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Human chromosome 22 is predicted to be gene rich, as well as being 

the location of numerous syndromes including cat eye syndrome (CES). 

CES is a developmental disorder characterized by ocular coloboma, anal 

atresia, preauricular malformations, heart and kidney defects, and 

characteristic facial features. lndividuals with CES typically have a 

supernumerary, isodicentric, and bisatellited chromosome [idic(22)pter- 

q11.21, resulting in four copies of this region. The minimal duplicated region 

is defined as the pericentromeric 2Mb of 22q. 

The purpose of this study was to identify genes within the CES critical 

region (CESCR) using two gene identification techniques, exon trapping and 

genomic sequence analysis. Using these techniques, two putative genes 

were identified. One gene, CES86, shows a muscle specific transcript and 

illustrates an interesting genornic organization. Another gene, CES38, was 

not predicted by genomic sequence analysis, stressing the need for greater 

than one gene identification technique to be employed for any given region. 



Heather McDermid 
Thanks to Heather for being an excellent supervisor and for always 
providing sound judgement and encouragement throughout my 
project. 

Drs. Mike Walter and Dave Pilgrirn 
Thanks to the members of my supervisory cornmittee for providing 
invaluable suggestions. 

Dr. Ali Riazi 
Thank-you Ali, for giving me a piece of your project. 

Ors. Valerie Trichet and Andrew Wong 
Thank-you for providing me with RNA samples and the expertise to 
use them. 

Angela Johnson and Dana Shkolny 
Thanks guys, for teaching me a lot of what I know. 

Dr. Bruce Roe 
Thanks to our collaborator at the University of Oklahoma, who 
provides us with excellent genomic sequence. 

Graham Banting and Dr. Song Hu 
Thanks for al1 the help and troubleshooting with the cornputers ! 

Stephanie Maier 
You're a great friend. thanks for helping to keep me sane. Thanks 
sooooo much for so many things ! 

The McDermid lab (past and present) 
Thanks to everyone for being awesome CO-workers. 

My parents 
Thank-you for raising me with such high standards and always 
encouraging me to reach for al1 my goals. 

My Husband, Jeffrey 
Thank-you sweetie for always being my shoulder to cry on when 
nothing seerned to work. Thank-you for encouraging me, for always 



being there no matter how late I worked, and for still loving a busy 
wife. 



Chapter 1 : Introduction Page 

Hurnan Chromosome 22 

Chromosome 22q is Thought to be Gene-Rich 

Anomalies Associated With Chromosome 22 

Cat Eye Syndrome 

Features 

History ami Etiology of CES 

Other Duplications Associated with CES 

Definition of the Minimal CES Critical Region (CESCR) ...... 9 

Molecular Pathology .................. 12 

Ligand I Receptor or Signal Transduction Molecules .. 13 

Structural Proteins .................. 14 

Transcriptional Regulation .................. 14 

The Human Genome Project .................. 16 

Chromosome 22: Genetic 8 Physical Mapping and Cloning ........ 17 

Cloning of the CESCR .................. 19 

Chromosome 22 Sequencing Consortium .................. 20 

Transcriptional Mapping .................. 20 

Gene Identification Techniques .................. 21 

.................. CpG Island Identification and Cloning 21 

Exon Trapping .................. 23 

cDNA Selection .................. 24 

Comparative Mapping .................. 25 

............. Corn puter Analysis of Genomic Sequence 27 



22q Pericentromere: Rich in Repetitive DNA and Unprocessed ..... 29 

Pseudogenes and Posing a Challenge to Transcript Mapping 

in the CESCR 

Research Objectives ........................ 35 

Chapter 2: Materials and Methods 

Exon Trapping .................. 44 

Preparation of Bacterial or P l  -deriveci Artificial Chromosome 

(BAC or PAC) DNA .................. 44 

Preparation of Plasmid DNA .................. 45 

Southern Blotting and Hybridization of DNA probes .................. 46 

Northern Blots and Hybridization .................. 48 

Cycle Sequencing .................. 49 

Screening Human cDNA Libraries .................. 50 

Polymerase Chain Reaction .................. 51 

Reverse Transcription PCR .................. 52 

Su bcloning .................. 53 

.................. Rapid Amplification of cDNA ends (RACE; 3' and 5') 54 

Database Searching and Genomic Sequence Analysis .............. 55 

Chapter 3: Results 

A) Characterization of Putative Exons Within the CESCR ............ 67 

Exon Amplification .................. 67 

Colony PCR .................. 68 

Sequencing and BLAST Searches .................. 69 
Mapping Within the CESCR .................. 70 



Determination of Loci Nurnber ................... 71 

Screening cDNA Libraries ................... 73 

B) Characterization of Putative Genes in the CESCR .................. 74 

1) Partial Cloning and Characterization of a Putative .......... 74 

Gene. CES86 

Mapping cDNA Clones Within the CESCR ............... 74 

Sequence Analysis of Three cDNAs: Ex86 K l  a. ........ 75 

hEST1 and hEST2 

Expression Analysis of CES86 .................... 77 

5' End Cloning of hESTl .................... 78 

3' End Cloning of hEST1 ................... 79 

Southern Analysis of CES86 ................... 80 

CES86 Polymorphism Can Be Used to Determine .... 82 

Parent of Origin of CES Chromosomes 

Genomic Sequence Analysis of PAC 1431 1 3 ............. 83 

2) Putative Genes Flanking CES86 .................... 84 

A) An Insect-Derived Growth Factor-Like Gene ......... 84 

(IDGFL) 

B) A Phosphatidyl Synthase-Like Gene (PSL) .......... 85 

C) A Putative Single Exon Gene. BTPUTR ............... 86 

D) The Interleukin-17 Receptor Gene ................... 87 

Genomic Sequence Analysis of PAC 1 09L3 ............. 88 

3) Partial Cloning and Characterization of a Putative .......... 89 

Gene. CES38 

... Mapping the Ex 38 cDNA Clone Within the CESCR 89 

Sequence Analysis of the Ex38 QI cDNA ................ 90 

Expression Analysis of the Ex 38 QI cDNA .............. 90 

Southern Analysis of CES38 ................... 91 

........... Genomic Sequence Analysis of PAC 238M15 92 



Chapter 4: Discussion 

Identification of Genes in the CESCR ................... 129 

1) Amplification of Putative Gene fragments ................... 130 

Exon Trapping Summary ................... 130 

Effectiveness of Exon Trapping ................... 131 

......... Other Possible gene Identification Techniques 133 

....... Drawbacks of Exon Trapping Within the CESCR 134 

................... 2) Identification of a Putative Gene. CES86 135 

Future Experiments ................... 139 

. ................... 3) Identification of a Putative Gene CES38 141 

Future Experiments ................... 141 

..... 4) Partial Characterization of a Putative Gene. BTPUTR 143 

............ 5) Partial Characterization of a Putative gene. PSL 144 

................... Developmental Defects in CES. a Molecular Etiology 144 

Future Research ................... 145 

Identification of Genes From the CESCR ................... 145 

.... Further Characterization of CES38 and Other Candidate 145 

Genes 

Conclusions 

References 



Number Title Page 

Figure 1-1 

Figure 1-2 

Figure 1-3 

Figure 1-4 

Figure 1-5 

Figure 1-6 

Figure 2-1 

Figure 2-2 

Figure 2-3 

Figure 3-1 

Figure 3-2 

Figure 3-3 

Figure 3-4 

Figure 3-5 

Figure 3-6 

Figure 3-7 

Figure 3-8 

Figure 3-9 

Figure 3-1 0 

Figure 3-1 1 

Figure 3-12 

Figure 3-1 3 

Figure 3-14 

Figure 3-1 5 

ldeograms of chromosome 22 ......... 36 

A cat eye chromosome ......... 37 

The cat eye syndrome critical reg ion (CESCR) ......... 39 

A partial physical map of the CESCR ......... 40 

The chromosome 22 sequencing consortium ......... 41 

Human-mouse comparative map ......... 42 

Exon trapping system ......... 60 

A detailed fiow chart of Marathon cDNA ......... 62 

amplification protocol 

Genornic sequence analysis flow chart ......... 64 

Colony PCR products ......... 93 

A partial physical map of the CESCR ......... 95 

The Ex86 K I  cDNA ......... 96 

Three Ex 86 cDNAs ......... 98 

The sequence of the Ex86 K l a  cDNA ......... 100 

The sequence of the hESTl cDNA ......... 101 

Expression analysis of CES86 ......... 103 

Further Expression analysis of CES86 ......... 104 

RT-PCR analysis of CES86 ......... 105 

Ex86 partial hybrid panel ......... 106 

CES86 identifies a polymorphic Pst site ......... 107 

Restriction analysis of CES86 genornic reg ion ...... 109 

Deterrnination of parent of origin using CES86 ...... 110 

Annotated sequence of PACI4311 3 ......... 112 

Expression analysis of hEST52444 (PSL) ......... 113 



Figure 3-1 6 Expression analysis of hEST 46414 (BTPUTR) ...... 115 

Figure 3-1 7 Expression analysis of 11-1 7 receptor gene ......... 116 

Figure 3-1 8 Annotated sequence of PAC 1 09L3 ......... 118 

Figure 3-1 9 The Ex 38 Q I  cDNA ......... 119 

Figure 3-20 The sequence of the Ex38 QI cDNA ......... 121 

Figure 3-21 Expression analysis of CES38 ......... 122 

Figure 3-22 CES38 partial hybrid panel ......... 123 

Figure 3-23 Annotated sequence of PAC 238M15 ......... 125 

Figure 4-1 Exon trapping versus genomic sequence analysis .. 149 



Number Title Page 

Table 1-1 Frequency of CES congenital defects .......... 43 

Table 2-7 A list of the cDNA libraries used .......... 65 

Table 2-2 A list of al1 the primers used .......... 66 

Table 3-1 Summary of exon trapping results .......... 126 

.......... Table 3-2 A list of the putative exon sequences and an 127 

interpretation of the BLASTN and TBLASTX 

search results 

......... Table 3-3 A list of the putative exons and the number of 128 

loci they likely represent in the genorne 



ALD: adrenoleukodystrophy gene 

ASD: atrial septal defect 

BAC: bacterial artificial chromosome 

B LAST: basic local alig nment search tool 

BTPUTR: big three prime UTR 

CBP: CREB binding protein 

cen: centromere 

CES: cat eye syndrome 

CESCR: cat eye syndrome critical region 

CHD: congenital heart defect 

CM: centimorgan 

CML: Chronic Myelogenous leukemia 

CMTI A: Charcot-Marie-Tooth disease type 1A 

CTAFS: conotruncal anomaly face syndrome 

dbEST: EST database 

DGS: DiGeorge syndrome 

ES: Ewing sarcoma 

EST: expressed sequence tag 

FISH: florescent in situ hybridization 

GCPS: Grieg cephalopolysyndactyly 

GGT: y-glutamyl transferase gene 

GSP: gene-specific primer 

HGP: human genome project 

HNPP: hereditary neuropathy with liability to pressure palsies 

htgs: hig h throughput genomic sequence 

HUGO: human genorne organization 



IDGFL: insect-derived growth factor-like 

IGKVPB: irnmunoglobulin kappa light-chah pseudogene 

IL-1 7R: interlukin-17 receptor gene 

IRP: island rescue PCR 

kb: kilobase pairs 

KCNMB3L: calcium-activated potassium channel gene three-like 

Mb: megabase 

mya: million years ago 

NF1 : neurofibromatosis type 1 

nr: non redundant 

OMIM: online Mendelian lnheritance in Man 

(http:llwww.ncbi,nlm.nih.govlOmim/) 

ORF: open reading frame 

PAC: P l  artificial chromosome 

PAF: platelet activating factor 

PMP22: peripheral rnyelin protein 22 

PSL: phosphatidyl synthase like 

RACE: rapid amplification of cDNA ends 

RFLP: restriction fragment length polymorphism 

RTK: receptor tyrosine kinase 

RT-PCR: reverse transcription PCR 

RTS: Rubenstein-Taybi syndrome 

STS: sequence tagged site 

TAPVR: total anomalous pulmonary venous return 

tet: telomere 

TOF: Tetrology of fallot 

UTR: untranslated region 

UTS: untranslated sequence 

VCFS: velocardiofacial syndrome 



VSD: ventricular septal defect 

vWF: vonWillebrand factor gene 

YAC: yeast artificial chromosome 



Human Chromosome 22 

Human chromosome 22 is the second smallest autosome with an 

estimated size of 53 Megabases (Mb) 

(http:llwww.sanger.ac.uk/HGPJChr22/) which accounts for approximately 

1.7 to 1.9 % of the total human genome (Buetow et al. 1994; Morton 1991). 

Low resolution G-banding (400 band level) divides the q arrn of 

chromosome 22 into three regions: two G-light bands, q l l  and q13, 

separated by a G-dark band, q12. High resolution G-banding (850 band 

stage) further subdivides the q arm into 10 subbands as shown in Figure 

1-1. Characteristic of the acrocentrics (13, 14, 15, 21, and 22) are relatively 

srnall p-arms that share similar structure and organization. These p-arms 

consist mostly of heterochromatin and repetitive DNA sequences. The 

only known active genes on the acrocentric p - a n s  are the ribosomal 

RNA genes which are located in the secondary constriction, or stalk, at 

22p12 (Schmickel & Knoller 1977; Kaplan et a1.1987). 

Chromosome 22q is Thought to be Gene-Rich 

Chromosome 22 is thought to be gene rich based on its banding 

pattern. G-iight bands are generally early replicating and contain a high 

proportion of unmethylated GC-rich sequences (Cuny et al. 1981 ; Sentis & 

Fernandez-Piqueras 1993). identifying large proportions of euchrornatin, 

while G-dark bands are late replicating and contain a high proportion of 

AT-rich sequences, signifying a heterochrornatic composition. G-iight 

bands also contain the highest density of CpG islands (Bernardi 1995) 

which are short dispersed regions of unmethylated DNA with a high 

frequency of CpG dinucleotides relative to the bulk genome. Outside the 



islands, CpG is depleted to approximately 20 % of the expected value and 

60 to 90 % are methylated on the C ring (Bird 1986). They are useful a s  

landmarks for genes since about 60 % of genes are associated with a 

CpG island. 

The mainly G-light (and therefore gene-rich) composition of 22q, in 

addition to its small size and the large number of chromosomal 

rearrangements associated with many syndromes and cancers, make it 

the focus of much research. Genetic and physical mapping of 

chromosome 22 has been undenvay for many years and more recently 

intensive sequencing efforts have begun. The sequence of 22q will be 

invaluable for identification of genes associated with various diseases 

and syndromes. 

Anomalies Associated With Chromosome 22 

Chromosome 22 is associated with numerous chromosomal 

anomalies of both acquired and congenital origin. Acquired conditions 

resulting from 22q rearrangements include three well characterized 

cancer-related translocations: Chronic myelogenous leukemia (CML; 

[t(9;22)(q34;qll)]) (Rowley 1973), Burkitt's lymphoma ([t(8;22)(q24;ql l)]) 

(Berger et al. 1979; Haluska et al. 1987), and Ewing sarcoma (ES; 

[t(l1;2Z)(q24;ql2)]) (Aurias et al. 1984; DeLattre et al. 1992; May et al. 

1 993). 

In addition to the cancer-related rearrangements, 22q is also the 

site for numerous congenital conditions. Some of these are due to partial 

duplications of 22q and some are associated with partial deletions. 

Among these are a group of syndromes associated with an interstitial 

microdeletion in 22q11.2. These include DiGeorge Syndrome (DGS; 

OMIM # 7 88400; OMIM, 1999; McKusick, 1 W8), velocardiofacial syndrome 



(VCFS; OMlM # 192430), conotruncal anomaly face syndrome (CTAFS; 

Burn et al. 1993) and familial and sporadic isolated conotruncal heart 

defects (Goldmuntz et al. 1993). 

In addition to the 22q deletion syndromes mentioned, there are 

also h o  conditions associated with the presence of a duplication of part 

of 22q. These include cat eye syndrome (CES), which is the result of a 

duplication of the proximal region of 22ql1, and the recurrent t(11;22) 

derivative 22 syndrome [der(22)t(11 ;Z)(qZ3;q 1 l)]. The t(11;22) 

translocation is the only recurrent non-Robertsonian congenital 

translocation known in humans (Fraccaro et al. 1980; Zackai & Emanuel 

1980). The only viable unbalanced offspring, resulting from a 3:1 rneiotic 

segregation. will carry a der(22) chromosome and will have a duplication 

of 11q23 to 1 lqter and 22pter to 22q11, including the region duplicated in 

CES. The phenotype of individuals carrying this der(22) does show some 

overlap with the phenotype of CES (Fraccaro et al. 1980) however it is 

difficult to determine which features are a result of duplication of proximal 

22q and which are the result of duplication of distal 1 lq .  

Besides the congenital and cancer-related conditions associated 

with chromosome 22q, it is also the site for a host of other syndromes 

including: Opitz G syndrome type II (OMIM# 145410), Spino-cerebellar 

ataxia-10 (OMIM# 60351 6), Wardenburg-shah syndrome (OMIM# 277580) 

and 22q13.3 deletion syndrome (Nesslinger 1994; Wong 7998). 



Cat Eye Syndrome 

Cat eye syndrome (CES) is a rare developmental disorder with an 

estimated incidence of approximately one in 50,000 to 150,000 (OMlM# 

115470). It is characterized by the association of a variety of congenital 

defects summarized in Table 1-1 (Modified from Mears 1995). The 

phenotype of CES is highly variable, even within a single family, in both 

the features present and their severity (Schinzel et al. 1981). CES derives 

its name from the iris coloboma, even though this feature is present in 

only about half of CES individuals. A typical coloboma of the iris is the 

result of failure of closure of the optic fissure during the sixth week of 

embryonic development (Moore & Persaud 1993). Coioboma can be 

unilateral or bilateral, and in addition to the iris, can also affect the choroid 

andlor the retina. 

In 1878 Haab first noted an association between coloboma and 

imperforate anus, which was later called CES by Gerald (Gerald et al. 

1968). Imperforate anus, or membranous anal atresia, results from 

failure of the anal membrane to rupture at the end of the eighth week of 

development (Moore 8 Persuad 1993). 

The frequency of anal atresia is second only to preauricular 

malformations, which is the most cornmon feature in individuals with 

CES. Preauricular malformations include skin tags (or appendages) and 

pits (or sinuses). Approximately five weeks into development, the au r ide 

of the external ear begins forming from six swellings called auricular 

hillocks, which develop around the margins of the first branchial 

(pharyngeal) groove in the embryo. Preauricular tags are the result of 

development of accessory auricular hillocks. Most preauricular pits are 



the remnants of the first branchial groove (Moore & Persaud 1993). 

Besides preauricular malformations other typical facial features 

associated with CES include: hypertelorism (wide-set eyes), down- 

slanting eyes, micrognathia (small jaw), and low set and/or malformed 

posteriorly rotated ears. 

Also associated with CES are congenital heart defects (CH Ds). 

Developrnent of the heart begins in the third week in the cardiogenic area 

located rostrally in the embryo (Moore & Persaud 1993). A pair of 

endothelial strands called angioblastic cords appear and soon become 

canalized to form endothelial heart tubes. These tubes approach each 

other and become fused to form a single heart tube. By the end of the third 

week the endothelial heart tube has linked up with blood vessels in the 

embryo to form a primitive cardiovascular system. Also by the end of the 

third week the heart begins to beat. The cardiovascular system is the first 

organ system to reach a functional state. The primitive heart tube will 

become partitioned into four chambers between the fourth and seventh 

weeks. The most cornmon CHDs associated with CES are Tetrology of 

Fallot (TOF) and total anomalous pulmonary venous return (TAPVR). TOF 

is a combination of four cardiac defects consisting of: 

1) Pulmonary Stenosis 

- narrowing of the pulmonary trunWartery leaving the right ventricle 

2) Ventricular Septal Defect (VSD) 

- Failure of the membranous part of the interventricular septum to 

develop, or incomplete closure of the interventricular foramen, 

leaving a hole between the left and right ventricles. This allows 

mixing of oxygenated and deoxygenated blood, resulting in the 

reduction in oxygenation of the blood circulated to the body. 



3) Overriding Aorta 

- the aorta lies over the VSD and receives blood from both 

ventricles (both oxygenated and deoxygenated) 

4) Hypertrophy of the Right Ventricle 

- a larger than normal right ventricle 

(Moore & Persaud, 1993) 

TAPVR (MIM 106700) occurs when the pulmonary veins carrying 

oxygenated blood from the lungs fail to connect with the left atrium, and 

instead connect directly to the right atrium or one of its venous tributôries. 

This defect is not detrimenial for the fetus due to high pulmonary vascular 

resistance and shunting of blood through the foramen ovale (connection 

between the atria). However, at birth the pulmonary vascular resistance 

drops and increased blood flow to the right heart and lungs results in 

progressive congestive heart failure and pulmonary arterial hypertension 

(Correa-Villasenor et al. 1991). If not surgically corrected, TAPVR has a 

high mortality rate in the first year of life (http://www- 

medlib.med.uta h.edulreprogenlresearch/tapvr/index. html). Theories 

regarding the development of the pulmonary veins are controversial. It is 

not clear whether the common pulmonary vein forms as an outpouching 

of the left atrium or whether it is formed at the lungs and then 

subsequently "directed" to the left atrium. 

Other organ-systerns may also be affected in individuals with CES. 

Renal defects are seen in approxirnately 45 % of patients and most often 

include kidney agenesis (an absent kidney) and renal hypoplasia 

(underdeveloped kidneys). The permanent kidneys (metanephroi) 

develop during the fifth to eighth weeks from the ureteric buds 

(metanephric diverticuli) and the metanephric mesoderm. The ureteric 

bud is a dorsal outgrowth from the mesonephric duct that grows into a 

mass of metanephric mesoderm (Moore & Penaud). Unilateral renal 



agenesis occurs when the ureteric bud fails to develop or with early 

degeneration of this ureteric bud. lt is a relatively common occurrence, 

seen about once in every 1000 newborn infants (Moore 8 Persaud). 

Anomalies associated with the skelatal and genital systems have also 

been seen, but usually at a lower frequency. 

Mental retardation is also a feature of CES. lndividuals with CES 

are typically reported to have mild to moderate mental retardation, 

although mental developrnent in the normal range is also seen. 

Considering the developrnental processes of the affected organs 

in CES, it is likely that CES is a result of abnormal gene expression during 

the first nine weeks of embryologieal development. 

In 1965, Schachenmann et al. reported the presence of a small 

supernumerary chromosome in patients with ocular coloboma and anal 

atresia. Cytogenetic analysis revealed the presence of satellites on both 

ends of these supernurnerary chromoçomes (Schachenmann et al. 1965; 

Toomey et al. 1 g i ï ) ,  suggesting an acrocentric chromosomal origin 

(chromosome 13, 14, 15, 21 or 22). Due to its small size, chromosome 

banding studies could not clearly demonstrate the origin of the "cat eye 

chromosome" (Buhler et al. 1972) and chromosomes 13 (Krmpotic et al. 

