapter3). To localize this gene in more detail it

was necessary to generate a detailed physical map of the region. A long-range

YAC restriction map of the breakpoints region was prepared using YAC 76IC2

and the BACs 3l5GI2,3I5L9 and 118C2 (Chapter 4). YAC maps have made

important contributions to the identification of many candidate disease genes

including Huntington disease (Rommens et al., 1993) and the OATL1 (ornithine -

ô-aminotransferase) gene associated with retinal disorders (Geraghty et al., 1993).

However, the long-range YAC restriction map of the breakpoints region revealed

that CI6orJ5 gene was in fact distal to the 16p13.3 breakpoint of the t(1;16) and

was not disrupted by either of breakpoints at 16pL3.3. This map also separated the
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two translocation breakpoints of the t(l;16) and t(14;16) by at least a distance of

758 kb, making it less likely that the same gene was involved in the observed

phenotypes of the two patients. Therefore, to further refine the two-translocation

breaþoints and in order to identify if any transcript is directly disrupted by these

I6pl3.3 breakpoints, a BAC/PAC contig was constructed (Chapters 5 and 6).

The search for the gene responsible for the observed phenotype in the patient with

t(l;16) was focussed on chromosome 16 because the chromosome 1 breakpoint

was shown to be within lq heterochromatin. The YAC restriction map of the

breakpoints region at I6pl3.3 (Chapter 4) narrowed the 16p13.3 breakpoint of the

t(l;16) to the 296 kb gap between the BACs 3l5Gl2 and 315L9. BAC 375G12

sequence identified an overlapping BAC 578P2I that was positioned in the 296kb

gap. This clone was found to span the 16p13.3 breakpoint by FISH. The sequence

of this clone was not available in the GenBank at that time and the insert size as

estimated by PFGE was l4l kb. Due to budgetary restraints it was necessary to

identify a smaller DNA clone, which could be more economically sequenced.

Additional clones were identified by screening high-density filters of genomic

PAC clones. From this effort the PAC 97811 was found to span the 16p13.3

breakpoint of the t(1;16) from FISH and PCR analysis. DNA of this spanning

PAC was sequenced with 1.5X coverage to allow the possible identification of a

transcript, which was disrupted at the breakpoint. Analysis of this PAC sequence

using the dbEST database at NCBI indicated that the region surrounding the

breakpoint is repetitive with very few matches to expressed sequences (ESTs).

These ESTs and exons that were identified were generally present as singletons,

did not contain poly A signals, and were contiguous with genomic sequence.

Based on this information it was unlikely that these ESTs were derived from a
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genuine transcript. Furthermore, expression studies with some of these ESTs

matches also failed to identify evidence of an expressed transcript. The PAC

978II sequence was also analysed for the presence of exons using NIX program.

NIX is a WWW tool available at UK HGMP Resource Centre to allow the results

of many analysis programs to be identified simultaneously. The analysis programs

run includes GRAIL, Fex, Hexon, lvIZEF, Genemark, Genefinder, Fgene,

BLAST, Ployah, RepeatMasker and tRNA scan. There were two regions on the

PAC 97811 sequence, where exons were predicted by four different programs.

However, expression analyses with these computer-predicted exons failed to

identify any evidence of an expressed transcript. Although, there are many useful

computer tools available to identify transcribed or other interesting regions in the

human genome none of these are IOOTo accurate (Claverie, 1997). It was

concluded from these analyses that the chromosomal rearrangement either resides

in a large intron of a causative gene, the observed phenotype was the result of a

position effect of the chromosome t heterochromatin on a nearby gene or the

association of translocation and clinical abnormalities was fortuitous.

The 16p13.3 breaþoint of the t(14;16) was also successfully cloned. This was

facilitated by the increasing availability of human genome sequence in the NCBI

database as a consequence of a rapid pfogless of the HGP. A BAC 545E8 spanned

the 16p13.3 breakpoint of the t(L4;I6) and sequence was available for this clone

in GenBank. In silico analysis identified EST matches that were present as

singletons. On the basis of experience of expression results with such singleton

EST matches for the PAC 97811 sequence it was decided not to proceed with

further studies of these ESTs. Further, FISH results of BAC 545E8 in the patient

with the tQa;I6) suggested that the translocation in this patient was also
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associated with a paracentric inversion with a coincident breaþoint at I6p13.3,

t(1a;16Xp32;pI3.3)invl6(pl3.3pl2.l). This was confirmed by FISH analysis

using a series of BAC/PAC DNA clones mapping proximal and distal to the

16p13.3 breakpoint of the t(14;16). The unexpected three break complex

chromosomal rearrangement complicated the further positional cloning approach.

One hypothesis was that the observed phenotype in the patient with t(l;16) might

be the result of a position effect of the chromosome t heterochromatin.