1 WI),  14 (PfeifTer et al. I W O )  or 22 (Buhler et al. 1972; Schinzel et al. 

1981) were implicated. A chromosome 21 origin was not favoured due to 

the lack of phenotypic overlap between CES and Down's Syndrome. 

Schinzel et al. (1981) generally believed in a chromosome 22 origin 

because of the partial phenotypic overlap of CES with trisomy 22 and 

partial trisomy associated with the der(22) of the I l i 22  translocation. 



Definitive proof was not provided until 1986 when McDermid et al. 

demonstrated by quantitative dosage analysis and in situ hybridization 

that the 22qll.2-specific probe pz2134 (locus D22S9) was present in four 

copies in six cat eye syndrome patients carrying the cat eye chromosome. 

The typical cat eye chromosome is now known to be an isodicentric 

bisatellited chromosome derived from an inverted duplication of the short 

arm and proximal long arm of chromosome 22 [idic(22)pter-22qll.21 

(McDermid et al. 1986). McDermid et al. cal1 this the "CES chromosome". 

Other Duplications Associated with CES 

Althocigh the dicentric bisatellited CES chromosome is the most 

common form of duplication seen in patients with CES, there are 

individuals with CES carrying other forms of duplications. Reiss et al. 

(1985) and Knoll et al. (1995) each reported individuals (patients LW and 

SK respectively) carrying an interstitial duplication of the proximal region of 

chromosome 22q. Such individuais carry three copies of the minimal 

duplicated region known to cause CES. Patient SK presented with 

preauricular pits, TAPVR, hypertelorism, down-slanting palpebral 

fissures, congenital hearing loss, absent right kidney and testicle, and 

moderate motor delay (Knoll et al. 1995). LW had colobomata, 

preauricular pits, hypertelorisrn, down-slanting palpebral fissures and 

developrnental delay (Reiss et al. 1985). 

Besides the presence of an interstitial duplication, three cases of 

CES have also been reported due to the presence of a supernumerary 

ring chromosome 22 [r(22)] (El-Shanti et al. 1993; Ohashi et al. 1993; 

Friuley et al. 1999). Ring chromosomes are formed when a chromosome 

undergoes two breakages (forming two acentric fragments) and the 

broken ends of the chromosome fuse into a ring structure (Thompson et 



al. 1991). Ring chromosomes may experience instability at mitosis, when 

the sister chromatids attempt separation at anaphase. There may be 

breakage of the ring resulting in mosaicism for various fragments 

including larger or smaller rings, double rings, or ring fragments. 

In 1995, Mears et al. reported the characterization of a r(22) 

chromosome in three generations. The presence of the r(22) in the 

grandfather (CM1 3) and father (CM14) was associated with a normal 

phenotype. The proband (CM15) presented with al1 the cardinal features 

of CES including coloboma, preauricular pits and tag, micrognathia, rleft 

palate, undescended testes, imperforate anus, TAPVR, interrupted aortic 

arch, VSD, ASD, polycystic kidneys, and urethral reflux. This patient died at 

17 days of age and therefore his developmental potential is unknown. By 

quantitative dosage and RFLP analysis, and fluorescence in-situ 

hybridization (FISH), Mears (1995) found that the grandfather and father 

contained three copies of the loci D22S9 and D22S43, whereas the 

proband contained four copies of these loci. This suggested that the r(22) 

in the proband had undergone doubling, likely due to its instability in the 

previous generations. All three individuals harboured the r(22) in 

approximately 95 % of their lymphoblasts. 

Definition of the Minimal CES Critical Region (CESCR) 

The most common form of duplication associated with CES is a 

supernumerary, dicentric, and bisatellited chromosome, containing two 

copies of 22pter+ q11.2. Mears et al. (1994) and McTaggart et al. (1998) 

have found that the duplication breakpoints are clustered in two intervals 

within 22q11.2, and have therefore classified CES chromosomes into two 

types based on the location of the two breakpoints required to generate 

them. The smaller type I CES chromosomes are symmetrical, with both 



brea kpoints located with in the proximal interval (between D22S427 and 

D22S36, - 3.3 Mb from the centromere; see Figure 1-2). The larger type II 

CES chromosomes can be either symmetrical, with both break points 

located in the distal interval (between CRKL and D22S112, - 6.3 Mb from 

the centromere), or asyrnrnetrical, with one breakpoint located in each of 

the two intervals. 

Although the supernumerary idic(22) is the most cornmon 

duplication associated with CES, characterization of patients such as SK 

and CM%, who carry other forms of duplication, allow definition of the 

criticai region for CES. The critical region for CES (CESCR) is the 

smallest duplicated region of proximal 22q11.2 which results in the CES 

phenotype. Definition of the current CESCR shown in Figure 1-2 was 

accomplished by characterization of duplications of two previously 

mentioned patients. 

The distal boundary of the CESCR was delineated by Mears et al. 

(1995) using the patient (CM15) with a supernumerary double r(22) 

chromosome. The breakpoint of this patients r(22) chromosome was 

found to be between the locus 022557 and the gene ATP6E (See Figure 

1-2), This narrowed the CESCR to the region between the centromere 

and the locus D22S57, a region of approximately 2 Mb (McDermid et al. 

1996). The finding of patients with an interstitial duplication in proximal 

22q11.2 exclude the short arm of chromosome 22 from the critical region. 

The proximal boundary of the CESCR was provisionally defined by 

Mears (1995) by characterization of an interstitial duplication in patient SK 

(Knoll et al. 1995). The proximal breakpoint of this patient's interstitial 

duplication was found to be between the loci D22S795 and D22S543, a 

distance of approximately 1 Mb from the centromere, dividing the CESCR 

into proximal and distal halves. It must be noted however that this patient 

did not have coloboma or imperforate anus, two cardinal features of CES. 



It is not possible to determine if the absence of these two features is due 

to the highly variable nature of this syndrome, or if the genes causing 

these two features map centromeric of locus D22S795. It is also possible 

that the overexpression of a gene or genes within the interstitial 

duplication but distal to the CESCR could have modified SK1s phenotype. 

However, comparing the duplication overlap between the r(22) patient and 

SK, the region of focus is narrowed to the distal CESCR, a region of 

approximately 1 Mb. As well, the proximal CESCR is known to be rich in 

low copy and interspersed repetitive DNA as well as duplicated, non- 

processed , truncated gene fragments (McDermid. personal 

communication; S. Minoshima, 7998) and therefore is likely gene-poor. 

The only gene reported to date in the CESCR is the E subunit of 

vacuolar H' - ATPase (Baud et al. 1994). ATPGE is located approximately 

2 Mb from the centromere, just proximal to the locus 022857. In addition 

to ATPGE, the gene for death agonist BID maps just distal to the locus 

D22S57 (Footz et al. 1998). Since BID maps outside the duplication 

region defined by the r(22) patient (CM15) it cannot be responsible for the 

cardinal features of CES. This child died at 17 days of age and therefore 

mental and physical development could not be assessed. Therefore it i s  

possible that overexpression of BID could contribute to abnormal 

development of these features. 



Molecular Pathology 

The goal of molecular pathology is to explain why a given genetic 

change should result in a particular clinical phenotype. In order to 

understand the clinical manifestations associated with CES we must be 

able to explain how duplication of the CESCR affects the function(s) of the 

gene product(s) involved. As we move frorn cataloging genes in the 

CESCR to understanding their function, we must speculate on the types 

of gene products which could cause the phenotype associated with CES. 

Because CES is a duplication syndrome, it's effects must be due to the 

extra copies of a gene or genes in the CESCR. \men a gene(s) present in 

more or less than the normal number of copies produces a phenotypic 

effect, it is described as being "dosage sensitive". Dosage effects rnay be 

seen when a gene product interacts with other proteins or DNA 

sequences (Fisher & Scambler 1994). In most cases, what matters is not 

the correct absolute level of a gene product, but the correct relative levels 

of various interacting proteins (Strachan & Read 1996). Because of the 

interaction, phenotypic effects caused by dosage sensitive gene products 

rnay be rnodified by changes elsewhere in the genome. As well. 

overexpression of certain gene products rnay increase the sensitivity of 

the embryo to environmental factors such as infection or teratogens. This 

rnay result in variable phenotypic expression, even within a single family, 

which is indeed the case with CES. 

We can speculate that the products of dosage sensitive genes may 

belong to a group of inherently dosage sensitive functions including: 

intercellular interactions (recognition, adhesion, communication), 

ligand/receptor signaling systems. signal transduction signaling 

systems, morp hogens. structural gene products which CO-operate with 

each other in interactions with a fixed ratio. and gene products which are 



involved in transcriptional regulation (Fisher & Scambler 1994). A number 

of dosage sensitive genes involved in the production of phenotypic effects 

of various syndromes have been identified and will be discussed. 

+ Ligand I Receptor or Signal Transduction Molecules 

A cell surface receptor and its ligand as well as intracellular 

transduction molecules are gene products which might be expected to be 

dosage sensitive. A ligand molecule frequently transmits its message to 

a cell via a cell surface receptor which is often coupled to a complex of 

intracellular transduction molecules. The proper interactions and 

functions of these proteins may require a strict stoichiometric ratio, and 

increased or decreased levels of any one of the molecules may result in a 

clinical phenotype. For example, deletions or mutations of the RET gene, 

which codes for a receptor tyrosine kinase (RTK), has been implicated in 

Hirschprung disease (MIM 142623). RTKs are cell surface molecules that 

transduce signals for cell growth and differentiation and are homologous 

to P-subunits of heterotrimeric G-proteins (Romeo et al. 1994; Edery et al. 

1994). lmproper proportions of P and y subunits of G-proteins can disturb 

the formation of the normal protein complex and disrupt its normal 

function. 

Deletions of 17~13.3, including the LIS4 gene, are associated with 

Miller-Dieker lissencep haly . This disease is characterized by a brain 

malformation manifested by a smooih cerebral surface and abnormal 

neuronal migration (Dobyns et al. 1991; Reiner et al. 1993). The LIS-1 

gene encodes a subunit of the heterotrimeric brain platelet-activating 

factor (PAF) acetylhydrolase (Hattori et al. 1994). PAF and PAF 



acetylhydrolase are likely important components in the formation of the 

brain cortex during differentiation and development (Hattori et al. 1994). 

+ Structural Proteins 

Many intracellular structural proteins interact with each other in a 

fixed ratio. Hemizygosity for the structural rnolecule elastin is responsible 

for the supravalvular aortic stenosis of Williams syndrome (MIM 1 94050; 

Ewart et al. 1993). It is likely that decreased gene dosage of elastin 

results in an insufficient quantity of protein products for the correct 

assembly of oligomers during a sensitive stage of development of the 

heart. 

Both overexpression and underexpression of peripheral 

myelin protein 22 (PMP22) is associated with a specific neuropathy. 

Duplication of a 1.5 Mb region of 17p11.2 results in increased gene 

dosage of PMP22 which causes Charcot-Marie-Tooth disease type 1A 

(CMTIA; MIM 11 8220; Lupski et al. 1992; Patel et al. 1992). Deletion of the 

same region, resulting in underexpression of PMP22. causes hereditary 

neuropathy with liability to pressure palsies (HNPP; MIM 162500: Chance 

et al. 1993). The phenotypic effects caused by altered expression of 

PMP22 are thought to be due to an abnormal balance in the myelin of 

peripheral nerves (Strachan & Read 1996). 

4 Transcriptional Regulaüon 

lncreased or decreaçed dosage of many transcription factors may 

prove particu larly likely to resu lt in dosage effects because transcription 

factors often participate in cornpetition for promoter sites and in the 



assembly of multirneric complexes, where even a relatively subtle 

perturbation of one protein leads to altered stoichiometry with other 

subunits. In humans, haploinsufficiency of GLI-3, a member of the GLI- 

Kruppel gene family, causes Grieg cephalopolysyndactyly syndrome 

(GCPÇ; MIM 175700; Vortkamp et al. 1991, 1992). GCPS is characterized 

by polysyndactyly of the hands and feet, macroephaly, a broad base of the 

nose with mild hypertelorism and a prominent forehead. In D:oso,ohila, a 

C2H2 zinc-finger protein called Kruppel, can form homodimers which 

repress transcription when the concentration of Kruppel is high. However, 

at low concentrations the monomer appears to act as a transcriptional 

activator, using the same DNA target sequences as are recognized by the 

repressor (Sauer 8. Jackle 1993). 

In humans, Rubinstein-Taybi syndrome (RTS; MIM l80849), 

characterized by broad thurnbs and great toes, characteristic facies, 

mental retardation, pulmonary stenosis, keioid formation in surgical 

scars, large foramen magnum, and vertebral and sternal anomalies 

(Berry 1987; Rubinstein & Taybi 1963), is caused by the loss of one copy 

of the CBP gene (Petrij et al. 1995). CBP is a CREB (cyclic adenosine 

3', 5'-monop hosphate yesponse glernent binding protein) binding protein, 

a nuclear protein participating as a CO-activator in cyclic-AMP regulated 

gene expression (MIM 600140). The decreased dosage of CBP underlies 

the developmental abnormalities seen in RTS. 

In humans, deletions or mutations of the PAX6 (MIM106210) gene 

cause aniridia (MIM 1 O62OO), which rnay be châracterized by cataracts, 

glaucoma, corneal pannus, nystagmus, and foveal hypoplasia. 

Hemizygosity of the orthologous Pax6 gene in mouse results in the "small 

eyen phenotype (Ton et al. 1991). Schedl et al. (1996) have generated 

yeast artificial chromosome transgenic mice carrying the human PAX6 

gene. Mice carrying multiple copies of the PAX6 show severe eye 



abnorrnalities due to overexpression of this gene. In humans, 

overexpression of PAX6, due to a duplication of chromosome 11 p l  2 3  13, 

results in eye abnorrnalities (Aalfs et al. 1997). The PAX6 gene product 

possesses a paired domain, a homeodomain, a serineAhreonine-rich 

carboxy-terminal domain, and structural motifs characteristic of certain 

transcription factors (Ton et al. 1991). The PAX6 transcription factor likely 

regulates the transcription of a variety of tissue-specific genes. 

The Human Genome Project 

The Human Genorne Project is an international project whose 

ultimate goal is to obtain a complete description of the human genome by 

DNA sequencing. This international collaboration was begun in the mid- 

1980s in the U.S.. Following the U.S. lead, national human genome 

programs have also been established in many countries including 

Canada, Japan, and throughout Europe. The Human Genome 

Organization (HUGO) was established in 1988 to coordinate the different 

national efforts (McKusick, 1989). 

The complete nucleotide sequence of the human genome is only 

one of several goals of the HGP. Until present, the major emphasis of the 

HGP was the construction of high resolution genetic and physical maps. 

Sequence-ready physical maps composed of PAC, BAC, cosmid andlor 

fosmid clones preceded the ultirnate physical map, the cornplete hurnan 

genome sequence. The initial goal of the HGP was to complete the 

human genome sequence by 2005. To some extent, innovative 

sequencing technologies has allowed and will continue to allow, faster 

and cheaper automated sequencing. At present, the estimated date for 

completion of the complete human genorne is the end of 2003 (Collins 



1998; Goodman 1998). In the course of completing the sequence, a 

"working draft" achieving at least 90 % coverage, will be produced by the 

end of 2001. Other goals of the HGP include: sequencing technology 

development; human sequence variation studies; functional genomics 

technology development; comparative genomics (complete sequence of 

C. elegans, Drosophila, and mouse genomes) and identification of other 

model organisrns; analysis of ethical, legal and social implications; 

development of more and better bioinformatics and computational 

studies; and training of skilled genomics researchers (Collins 1998; 

Goodman 1998; The Sanger Centre 1998). 

Chromosome 22: Genetic 8 Physical Mapping and Cloning 

Following with the ultimate goal of the HGP, genetic and physical 

mapping of human chromosome 22 has been undenvay for many years. 

In 1991 Dumanski et al. constructed one of the first detailed linkage maps 

of the entire q arm of chromosome 22. They placed 22 loci, defined by 30 

polymorphic markers, on their map, representing a genetic distance of 

110 CM. In 1994 Buetow et al. further refined the genetic maps, estimating 

chromosome 22 as 98 CM. Although genetic mapping has been a useful 

tool for ordering probes along the chromosome, it does have some 

limitations. In order to be informative, the polymorphic markers used must 

show a high percentage of heterozygosity. As well, genetic maps show 

relatively low resolution, since they rely on meiotic recombination events. 

In order to produce a denser and more accurate map of 

chromosome 22, amenable to sequencing, other techniques were 

utilized. Physical mapping began with the construction of chromosome 

22-specific somatic cell hybrid panels (Budarf et al. 1996). Somatic cell 

hybrids are cell lines that are typically constructed by fusing human cells 



and rodent cells (usually mouse or hamster). The hybrid cells are initially 

unstable; most of the human chromosomes fail to replicate in 

subsequent rounds of cell division, and are lost (Strachan 8 Read 1996). 

This gives rise eventually to various hybrid cell lines containing a full set of 

rodent chromosomes plus one to a few human chromosomes or 

fragments of chromosomes. Sub-chromosomal mapping is possible 

using hybrid cell lines containing fragments of specific chromosomes. 

The hurnan sub-chromosornal fragments may result from naturally 

occurring translocations or deletions or they rnay be artificially induced 

rearrangements. Budarf et al (1 996) produced a somatic cell hybrid panel 

of chromosome 22 assigning over 300 markers to 24 unique regions or 

"bins". Although the order of markers within these regions cannot be 

determined using this technique, their use of markers from various 

sources facilitated the integration of physical and genetic maps. The 

markers used by Budarf et al. (1996) were also used by Bell et al. (1 995) 

to anchor contigs of overlapping yeast artificial chromosome (YAC) clones 

spanning large regions of chromosome 22. The most complete YAC map 

of chromosome 22 has been constructed by Collins et al. (1995). They 

were able to place 620 markers on 705 YACs with an average probe 

density of one per 67 kb. 

YAC clones are capable of carrying inserts > 1000 kb and have 

provided an efficient means to develop a physical contig of a region 

integrating a variety of markers. However, YAC clones are not ideal for 

direct genome sequencing because the YAC cannot be easily separated 

from the yeast genomic DNA and they also are ofien plagued with 

chimerism, rearrangements, and deletions (Kim et al. 1996; McDermid et 

al. 1996). To circumvent these problerns. YAC contigs are converted to 

maps based on other types of large insert vectors. The bacterial artificial 



chromosome (BAC) and P l  artificial chromosome (PAC) are two vectors 

which can carry inserts ranging in size from 100-300 kb. These clones are 

stable and can be easily manipulated and directly used for genome 

sequencing. Sequence-ready physical maps are constructed by 

screening for bacterial artificial clones (BACS) or Pl-artificial clones 

(PACs) using a high density of STSs, ESTs and/or knowri genes. A 

contiguous array of genomic clones is assembled by landmark (STSs, 

ESTs, genes, end clones etc.) mapping. Kim et al. (1996) have 

assembled a BAC-based physical map of approximately 80 % of 

chromosome 22q consisting of >400 markers over >600 BAC clones. 

Cloning of the CESCR 

A long-range physical map of the region duplicated in the typical 

CES chromosome, spanning a distance of approximately 3.6 Mb from the 

centromere to D22S36, was constructed by McDermid et al. (1996) using 

pulsed field gel electrophoresis (PFGE). This allowed the ordering of 

probes on the map and the estimation of actual distances (in kb) between 

probes. As well, McDermid et al. (1996) have assembled a YAC contig 

containing about half of the region between the centromere and D22S181. 

A number of these YACs were rearranged andlor deleted, and two gaps 

were present in the contig. Subsequently, a BACIPAC based map was 

assembled by Johnson et al. (1999) spanning a distance of 1.5 Mb from 

022S543 to D22S181. This PACIBAC map has been the basis for 

transcriptional mapping within the CESCR and sequencing of many 

clones is currently underway. 



Chromosome 22 Sequencing Consortium 

Chromosome 22 is the second smallest chromosome, is  

comparatively gene rich, and harbours numerous rearrangements 

associated with many syndromes and cancers. This chromosome has 

therefore been the focus of intense sequencing, and thus is likely to be 

the first chromosome to be sequenced in its entirety. Sequencing of 

chromosome 22 is a collaborative effort of four major sequencing centers: 

1) The Sanger Centre (http:llwww.sanger.ac.uk/HGP/Chr22/) 

2)  The Advanced Center for Genome Technology at the University 

of Oklahoma (http://www.genome.ou.edu/human. html) 

3) Keio University School of Medicine 

(http:/ll31.113.190.2/seqpublkeio.htmI) 

4) The St. Louis Genome Sequencing Center 

(http://genome.wustl.edu/gsclindex.shtml) 

Figure 1-4 illustrates chromosome 22 and the corresponding sequencing 

centers responsibilities for regional sequencing. BACIPAC clones within 

the CESCR are being sequenced at the University of Oklahoma under the 

direction of Dr. Bruce Roe. 

Transcriptional Mapping 

Transcriptional mapping is the process of identifying genes in 

cloned DNA. Once a chrornosomal region has been physically mapped 

and a contig of overlapping clones has been assembled, transcript 

mapping is performed. Completion of the transcript map for the human 

genome will be facilitated by the sequence of the total genomic DNA, 



projected to be completed by 2003 (Collins 1998). In the meantime, 

attempts to produce transcript maps for many chromosornal regions are 

undemay. Most of the efforts are concentrated on regions involved in 

human diseases and syndromes, including chromosome 22q (Riazi 

1998; Wong 1998; Gong 1996; Minoshima et al. personal 

communication). Transcriptional mapping in reg ions that have genomic 

sequence available is simplified by the aid of cornputer analysis (gene 

and exon prediction programs). ldentifying genes in unsequenced 

chromosomal regions is much more tirne consuming and relies on a 

variety of commonly used methods including: 

CpG island identification and cloning 

Exon trapping 

cONA selection 

Comparative mapping 

+ Gene Identification Techniques 

CpG Island Identification and Cloning 

CpG islands are short dispersed regions of unmethylated DNA 

with a high frequency of CpG dinucleotides relative to the bulk genome. 

About 60 % of genes are associated with a CpG island. Nearly al1 

housekeeping or widely expressed genes are expected to have a CpG 

island, which is usually found at the 5' end of the gene usually covering 

the transcription start site, the promoter region and part of the coding 

sequence (Bird 1986, et al. 1987; Gardiner-Garden & Frommer 1987). 

Approximately 40 % of tissue-specific or limited expression genes also 



contain a CpG island (Larsen et al. 1992). Unlike housekeeping genes. 

these CpG islands are not biased toward the 5' end and are often found 

in the body of the gene or at the 3' end (Toniolo et al. 1984; Gardiner- 

Garden & Fromrner 1987). The average length of a CpG island is 

approximately 1 kb. 