Juxtaposition of a gene to a region of heterochromatin through chromosomal

re¿uïangements can result in the alteration of gene expression (Karpen, 1994).

Accordingly, expression and mutation analyses (Chapter 7) of the C16orf5 gene,

the closest identified gene to the 16p13.3 breakpoint of this translocation were

carried out. The data generated suggested that it was unlikely that C16orf5 is a

gene frequently involved in sporadic mental retardation. However, the Cl6orJ5

gene itself is of interest because of the unusually high content of proline residues

(407o over 104 residues) at the N-terminus of the protein and 14 cysteine residues

at the C-terminus of the protein. The predicted nuclear localization and abundant

brain specific expression suggest that Cl6orJ5 is likely to have an important role

in the development and function of neuronal cells.

During the final stages of this project a gene AZBPI was identified and sequenced

(Shibata et al., 2000). Sequence analysis with BAC 375GI2, which was located

distal to the I6pI3.3 breakpoint of the t(1;16), showed homology to the 5'UTR of

this gene. A2BP1 is highly expressed in brain and muscle and binds to the C-

terminus of ataxin-2 (Shibata et a1.,2000), which is the gene product of the human

SCA2 gene that is known to cause Spinocerebellar ataxia type 2 (Huynh et al.,
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1999). Additional analysis involving the A2BP1 cDNA sequence together with

the physical map of the breaþoints region generated in the present study revealed

that the gene spans at least 1.6 Mb of genomic DNA and both the chromosome

16p13.3 breaþoints of the t(1;16) and t(14;16) were found to be located in introns

of this gene. The sequenced regions of the PAC 97811 and the BACs 441K8 and

545E8 that were used for expression analyses reside in introns of the A2BP1 gene.

This result explains the failure of transcript identification by RT-PCR and

Northern analyses in the region. The A2BP1 transcript is directly disrupted by the

I6pI3.3 breakpoints of both de novo chromosomal rearrangements, the gene is

predominantly expressed in brain and muscle tissues, and the ataxin-2/A2BPt

complex might have a role to play in RNA transport in neurons (Shibata et al.,

2000). Therefore, it is highly probable that A2BP1 is involved in the clinical

phenotypes of the two patients. However, it may also be speculated that if any

candidate genes are present at or near the other two autosomal breakpoints

(inversion I6pI2.l and 14p32) of the t(I4;I6), they could contribute to the severe

epilepsy phenotype observed in this patient.

The physical map data presented in the present study refined the order of the

chromosome breakpoints of the hybrids at l6pI3.3 to pter-23H4-CY196-CY197-

CY182-CYI77-CYI98-CY168 from that presented in Callen et al., (1995). This

placed the 16p13.3 breakpoint contained in CY197 (Callen et al., 1990b) between

the 16p13.3 breakpoints of the t(l;16) andt(I4;L6) contained in C196 and CY182

respectively. The CYI97 hybrid was generated in 1990 using the A9 mouse cell

line and a human fibroblast cell line containing the chromosome 16 translocation

46,XY,t(I3;16Xq13.3;p13.3). This cell line was kindly provided by Dr R.J

Desnick, Mount Sinai Medical Centre, New York, USA and originated from a
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chronic villus biopsy at prenatal diagnosis. The translocation was familial and the

phenotype of the patients was reported to be normal. Because the present study

has identified that the A2BP1 gene is disrupted by this translocation, the clinicians

associated with the case have been contacted to review the patients' histories.

Unfortunately, they are lost to follow up. It is also possible that the derivative

chromosome 16 in the hybrid cell line CYI97 has undergone culture-induced

deletion. This supposes that the original l6pl3.3 breakpoint of the t(13;16) is

distal to the chromosome breakpoint in CY196 but subsequently has undergone

reaffangement in the somatic cell hybrid resulting in loss of a region of 16p13.3.

Work is in progress to determine the integrity of the chromosome 16 in this cell

line in the Department of Cytogenetics and Molecular Genetics, WCH, Adelaide.

The current study enabled to determine that the A2BPI gene was disrupted by the

two translocations, t(1;16) aîd t(I4;I6). These translocations were de novo and

the carrier patients had either severe intellectual retardation or severe seizures.

The original hypothesis, that mental retardation and epilepsy in these two patients

is the result of disruption of the same gene at 16p13.3 was supported. The

disrupted gene A2BP1 is an excellent candidate since it is predominantly

expressed in brain and muscle tissues. The work presented in this thesis provides

the basis for further work to determine if A2BP1 is involved in sporadic

autosomal mental retardation and/or epilepsy. Such studies are currently

underway in the Department of Cytogenetics and Molecular Genetics, 'WCH,

Adelaide. Identification of the gene related to mental retardation and/or epilepsy

will further help in better understanding of the molecular basis of neuronal

mechanisms underlying these disorders.
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