The relevance of the colocalization of CpG islands with 

predominately the 5' ends of many genes is not well understood. 

However, the presence of a CpG island can, by itself, give rise to relatively 

open and active chromatin (Kundu & Rao 1999). Tazi and Bird (1990) 

have demonstrated an alternative chromatin structure at CpG islands. 

They reported hyperacetylation of histones H3 and H4 and a deficiency of 

histone H l  in CpG island nucleosomes as well as the presence of 

nucleosome-free regions, al1 features of transcriptionally active chromatin. 

CpG islands are useful as landmarks for genes because a large 

proportion of genes are associated with islands (Bird 1986). The high 

frequency of CpG dinucleotides within islands generates sites for rare- 

cutting restriction enzymes such as Eag 1, Not 1, Sac II and BssHll which 

are methylation sensitive. Such enzymes are expected to cut much more 

frequently in CpG islands than in the bulk genome because of the 

likelihood of a sequence recognition site occurring within an island, as 

well as the site being unmethylated here. This technique has allowed the 

identification of many CpG islands and genes including: 28 CpG islands 

in Xq24-28 (Tribioli et al. 1992), 13 transcripts and 7 genes in the 4p16.3 

region (Carlock et al. 1992; John et al. 1994), the cystic fibrosis gene 

(Rommens et al. 1989) and 12 novel genes in the human major 

histocompatibility corn plex class III reg ion (Sargent et al. 1989). 

As well, Valdes et al. (1994) has developed a PCR based approach 

for isolating transcribed sequences adjacent to CpG islands. Island 

rescue PCR (IRP) allowç amplification of the region between a rare-cutter 



restriction site within a CpG island and a nearby Alu repetitive element. 

Alu repeats are expected to occur approximately once every four kb in the 

human genome (Strachan & Read 1996). IR? has allowed the 

identification of cDNA clones for the neurofibromatosis type 1 (NF1) gene 

as well as nine other genes from chromosome locations 4p16.3 and 

17q21 (Valdes et al. 1994). 

Advantages of this technique are that it is a technically simple 

approach, it is expression-independent and it requires analyzing a 

smaller number of clones than other gene identification techniques. 

Disadvantages of CpG island identification include: the inability to identify 

genes without CpG islands, the identification of CpG islands associated 

with pseudogenes, and the high level of background resulting from CpG 

dinucleotides not associated with any detectable genes (John 1994). 

Exon Trapping 

Exon trapping (or amplification) was developed by Buckler et al. 

(1991) as a method to rapidly and efficiently isolate exon sequences from 

cloned genomic DNA by virtue of selection for functional 5' and 3' splice 

sites. Pools of genomic DNA (from PAC, BAC, or cosmid) to be screened 

for exons are subcloned into an intron which is present within a 

specialized mammalian expression vector (pSPL1, pSPL3 or pSPL3B). 

The pSPL derivatives are propagated in E. coli , and the DNA is then 

isolated and transfected into COS cells. COS cells are derived from 

African green monkey - 1  cells, containing the integration of a segment 

of the SV40 (Sirnian virus 40) genome with a defective  rig gin of SV40 

replication (Strachan & Read 1996). The integrated SV40 segment in COS 

cells allows any circular DNA which contains a functional SV40 origin of 

replication to replicate independently of the cellular DNA. Transcription 



occurs in the COS cells from the SV40 promoter present in the pSPL 

vector and the RNA undergoes splicing under control of the host cell's 

RNA splicing machinery. When the cloned DNA fragment contains a 

recognizable exon in the proper orientation, spicing can occur between 

the vector and insert sequences. The splicing donor and acceptor sites in 

the vector are provided by two exons with an intron from the H N  tat gene. 

After transfection. total or cytoplasmic RNA is screened by RT-PCR for the 

acquisition of an exon from the genomic fragment. A unique fragment i s  

produced when splicing has occurred between spice sites from the 

subcloned genomic fragment and pSPL. A diagram summarizing the 

exon trapping procedures can be found in Figure 2-1 in the materiais and 

methods section. 

The exon trapping methods and vector have been used to isolate 

and identify a variety of genes such as the Huntington's disease gene 

(HD collaborative Research Group 1993) and the neurofibromatosis type 

2 (NF2) gene (Trofatter et al. 1993). The biggest advantage of this 

technique is that it is expression independent. Disadvantages of the exon 

trapping system include: the inability to identify single or two exon genes, 

the amplified fragments are small (usually < 200 bp) and are difficult to 

use in further characterization, the possible identification of unprocessed 

pseudogenes, and the possible identification of non-coding sequences 

which coincidentally have correct splicing signals (cryptic splice sites). 

cDNA Selection 

cDNA selecti on (or direct s election) was developed to identify 

cDNAs encoded by large genomic regions (Lovett et al. 1991; Parimoo et 

al. 1991). The protocols are based on the hybridization of cDNA fragments 

which have been blocked for repetitive DNA elements (either an entire 



library of cDNAs or cDNAs directly produced from a tissue(s)) to an 

immobilized genomic clone (YAC, PAC, BAC, cosmid etc.). Nonspecifically 

bound cDNAs are removed and the clone-specific cDNAs are eluted and 

amplified. This technique has been widely used for the identification of 

numerous genes in the genome including the BRCAI gene located at 

l7q2 l  (Miki et al. 1994). 

Advantages of the cDNA selection technique are that direct 

capturing of cDNAs may eliminate the need for obtaining full-length 

cDNAs (veisus exon trapping), and single exon genes and genes without 

CpG islands can be identified. The main disadvantage of this system is 

that it is expression dependent, therefore it may be hard to find cDNAs that 

are tissue or time specifically expressed or at very low abundance. As 

well, this technique may identify cDNAs which hybridize to pseudogenes 

that have not deviated extensively from the active gene. 

Comparative Mapping 

Since al1 organisms are related through a common evolutionary 

tree, the study of one organism can provide valuable information about 

others. Cornparisons between distantly related genomes (e.g.: human 

and Drosophila, S. cerevisiae or C. elegans) rnay provide insight into the 

universality of biological mechanisms and provide experimental models 

for studying complex processes. Cornparisons between more closely 

related genomes (e.g.: human and mouse) rnay provide insight into the 

details of gene structure and function. The power of comparative mapping 

arises from the fact that there is considerable selection pressure to 

conserve biologically important sequences such as coding sequences 

and regulatory regions. In contrast, less significant sequences and non- 



coding DNA usually accumulate mutations comparatively rapidly and are 

not well consewed between species. 

The mouse is currently the best mamrnalian rnodel organisrn for 

studying human genetic disease and syndromes. Human and mouse 

share synteny over srnall to moderate sized subchromosomal regions. 

This refers to two orthologous genes that are syntenic in two or more 

species. "Conserved linkage" refers to conservation of bath synteny and 

gene order of orthologous genes between species. Most genes in the 

hurnan genome are expected to have a mouse orthologue. The sequence 

similarity of coding DNA behnreen human and mouse is usua!ly about 70- 

90 % while the respective polypeptide sequences show a slightly higher 

degree of sequence similarity, often within the 80-95 % range (Strachan & 

Read 1996). This degree of similarity between the human and mouse 

genomes is very useful in the identification of disease genes. Hence if a 

region of the mouse genome is rnapped to high resolution, the 

information can be used to make predictions about the orthologous 

region of the human genome (and vice versa). 

A comparative map of human chromosome 22 with mouse 

chromosomes shows conserved synteny to portions of mouse 

chromosomes 6, 16. 10, 5, 11, 8, and 15 (see Figure 1-5). The region of 

the mouse chromosome with conserved linkage to the CESCR has been 

defined as chromosome 6. T. Footz has assembled a mouse BAC contig 

spanning this region, and in collaboration with Dr. Bruce Roe at the 

University of Oklahoma , several of the BACS are currently being 

sequenced. At least nine genes show conserved Iinkage to mouse 

chromosome 6, including BID (Footz et al. 1998), ATP6E (Puech et al. 

1997; Footz et al. 1998 ), and IL4 7R (Yao et al. 1997). 



Computer Analysis of Genomic Sequence 

As the HGP advances from its initial stages, more and more 

genomic sequence is becoming available through the sequencing efforts 

of many public and private sector centers. The most efficient approach to 

identify genes based on genomic sequence data is through the use of 

computer similarity searches of sequence databases and exon and gene 

prediction programs. The most useful database to identify putative coding 

sequences of a genomic sequence is the EST database (dbEST). An EST 

is generated by sequencing short segments (usually 200-300 bp) at the 

ends of cDNA clones. A considerable variety of EST projects, such as the 

IMAGE consortium, have generated massive numbers of EST sequences 

which are publicly available through the EST database. Sequencing both 

ends of a cDNA generates two ESTs: a 3' EST and a 5' EST. Because the 

3'-untranslated sequence (3'UTS) of human genes usually falls within the 

400 - 800 bp range, the 3' EST sequences are usually derived from the 3'- 

UTS. Not al1 EST cDNAs however, represent true genes. Some ESTs 

represent chimeric clones or pseudogenes, or some may be the result of 

mis-priming from non-coding genomic DNA, especially at a long stretch of 

poly (A) (when the primer used is oligo d(T)) which is often associated 

with some repetitive elements. 

In order to identify matching ESTs, the genornic sequence can be 

searched for similarity ta previously characterized human and non-human 

nucleotide sequences using BLASTN, or protein, using BLASTP. Not al1 

genes will be represented by ESTs, however, because some genes will 

be in low abundance or not expressed at al1 in the cDNA libraries 

analyzed. This includes genes which show highly restricted tissue or ceIl 

expression patterns and genes which are expressed only at specific 

developmental stages. It is expected that the EST projects should be able 



to identify sequences from approximately 80 % of al1 the human genes 

(Strachan & Read 1996). 

A number of exon/gene prediction programs have been developed 

to predict coding sequences from genomic DNA. Gene rnodeling 

programs such as GENSCAN (Burge & Karlin 1997, 1998), FGENEH 

(Solovyev 1994), and Genie (Kulp et al. 1996) analyze large genomic 

sequences and identify genes based on the coding potential of the DNA 

by comparing it to the DNA and protein sequences in various sequence 

databases. Most exon prediction programs like GRAIL, MZEF (Zhang 

1997), FD(H, and H W O N  (Solovyev et al. 1994) are designed to scan a 

genomic DNA sequence to identify the locations of likely exons by 

screening for open reading frames (ORFs) and conserved sequences 

found at exon-intron junctions. 

Once putative genes and exons are predicted, they must be 

confirmed using more direct methods. Scanning the EST database with 

the predicted cod ing reg ion(s) will allow identification of any previously 

identified human or non-human genes or ESTs. If no ESTs (or full length 

cDNAs) are found, cDNA library screening, RT-PCR or RACE may be 

performed. 

It is generally believed that in order to produce a near-complete 

transcription map, a number of gene identification techniques must be 

employed. Using any one of the techniques will usually identify only a 

subset of al1 the genes in a region. In this study a combination of exon 

trapping and genomic sequence analysis (at a later date) was applied. 



22q Pericentrornere: Rich in Repetitive DNA and Unprocessed 

Pseudogenes and Posing a Challenge to Transcript Mapping in the 

CESCR 

The association between repetitive DNA and centromere structure 

is well known. Almost every species of animal studied to date harbours 

an array of both highly repetitive and moderately repetitive elements at the 

site of each chromosome's primary constriction. In humans. this repetitive 

DNA is usually composed of arrays of AT-rich tandomly repeated DNA 

sequences (alpha andfor beta satellite etc.) and interspersed repetitive 

DNA elements (SINEs , LlNEs etc.). The presence of these repetitive DNA 

sequences in the centromeric regions of chromosomes are thought to 

favour the assembly of the kinetochore, thereby ensuring the timely and 

efficient meiotic and mitotic segregation of chromosomes (Haaf et al. 

1992; Larin et al. 1994; Tyler-Smith et al. 1993). However, the presence of 

repetitive DNA, by itself, does not explain adequately the molecular basis 

of a functionally competent centromere. Barry et al. (1999) have presented 

the first complete sequence analysis of neocentromere DNA isolated 

from cytogenetic band 10q25.2. A neocentromere is a new centromere at 

a previously non-centromeric region on a chromosome arm (Bany et al. 

1999). The formation of a neocentromere has been associated with 

numerous morphologically abnormal marker chromosomes which have 

lost their normal centromere through chromosomal rearrangements 

(Choo, 1997; Depinet et al. 1997). The regions of neocentromere 

formation have been proposed to be the sites of latent centromeres that 

can becorne activated through unknown epigenetic mechanisms (Choo, 

1997, 1998; Brown & Tyler-Smith 1995; Karpen & Allshire 1997; Williams 

et al. 1998). These neocentromeres function as the site for kinetochore 

assernbly and spindle fiber attachment in the same manner as a normal 



centromere. Barry et al (1999) showed the absence of classic alpha- 

satellite repeat elements, beta-satellite, gamma-satellite, AT-rich 

sequences and a low frequency of interspersed repetitive DNA 

sequences within the neocentromere. These results suggest that highly 

repetitive DNA does not appear to be a prerequisite for centromere 

function. Csink and Henikoff (1998) have recently proposed a model 

which defines the functional relevance of centromeric repetitive DNA. They 

define a centromere as the latest replicating segment of DNA. They 

propose the idea that the accumulation of repetitive DNA at or near the 

centromere further retards replication, effectively fixing such sites in the 

genome to function more competently as a centromere. Therefore, the 

universality of repetitive DNA at centromeres is an evolutionaril y derived 

state and not a precursor of centromere function. 

If the centrornere is a recruitment spot for repetitive DNA 

sequences, perhaps it may also function as a reservoir for the 

accumulation of duplicated genomic segments. Within the subtelomeric 

and pericentromeric portions of chromosomes, large tracts (several kb to 

hundreds of kb) of duplicated genomic segments that show a high 

degree of homology have recently been identified. These pa ralogous 

(sequence similarity due to duplication) fragments appear to carry 

complete or partial genomic structure of known genes, suggesting that 

they have been recently transposed (1 -1 5 Million years ago (mya)) from 

other regions of the genome. Most of these segments were identified 

among sequences mapping to the pericentrorneric regions of 

chromosomes 2p11, 10~11 ,  l 5 q l l ,  16p l l  and 22qll (Eichler et al. 

1996, 1997; Jackson et al. 1999; Hulsebos et al. 1996; Regnier et al. 

1997; Wong et al. 1990; Potier et al. 1998; Ritchie et al. 1998). The term 

pericentromeric refers to a large transition zone that begins irnrnediately 

distal to the alpha-satellite repeat and extends into the first 



distinguishable cytogenetic G-band on either side of the centromere 

(Eichler et al. 1998). 

Several paralogous genomic segments, or "duplicons" (Eichler et 

al. 1997), are known to reside within the pericentromeric region of 22q 

and therefore within the CESCR. These include fragments of the 

neurofibromatosis type 1 gene (NFI), the vonWllebrand factor gene 

(vWF), the y-glutamyl transferase gene (GGT) family, a novel calcium- 

activated potassium channel regulatory subunit gene (KCNMB3) and the 

immunoglobulin kappa light-chain gene (Lotscher et al. 1986). All of the 

duplicons found in the 22q pericentromere represent truncated non- 

processed pseudogenes. Pseudogenes of this type have intact introns 

but either lack an essential 5' or 3' portion of the gene, andfor the exons 

have deleterious mutations which interrupt the normal translation of the 

gene to protein. 

NF1 is a dominantly inherited genetic disorder involving the 

development of benign and malignant tumors in tissues derived from the 

neural crest. The NF1 gene is located at 17q11.2. Southern and FlSH 

analysis has identified eleven NFI-related sequences on seven different 

chromosomes (2, 12, 14, 15, 18, 21, and 22) (Regnier et al. 1997). All of 

these NFI-related sequences represent unprocessed nonfunctional 

pseudogenes. The gene fragment on 22q l l  contains exons 7-28, a 

region of approximately 100 kb (Regnier et al. 1997) and is located near 

D22S111 within the 2 Mb CESCR (See Figure 1-2) (Hulsebos et al. 1996). 

Cornparison of the genomic sequence of exons 13-15 between NF1 and 

the 22q l l  pseudogene show approximately 8 % divergence. This 

sequence divergence corresponds with an ancestral gene duplication 

event about 2-33 mya. 



Sirnilar duplication and transposition events may account for the 

paralogous segments of the ALD gene within the pericentromeric regions 

of chromosomes 2p, IOp, 16p, and 22q (Eichler et al. 1997). Like the 

NF1 -related sequences, these duplicons are truncated unprocessed 

pseudogenes composed of a 9.7 kb genomic fragment encompassing 

exons 7-10 and originating from the active ALD gene located at Xq28 

(Eichler et al. 1997). There has been approximately 4 % sequence 

divergence between the active copy and the 22q duplicon. Mutations in 

the ALD gene at Xq28 cause a relatively common X-linked 

neurodegenerative disorder. 

The CESCR also harbours a vWF unprocessed and nonfunctional 

gene fragment. The active vWF gene is composed of 52 exons 

encompassing approximately 189 kb and is located at 12~13.3. Mutations 

in this gene cause a form of hemophilia known as vonWillebrand disease 

(Eikenboom et al. 1994). The pseudogene on 22q spans a region of 

approximately 30 kb near 022550 (See Figure 1-2) and contains exons 

23-34 (Mancuso et al. 1991). The sequence of the 22q gene fragment has 

diverged about 3 % frorn the active vWF gene. 

Riazi et al. (submitted) have identified a truncated unprocessed 

pseudogene within the CESCR, KCNMB3L, located within the vicinity of 

D22S795. The active copy of this gene is located at 3q26.3-27 and 

contains three exons, two of which (exons two and three) were duplicated 

and transposed to 22ql l. The sequence divergence between the active 

gene and the 22q pseudogene is 2.6 % (Riazi Ph.D.), however, the 

sequence of the 22q pseudogene has maintained an ORF. 

Another gene which has been duplicated and transposed to the 22 

pericentromeric region is the y-glutamyl transferase gene family. There 

may be up to seven copies of GGT within 22qll. Some of these rnay 



encode for transcripts (Courtay et al. 1994) however the copy in the 

CESCR, GGT12, is a 5' truncated gene fragment, located in the vicinity of 

D22S795 (See Figure 1-2). Other low copy number repeats besides GGT. 

have been found within 22ql l .  including D22S131, D22S207, and 

D22S287E (McTaggart 1997). It is possible that the deletion and 

duplication syndromes. DGSNCFS and CES, are due to the instability of 

the 22q l l  region. This instability rnay be due to the misalignment and 

unequal crossing over between these repeats, similar to that on 17p 

causing Charcot-Marie-tooth disease type 1A (CMTIA) and heredity 

neuropathy with liability to pressure palsies (HNPP) (Pentao et al. 1992; 

Strachan & Read 1996). 

The presence of these paralogous genomic segments within the 

CESCR poses a challenge to transcript rnapping in this region. Exons or 

cDNAs corresponding to these gene fragments may be easily identified 

by conventional gene identification techniques such as exon trapping , 

cDNA selection as well as cornputer-aided gene modeling prograrns. 

Much time and effort can be spent in the characterization of such 

exons/cDNAs before it is evident that they correspond to a duplicated 

gene fragment. It is likely that the number of duplicons within the 22q 

pericentromere correlates with proximity to the centrornere (Eichler et al. 

1996, 1997, 1998). Therefore we expect that the 1 Mb proximal CESCR 

will harbour many of these duplicons and be extremely gene-poor 

(Minoshima et al. 1998), whereas the distal CESCR may contain fewer 

duplicons and be more gene-rich (McDerrnid, personai communication). 

The presence of multiple duplicated, unprocessed pseudogenes 

in the genome is not without clinical significance. Many of the genes 

duplicated, such as ALD and vWF, are associated with diseases. Related 

gene fragments could produce difficulty in their molecular diagnoses and 

therefore the study of these paralogous segments is of great significance. 



The "pericentromeric plasticity" seen with chromosome 22 and others 

rnay be of evolutionary significance. The duplication and transposition of 

various gene fragments to pericentromeric regions may create a reservoir 

of genes in the genome with potentially new functions. Exons from various 

gene fragments, in the presence of promoter-type sequences. rnay be 

transcribed into a novel gene product. Such events, if they did occur, could 

accelerate an organism's adaptability and allow for rapid genetic 

differences within a species (Eichler et al. 1997). Such a "gene" would not 

have an orthologue in any model organism (Yeast, mouse, Drosophila, 

C.elegans) since it would have evolved after the divergence of man. Such 

a human-specific gene would be difficult to study without the availability of 

model organisms. It is also tempting to speculate that such a fusion gene 

product(s) may be the cause of deletion/duplication syndromes located 

near some centromeres. 



The main purpose of this project was to isolate and characterize 

genes located within the 1 Mb distal CESCR. A traditional gene 

identification technique, exon amplification, was applied to a nurnber of 

PACIBAClcosmid clones within the CESCR by Dr. Ali Riazi. A subset of the 

isolated putative exons were characterized in this study. 

The exons were characterized by sequencing, Southern 

hybridizations and computer database searches. To identify putative 

genes within the CESCR ESTs or cDNAs containing the isolated exons 

were identified by screening cDNA libraries and by performing BLASTN 

and TBLASTX searches of the EST database. The isolated cDNAs were 

characterized by sequencing and Southern and Northern hybridizations. 

To try to complete the cloning of these putative genes, 5' and 3' RACE and 

RT-PCR were perforrned. These results are presented in Chapter 3. 

To further characterize the putative genes discovered by exon 

trapping, genomic sequence (available at a later date) was analyzed for 

the presence of computer predicted genes and exons. The predicted 

elements were compared with the exons (and associated cDNAs) 

obtained through exon trapping. The computer predicted gene elements 

were used to further clone the identified genes. 



Figure 1-1 : ldeograms of chromosome 22 

at the A) 400 band level and 8) 850 band level (modified from 

Harden and Klinger ISCN 1985). Duplication of the most proximal 

region of 22q causes cat eye syndrome (CES). 



Figure 1-2: A Cat Eye Chromosome 
lndividuals with a supernumerary cat eye chromosome will have 
four copies of the region 22pter-22q11.2. The chromosome shown 
is a type 1,  with breakpoints near the bcus D22S427. 



Figure 1-3 : The Cat Eye Syndrome Critical Region (CESCR). 

The smallest region of proximal 22q11.2 required to be duplicated to 

result in the CES phenotype is a 2 Mb region extending from the 

centromere to locus D22S57. This distal boundary was delineated by a 

patient with a small supernumerary r(22) chromosome. The locus 

D22S57 was not present on the r(22) but the next most proximal probe, 

ATPGE, was present in four copies in this individual. This patient 

presented with al1 of the cardinal features of CES. The proximal 

breakpoint of an individual carrying an interstitial duplication was found to 

be between loci D22S795 and 022S543, a distance of approximately 1 

Mb from the centromere. This patient presented with an incomplete 

phenotype, lacking iris coloboma and anal atresia. Thus the CESCR was 

divided into proximal and distal halves. Comparing the duplication overlap 

between these two patients, the region of focus has been narrowed to the 

1 Mb distal CESCR. This map is drawn roughly to scale based on 

McDermid et al. 1996 and Collins et al. 1995. 

The estimated location of six reported pseudogenes are 

represented by red bars to the right of the map. Their tentative locations 

are based on McDermid et al. 1996, Collins et al. 1995, 1997, Hulsebos 

et al. 1996 and McDermid , personal communication. 
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Figure 1- 5: The Chromosome 22 Sequencing Consortium 

The colored vertical bar adjacent to the chromosome 22 

ideograrn represents the major sequencing centen responsible 

for regional sequencing. The color key representing each 

sequncing center is located at the right. Genornic clones within 

the CESCR are being sequenced at the University of 

Oklahoma. 

(modified from http:llwww.sanger.ac. uklHGPIChR2fMousel). 
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Figure 1-6: Human - Mouse Comparative Map 

The colored vertical bar adjacent to the chromosome 22 ideogram 

represents the syntenic mouse regions. Chromosome 22 is syntenic 

to portions of mouse chromosomes 6, 16, 10, 5, 1 1, 8, and 15. 

These regions are color coded as defined to the tight. The region of 

the mouse chromosome with conserved linkage to the CESCR has 

been defined as chromosome 6. (modified from 



II PHENOTYPE 1 % FREQUENCY 

1 
Colo borna 
Downslanting Eyes 
Heart Defects ITAPVR. TOFI 

Preauricular Malformations 

50 % 
50 "/O 
45 % 

Renal Defects (absent or 
hypoplastic kidney) 

II Mental retardation (mild to 
moderate) 

80 % 

45 % 

Hypertelorism 
Low Set / Malformed Ears 

35 % 
35 % 

Table 1-1 : F requency of CES Congenital Defects 

The most common forms of defects are indicated in brackets. TAPVR 

refers to total anomalous pulmonary venous return and TOF refers to 

Tetrology of Fallot. (Modified from Mears 1995). 

Skeletal Defects 
Genital Defects 

15 % 
I O  % 



Exon Trapping 

Exon trapping was performed by Dr. Ali Riazi on two BACS (95A8, 

233A2), three PACs (109L3, 238M15, 120N18) and 27 coçmid clones 

using the GIBCO BRL Exon Trapping System. Exon trapping was 

performed according to the instructions included with the kit with some 

modifications (Riazi, Ph.D. thesis, 1998). Figure 2-1 illustrates a brief 

overview of this technique. 

Preparation of Bacterial or Pl-derived Artificial Chromosome (BAC or 

PAC) DNA 

Large-scale DNA preparations were performed according to the 

QIAGEN" plasmid purification procedure. Cultures were grown in 5 ml of 

Luria-Bertani medium supplemented with 12.5 pg/ml chloramphenicol for 

8 hours at 37OC in a shaking incubator. This culture was used to inoculate 

a 1 litre culture of chloramphenicol-supplemented LB which was 

subsequently incubated shaking at 37% overnight. The bacterial cells 

were harvested by centrifugation at 6000 rpm in a Sorval GSA rotor for 15 

minutes at 4%. All visible traces of the supernatant were removed by 

inverting the open centrifuge tube until al1 medium had drained. The 

bacterial pellet was resuspended completely in 10 ml of Buffer P l  (50 mM 

Tris-HCI, pH 8.0; 10 mM EDTA; 100~gIml RNase A). 10 ml of Buffer P2 

(200 mM NaOH; 1% SDS) was then added, the solution was mixed gently 

by inverting the tube several times, and incubated at room temperature for 

5 minutes. To precipitate proteins, chromosomal DNA, and cellular 

debris, 10 ml of Buffer P3 (3 M potassium acetate, pH 5.5) was added. 



The solution was mixed immediately by inversion and incubated on ice for 

20 minutes. The precipitated debris was pelleted by centrifugation at 

11000 rpm for 30 minutes at 4°C. The cleared supernatant was removed 

to a clean tube. A QIAGEN-tip 500 was equilibrated by applying 10 ml of 

Buffer QBT (750 mM NaCI; 50 mM MOPS, pH 7.0; 15% ethanol; 0.15% 

Triton X-100) which ernptied through the column by gravity flow. The 

cleared supernatant was filtered over a prewetted, folded filter (Whatmann 

paper) and allowed to enter the tip-500 by gravity flow. To remove any 

remaining contarninants, such as traces of RNA and protein, the tip-500 

was washed twice with 30 ml of Buffer QC (1 M NaCl; 50 mM MOPS, pH 

7.0; 15% ethanol). The DNA was eluted from the column with 15 ml of 

50°C Buffer QF (1 -25 M NaCI: 50 mM Tris-HCI, pH 9.0; 15% ethanol) into a 

clean tube. Precipitation of the DNA was performed using 0.7 volumes of 

room-temperature isopropanol. The sample was centrifuged at 11000 

rpm for 30 minutes at 4OC. After centrifugation, the pellet was washed 

with 5rnl of 70% ethanol to remove residual salt and replace the 

isopropanol with the more volatile ethanol. The sample was re- 

centrifuged at 10000 rprn for 5 minutes at 4°C. After careful removal of the 

ethanol, the pellet was air-dried for approximately 15 minutes and then 

dissolved in an appropriate volume of TE buffer (10 mM Tris-HCI, pH 8.0; 

1 mM EDTA). The concentration of the resultant DNA was assessed by 

analysis on an agarose gel. 

Preparation of Plasrnid DNA 

For small-scale preparations of plasmid DNA, the method of 

choice was the alkaline lysis procedure as described in Sambrook et al. 

(1989). A single colony was used to inoculate 5 ml of LB supplemented 



with 50 pglml Ampicillin. The culture was grown overnight at 37OC in a 

shaking incubator. This method typically yielded 20-25 pg of plasmid 

DNA. 

Southern Blotting and Hybridization of DNA probes 

Typically 1 pg of plasmid DNA or 3 pg of BAClPAC or genomic DNA 

was digested with the desired restriction enzyme as per manufacturer's 

instructions. Electrophoresis of the digested DNAs was perforrned on a 

0.7-1.0 % agarose (G i~co  BRL) gel in 1X TBE (0.45 M Tris-HCI; 0.45 M 

Boric Acid; 2 mM EDTA; pH 8.4) at various voltages depending on the size 

of the gel. Plasrnid and BAC / PAC DNA was transferred to GeneScreen 

Plus ' (Du Pont) by the alkaline transfer protocol suggested by the 

manufacturer. Genomic DNA was transferred to GeneScreen Pius (Du 

Pont) by the method of Southern (1975). The gel was agitated in 

denaturing solution (0.5 M NaOH; 1.5 M NaCI) for 30 minutes, followed by 

two, 30 minute agitations in neutralization solution (0.5 M Tris pH 7.5; 3M 

NaCI). The capillary transfer was perforrned in 10X SSC. After the transfer 

was complete, the membrane was soaked in 0.4 M NaOH for 5 minutes, 

to denature the DNA. The membrane was then neutralized by shaking in 

0.2 M Tris pH7.5; W SSC for 5 minutes. 

To make DNA probes for hybridization to Southern blots, the DNA 

fragment was isolated from low-gelling temperature agarose (SWPMQUE" 

FMC Inc.) and labeled by the random priming method (Feinberg 8 

Vogelstein, 1984). Approximately 50-1 00 ng of the purified DNA fragment 

was boiled for I O  minutes to denature the DNA and then added to a 

mixture of 70 pl of oligo labeling buffer (1 M Tris, pH7.5; 1 M MgCI2 ; 100 



mM dATP, dGTP, dTTP; 2 M Hepes, pH 6.6; 90 AZa unitslml 

oligonucleotides; 55mM P-mercaptoethanol), 2 pl 10X BSA (BRL or NEB) 

and 11 pl sterile water. To this cocktail was added 5 pl ( a - 3 2 ~ ) d ~ ~ ~  

(Amersham) and 2pl (6435 unitslml) of purified DNA Polymerase I Klenow 

Fragment (Pharmacia Biotech). Following incubation for 2 hours at 37" C, 

the mixture was passed through a column containing Sephadex G-50 

(Pharmacia Biotech) in order to remove unincorporated nucleotides. The 

resulting probe was added to 250 p1 sonicated human placental DNA (2.5 

mglml) and 42 pl NaP04 (AM; pH 7.0) and the mixture was boiled for 10 

minutes, and then incubated at 65" C for 30-60 minutes in order to 

preanneal any repetitive DNA elements (Litt & White, 1985). 

Southern blots were prehybridized for at least 30 minutes in 10 m l 

of hybridization solution ((10 % SDS; 1 M EDTA: 1 M NaPO,; 5X 

Denhardt's), slight modification of Church and Gilbert, 1984} in a rolling 

bottle hybridization oven (Tyler). The probe was then added to the blot and 

hybridized for 16-24 hours. The following day the blot(s) waslwere 

washed as follows: 2 X 10 minutes at room temperature (1 -5 X SSC; 0.2 

% SDS); 2 X 10 minutes at 65' (0.2 X SSC; 0.2 Oh SDS); and if necessary, 

in 10 minute intervals at 65" (0.1 X SSC; 0.2 % SDS). The blot was sealed 

in a plastic bag and exposed to Kodak X-Omat film at -70°C for the 

desired amount of time (usually a few hours to several days). 

When a blot was subjected to hybridization with a different probe, 

the previous probe was stripped off the blot by boiling the membrane for 

approximately 30 minutes in a solution of 1 % SDS; 0.1 X SSC. 



Northern Blots and Hybridization 

Human multiple tissue Northern blots were purchased from either 

CLONTECH Laboratories, Inc. or Invitrogen" . Each Northern blot contains 

approximately 2 pg of poly A' RNA per lane from various different human 

adult or fetal tissues. 

To make DNA probes for hybridization to Northern blots, the DNA 

fragment was isolated from low-gelling temperature agarose and la beled 

using the Strip-EZnï DNA kit (Ambion). Approximately 50-100 ng of the 

purified DNA fragment was bsiled for 10 minutes to denature the DNA and 

then added to a mixture of 2.5 pl 10X Decamer Solution. 2.5 pl 10X dCTP, 

5 pl 5X buffer. To this mixture was added 5 pl ( W ~ ~ P ) ~ A T P  (Amersham) 

and 1p1 of Exonuclease-free Klenow. Following incubation for 10 minutes 

at 37" C, the mixture was passed through a column containing Sephadex 

G-50 in order to rernove unincorporated nucleotides. The resulting probe 

was preannealed as described previously. 

Northern blots were prehybridized for at least 30 minutes in 

Northern Hybridization solution (50 % Formamide; 5 X SSPE; 10 X 

Denhardt's; .O7 % SDS; 0.4 mg I ml Herring sperm DNA) in a rolling bottle 

hybridization oven. The probe was then added to the blot and hybridized 

for 16-24 hours. The following day the blot was washed as follows: 2 x 1 5 

minutes at room temperature (2 X SSC; 0.1 % SDS); 2 x 10 minutes at 42- 

50 O C  (0.1 X SSC; 0.1 % SDS). checking for signal with a Geiger counter 

between washes. The blot was sealed in a plastic bag and exposed to 

Kodak X-Omat film at -70 O C  for the desired amount of time (usually 1-7 

days). 



When a blot was subjected to hybridization with a different probe, 

the previous probe was stripped off the blot using Arnbionls instructions. 

The blot was washed for 10 minutes at 68" in 10 ml of a 1 X mixture of 

Probe Degradation Dilution Buffer and DNA Probe Degradation Buffer (al1 

stripping reagents were provided with the kit). The first wash was poured 

off and 10 ml of a mixture of 1 X Blot Reconstitution Buffer and 0.1 % SDS 

was added. The blot was washed for a further 10 minutes at 68'. This 

standard probe removal protocol removed "greater than 95 % of the 

hybridized strippable probe" (Ambion). 

Cycle Sequencing 

Exons and cDNAs were sequenced using a Thermo Sequenase 

radiolabelled terminator cycle sequencing kit (Amersham Life Science) 

according to the manufacturer's instructions. Approximately 0.25 pg of the 

DNA to be sequenced was added to 2 pl reaction buffer (260 rnM Tris- 

HCI, pH 9.5; 65 mM MgCI2), 1 pl primer (1 pmollpl). 2 pl Thermo 

Sequenase polymerase (4 UhI) and sterile water (to 20 pl) and 

subsequently aliquoted into 4 X 4.5 pl reaction mixtures. Termination 

mixes were prepared by combining 2 pl dGTP termination master mix (7.5 

pM dATP, dCTP, dTTP, dGTP) and 0.5 pl of [a-33~]  ddNTP (G, A, T, C - one 

of each per sequence; 450 yCiIrnl). Each termination rnix was added to 

itls corresponding reaction mix (G with G and so on ). The tubes were 

capped and placed in a Progene thermal cycler (Techne) using the 

following parameters: Denaturation 95 OC, 30 sec; Annealing X OC, 30 sec 

(depending on the length and GC content of the primer); Extension 72 O C ,  



60 sec; for 10 cycles. When cycling was finished, 4 pl of stop solution (95 

% formamide; 20mM EDTA; 0.05 % bromophenol blue; 0.05 % xylene 

cyanol FF) was added to each reaction tube. The reaction was heated to 

75 OC for 5 minutes and 6 pl was loaded immediately ont0 an 8 % 

denaturing polyacrylamide gel { 5.32 g Acrylamide; 0.28 g bis-acrylamide; 

32 g urea; 3.5 ml 20X glycerol tolerant buffer; sterile water to 70 ml; filter 

and de-gas. When ready to pour add 500 pl 10 % ammonium persulfate 

and 12.5 pl TEMED (NIN ,N',Np-tetramethylethylenediamine)}. The gel wa s 

run at 55 Watts for 1.5-7 hours and dried under vacuum at 80 "C for 2 

hours. Autoradiography was performed using Kodak BioMax MR film at - 

70 OC for the desired amount of time (usually 1-3 days). 

Screening Human cDNA Libraries 

Various cDNA libraries were screened to identify cDNA clones 

containing previously identified exons; a list of the libraries used is  

presented in Table 2-1. 

For plating of these libraries, the bacterial host cell used was E. 

coli XL1 -Blue (recAl, endAl, gyrA96, ?hi-1, hsdR17, supE44, relal , 

lac,[F'proAB, laclqZDM15, Tnl O (tetr)]. XL1-Blue were grown in LB 

containing 0.2 % maltose and 10 mM MgS04. After growing overnight at 37 

OC, the cells were pelleted and resuspended in 10mM MgS04 to an ODm 

of 0.5. The libraries were titered on LB plates using various dilutions of 

the original stock and by conventional methods (Sambrook et al., 1989). 

Aproximately 30,000 phage were plated on each 150mm xl5mrn plate, 

and 20-25 plates were made. The plates were incubated for aproximately 

14 hours at 37 O C  and then cooled at 4 O C  for several hours. 



Plaque lifts were performed using Hybond-N (Arnersham LIFE 

SCIENCE) nylon membranes as per manufacturer's instructions. The 

membrane was placed on the plate for one minute and marked with 

pinholes for future orientation. The membrane was then placed DNA-side 

up, ont0 a Whatmann-soaked pad of denaturation solution (1.5 M NaCI; 

0.5 M NaOH) for three minutes. This was followed by 2 X 3 minute 

neutralization steps (1 -5 M NaCI; 2 M Tris, pH 7.5). Finally the membrane 

was agitated in 2 X SSC for 5 - 10 minutes (to remove any cellular debris 

adhering to the membrane). The DNA was fixed to the membranes by 

baking for 2 hours at 80 OC in a vacuum oven. 

Hybridization of radioactively-labeled DNA probes was performed in 

the manufacturer-recornmended solution (5 X SSC; 5 X Denhardt's 

solution; 0.5 % SDS) for 16-20 hours at 65 OC. The region around the 

primary positive plaque was isolated from the original plate, re-plated at a 

low density on LB plates, plaque-lifted and re-probed. This procedure was 

repeated until a single positive plaque could be isolated. ln vivo excision 

of the pBluescript SK* plasmid from the hZAPll vector was performed 

using R408 helper phage (Stratagene) as per manufacturer's 

instructions. 

Polymerase Chain Reaction 

Polymerase chain reactions were performed using a PTC-100 TM 

programmable thermal controller (MJ Research Inc.). Usually 40 pl  

reactions were set up in 1 X PCR buffer (500 mM KCI; 100 mM Tris, pH 

7.5; 15 mM MgCI2), 10 pmol of each primer (Gi~co BRL), 10mM dNTPs, 

the desired arnount of template DNA, and sterile water to 40 pl. The 



reactions were heated to 95 O C  for 2 minutes and held at 80 OC while 0.5 

pl of Taq polymerase ( Department of Microbiology, University of Alberta) 

was added to each (this technique was referred to as "hotstart" PCR). The 

PCR conditions typically consisted of an initial denaturation at 95 O C  for 1- 

2 minutes followed by 25-35 cycles of annealing (Tm- 3 to 5 OC for 30 

seconds), extension (72 O C  for 30 seconds / 0.5 kb) and denaturation (95 

O C  for 30 sec) followed by a final annealing and 10 minute extension at 

72 O C .  

When a larger PCR product (2 1.5kb) was desired, the TaqPlus 

PrecisionTM PCR System (Stratagene8) was used as per manufacturer's 

instructions. Typically 50 pl reactions were set up in 1 X PCR buffer 

(provided with kit), 10 pmol of each primer, 25 mM dNTPs. the desired 

amount of template DNA, and sterile water to 50 pl. Hotstart PCR was 

perforrned and 0.5 pl (5 UIpI) of TaqPlus Precision polymerase was 

added to each. The PCR conditions were as previously stated. To test for 

DNA contamination of any of the components of the PCR reaction, a water 

control consisting of al1 the components except the template DNA was 

also perforrned. Table 2-2 lists al1 the primers used in the described 

experirnents. 

Reverse Transcription PCR 

Reverse transcription PCR (RT-PCR) was performed on 2-5 pg of 

total RNA isolated from various human tissues (by Dr. Andrew Wong or 

Dr. Valerie Trichet) including adult heart, liver, kidney, skeletal muscle and 

others, as well as fetal brain and two cell Iines, CaCo (a colon carcinoma 



cell line) and HeLa (a cervical cancer cell line). The RNA was added 

together with 20 pmol of a gene-specific primer and DEPC-treated water 

to 12 pl followed by incubation at 70 O C  for 5 minutes to denature the RNA. 

Following 1 minute on ice, 4 pl of first strand buffer (250 mM Tris, pH 8.3; 

375 mM KCI; 15 mM MgCI2) , 2  pl 0.1 M DTT and 1 pl 10 mM dNTPs was 

added. Following incubation at 42 ' C for 2 minutes, 1 pl (200 Units) of 

SUPERSCRIPT II Reverse Transcriptase (Gisco BRL) was added. The 

reaction was incubated at 42 O C  for 30 minutes followed by 5 minutes at 

55 O C. To degrade the remaining mRNA, 1 pl (3.8 U/pI) of RNase H 

(GiecoBRL) was added and the reaction incubated at 55 O C for 10 

minutes. Typically 2-5 pl of the reverse transcription reaction was used in 

a PCR reaction. Negative control reverse transcription was peiformed as 

above without the addition of SUPERSCRIPT II Reverse Transcriptase. 

Subcloning 

Subcloning was performed in pBluescript II SK(+/-) when it was 

necessary for simplified sequencing or if a particular restriction fragment 

was needed in a plasmid vector. The restriction fragment of interest was 

isolated from a 1X TAE-agarose gel and purified using the GeneClean 

system (BI0 101 Inc.). The purified fragment was ligated to the desired 

amount of appropriately digested pBluescript in 5 X T4 DNA ligase buffer, 

1 pl T4 DNA ligase (1 UIvI; GiscoBRL) and sterile water to 10 pl. The 

reaction was incubated at room temperature for 1-3 hours and then half of 

the reaction was transformed into competent XL1-Blue cells and plated 



on LB plates supplemented with Ampicillin (50 pglpl), X-gal (800 pg/pl) 

and IPTG (800 pglpl). 

When it was desired, PCR products were subcloned using the 

pGEM "-T Easy Vector Systems (Promega) as per manufacturer's 

protocols. Transformants were selected for as described above. 

Rapid Amplification of cDNA ends (RACE; 3' and 5') 

Rapid amplification of cDNA ends (Frohman et al., 1988) was 

performed using Marathon-Readynt cDNA kits (CLONTECH Laboratories, 

Inc.) which are essentially premade, uncloned libraries of adaptor-ligated 

double-stranded cDNA ready for use as a template in either 5' or 3' RACE 

reactions (see Figure 2-2 for a brief overview of this technique). The kits 

used were prepared from poiy A' RNA from either human adult heart or 

brain. A primary RACE was performed using an interna1 gene-specific 

primer and the Marathon Adaptor Primer (API), followed by a nested PCR 

using a nested gene-specific primer and the nested Marathon Primer 

(AP2). All RACE reactions were performed as previously described us ing 

the TaqPlus PrecisionTbf PCR System (Stratagene'). Typically 1 pI of the 

primary PCR was used as the template for the nested PCR. A portion of 

the RACE reaction was examined on an agarose gel and transferred to a 

nylon membrane as previously described. This Southern blot w as 

hybridized with a cDNA probe containing the most 5' known portion of the 

gene. Once the band(s) of interest were determined, they were gel- 

purified and cloned into the pGEM "-T Easy vector and sequenced. 



Database Searching and Genomic Sequence Analysis 

A large number of publically available programs are particularly 

useful for identifying similarities between experimental sequences (e.g. 

cDNA, exon (DNA andfor protein format)) and large databases of publicly- 

availa ble, pa rtially-seq uenced CD NAs (gxpressed-seq uence-tags or 

ESTs), genomic, or known gene sequences. Basic Local Alignment 

Search Tool (BLAST) (Altschul et al., 1990) is a search algorithm 

employed by various prograrns designed for sequence sirnilarity 

searching. These programs ascribe significance to their findings using 

the statistical methods developed by Karlin and Altschul (1990, 1993). 

Typically. exon, cDNA, or genomic sequences were submitted to 

the BLASTN/nr program, which searches for similarities to al1 DNA 

sequences in the database such as sequence-tagged-sites (STSs), CpG 

islands, known genes or genomic sequence. Subsequently the 

experirnental sequence was submitted to BLASTNIdbest. which identifies 

similarities to hurnan and non-human ESTs. BLASTP, BLASTX, TBLASTX 

or BEAUlY (BLAST Enhanceci Bignment Utility; Worley et al., 1995) 

searches were performed to identify protein homology and the presence 

of any known functional domains. The BLAST series of programs used 

were accessed either through the Baylor College of Medicine's Search 

Launcher (http://kiwi.imgen. bcm.tmc.edu:8088/search- 

launcher/launcher.html) or through the National Center for Biotechnology 

Information (http://www.ncbi.nlm.nih.gov/). All searches were performed 

using the default parameters of the search program (see BLAST Help 

Manual at http://www.ncbi.nlrn.nih.gov/BLAST/blast-help. html). Any ESTs 

matching the query sequence with close to 100 % identity were 

purchased frorn Genome Systems Inc. and further characterized. 



To analyze partial or complete genomic sequence (obtained from 

Dr. Bruce Roe at http://www.genome.ou.edulhum~totals.html) a series of 

programs available over the lnternet were employed (see Figure 2-3 for 

an illustration). The genomic sequence was occasionally subrnitted to the 

Genome &notation and Information halysis server (GAIA, - 
http://daphne. humgen.upenn.edu: 1024lgaiafindex. html). GAN is a data 

analysis and storage system for genomic sequence and its annotation. 

GAiA accepts raw genomic sequence and automatically adds annotation 

such as GRAIL-predicted exons, EST and STS hits and repetitive 

elements. GAlA was also used to format partial genomic sequence into 

numbered, columnar Iines. 

The genornic sequence was also submitted to various gene and 

exon prediction programs. The rnost reliable and frequently used gene 

prediction program was GENSCAN 

(http://bioweb .pasteur.fr/seqanal/interfaceslgenscan. html or http://ccr- 

081 .mit.edulGENSCAN.htmI; Burge & Karlin, 1997). GENSCAN is useful 

for the identification of cornplete gene structure in genomic DNA including 

exons, introns, promoter and poly-adenylation signais. GENSCAN 

outperforms some other gene prediction programs in that it recognizes 

partial genes as well as multiple genes in a single sequence on either or 

both DNA strands. GENSCAN is based on a probabilistic rnodel of 

genomic sequence composition (gene structure) and therefore is able to 

assign a probability that a particular exon, for example, is correct. This 

probability is defined as the sum of the probabilities under the model of 

al1 possible gene structure descriptions which contain the exact exon in 

the correct reading frame. These probabilities provide a useful 

quantitative guide to the likelihood that a given exon is correct. For 

example, a study done by Burset & Guigo (1996) on a set of 570 

vertebrate gene sequences found that a probability between 0.75 and 0.9 



indicates a 74.8 % chance that the predicted exon is exactly correct (i.e.: 
the predicted exon exactly matched the true exon precisely; both endpoints 

were correct) and an 8 % chance that the predicted exon was wrong (Le.: 

the predicted exon does not overlap the true exon at all). Some 

implications from the Burset & Guigo (1996) study are: a P>0.99 indicates 

that the exon will almost always be correct, a 0.99>P>0.5 indicates that 

the exon will be correct most of the time and if Pe0.5 then this prediction is 

not reliable. GENSCAN more accurately predicts internal exons than initial 

or terminal exons and it predicts exons more accurately than poly- 

adenylation or promoter signals (GENSCAN Web Sewer 

http://gnomic.stanford.edulGENSCANW.html, and Personal experience). 

One drawback of the GENSCAN program is that it can predict exons within 

repetitive elernents (especially L I  elements), so it may be wise to submit 

only repeat masked sequences. Other gene prediction programs 

occasionally used include FGENEH and Genie (available via the BCM 

search launcher). 

The genomic sequence was submitted to exon prediction 

programs including GRAIL, MZEF. FEXH, and HEXON (al1 available via the 

BCM search launcher). Of these programs, MZEF and GRAIL were found 

to be the rnost useful and frequently used. GRAI12 (bene Recognition 

and Assembly lnternet link) defines an exon as having an open reading 

frame bounded by the correct splicing acceptor and donor sites. GRAIL2 

finds approximately 91 % of al1 coding regions but is less efficient at 

predicting exons less than 100 bp in size. Penonal experience has also 

shown that GRAIL2 may predict exons within repetitive elements. GRAIL2 

searches both the forward and reverse strands and can also recognize 

translation start and stop signals. MZEF (Michael Zhang's Exon Einder; 

Zhang, 1997) predicts internal coding exons based on quadratic 

discriminate analysis. MZEF starts with a potential exon (an ORF 18 to 



999 bp bounded by the correct splicing acceptor and donor sites), 

measures 9 discriminate variables and then calculates its exon 

probability. If the probability (P) is > 1/2, it will be output as a predicted 

exon. Personal experience has shown that the exons predicted by 

GENSCAN are most accurate and reliable, followed by MZEF and then 

GRAIU. 

The genomic sequence was also submitted to the BLAST series of 

searches following masking of the repetitive elements by RepeatMaskerZ 

(http:l/fip.genome.washington.edulcgi-binRepeatMasker). The BLAST hits 

obtained were compared to the exons and genes as well as previously 

identified exon and cDNAs in the region. In some cases ESTs were 

obtained for further characterization. 



Figure 2-1 : Exon Trapping System 

Exon trapping is a relatively simple approach for isolating transcribed 

sequences (exons) from cloned genomic DNA. The splicing vector pSPL3 

contains two exons (open boxes) with an intron (thin horizontal line) from 

the HIV tat gene containing a vector splice donor site (SD") and a vector 

splice acceptor site (SA"), as well as a SV40 promoter. The genomic DNA, 

subcloned into the multiple cloning site in the intron, may contain an exon 

(blue box) flanked by intron sequence (pink boxes). The genomic splicing 

signals are represented by SD, and S b .  When the cloned DNA contains 

an exon in the proper orientation, splicing can occur between the vector 

and insert sequences. A unique fragment is produced by subsequent 

PCR (primers indicated by small arrows). 



Genomic DNA fragment subcloned into pSPL3 

transfect into COS cells * 
transcription from SV40 promoter and 

RNA splicing in COS cells 

isolation of RNA and synthesis of cDNA by reverse transcription 

J. 
lo PCR with SD6 and SA2 

Z0 PCR with SD2 and SA4 

Subclone into pAMP1 O 
I 

Colony PCR with SD2 and SA4 -Ou- + 
Run PCRs on 2 % agarose gel 

J- 
Detemine sequence of putative exons 



FIGURE 2-2: A Detailed Flow Chart of Marathon cDNA Amplification 
Protocol 

A) The gene-specific primer (GSP1 or GSP2, depending on type of 

RACE reaction) and AP1 are added to the Marathon double-stranded 

cDNA and other PCR components and thermal cycling is begun. In 5' 

RACE, the lower strand (antisense) cannot be extended or serve as a 

template because there is no AP1 binding site. Likewise in 3' RACE, 

the upper strand (sense) contains no AP1 binding site and is not 

extended. 

B) Extension of the GSP in the first cycle of PCR will create AP1 binding 

sites on the lower and upper strands (5' and 3' RACES, respectively). 

C) Subsequent cycles of PCR allow extension from both the AP1 and 

gene-specific primers producing a 5' or 3' RACE product (D). 

D) The 5' or 3' RACE product. 

E) In some cases where the level of background or nonspecific 

amplification in the 5' or 3' RACE reaction is too high with a single 

gene-specific primer, then a nested or inner primer set may be used. 

A nested primer (AP2) is supplied with the kit and overlaps slightly 

with API. AP2 can be used with a nested gene-specific primer 

(NGSPI or NGSPZ) to reamplify an aliquot of the primary PCR. 
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Figure 2-3: Genomic Sequence Analysis Flow Chart 

Genomic sequence was sometimes submitted to GAlA for formatting and 

annotation. Alternatively, the sequence was analyzed manually by 

subrnission to gene and exon prediction prograrns followed by masking 

of interspersed repetitive elements and BLAST searches. All of this 

information was compiled together with other previously known exons 

and cDNAs. In some cases, ESTs were obtained for further 

characterization such as sequencing, Northern blot analysis, RT-PCR. 

RACE etc.. 
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PUTATIVE 
GENE 
CES86 

1 EX86-2 1 AGAGAAGCTGGAAGAAAGAAC II 

PRIMER 
NAME 

EX86 K I  -2R 
EX86-1 

PRIMERS-3'SEQUENCE 
- 

EX86K1-1 
EX86 K 1 - 1 R 
EX86K1-2 

ATGCACAGAGCACATAlTCT 
ACCTGAATACGAAAGAACAT 
ITCAAAGTCCAACACAGAAT 
ACCiCCACAlTACATCA 
GTATAAAGCCCAGCCCTCCG 1 

GTACCGTCTGlTGTACAAAT 
GAACGTGTTTACACAGACGT 
TCCGTGCAAGGAAGAAGTG 

- - 

i EX38Q 1 -F 1 i ACCAATAAGTAACCTGTACAGGTC 11 

K 1 A-2 
KIA-3 
EX86H EST- 1 

- 

CES38 

1 EX38Q 1 -R 1 1 CTGAGAGAGAGACAGAAGCAG 11 

CCGCGCAATGITACCGGGAT 
TCACCGCGATCTCGGTCTAGG 

EX86HEST-2 
HEST-3 

Table2-2: List of al1 the Primers Used 

1 
EX38Qf-1 
EX38Q1-2 

r G C G G G l l l C A G A A C  
AACCTTGTCAGATAACTAAC 



A) Characterization of Putative Exons Within the CESCR 

Exon Amplification 

To isolate putative transcribed sequences from the CESCR. Dr. Ali 

Riazi performed exon amplification jsee Fig. 2-1 for an overview of this 

technique) on 2 BACS (95A8, 233A2). 3 PACs (109L3, 238M15, 120N18) 

and 27 cosmid clones (Riazi, Ph.D. thesis, 1998). Clones subjected to 

exon amplification are starred on Figure 3-2. 

Dr. Riazi digested these clones with Sst l and shotgun subcloned 

the fragments into the Sst I digested exon trapping plasmids pSPL3 or 

pSPL3B and plated them on LB + Ampicillin plates. He then screened 

colony lifted filters of these subclones with a probe made from total 

human genomic DNA. This was done to alleviate the problems of the 

amplification of fragments derived from the cosmidlBAClPAC vector or 

other possible DNA contaminants. He found on average that 

approximately 60 % of the subclones hybridized to the total human DNA. 

After isolating DNA from these subclones he transfected them into COS 

cells, then isolated RNA and synthesized cDNA using reverse 

transcription. Dr. Riazi then performed primary and secondary PCR on a 

pool of cDNAs and subcloned the PCR products into the cloning vector 

pAMP1O. Transformed cells were plated on LE! + Ampicillin plates and 

single colonies re-grown on LE3 + Ampicillin plates in order to isolate 

single colonies. Dr. Riazi characterized a large number of clones, 

resulting in 9 putative exons. I analyzed approximately 1 19 rernaining 

clones as the basis of this thesis. 



Colony PCR 

Each of the 11 9 clones were subjected to colony PCR using a 

single bacterial colony and the secondary amplification primers USD2 

and USA4 (provided with Exon Trapping Kit). Approximately half of the 

PCR reaction was electrophoresed on a 2 % agarose gel in order to size 

the putative exons and to resolve small size differences between the 

various products. 

A source of contamination in the Exon Trapping procedure was 

"~ector-vector" splicing, which occurs when the vector splices the H!V tat 

exons together without an insert. When this occurs, secondary PCR will 

produce a 177 bp product. Alternatively, when a putative exon is inserted, 

secondary PCR will produce a product consisting of 177 bp (HIV exon 

sequence) + X bp of putative exon sequence. These size differences were 

easily discerned when the secondary PCR products were 

electrophoresed on a 2 % gel (See Figure 3-1). Figure 3-1 shows 19 

colony PCR products. Lanes 2, 6, and 17 show bands approxirnately 177 

bp in size, corresponding to vector-vector splicing. These clones were 

immediately eliminated from further characterization. Lanes 3, 4, 7, 9, 10, 

13, and 18 show bands which are greater than 177 bp and likely contain a 

putative exon. All such clones were characterized further. Lane 5 shows 

three different sized bands and likely indicates a mixture of colonies was 

used in the colony PCR. Such a result was seen only 2-3 times and these 

clones were not characterized further. Lanes 1,  8, 1 1, 12, 14, 15, 16, and 

19 show no product from the colony PCR. These results are theoretically 

inconsistent with the exon trapping procedure but may be due to 

contaminating ampicillin-resistant bacteria. Clones which showed such a 

result were re-grown on LB + ampicillin plates and the colony PCR was 

repeated if growth occurred. 



Table 3-1 summarizes the results from al1 clones analyzed and 

lists the number of putative exons discovered. From BAC 95A8 there were 

27 pAMPlO clones analyzed. Of these 27, 15 were due to vector-vector 

splicing, 10 showed no secondary PCR product and the remaining two 

were putative exons, which when sequenced turned out to be identical to 

two exons (Exons 7 and 8) already being characterized by Dr. Ali Riazi. 

From PAC 109L3 there were 13 pAMPlO clones analyzed. Of these 13. 5 

were due to vector-vector splicing, 7 showed no secondary PCR product, 

ieaving one putative exon. From PAC 238M15 there were 79 pAMP10 

clones analyzed. Of these 79, 16 were due to vector-vector splicing, 30 

showed no secondary PCR product and the remaining 33 were putative 

exons. Clones from BAC 233A2 and PAC 120N18 were characterized by 

Dr. Riazi. 

Sequencing and BLAST Searches 

Each of the putative exons was sequenced manually. Cornparison 

of the sequences eliminated those clones which were identical. This 

resulted in 9 exons: Ex 1 1A, Ex 20, Ex 38, Ex 41, Ex 45, Ex 48, Ex 51, Ex 60 

and Ex 86. Subsequently, the sequence of each exon was subjected to 

the BMSTN and TBLASTX prograrns to identify any similarities to 

previously known human or non-human genes or ESTs. Table 3-2 lists 

the sequence of each exon and summarizes the results of the BLAST 

searches. Ex 60 was found to be 100 % identical to a previously trapped 

exon (Troffater 1995) but identified no ESTs. Ex 86 identified one EST 

initially, EST 321 686 (accession number W35386) from a parathyroid 

tumor which was obtained for further characterization. This EST is also 

referred to as hEST1. Several months later two other ESTs were also 

identified by Ex 86: EST 462605 (accession number A704966) from a 



combined fetal liver and spleen cDNA library and EST 966077 (accession 

nurnber AA505576) from breast tumor tissue. EST 462605 was obtained 

for further characterizôtion and is referred to as hEST2. EST 956077 was 

not obtained because the information available regarding it's sequence 

and size indicated that it was identical to hEST1, extending only three bp 

more 5' than hEST1. Ex's 45 and 51 were found to contain repetitive DNA 

sequences; Ex 45 was entirely part of an Alu element and Ex 51 was part 

of a MER1 DNA element. Ex 48 was found to contain 81 bp of a LTR 

element while the remaining 64 bp were unique sequence. Ex's 11A. 20, 

38, and 41 did not contain any repetitive DNA elements but did not identify 

any ESTs or genes. 

ESTs identified by the BLAST search with Ex 86 sequence will be 

further discussed in section B. 

Mapping Within the CESCR 

Each putative exon was also hybridized to some of the PACBAC 

clones in the CESCR which were available at the time. This was done in 

order to map the exons to the smallest possible region within the CESCR. 

Since the physical map of the CESCR (Johnson et al., 1999) contained 

many overlapping PACIBAC clones it was possible to map most exons to 

a region of 50 kb or less. 

Figure 3-2 shows a partial physical map of the CESCR (derived 

and redrawn from Johnson et al. 1999) and indicates the regions where 

the exons mapped. The region shown by A contains Ex 86, which 

hybridized strongly to a single band in PAC 1 O9L3. Clones 21 3P2, 609C6 

and 143113 were not available at the time for this hybridization experiment, 

however Ex 86 was later amplified by PCR from these three clones. The 

region shown by B contains Ex 20, 38 , and 51 which hybridized strongly to 



clones 238M15 and 609C6. It is unclear why Ex 51 hybridized strongly to 

these clones since it is composed entirely of repetitive DNA. The region 

shown by C contains Ex 60 only, which hybridized strongly to only 238M15. 

The region indicated by D contains Exons 1 IA ,  41, 45, and 48. Exons 11A, 

41, and 48 hybridized strongly to single bands in 238Ml5 and 1 15F6 

while Ex 45 hybridized strongly to a single band in 238M15 and 11 5F6 but 

also faintly to several other bands in other clones. This could be explained 

by the fact that Ex 45 is composed entirely of repetitive DNA. 

Determination of Loci Number 

As a preiiminary experiment, each putative exon was hybridized to a 

partial hybrid panel to gain information regarding the number of loci in the 

genome which were represented by each exon. The pericentromeric 

region of chromosome 22 is known to be rich in low copy and 

inters persed repetitive DNA elements as well as truncated unprocessed 

pseudogenes including those for vonwillebrand factor (Eikenboom et al. 

1 !NI), neurofibromatosis (NF1 ; Regnier et al. 1997), 

adrenoleukodystrophy (ALD; Eichler et al. 1997), KCNMB3L (Riazi et al. 

submitted), the irnmunoglobulin kappa light-chain gene (IGKV3; Lotscher 

et al. 1986) plus many others (Minoshima et al., 1998; McDermid, 

unpublished results). Exons of unprocessed pseudogenes are equally as 

likely to be isolated by exon amplification as are exons of real genes 

provided their splice junctions are conserved. 

Before extensive characterization of a putative exon was performed, 

it was hybridized to a Southern blot containing the following DNA digested 

with one or more restriction enzymes: total hurnan DNA (cell line 

GM03657). DNA from a somatic cell hybrid (human/harnster) cell line 

containing chromosome 22 as the only human component (GM010888) 



and total hamster DNA (cell line RJK888). The results obtained from this 

type of Southern blot may alert one to the possibility that an exon is part of 

an unprocessed pseudogene in the CESCR. It is important to note that 

this experiment may not identify al1 pseudogenes. if an exon represents 2 

loci in the genome then one could reasonably expect to see a greater 

number of bands within total genomic DNA than in chromosome 22 only 

DNA. as a result of one functional ancestral locus probably located on 

another chromosome and a second locus (possibly a pseudogene) 

located within the CESCR on chromosome 22. Aiternatively, the extra 

band(s) in total genomic DNA could be the result of a polymorphic 

restriction site within the probe being used. However, if a duplication was 

very recent (thus preserving all restriction sites), the band could be the 

same size on different chromosomes, requiring a complete 

monochromosomal hybrid panel to detect. Alternatively, both the ancestral 

gene and the duplicated gene fragment could be located on chromosome 

22, in which case there would be no differences between the hybridization 

pattern of total genomic DNA and chromosome 22 only DNA. Any putative 

exons that hybridized to more bands in total human DNA than in 

chromosome 22 only DNA, and therefore may have been part of a 

pseudogene within the CESCR, were not characterized any further. Table 

3-3 shows the results of these experiments. 

Exons 11A, 20, 38, 41, and 86 hybridized to single bands in both 

the total hurnan DNA and the chromosome 22 only DNA and likely 

represent single loci. Ex 48 hybridized to two bands in the total human 

DNA, only one of which hybridized in chromosome 22 only DNA. It is  

therefore possible that this exon represents more than one locus in the 

genome. Exons 45 and 51 produced a smear, which is consistent with 

the fact that they are both entirely repetitive DNA. No result was seen with 

Ex 60. This may be due to the small size (50 bp) of this exon and the 



limitations of hybridization. Exons 1 1 A, 20, 38, 41, and 86 which hybridized 

well, were al1 substantially larger (93-201 bp) than Ex 60. Exons 45, 48, 

and 51 were not subjected to further characterization. 

Screening cDNA Libraries 

Exons 1 I A ,  20, 38, 41, 60, and 86 were used to probe a CaCo-2 

cDNA library and a fetal brain cDNA library (see table 2-1 for a description 

of these cDNA libraries). The CaCo-2 library was produced in the lab of 

Dr. Joanna Rommens from RNA isolated from a colon carcinoma ceIl 

line. This cell line is known to express many widespread and tissue- 

specific genes including the CFTR gene responsible for cystic fibrosis 

(Rommens, personal communication), uroplakin (a bladder-specific 

gene) and ARHGAPL (a gene expressed mainly in kidney and placenta) 

(McDerrnid, unpublished results). 

Screening of the fetal brain library produced two cDNA clones: one 

containing Ex 86 (called Ex 86 K1) and one containing Ex 38 (called Ex 38 

QI). No cDNAs were isolated for Exons 11A, 20, 41, or 60. These exons 

may be contained within genes which are not expressed in the fetal brain 

or CaCo ceIl line or at the developmental age of the fetal brain used to 

make this library. Alternatively, they may be exons located at the extrerne 5' 

end of a gene and therefore be underrepresented in the libraries tested. 

The two cONAs obtained will be discussed in Section B. 

Overall two putative genes were discovered from nine initial 

exons:CES38 (CES putative gene containing Ex 2) and CES86 (CES 

putative gene containing Ex m. The characterization of these putative 

genes is described in section B. 



6) Characterization of Putative Genes in the CESCR 

1) Partial Cloning and Characterization of a Putative Gene, CES86 

Mapping cDNA Clones Within the CESCR 

The sequence of Ex86 (Table 3-2) originally identified one EST, 

EST 321686 (referred to as hEST1;Accession # W35386). and later on 

two other ESTs. EST 462605 (referred to hEST2; Accession # AA704966) 

and 966077 (Accession # AA505576). hESTi and hEST2 were obtained 

for further characterization and sequencing. 

Screening of fetal brain and CaCo-2 cDNA libraries with Ex86 

resulted in a 5 kb cDNA clone (Ex86 K I )  from the fetal brain library which 

was further characterized. 

After sequencing of approximately 350 bp at the ends of the Ex86 

K I  cDNA, PCR primers were designed and used to amplify these 

sequences from the PACiBAC clones from the CESCR. The first primer 

pair, KI-1 and KI - IR,  at the T i  end of the insert (See Figure 3-3) 

amplified a 200 bp fragment from clones 109L3, 213P2, 143113. and 

609C6. The second primer pair, KI-2 and KA-2R, at the T3 end of the 

insert did not amplify an expected 200 bp fragment from the four 

previously mentioned clones. Since the exon-intron boundaries were 

unknown, it was possible that the second set of primers extended across 

a large intron that would not be amplifiable by PCR. To circumvent this 

problem, the cDNA was restriction mapped and various restriction 

fragments were hybridized to many of the PACIBACS in the CESCR 

(including 916F2, 109L3, 14311 3, 213P2, 609C6, 238M15, 567H5, 50Ai6). 

As seen in Figure 3-3, four contiguous fragments did not hybridize to 

PACiBACs: EcoRllBamHI 1.1, BamHllHindlll 0.1, HindllllXbal 0.4 and 



XballEcoRl 0.1. The EcoRIPstl 0.55 fragment was not tested because it 

could not be easily isolated as a probe. The rest of the fragments tested 

did hybridize to CESCR PACBAC clones. Together, these experiments 

suggested that the K I  cDNA was chimeric. The chromosome 22-specific 

portion of the K I  cDNA, approxirnately 2.6 kb in size, was subcloned using 

the interna1 Hindlll site and the Hindlll site located in the multiple cloning 

site of the vector at the T7 end. The subcloned portion was referred to as 

Ex86 K l a  and was subjected to further characterization and sequencing. 

Sequence Analysis of Three cDNAs: Ex86 Kla, hESTl and hEST2 

The analysis of the sequence obtained for K l a  showed no open 

reading frame (ORF) as well as the presence of portions of several 

repetitive elernents including LTR, L2, Alu, and MER1 (See Figure 3-4). 

Sequencing of Ex86 K I  using the primer 86-2, gave 106 bp of sequence 

toward the T3 end, past the Hindlll site used for subcloning. Analysis of 

this sequence (see Figure 3-5) showed a consensus polyadenylation 

signal but no poly (A) tail. 

Sequencing of hESTl and hEST2 revealed that they both 

contained a polyadenylation signal and poly(A) tail and therefore 

represented the 3' end of this putative gene (See figure 3-6). Ex86 K I  a 

and hEST2 each contained the original trapped Ex86 in its entirety. hESTl 

was found to contain only the 3' portion (70 bp) of Ex86 spliced to 

sequence not present in Ex86 K l a  or hEST2. Therefore Ex86 was 

subdivided into two portions called 86-A (3' 70 bp) and 86-6 (5' 57 bp). 

This finding led to the hypothesis that the trapped Ex 86 was 

actually two separate exons which had been trapped together. However, 

Ex 86 (127 bp) could be amplified by PCR using the primers 86-1 (or 86- 



3) and 86-2 (See Fig. 3-4) from four overlapping PACs and BACS (PACs 

109L3, 143113, 213P2 and BAC 609C6) and frorn total human DNA, 

indicating that it was contiguouç in the genomic sequence and therefore 

not two separate exons trapped together (results not shown). 

The sequence of Ex86 K l a  could also be amplified by PCR using 

the primers 86-1 (or 86-3) and Kla-2 from the same four overlapping 

PACIBACs. This implied that the entire Ex86 K l a  cDNA was one large 3' 

exon or that it was created from priming off genomic DNA and not mRNA 

when the cDNA library was made. The idea that Ex86 K l a  was made by 

priming off genomic DNA was also supported by the presence of a correct 

3' splice acceptor site and a 5' splice donor site at the boundaries of Ex86 

(See figure 3-5). However, the sequence of the conserved splicing signals 

in Ex86 Kla suggested that Ex86 was in the opposite orientation as 

hESTl and hEST2. This same sequence however waç also present in 

hEST2 which is polyadenylated and in the same direction as hESTI. The 

correct 3' and 5' splicing signals around Ex86 may be cryptic splicing 

signals which allowed it to be trapped by the exon trapping procedure. In 

any case this meant that the sequence unique to hEST1 (500 bp at the 5' 

end) must be located more 5' (of the sequence on Ex86 K l a  and hEST2) 

in this putative gene. This 5' exon had previously been arnplified by PCR 

using the primers H l  and H2 from the same four clones mentioned 

above. A portion of this exon does contain an open reading frarne of 

approximately 326 bp (108 amino acids) which shows no similarity to 

previously identified genes or ESTs. 

Complete genornic sequence of PAC 14311 3 became available 

some time later and has confirmed al1 these PCR experiments to be 

correct as well as indicating the direction of this putative gene to be 

centromere to telomere (5' to 3'). Genomic sequence of PAC 14311 3 

showed that the distance of the intron in hESTl was 5203 bp. As well, the 



genomic sequence was analyzed for splice sites around hEST1. Correct 

splice sites were observed for both the 3' splice acceptor and the 5' splice 

donor. 

Expression Analysis of CES86 

To study the expression profile of this putative gene, a probe was 

made from the 5' exon of hEST1 (PstEcoRI 0.5 fragment) and hybridized 

to Clontech and lnvitrogen Northern blots containing mRNA from adult or 

fetal tissues. Hybridization revealed a relatively abundant 7 kb transcript in 

adult heart and skeletal muscle and fetal heart and muscle (See Figure 3- 

7). A transcript approximately 7.8 kb in size was detected in al1 fetal 

tissues tested except heart, where the transcript was slightly smaller at 

approximately 6.1 kb. As well, a fainter transcript 2.1 kb in size was 

detected in several tissues. 

A probe was also prepared from the entire hEST2 (PacllEcoRI 0.4 

+O.?) and hybridized to commercially available blots. Hybridization 

revealed a 7 kb transcript in most adult and fetal tissues tested (See 

Figure 3-8). 

To confirm the validity of Ex86 K l a  and hESTl cDNAs RT-PCR 

experiments were performed. Using total RNA isolated from various 

human adult and fetat tissues as well as total RNA isolated from 2 ceIl 

lines, reverse transcription was performed using the 86-3 primer. 

Subsequent PCR with 86-3 and H l ,  followed by a nested PCR with 

primers 86-3 and H4, produced a smear on an agarose gel, but when 

Southern blotted and probed with hESTl Pst Il Eco RI 0.5 showed the 

expected sized band of 150 bp in RT reactions from skeletal muscle, 

tonsil, thymus, heart, fetal brain and CaCo. No amplification was detected 

in the negative RT reactions (See Figure 3-9). This indicates that the 



hESTl cDNA is a real transcript in the tissues tested, however it may be 

relatively rare since the expected sized RT product could only be 

visualized with Southern hybridization. PCR using the prirners 86-3 and 

Kla-2 produced a clearly visible band approxirnately 2.2 kb in al1 tissues 

tested. however the same band was also seen in negative RT controls 

indicating possible genomic DNA contamination. This result w a s 

inconclusive as the band produced in the RT reaction could have been 

amplified either from a true mRNA or from genomic DNA (results not 

shown). 

5' End Cloning of hEST1 

To identify more of the 5' end of this putative gene, hESTl 

PstllEcoRI 0.5 was used to probe several more cDNA libraries including 

the fetal brain library, as well as adult heart, adult skeletal muscle and 

adult pancreas libraries. a fetal craniofacial library and a CaCo-2 

randomly primed library. No cDNA clones were obtained from any of these 

libraries. This is surprising especially considering the high expression of 

hESTl in adult heart and skeletal muscle (as seen in Northern analysis). 

To clone the 5' end of CES86, 5' RACE was also performed from 

hEST1. Three different Marathon RACE kits were used for this purpose: 

fetal brain, adult brain and adult heart (For an overview of the Marathon 

RACE procedure see Fig. 2-2). A primary PCR was performed with the 

primers H2 and AP1 (supplied with kit), followed by a nested PCR with H3 

and AP2 (also supplied with kit). The RACES from the fetal and adult brain 

kits were unsuccessful and gave no further 5' sequence. This could have 

been due to low or no expression of the transcript associated with the 5' 

exon of hEST1 in fetal or adult brain. The RACE from the adult heart kit 

yielded a product containing 5 more base pairs of 5' sequence that had 



previously been unknown. This RACE product appeared to be chimeric in 

that the new 5 bp of 5' sequence was followed by a string of approximately 

20 T's followed by sequence from a previously identified and well 

characterized gene (ATP synthase E chah from human, cow, rat, and 

mouse) presumably on another chromosome. Repeated RACE reactions 

did not produce any more 5' sequence. 

3' End Cloning of hEST1 

To obtain more information regarding the 3' end of CES86, 3'  

RACE was perforrned from hESTl using the three Marathon RACE kits 

previously rnentioned. A primary PCR was performed with the primers Hl 

and API, followed by a nested PCR with H4 and AP2. The RACES from 

the fetal brain and adult heart kits were unsuccessful and gave no further 

3' sequence. The RACE from the adult brain kit yielded two successful 

products (see Figure 3-4). 3' RACE product #l contained 49 bp of the 5'  

exon. splicing (with correct 5' splice donor) before that of hEST1, to the 3' 

portion of the cDNA. 3' RACE product #2 contained the 104 bp 3' of the 

nested H4 primer and then continued on for 812 more bp contiguous with 

the genomic sequence. This RACE product was likely amplified frorn 

contaminating genomic DNA within the RACE kit used. This RACE 

product was also likely chimeric, since it then contained sequence not 

present on PAC 143113, PAC 238M15 or PAC 109L3, which showed no 

sequence sirnilarity with any other genes or ESTs. 



Southern Analysis of CES86 

As presented in Table 3-3, Southern analysis using Ex 86 as a 

probe suggested that it represented only one locus in the genome (See 

Figure 3-10). Further analysis with hESTl was later performed using the 

Pst!lEcoRI 0.5 fragment to probe a genornic Southern blot containing 

DNAs digested with the restriction enzymes Sst 1, Pst 1, Hindlll and Taq 1. 

Single bands were detected in total genornic DNA and chromosome 22- 

only DNA digested with Ssfî and Hindlll (resulis not shown). However, 

when these DNAs were digested with Psfl or Taql, two bands were seen 

in total genornic DNA only one of which was seen in chromosome 22-only 

DNA. These results could have been explained by several possible 

theories: 

1) The CES86 gene is a single-copy gene located within the CESCR and 

it contains Pst I and Taq I restriction sites which are polymorphic. 

Since the human  cell line tested shows two bands, it is a heterozygote 

whereas the chromosome 22-only ceIl line is a hemizygote and 

therefore can only demonstrate one band. 

2) The CES86 gene is a pseudogene which was duplicated from an 

ancestral locus located elsewhere in the genome. The Sst I and Hindll 

restriction recognition sites were consewed between the original gene 

and this pseudogene, thus showing only one hybridizing band. The Pst 

I and Taq I restriction sites may or may not be conserved or new sites 

may have been created by changes in the DNA sequence, leading to 

two hybridizing bands in total human DNA, only one of which is  

represented on chromosome 22. 

3) The CES86 gene is a pseudogene duplicated from elsewhere on 

chromosome 22, and producing the same sized restriction fragments, 

and one locus shows restriction site polymorphisms. 



To test hypothesis #1, the PsHIEcoRI 0.5 fragment was used to 

probe several Southern blots containing genornic DNA (digested with Pst 1 

or Taq 1) from various CES patients and their parents. If this theory was 

correct. then there would be some proportion of people carrying one or the 

other of the alleles (hornozygous) and people carrying both alleles 

(heterozygous). This theory was supported by several different individuals 

(See Figure 3-11). This figure shows a Southern blot containing total 

genomic DNA, digested with Psli, from 11 different individuals. When 

probed with hEST1 PstlEcoRI 0.5, four out of the eleven individuals 

showed only one allele, and were therefore hornozygous. The remaining 

seven individuals showed both alleles and were therefore heterozygous. 

This result indicates that the CES86 gene contains a polymorphic Psti 

restriction site. Therefore the two bands originally detected in total human 

DNA were due to this restriction fragment length polymorphism (RFLP) 

and not a second locus. 

CES86 was also found to contain a polymorphic Taq I restriction 

site. The hESTl PstIEcoRI 0.5 fragment was used ta probe a Southern 

blot containing total genornic DNA from various individuals digested with 

Taq I (See Figure 3-13). As is seen in this figure, two out of six individuals 

show both the larger allele and the smaller allele and are therefore 

heterozygous. The remaining four out of six individuals show only one of 

the bands and are therefore homozygous. 

To test hypothesis #2, the Pst IIEco RI 0.5 fragment was used to 

probe two cornpiete somatic cell hybrid panels (one with DNA digested 

with Sst I and another with DNA digested with Hind I I I ) .  If this theory was 

correct, then the result would show single bands of the same size in total 

human DNA, chromosome 22 DNA and DNA from at least one other 

chromosome. The results obtained frorn six separate hybridization 

experiments were inconclusive (the bands were too faint to see even after 



approximately two weeks of exposure to X-ray film). Satisfactory reçu lts 

may be obtained if a new hybrid panel is prepared with greater 

concentrations of DNA. 

To further test hypothesis #2, the Pst IlEco RI 0.5 fragment was 

used to probe several Southern blots containing total human DNA, 

chromosome 22 only DNA, and total hamster DNA digested with several 

different restriction enzymes (Bgi II, Bsr GI, Eco RV, Hind III, Pvu II, Ssp 1,  

and Sst 1). If CES 86 was a duplicated gene fragment from elsewhere in 

the genome then a discrepancy between the number andlor size of bands 

detected in total human and 22 only DNA would be expected. A number or 

restriction enzymes were used to cover a region of approximately 10700 

bp surrounding the probe. This region extended distally into the 3' region 

of the CES86 cDNAs, and proximally into the flanking gene, PSL (see 

Figure 3-12). This figure shows the sizes and relative positions of the 

expected bands for each enzyme tested. For each enzyme, only the 

expected size band was detected in both total human DNA and 

chromosome 22 only DNA, suggesting that this region is not duplicated 

elsewhere in the genome. 

CES86 Polymorphism Can Be Used to Determine Parent of Origin of 

CES Chromosomes 

To determine parent of origin we may use one of several types of 

polymorp hic probes including : Restriction fragment length polym orp h is m 

(RFLP), minisatellites (or variable number of tandem repeats; VNTR), or 

microsatellites. Affected individuals with a CES chromosome will harbour 

four copies of the CESCR; one from one parent and three from the other 

parent. 



hESTI PstllEcoRl 0.5 was used to probe a Southern blot containing 

total genomic DNA, digested with Taq I ,  from several CES patients and 

their parents (See Figure 3-13). This Southern blot shows two families, 

one for which this probe was uninformative and one for which it was 

informative. In farnily two, the child (2C) inherits one copy of the srnaller 

allele from the father (2F), and three copies of the larger alleie frorn the 

rnother (2M). The CES86 polymorphism wili iikely also be useful for 

determination of parent of origin for many other instances of CES. 

Genomic Sequence Analysis of PAC 143113 

Sequencing of a number of overlapping PACIBAC clones within the 

CESCR has been started by our collaborator Dr. Bruce Roe at the 

University of Oklahoma. The partial sequence of PAC 14311 3 was 

available in the fall of 1998. The complete sequence of this PAC has been 

available since early 1999. This PAC clone contains the three Ex86 cDNA 

clones which were characterized in this study. The genomic sequence 

was analyzed for the presence of computer predicted genes and exons 

(in a collaborative effort by several individuals including myself, Graham 

Banting, Tim Footz, Stephanie Maier and Dr. Ali Riazi) in order to find the 

rest of the CES86 gene and it's location with respect to other genes (See 

Figure 3-1 4). Several putative genes were identified and ESTs were 

obtained for further characterization and cornparison with the putative 

CES86. It was therefore necessary to partially characterize the flanking 

genes to see if CES86 was a part of a neighboring transcript. 



2) Putative Genes Flanking CES86 

Analysis of the genomic sequence of PAC 14311 3 indicated that 

CES86 was Ranked distally by IDGFL, a gene previously identified and 

being characterized by Dr. Ali Riazi and proximally by several EST clusters 

representing up to 5 genes. 

A) An Insect-Derived Growth Factor-Like Gene (IDGFL) 

This putative gene was identified through exon trapping by Dr. Ali. 

Riazi. A BLASTN/dbest search on April 8 1999 using PAC 14311 3, 

identified approxirnately 10 ESTs at the 3' end of this putative gene. A near 

full-length cDNA clone, EST 54445 (Accession # AA348024) had been 

previously obtained and characterized by Dr. Ali Riazi. Analysis of this 

cDNA sequence by Dr. Riazi identified an ORF of about 1.5 kb encoding a 

protein with sirnilarity (34.8%) to a putative growth factor from Sarcophaga 

peregrina (IDGF, Homma et al. 1996), as well as to atrial gland granule- 

specific antigen (AGSA at 26.7 %) of Aplysia califomica (Sossin et al. 

1989)(Riazi, Ph.D. thesis, 1998). Southern hybridization of EST54445 by 

Dr. Riazi and analysis of the genomic sequence showed that the 

orientation of IDGFL is telomere to centromere (5' to 3'). 

The expression profile of IDGFL was studied by Northern analysis 

by Dr. Riazi. He identified a transcript approximately 3.5 kb in size found 

predominantly in adult lung and placenta and several fetal tissues 

(results not shown). 

It is unlikely that CES86 is part of the DGFL gene for the following 

reasons: 

1) IDGFL is in the opposite orientation to CES86 

2) The patterns obtained from Northern blats are non-overlapping. 



3) EST 54445 is nearly a full-length cDNA clone (based on the Northern 

Hybridization experiment) and therefore most of the gene has already 

been cloned. 

B) A Phosphatidyl Synthase-Like Gene (PSL) 

This putative gene was identified through a collaborative genomic 

sequence analysis (gene and exon prediction programs) by several 

individuals in the lab. A BLASTNIdbest search on April 8 1999, using PAC 

143i13 identified approximately 20 ESTs at the putative 3' end of this 

gene. The largest EST. EST 52444 (Accession # H23285), had previously 

been obtained for further characteriration. 

Analysis of the genomic sequence containing this putative gene 

indicated that its direction was telomere to centromere (5' to 3'). Splicing 

together of the predicted exons yielded an ORF of approximately 190 

amino acids which shows similarity to a S. cerevisiae hypothetical 39.4 

Kda protein. a B. subtilis arabinose operon protein. and S. pombe 

p hosphatidyl synthase. 

To study the expression profile of this putative gene a probe was 

made frorn the 52444 EST (an 800 bp Pst1 fragment). This probe was 

hybridized to Clontech Northern blots containing mRNA frorn various adult 

and fetal tissues. Hybridization revealed an abundant 1.9 kb ranscript in 

al1 tissues tested (See Figure 3-15). 

It is unlikely that CES86 is part of the PSL gene for the following 

reason: 

1) PSL is in the opposite orientation as CES86 



C) A Putative Single Exon Gene, BTPUTR 

This putative gene was first identified through a collaborative 

genomic sequence analysis by several individuals in the lab. A 

BLASTN/dbest search on April 8 1999 using PAC 143i13, identified a 

cluster of approximately 20 ESTs spanning a total distance of 

approxirnately 2500 bp at the 3' end of this putative gene. The largest EST, 

EST 46414 (Accession # H09166) had previously been obtained for 

further charscterization. This putative gene was called BTPUTR, standing 

for big !hree grime UTR. 

Analysis of the genomic sequence containing this putative gene 

indicated that its direction is telomere to centromere (5' to 3'). Analysis of 

a large segment of contiguous and repetitive element-free genornic 

sequence, encornpassing the predicted exons and EST cluster, yields 

two ORFs. The longer ORF of 292 amino acids shows no similarity to 

anything in the database. The shorter ORF of 268 amino acids contains 

predicted leucine zipper and helix-loop-helix motifs, both important in 

transcriptional regulation. Since the two putative ORFs along with the 

cluster of ESTs are contiguous in the genomic sequence, it is possible 

that this putative gene is composed of only one exon. 

To study the expression profile of this putative gene a probe was 

made from the 4641 4 EST (the entire insert was excised using Hindll l and 

Notl). This probe was hybridized to Clontech Northern blots containing 

mRNA from various adult and fetal tissues. Hybridization revealed strong 

expression of a 5 kb transcript in heart, brain, prostate, testes, peripheral 

blood leukocytes, and fetal brain. Weaker expression of the same 

transcript was detected in al1 other tissues tested (See Figure 3-16). 

It is unlikely that CES86 is part of the BTPUTR gene for the 

foilowing reasons: 



1) BTPUTR is in the opposite orientation as CES86 

2) The patterns obtained from Northern blots are non-overlapping. 

D) The Interleukin-l7 Receptor Gene 

The IL-17 receptor gene was previously mapped to 22q11.2 by 

(Yao et al., 1997). Genomic sequence analysis of PAC 1431 13 and PAC 

109L3 allowed the precise localization of this gene to the central region of 

the distal CESCR. 

To study the expression profile of this gene, S. Maier prepared a 

PCR probe from the 3' end of this gene. This probe was hybridized to 

adult Clontech Northern blots. Hybridization revealed a complex pattern of 

multiple-sized transcripts (See Figure 3-1 7). Transcripts approximately 

8.8, 6.3, 5.0, 2.6, 1.9, and 1.05 kb in size were detected in multiple 

tissues. 

It is unlikely that CES86 is part of the Il-17R gene for the following 

reason: 

1) The patterns obtained from Northern blots are non-overlapping. 

Together, these experiments suggest that the CES86 gene is not 

likely to be part of the putative genes IDGFL, PSL, BTPUTR, or IL-17R. 

With this in mind, and given i f s  orientation (centromere to telomere), if 

CES86 is a functional gene within the CESCR then it's 5' end may extend 

off PAC 143113 and into the more proximal PAC 109L3. If this were true, 

CES86 would have to contain at least three other genes within one or 

more of its introns. Such cases of nested genes is rare but has been 

documented. For example, nested within intron 26 of the NF1 gene are 

three genes (OGMP, EVIZB, and N12A) transcribed from the opposite 

DNA strand as NF1 (Viskochil et al. 1991). A similar situation exists in 



intron one of the HlRA gene in the DiGeorge critical region. A multi-exon 

gene (22k48) is transcribed from the opposite DNA strand as HlRA 

(Pizzuti et al. 1999). As well, within intron 22 of the factor Vlll gene there is 

a CpG island which promotes the transcription of two genes. One gene, 

F8A, is transcribed in the opposite direction as the factor Vlll gene, while 

the seccnc! gene, F8B. is transcribed in the same direction as factor MI.  

F8B contains a novel 5' exon from intron 22 sequence and then splices to 

the remaining four exons of the factor Vlll gene (Levinson et al. 1992). 

Therefore it was necessary to analyze the complete genomic 

sequence of PAC 109L3. The partial sequence of PAC 109L3 was 

available in June 1999. The genomic sequence was analyzed for the 

presence of computer predicted genes and exons in order to find the rest 

of the CES86 gene. 

Genomic Sequence Analysis of PAC 109L3 

The partial sequence of PAC 109L3 was available in the spring of 

1999. The complete genornic sequence was analyzed for the presence of 

cornputer predicted genes and exons (in a collaborative effort by several 

individuals including rnyself, Graham Banting, Tim Footz and Stephanie 

Maier) in order to find the rest of the CES86 gene and it's location with 

respect to other genes (See Figure 3-18). 

The genomic sequence was subrnitted to the GENSCAN 

gene prediction program, and the GRAIL2 and MZEF exon prediction 

programs, with and without masking of repetitive elements. The genomic 

sequence was also submitted to BLASTNhr and BLASTNIdbest 

searches to find any ESTs or fragments mapping to other sequenced 

regions of the genome. AI1 analysis of PAC 109L3 was performed on 

August 28, 1999. The proximal end of this clone showed interspersed 



regions with similarities to chromoçomes XI 21, 16, and 12. At least two 

putative pseudogenes were evident in this region (Gab2 and IL-9R). The 

central portion was found to contain a putative gene already characterized 

by Dr. Ali Riazi (SAHL). The distal portion was found to contain the 

cornplete coding sequence for the IL-17R gene, the putative genes 

BTPUTR and PSL. The exons of these putative genes were overall, well 

predicted by al1 three of the prediction programs used. A number of hig h 

scoring exon predictions by GRAIL2 were found proximal to, and on the 

sarne DNA strand as the CES86 gene. This finding suggests that further 

5' exons of CES86 may be overlapping with PSL andlor BTPUTR, and 

transcribed in the opposite direction and from the opposite DNA strand a s  

these two genes. There were no exons predicted proximal to IL-17R 

which would reasonably be a part of the CES86 gene. 

3) Partial Cloning and Characteriration of a Putative Gene, CES38 

Mapping the Ex 38 cDNA Clone Within the CESCR 

The sequence of Ex 38 (Table 3-2) identified no ESTs by 

performing BLASTN/dbest and TBLASTX searches. Screening of fetal 

brain and CaCo-2 cDNA libraries resulted in a - 2.3 kb cDNA clone (Ex38 

QI)  from the fetal brain library which was further characterized. This 

putative gene is referred ta as the CES gene containing Exon 38, CES38. 

The Q I  cDNA obtained from the fetal brain cDNA library was 

restriction mapped, the cDNA was cut with various restriction enzymes 

and each fragment was hybridized to many of the PACfBACs in the 

CESCR. Two fragments at the T7 end (EcoRI 0.4 and EcoRIIHNldll 0.26) 

did not hybridize to the PACIBAC clones (See Figure 3-19). These 

hybridization results suggested that the QI cDNA was chimeric. It was 



also known that the frequency of chimeric cDNAs in the fetal brain library 

was very high (this thesis; Riazi, 1998; A Wong, personal 

communication). It was later determined through analysis of genomic 

sequence of PAC 238M15 that 528 bp of contiguous sequence at the T3 

end of Q I  was in fact located on this PAC. The rernaining 1679 bp were 

not located on this PAC or any other available genomic sequence. Using 

the chimeric portion, BLASTNInr and BLASTN/dbest searches on July 11 

1999, did not reveal any matching human or non-human genes or ESTs. 

Sequence Analysis of the Ex38 Q I  cDNA 

The Q I  cDNA was fully sequenced (See Figure 3-20) and analyzed. 

The sequence showed an ORF of 55 amino acids (165 bp) at the 5' end 

as well as the presence of an LI repetitive element within the chimeric 

portion (See Figure 3-19 for a pictorial representation of the Ex 38 cDNA). 

As well, this cDNA did not contain a polyadenylation signal or a poly (A) 

tail. It therefore likely represents an internai gene fragment near the 3 '  

untranslated region (UTR) of this putative gene. Analysis of the genomic 

sequence of PAC 238M15 and identification of conserved splicing sites 

around Ex38, revealed the direction of this putative gene as telomere to 

cent romere. 

Expression Analysis of the Ex 38 Q I  cDNA 

To study the expression profile of this putative gene, a probe was 

first made from the entire cDNA (Eco RI fragments 1.8 + 0.4) and 

hybridized to a Northern blot containing mRNA from various mouse 

tissues and mRNA from the ceIl lines CaCo (colon carcinoma) and HeLa 

(cervical carcinoma). No transcripts were detected on this Northern blot. A 



second probe was made which did not include the L I  repetitive element 

(Eco RI 1.9) and hybridized to Clontech Northern blots containing mRNA 

from adult or fetal tissues. No transcripts were detected on these 

Northern blots. Since no results were obtained using these two DNA 

probes, it was thought that this putative gene may be expressed at 

extremely low levels, which would not be detectable by Northern analysis, 

or in tissues not present on these Northern biots. 

It was decided that since the Q I  cDNA was likely chirneric to an 

unknown degree and since no Northern results could be obtained that the 

characterization of this putative CES38 gene would be halted at least until 

genomis sequence for this region was availahle. 

Work in the lab after experiments for this thesis had finished has 

revealed a successful Northern hybridization using the Ex38 QI W R 1  

PCR product (composed of the non-chirneric portion of Ex38 QI) as a 

probe. The probe was hybridized to a Clontech Northern blot containing 

mRNA from various adult tissues. This hybridization showed a strongly 

expressed 2.4 kb transcript in lung as well as a weaker 3.7 kb transcript 

in al1 tissues tested (See Figure 3-21). 

Southern Analysis of CES38 

As presented in Table 3-3, Southern analysis using Ex 38 as a probe 

suggested that it represented only one locus in the genome. Further 

analysis with the non-chimeric portion of Ex38 QI was later performed. 

after experiments for this thesis had finished, using the Ex38 Q I  F l lR i  

PCR product to probe a partial hybrid panel. This Southern blot contained 

total human DNA, chromosome 22 only DNA and hamster genomic DNA 

digested with the restriction enzymes BamHI, Sst 1, and Taq 1. 

Hybridization showed single bands in total genomic DNA and 



chromosome 22 only DNA digested with BamHl or Sst I and two bands In 

those DNAs digested with Taql (See Figure 3-22). Since the bands 

observed in chromosome 22 only DNA were identicai in size and number 

to the bands observed in total genomic DNA, it is reasonable to assume 

that the PCR probe used for hybridization likely represents only one locus 

in the genome. 

Genomic Sequence Analysis of PAC 238M15 

The partial genomic sequence of PAC 238M15 was available in 

spring 1999. Hybridization experirnents (previously discussed) showed 

that this clone contained Ex 38 and the Q I  cDNA as well as Exons 1 lA,  

20, 41. 48, 60. The genomic sequence was analyzed for the presence of 

cornputer predicted genes and exons in order to find the rest of the 

CES38 gene and other putative gene(s) containing the trapped exons. 

The genomic sequence was submitted to the GENSCAN gene prediction 

program, and the GRAIL2 and MZEF exon prediction prograrns, with and 

without masking of repetitive elements. Several low or rnoderate scoring 

exons were predicted on both strands, however, no obvious genes could 

be predicted using GENSCAN (See Figure 3-23). The genomic sequence 

was also submitted to BlASTNInr and BLASTNIdbest searches to find 

any ESTs or fragments mapping to other sequenced regions of the 

genome. All analysis of PAC 238M15 was perfonned on May 24, 1999. 



Figure 3-1: Colony PCR Products 

Lane L contains a 1 kb DNA size ladder with sizes (in bp) designated to 

the left. Lanes 2, 6, and 17 show bands - 177 bp, corresponding to 

vector-vector splicing. Lanes 3, 4, 7, 9, 10, 13, and 18 show bands of 

various sizes greater than 177 bp. These PCR products contained 

exons spliced into the pSPL3 splicing vector. Lanes 1, 8, 11, 12, 14, 

15, 16, and 19 show no colony PCR product. 



Figure 3-2: A Partial Physical Map of the CESCR (redrawn from Johnson et al. 1999) 

STSs (or known genes and pseudogenes) are indicated above the thick horizontal double-arrowhead line. A 

pulsed field gel electrophoresis map is shown below (N = Nol I A = Asc 1). The region indicated by A contains 

Ex 86 (and associated cDNAs); region B contains Ex's 20, 38, and 51 ; region C contains Ex 60; region D 

contains Ex's 11A, 41,45, and 48. Clones in green have been or will be sequenced, those with their addresses 

in red are near completely sequenced as of August 3'd 1999. Clones starred (*) were subjected to exon 

trapping by Dr. Ali Riazi. The CESCR, which extends to between 022357 and ATPGE, is shown by the arrow 

located above the map. 





> *  
KI - IR  KI-1 

E= EcoRl B= BamHl H= Hindlll 
Xb= Xbal P= Pstl K= Kpnl 
EV= EcoRV 

Figure 33: The Ex86 K I  cDNA. 

This cDNA is approximately 5 kb in size. Restriction enzyme recognition sites and fragment sizes (in kb) 

are shown above and below the cDNA respectively. The primer pairs used to amplify this cDNA from 

CESCR PAC or BACS are indicated by the arrowheads. The locations of the T3 and T7 prornoter 

sequences located within the plasmid are shown. A (-) indicates no hybridization of this fragment to 

CESCR PACIBACs, a (+) indicates hybridization of this fragment to CESCR PACIBACs, and (n.t.) 

indicates that this fragment was not tested as a probe on CESCR PACIBACs. The vertical arrows 

correspond with the restriction enzyme sites indicated above the colored line. The location of Ex86 

(shown by the blue box) within this cDNA was determined by hybridization of Ex86 to various fragments 

of the Ex86K1 cDNA. 



FIGURE 3-4:Three Ex 86 cDNAs. 

Primers used are shown by arrows. Kla,  hEST1, and hEST2 were obtained from a fetal brain, 

parathyroid tumor and cornbined fetal liver and spleen library respectively. Restriction enzyme recognition sites 

andlor the approximate size of the fragments are shown above the cDNAs. Ex86-A and Ex86-B are shown by 

the blue and green boxes respectively. The genomic distance between Ex86-A and the 5' exon (grey box) in 

hESTl is 5203 bp. The yellow boxes indicate sirnilarities to various interspersed repetitive DNA elements 

including a LTR, an Alu, a LINE (L2),  and a DNA element (DNA). The K l a  cDNA was subcloned into the 

pBluescript vector using Hind III and, hESTl is contained in the pT7T3D-pac vector and can be excised with Noî 

1 and Eco RI, and hEST2 is in the vector pT7T3D-pac and can be excised with Pac I and Eco RI. 

The two 3' RACE products obtained from hESTl are shown. 3' RACE product #1 has a 3' splice acceptor 

site at the same nucleotide position as hESTl and a 5' splice donor site located 55 bp more 5' than hEST1. 3' 

RACE product #2 continues past hEST's 5' splice donor for 812 bp, likely running into the intron as a result of 

priming off contaminating genomic DNA within the RACE kit used. 
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Figure 3-5: The sequence of Ex86 Kla cDNA. 

The total size of the cDNA is approximately 2600 bp. The sequence of Ex 86 

is shown in uppercase letters. The sequences fianking Ex 86 which show 

both a 3' splice acceptor site and a 5' splice donor site have been 

underlined. The consensus splice acceptor site sequence is 

(exon)GlwAlooCss and the consensus splice donor site sequence is 

T63G~2T,mG,oa(G7&exm). The restriction enzyme recognition sites 

have been bolded (AAGCTT=Hindl Il, CTGCAG=Pstl, GAAVC=EcoRI, 

GGTACC=Kpnl, TCTAGA=Xbal, GATATC=EcoRV). The sequence for the 

200 bp region between the Kpn I and the Xba I sites was not deterrnined 

and is indicated by a string of 10 N's. 



3' 
a a g c t t g t t g  gagaacacca c t t a t t t g g a  gacaacacgg a c t t g c t g a t  
gc tgccgt tg  g tg t cc t tgg  cacsGTATA AAGCCCAGCC CTCCGTGCTG 
CAGGGACAGG CAGAACACAG ACTTCTGGTG GACCAGCTGG CTCCTAAAGA 
GGAGAGGGGA CTAAATCATG TATGCTTGGT TCTTTCTTCC CAGCTTCTCT 
CAGgtaactc a c g t t t c c t c  t tccccaggt  agagagaggc caggagtat t  
a t taacagaa  g t c c c a t t t t  cagggaaaca tgac tagtag  gaaa ta tg ta  
t c c c t t c c c t  acagagaact c c a c c t t c t c  a g a a t t c t c c  ctcagcaaga 
c tgag tg tg t  a tg tg tg tga  tgagagagat ggagagagat agaaagagag 
agagacagtg agcagtaaac cctcctgcaa gccc t t cc tg  accccagcca 
gggggacctg c c c a t c t c t c  t g t g c c t g t t  ggcca tcc tc  cacccc tg t t  
c t tccaacca  cagc t t ccc t  gcca t t cc tg  tactgggaac c a a c t t c t c t  
t t t c t t t c g t  c tgcc tcc t a  c tggtg tgag  g taggata tq  ccag t t t ccc  
t c c t t t t a t c  c t t t a t t c c t  t c t c a t g t g g  aaaagcaacc a t g a c t t t t a  
gccagtcata  a g g c t a t a t t  t t c t a g c c t t  c t t t g c t g c t  aggcatgacc 
a t g t g g t t a a  g t t t t g g c c a  a tgaggtg ta  agcagaagtg gtataagaga 
c t cc t tggaa  g tgcacc tg t  agggaaatgg ga tacccc t t  t t t g t c t c t t  
t cz tggtggc  tggaatgtga acataagggc tggagcctga gcagcta tc t  
tagaccatga agtggcagct gtgcagtgaa ggccgtgagg gagcaaaata 
ggagcctggg t a c c N N N N N N  NNNNtctaga tgcagacacat t tgtgcaag 
t t t g tggaga  aagtaggagt a tgaacagtc  a t t c a c c t g t  t g c t t t t t t t  
tttttttttt tctgagatgg a g t c t c a c t c  tg tcgcc tag  gctggagtgc 
agtggcacgg tc tcggctca  c tgcaacc tc  ca tc tcccgg attcaagcga 
t tccccagcc  tcggactacc gagtagctgg ga t t acaga t  gcgtgccacc 
atgcccagct  a a t t t t c g g a  t t t t t a g t a g  agacgtggt t  t c a c c t t g t t  
ggccaggctg g t c t cgaac t  cc tgacc tca  ggtga tc tgc  cgcctccacc 
tcccaaagtg c tgggat tac  aggccaccgt gctggcctca c c t g c c t a t t  
aa tg t aaac t  gagcacccat catgtgcaag gcatcctgca tgacaggact 
gtgagggaga caggtgaatc agagagacac tgccctcaag cagcttagag 
tccagggcat cgagct tg ta  cacgtgtgag gccggaact t  cccacagtgt 
a t c t t c t g t t  c t g c t a c c t t  tcctgaaaag aactggctca cc tcggat tc  
ctgccaggaa tggc tgc tg t  t t t a t g g g g t  t tgggccaca actgaggatg 
accgaaagca aggcaggcct gggagaaaaa tg tggc tcac  t tgagatgag 
cagggcccac aga ta t cag t  gctggggcac cagt tgaaca gaactgtggt  
ca t a t agg tg  tggctggggg ctggggatag agaacaggga gcagcatctg 
t t c t g g g a t g  ggaagtg ta t  ggtctccaga aca tac tgg t  ccagcgtctg 
ctcagagaca tgc t aac tcc  taaaggagag c t t c c t a a a g  tgggtcagca 
gcatgagcat  cctggggagc tga t caga ta  tgcacatcca aactccaaag 
ggagcgccat caa tc tgggt  t t t t a g g a g a  cctccaggtg a t t c tga tgg  
a tgc tcaag t  tagagaatcc tggacc tc tg  aagccaggta gcaaggtggg 
gcaagtcagc gcatagaagg c t a c a a a t t c  caaa ta t ag t  ataatccaag 
caccgaagcc c tc tc tgaga  caaaagctga t t t a a c a a a c  cccacgagta 
a c a t g t g a t t  gaagactggc gaggccct tc  t a a t t a a c a t  ccacggtcca 
t t t g t a c a a c  agacggtaca aaaca taa t c  tgga taaac t  cagaagacgt 
gc t ca t a t aa  agat t tggga agtc tccaaa  t t c a a t c a a g  tgagcagagc 
a a a t a t t c t g  aacctgaata  cgaaagaaca t c t t a a t g t g  a t t g t g t c g t  
aaca tgac tg  ggaatcaaaa t aaaga tg tg  t taagcaaca gcagggcagg 
g g t t c t g c t t  acaatgtcag ccacagagcc t g a g t t t g t t  a g t g t t t a t t  
cagcactgcc caaaggatag agctaggggt ggcagaatat  g tgc tc tg tg  
catccggcag g g a a t t c  5' 



3' 
tttttttttt tttttttttt t t t t t t g a g a  a t a a a a â t g t  c a g c t t t a t t  
actgctaaaa gc t tg t tgga  gaacaccact t a t t t g g g a g  caaacacgga 
c t t g c t g a t g  ctgccgttgg tg tcc t tggc  acagGTATAA AGCCCAGCCC 
TCCGTGCTGC AGGGACAGGC AGAACACAGA CTTCTGGTGG ACCAGCTGGC 
TCCTtgtact aca t t cg tgc  c t c t a c c t c t  ccgcagtgcg cgcgggggcg 
gactcacgtg cgcagtc t tc  cctatgcgct  gggagggcgt cagcaggtt t  
acagaaacaa tgaaagacTT Aacaattggc gcgcgagcag gctccct tga  
ctggcagggg ccagaggact gaacatcact aagggtctgc cccagcggcc 
cggccctgaa gtcaaggttg agacccccgg cccagacagt ccgcgaag~t  
gagggaggcg cctggggcct gccgcgcaat gttaccggga tccgcaggca 
cagggcgata gtacggacgc cgccgcccag gccgtgccca ttgtgcgccg 
cggccagctc accgcgatct cggtctaqga ggcggcggga ccccgcactt 
c t t c c t t g c a  acggagcccc t t tggcctgc  gggtcgagcc tcgtgcc 5' 

Figure 3- 6: The sequence of the Ex86 hEST1 cDNA. 

The total size of the cDNA is 647 bp. The sequence of Ex 86-A is shown in 

uppercase letters. The consensus polyadenylation signal is underlined at the 

3' end. The restriction enzyme recognition sites have been bolded 

(AAGCTT=Hindlll, CTGCAG=Pstl, GGATCC=BamHI). The PstllEcoRI 0.5 

fragment used as a probe in Southern and Northern analysis is located from 

the Pst site in bold print to the 5' end. The ORF of 108 arnino acids extends 

form the 5' end to the capitalized " A T  stop codon. 



Figure 3-7: Expression Analysis of CES86 

The probe used for hybridization to these blots was hESTl PstllEcoRl 

0.5. For al1 panels the tissues are indicated above the pictures ("F." 

refers to fetal tissues) and sizes (in kb) are designated to the lefi. The 

transcript sizes are indicated to the right of each blot. The control probes, 

either pactin or GAPD, are shown below the blots (in C, the control is  

within the picture itself). Panel A shows a Clontech Northern with various 

adult tissues. A strong transcript - 7 kb in size is seen in heart and 

skeletal muscle. A second transcript - 2 kb in size is visible in al1 

tissues. Panel 8 shows lnvitrogen Northern blots with various fetal 

tissues. A transcript - 7.8 kb in size is seen in al1 tissues except heart, 

where the transcript is a little smaller, at - 6.1 kb. A fainter transcript was 

also detected at - 2.1 kb in most tissues. Panel C shows various 

muscle-containing adult tissues. A single transcript of 7 kb was seen in 

skeletal muscle and heart only. Panel D shows various adult tissues. A 

transcript - 7 kb in size was visible in spleen, prostate, ovary, srnall 

intestine and colon. A second transcript - 2 kb in size was also seen in 

al1 tissues. 
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Figure 3-8: Further Expression Analysis of CES86 

The probe used for hybridization to these blots was hEST2 PacllEcoRl 

0.4+0.7 (the entire hEST2 insert). The tissues, RNA size ladder (in kb) 

and control probe are shown at the top, left and bottom, 

respectively-The transcript sizes are indicated to the right of the blot. 

Panel A shows a Clontech Northern blot with various adult tissues. A 

transcript -7 kb in size is visible in al1 tissues except lung. A transcript - 
1.6 kb in size is seen in heart. skeletal muscle and pancreas. Panel B 

shows a Clontech Northern blot with various fetal tissues. A transcript - 
7 kb in size was detected in al1 four fetal tissues. 



Figure 3-9: RT-PCR Analysis of CES 

Total RNA from skeletal muscle, tonsil, liver, thymus, heart, CaCo, 

and fetal brain was reversed transcribed using the 86-3 primer. 

Primary PCR was with prirners 86-3 and H l  followed by nested PCR 

with primers 86-3 and H4. The gel was blotted and probed with 

hEST1 PstllEcoRl 0.5. The (+) control consisted of primary and 

secondary PCR using hESTl as the template. The (-) controls were 

identical to the RT reactions but with the omission of Superscript II 

RT. The (-) RT was identical to the RT reactions but without addition 

of any template. The expected 1 50 bp product was detected in all RT 

reactions except liver. The hybridbation of the probe to other bands 

may be due to alternatively spliced transcripts. 



Figure 3-10 : Ex86 Partial Hybrid Panel 

Lane L contains a hHindlll DNA size marker. Lane 03657 contains total 

genornic DNA from a normal human cell Iine. Lane 10888 contains DNA 

from a humanlhamster hybrid cell line containing chromosome 22 as 

the only human component. The hamster lane contains total genomic 

DNA from a normal hamster cell line (RJK888). All of these DNAs were 

digested with Sstl. The probe used for hybridization to this Southern 

blot was Ex86 (isohted from a plasmid). This probe hybridized to a 

single band in both the total human DNA and the chromosome 22 only 

DNA. 



Figure 3-1 1 : CES86 Identifies a Polymorphic Pst Site 

Lane L contains a Windlll DNA size marker with sizes designated to 

the leff. Lanes 1-1 1 contain total genomic DNA from 11 different 

individuals digested with the restriction enzyme Pstl. lndividuals 2. 3, 8, 

and 9 (4 out of 11 or 36.4 %) are hornozygous, showing only one size 

fragment, either the larger band or the smalier band. lndividuals 1, 4, 5, 

6, 7, 10, and 11 (7 out of 11 or 63.4 %) are heterozygous, showing both 

the larger and the smaller bands together. The allele frequency of the 

larger allele is 0.6 and the smaller allele is 0.4. 
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Figure 3-13: Determination of Parent of Origin Using CES86 

The sizes (in kb) of the Windlll DNA size ladder are designated to the 

left. Farnily one consists of genomic DNA from dad (1 F), chikl (1 C), 

and mom (1 M). In this case the child inherits the same allele from both 

parents and therefore parent of origin of the CES chromosome cannot 

be deterrnined using this polymorphism. Farnily two consists of 

genomic DNA from the father (ZF), child (2C), and rnom (2M). The 

child receives one copy of the smaller allele from the dad and three 

copies of the larger alleie from the rnom. All DNA was digested with 

the enzyme Taql. 



Figure 3-14: Annotated Sequence of ?AC 143i13 

Panels A, B, and C represent exons predicted by GENSCAN, GRAIL2, and MZEF, respectively. Panel D 

represents cDNAs from the EST database, the blue line represents a cloned CpG island. Panel E represents 

h o  portions of the sequence which show homology to multiple other sequenced regions of the genome 

(chromosomes 7, 15, 17, 19, and X). Panel F represents the four putative genes excluding CES86, and their 

directions (5' + 3'). The thickness of a line representing an exon or cDNA roughly estimates its size. A high 

scoring exon had a probability r 0.5, while a low scoring exon had a score of < 0.5. Data was compiled from my 

analysis as well as that of Graham Banting, Tim Footz, Dr. Ali Riazi and Stephanie Maier. All analysis of 

PACI43113 was performed between April8. 1999 and June 16, 1999. 





Figure 3-15: Expression Analysis of hEST 52444 (PSL) 

The probe used for hybrideation to these blots was hEST 52444 (Pst 

0.8). The tissues, RNA size ladder (in kb), and the control probe are 

shown at the top, side and bottom, respectively. Panels A and B show 

Clontech Northern blots with various adult or fetal tissues. An abundant 

transcript of approximately 1.9 kb in size can be seen in al1 adult and 

fetal tissues. 



Figure 3-1 6: Expression Analysis of hEST 4641 4 (BTPUTR) 

The probe used for hybridization to these blots was hEST 46414 

HindllllNot 1 .S. Panels A and C show various adult tissues and Panel C 

shows fetal tissues. A transcript - 5 kb in size was strongly expressed in 

heart, brain, prostate, testes, peripheral blood leukocytes, and fetal brain 

and weakly expressed in al1 other tissues. 
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Figure 3-17 :Expression Analysis of IL17 Receptor Gene 

The probe used for hybridkation was a 697 bp PCR product. Panels 

A and 6 show mRNA from various adult tissues. Various sized 

transcripts (8.8, 6.3, 5.0, 2.6, 1.9, and 1.05) can be seen in al1 lanes. 

Autoradiographs provided by Stephanie Maier, used with 

permission. 



Figure 318: Annotated Sequence of PAC 109L3 

Panels 4 B. and C represent exons predicted by GENSCAN, GRAILP. and MZEF, respectively. Panel D 

represents cDNAs from the EST database. Panel E represents portions of the sequence which show similarity 

to several other sequenced regions of the genome (indicated below the line). Panel F represents the putative 

genes (CES86, PSL, BTPUTR, SAHL and the published sequence of IL-17R) and pseudogenes (Gab2 and IL- 

9R)and their directions. All analysis of PAC 109L3 was performed on August 31, 1999. 
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Figure 3-19:The Ex 38 cDNA. 

Prirners used are shown by arrows. This cDNA was obtained from a fetal brain cDNA library. 

The cDNA is contained within the pBluescript vector and can be excised by Eco RI. The 

cornplete sequence of this cDNA can be found in Figure 3-2 1. The primers Q I  -F 1 and QI -R 1 

were used to generate the PCR product used as a probe for Southern and Northern analysis. 



Figure 3-20: The Sequence of the Ex38 Q I  cDNA 

The total size of the cDNA is 2208 bp. The portion of the cDNA which 

maps to PAC 238M15 is bolded. The sequence of Ex 38 is in uppercase 

letters. The ORF of 55 amino acids extends form the 5' end to the 

underlined TGA" stop codon. The F l lR l  PCR probe used for Southern 

and Northern analysis is bolded. 



5' 
a g t a t t c t a c  a g a t g t c t g t  tagg tc tagc  a g t t t a t a g t  ac tg t t caag  
t c c t c t a t t c  c t t g t t g a t c  t t c t a t c t a a  t t g t t c t g t c  cac tg ta tac  
aatgaagtat  t t a a g c t c t c  a t a a t t a t t g  t t g g g t t g t c  t a t t t t t a c t  
t c a a t t c t g t  cag t tac tgc  t t c a t a a a g t  t t g a g g c t c t  g t t a t t a g g t  
g c c t a t a t g t  t t a t a c g t g t  t a t g t c t c c t  c g t t g g a t t t  g a c t t t t t t t  
a t t g t t t t a a  a a g t t t c t t t  g tgcc tagat  a c t c g a t t t t  t t g a a t c t g t  
c g a t g a t g t t  g tca t tggaa a t t t t a t c c t  aatcccgaag t a c t g t t c a c  
taacc tca tc  a t taacaac t  t a c t a t a t t g  t t t t t g a a c c  a a t c a t t t a a  
acggtgtgac acaacacgat t aacg t t ccg  t t g t g a a t t c  atacccccag 
gaagaatgac t a a a t c t g t t  t t a a g t g t c t  t t g t c c t c t t  t c t t t a c t g a  
t t g t g t c a g g  t g a c c t t t c t  tagcc t tcca  aaccagctgg c t g a a g t t a t  
t t t a g g c t a a  c t t g t t t t c c  tgaaatagta c t g t t t g t t c  aaaataaagt 
a t t tgagaaa g t c t t t t a c a  acatgaaaga cctcaagcag a t t c a a a t a t  
aacccatc tc  c c t c t c a t t c  aa taa t taa t  t t taggaaaa agc t tgcc ta  
a ta t t caagc  gcgcgcagtc tccagc tg ta  t t t g c t g t t t  g t t t t a t t c t  
gc t t caca ta  gaggttcagc tgatcacaca cca tgc tg ta  t c t a c t c c t t  
c t c c t c t g g t  t t t c t g g t g c  t t t g a a a g t c  acctccgacc cctgaggcac 
tggagc t t cc  cagtcgazag tcc tgg tgag tagcatgtgg g t t ccag tga  
gacatgcagt t g a t g t c t a a  gcctcaggag ga tg tcagc t  gggcc tcc tg  
atcaacactc cctccaaacc t t g t c a g a t a  actaacaggc t t g g t c a g t t  
aagcaggagg cttgcaaacc aacagaagca tagccc tg tg  t t cca taaag  
a t t a a t t a c c  t tcaggacac caaagaggtg t g g g t c a t t c  aaggacagaa 
t c a c c a t t c t  
ccc t t t gaaa  
gtacactcaa 
t g g t t g g t g t  
g a c a t t c t c t  
aa ta tg tggc  
caaacgtgac 
aaaatacata 
g tg t tcagga 
t c t c c t g c t t  
aatgaacatg 
agactcaaag 
AAOCAGCTOO 
CTGCCTTAGC 
TCATGTGGgt 
cccatatgct 
ccttggcg= 
gcacaaactc 
gtgaattggc 
atcggcctgg 
agccaccccr 
ccagtttgga 
ttggtcc 3' 

tggccccat t  gc t cc t t ggc  tctgggccac tgggtctgaa 
g g c a t t t t c a  gagccatgtg t t taggagaa aagcccatct  
a c t c t c t c t c  acacacacac acacactcac actcacatag 
t c t t c a t g g a  g tcc tagaat  ctcaaggctg gcagggccaa 
cagtacataa ccaatggctc c t t c t g t t t c  a t t caca tgg  
tagggccaaa gatacaggct t a t t t t t c a a  t g t g t g t a t c  
tgagaaatgc a c a t t t t g a a  aaaccagacc a t c t g g c t t t  
t tgaaagtaa gagtgccagt gaggt tg tca  agtacacact 
c t t c t g a t t t  accgactcct  g c t t g t c c t g  a t t c t g c a t c  
tcaa tca tca  t t c t c c c t c t  ttagaagagc aacaggcaga 
t t t t g c c t g a  at taaaataa caaaaccaaa accgaaaact 
agac t tcg ta  c c t g t g a a t t  aGAGCCTGGG AGTGAGACAG 
ûA- ATCMCOCGC CAaOOacCCT ACTGGTCCTT 
CACAGGTTCT GAllACCZLAAG CAMACCACC AOAGAGTOAT 
atggccctcc ctceecctgc ccagaaaggt ttctct-g 
agtttctgtc atgcaarcgc ccctggcaat gccgtccttg 
atggctctga tggggtaggc atctccgggg gttartactg 
rtgtraatct tcctgggcct aagtctggtg tactctcrat 
atggtcctgg agggctagtc agctagctcc trgcctcgag 
accaraccra aaaaaaarrt catctctggt graacrggat 
ccccctgctc agcrttcccc rgtgcctccc ttcrcagtgg 
ttcttctcac caaacgctca agacctgtac aggttactk 



Figure 3-21 : Expression Analysis of CES38 

The probe used for hybridization to these blots was the CES38 FAIR1 

PCR product. The above blot containd mRNA from various adult 

tissues. A transcript - 2.4 kb in size was strongly expressed in lung 

while a fainter transcript - 3.7 kb in size was seen in al1 tissues 

tested. This result was obtained subsequent to thesis experiments. 



BamHl Sstl Taql 
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Figure 3-22: CES38 Partial Hybrid Panel 

Lanes 10888 represent DNA isobted from a humanlhamster hybrid 

cell line containing human chromosome 22 as its only human 

component. Lanes 03657 represent DNA isolated frorn a normal 

hurnan cell line containing total genomic DNA. Hamster lanes 

represent a normal hamster cell line containing total genomic DNA. 

These DNAs were digested with BamHI, Ssfl, and Taql (from left to 

right on the picture). The probe used for hybridization to this blot was 

the CES38 FURI PCR product. Locations of DNA size markers are 

designated to the Mt. 



Figure 3-23: Annotated Sequence of PAC 238115 

Panels 4 B, and C represent exons predicted by GENSCAN. GRAIL2 and MZEF, respectively. Panel D 

represents cDNAs from the EST database and exons 38, 20, 60. 1 IA, 41, and 48 obtained from exon trapping. 

Panel E represents a portion of the sequence which shows homology to several other sequenced regions of 

the genome (Chromosomes 1, 10 and 16). Panel F represents the one known gene partially on this PAC and 

its direction (5' + 3'). The thickness of a line representing an exon or cDNA roughly estimates its size. All 

analysis of PAC 238M15 was performed on May 24, 1999. 







SEQUENCE BLAST 1 
RESULT ; 

CTTCATCAACTTCAlTCCTGAGTCATACrrACT 
TAATAAACAAGACAAGATCAACAAC AAGAAA 
GGTGGAAGAACACAGCTGGTTTACCTGCACA 
GGAGCTAAATACITTGCAATTCCATTGGCTGA 
GCGCAACACCAAGAGGCTGACTAAGAGGAGGAG 
CACACATGCACAACTGCTGCGTGGGAAACAG 
GATGGCAGCGA (201 bp) 
GGAGTCACTGACGGlTGGAGGACTGATATTC 
ACCAATACCT~CCCACAAA~AAGAGATGCCT 
GAGAAAGACCTGGTCATGCAGGAGGTG (93 
bp) 

GAGCCTGAGAGAGAGACAGAAGCAGCTGGG 
AGGAGAAAAATCAACGCGGCCAGGGGCCCT 
ACTGGTCClTCTGCCTTAGCCACAGGTTCTGA 
AACCAAAGCAAAACCACCAGAGAGTGATTCA 
TGTGG (1 28 bp) 
GGGCCTGCAGAGGGAGGCAGCCGCTGITGG 
GAGGTCACAGAGCGTCTGCAGCTGACTGGG 
AAGCCCTCCTAACTGGCGCACCTGAGGGGCT 
GGGTGCCGTCTGCTGClTCTGGCTGCCCTGG 
CCCGCAGTAGT (133 bp) 
GCTGGTCTCAAACTCCTGGGCTCAAGCAATTC 

GGTCAGGAATCCAGGCATGGCTTAGGTGGC 
CTCTCClTAGGlTGCAGTCAAGATGTGAGCTA 
GAGTiTAGTCCAGTCTGGGAAGTGAAATCC 
CATCCATITCGCCCCTCTCGTCAGTGAGGCGT 
lTGAGTCCAGAAAGATGAG(I45bp) 

GGCITCTCATCCTCAGCACTGCTGACATTTGC 
GCCAGATAlTTCl7TGlllTGGAGGCTGTCGT 
CTGCACTGTCGGATGTAGCAGCATCGTCA 
GCCTCTACTCTCCA (1 1 Obp) 

ATCAACACACAAAGACAAITGATCTCGAACCA 
GClTCCTACACTATClTG (50 bp) 

GTATAAAGCCCAGCCCTCCGTGCTGCAGGGA 
CAGGCAGAACACAGACrrCTGGTGGACCAGC 
TGGCTCCTAAAGAGGAGAGGGGACTAAATCA 
TGTATGCTTGGTTCTTTCI?CCCAGCTTCTCTC 
AG (1 27 bp) 

4 No similarities to 
previously known genes 
or ESTs 

4 No repetitive elements 

4 No sirnilarities to 
previously known genes 
or ESTs 

+ No repetitive elements 

4 No similarities to 
previously known genes 
or ESTs 

4 No repetitive elements 

4 No similarities to 
previously known genes 
or ESTs 

+ No repetitive elements 

+ No similarities to 
previously known genes 
or ESTs 

+ 61 of 61 bp are an Alu 
repetitive element 

4 No similarities to 
previously known genes 
or ESTs 
81 of 145 bp are part of a 
LTR element 

4 No similarities to 
previously known genes 
or ESTs 

+ 108 of l1Obp are part of 
a MER1 DNA elernent 

4 100% identical to a 
previously trapped exon 
(Trofatter, 1995) 

+ No repetitive elements 

Sirnilarity to 3 ESTs: 
W35386 (hESTl), 
AA704966 (hEST2) , 
AA505576 

+ No repetitive elements 

Table 3-2: A List of the Putative Exon Sequences and an lnterpretation of 

the BLASTN and TBLASTX Search Results. 



EXON 

11A 
20 
38 
41 

Table 3-3: A List of the Putative Exons and the Number of Loci they 

Likely Represent in the Genome. 

The Southern blots used contained DNA from a normal human cell line 

(GM03657), a chromosome 22-only cell line (GM010888) and normal 

hamster DNA along with rnolecular size markers. Some Southern blots 

contained these DNAs digested with the restriction enzymes Sst I and 

Pst l while some contained these DNAs digested with the restriction 

enzyme Sst I only. Exons which likely represent one locus in the genome 

showed the same number and size of band(s) in the total hurnan DNA 

lane as in the chromosome 22-only DNA lane. Exon 48 hybridized to two 

bands in the total human DNA, only one of which hybridized in 

chromosome 22-only DNA, raising the possibility that it may represent 

more than one locus. Exons 45 and 51 showed smears on the 

autoradiograph, likely because they are both entirely cornposed of 

repetitive DNA. No result was obtained using Exon 60, probably because 

it is srnall (50 bp) and hybridized poorly. 

ENZYMES TESTED 

SS~, P S ~  

Sst 

sst 

S S ~  

Smear 

Possibly 2 I 

Smear 

No Resuft 

I 
" 

# LOCI : 

I 

1 

I 

I 
L 

45 
48 
51 
60 
86 

Sst, Pst 

Sst, Pst 

~ s t  

Sst 

S S ~  



CHAPTER 4: DISCUSSION 

A) Identification of Genes in the CESCR 

The main purpose of this study was to identify genes located in the 

minimal critical region for CES. The region of focus was an approxirnately 

1 Mb region located about 1 Mb from the centromere. This region was 

defined by comparing the duplication overlap of two CES patients, one 

carrying a supernumerary r(22) chromosome and one harbouring an 

interstitial duplication (Mears et al. 1995). One plausible explanation for 

the etiology of the abnormal features seen in individuals with CES is the 

overexpression of a gene or genes located within the CES duplication 

region. Such a gene(s) would function in the development of the affected 

organs/tissues such as heart, eyes, urogenital system, outer ears, face 

and brain. 

Studies in gene-rich regions of the human genorne have 

suggested a gene density of one per 10-50 kb (Ansari-Lari et al. 1997) 

and one per 20-25 kb (Gong et al. 1996). k i n g  an average of one gene 

per 40 kb, then the 1 Mb distal CESCR is expected to contain about 25 

genes. Since the CESCR is located within the gene-poor pericentromeric 

region of 22q, the number of expected genes may be somewhat lower. 

The only gene to date reported in the CESCR is ATP6E (Baud et al. 

1994). This gene localizes to the most distal portion of the CESCR and 

codes for the E subunit of the vacuolar H'-~TPase proton pump, which 

appears to be ubiquitously expressed. Although the effect of 

overexpression of ATPGE on the features of CES cannot be excluded, the 

widespread expression of this housekeeping gene is unlikely to be 



responsible for the CES phenotype. Therefore this study was done to 

isolate and characterize more candidate genes from the CESCR. 

1) Amplification of Putative Gene fragments 

A number of cosmid, ?AC, and BAC genomic clones were 

subjected to the exon trapping procedure by Dr. Ali Riazi. A portion of 

these isolated exons were further analyzed in this study by sequencing, 

hybridization to cDNA iibraries, Southern and Northern blots, and 

cornputer sequence analysis and database searching. Overall the exon 

trapping procedure was successful in identifying several gene fragments 

(exons) and two putative genes, CES38 and CES86. 

+ Exon Trapping Sumrnary 

Table 3-1 provides a summary of the exon trapping results. A total 

of 119 putative exon-containing pAMP1O clones were analyzed; 27 from 

BAC 95A8, 13 form PAC 109L3, and 79 from PAC 238M15. Of these 11 9 

clones, 36 or 30.3 % were due to vector-vector splicing and produced a 

177 bp product when colony PCR was performed. Vector-vector splicing 

occurs when the exon trapping vector splices the portions of the HIV fat 

exons together without an insert. The exon trapping vector is designed 

such that when this occurs a BstXI site is created at the junction of the two 

exons. Such products can be cleaved with the restriction enzyme BsKI 

producing two very small fragments which will not be subcloned into the 

pAMPl O cloning vector. Since 30.3 O/O of the pAMPl O clones tested by PCR 

showed the 177 bp product produced by vector-vector splicing, it is 

obvious that the enzyrnatic treatment with BsRI was not fully effective at 



eliminating such clones. This could have been due to a short incubation 

time or perhaps the enzyme was old and had lost some of its 

effectiveness. Alternatively, the BsNI restriction site at the junction of the 

two HIV exons may have been aberrant due to PCR artifacts. This source 

of contamination could have been reduced by isolating the putative exon- 

containing secondary PCRs from a low-gelling temperature agarose gel 

and then subcloning these into pAMPlO (i.e.: rather than subcioning the 

entire secondary PCR reaction, which contained many vector-vector 

splicing products). 

Another source of contamination were clones which gave no 

result when colony PCR was performed. This was seen for 47 out of 11 9 

clones, corresponding to 39.5 % of ail clones analyzed. This result is 

theoretically inconsistent with the exon trapping procedure. Such 

contamination may have been due to satellite colonies that were not 

ampicillin resistant and did not contain a plasmid. Small satellite colonies 

are often obsewed when bacteria are grown on ampicillin containing 

plates in which the ampicillin is at a low concentration or has degraded 

over time. This source of contamination could be reduced by careful 

plating of bacteria on freshly made LB+ampicillin plates. It is also 

possible that due to the age of the colonies examined, some of them had 

lost their plasmids. Therefore no PCR product could be amplified. 

+ Effectiveness of Exon Trapping 

The partial or complete genomic sequence for many of the 

PACIBAC clones in the CESCR is now available and has allowed 

identification of genes by computer prediction programs. Figure 4-1 

shows a cornparison of computer predicted genes within PACs 109L3, 

143113, and 238M15 and exons identified by exon trapping from PACs 



109L3 and 238M15 (only those examined in this study). Since no novel 

exons were discovered from BAC 95A8, the genomic sequence in this 

region was not annotated. IL-17R is a multiexon gene present on 109L3 

which was predicted well but from which no exons were trapped. BTPUTR 

is a putative single exon gene which was predicted well but which would 

not be discovered by the exon trapping procedure. PSL is a multiexon 

gene which was predicted well but from which no exons were trapped. 

CES86 is a part of a putative gene with two identified exons, one of which 

was partially trapped due to the pressnce of cryptic splicing signals on the 

opposite DNA strand. CES38 is a portion of a putative gene with one 

trapped exon and an associated cDNA, which was not identified by gene 

or exon prediction. IDGFL is a multiexon gene which was predicted well, 

and from which Dr. Ali Riazi characterized one partial exon, Exon B (Riazi. 

1998; Riazi et al. submitted). Therefore two out of the five, or 40 %, of the 

predicted genes were confirmed by trapped exons. The six exons trapped 

from 238M15 suggest, by their directions, that there may be up to four 

genes on this PAC, none of which were cornputer predicted. It may also 

be possible that any of these exons were trapped due to the presence of 

cryptic splicing signals and therefore would not likely represent 

transcribed DNA sequences. However, exons I l A ,  20, 41. and 60 each 

contain an ORF in at least one frame, suggesting that they rnay represent 

real exons. 

Genomic sequence analysis is another gene identification 

technique being used in the CESCR. This technique is much easier and 

less time consuming than many other traditional techniques, but genomic 

sequence may not be available for a region for some time after the region 

has been cloned. In the meantime traditional techniques must be used. 

Genomic sequence analysis seems to be an effective method to identify 

most genes in a region. The predicted exonslgenes must be further 



confirmed by cDNAs, either from ESTs. RT-PCR or RACE. Disadvantages 

of this technique include inaccurate prediction of exons, lack of prediction 

of some exons, and prediction of exons within pseudogenes. One of the 

putative genes examined in this study, CES38, has not been predicted by 

any genelexon prediction program used thus far. As well, putative 5' exons 

of CES86 were only predicted by GRAIE. This supports the idea that 

multiple gene identification techniques must be used to identify al1 genes 

in a given region. Using any one gene identification technique will usually 

identify only a subset of al1 genes in a region, as is seen here. 

+ Other Possible gene Identification Techniques 

Other gene identification techniques which could have been u sed 

in this region include CpG island cloning, cDNA selection and 

comparative rnapping (currently underway by T. Footz). CpG island cloning 

is perhaps a technically less demanding approach but is only applicable 

to genes that have CpG islands. Analysis of genomic sequence using the 

computer program GeneTool allows identification of putative CpG içlands. 

No CpG islands were predicted in or near IDGFL, CES38 or 

trapped exons present on PAC 238M15. Therefore it is highly unlikely that 

these genes would have been identified by the CpG island cloning 

technique. In contrast, two CpG islands were predicted near the 5' end of 

PSL, suggesting that this putative housekeeping gene may have been 

identified by CpG island cloning. A third CpG island was predicted within 

the body of the PSL gene. It is unlikely that this island is associated with 

PSL since housekeeping genes usually have their CpG islands at the 5' 

end. It is possible that this island may be associated with one of the 

surrounding genes. possibly CES86, if this gene is in fact an active gene. 

A CpG island was also predicted at the 5' end of the BTPUTR gene, 



indicating that this gene may also have been identified by the CpG island 

cloning technique. Likewise for IL-17Rl a CpG island was predicted, 

covering the initial exon. 

Another gene identification technique that could have been used is  

cDNA selection. This technique is expression-dependent and therefore it 

rnay be difficult to identify cDNAs that are tissue or time specifically 

expressed or at very low abundance. The putative genes IL-17R. BTPUTR. 

PSL, and IDGFL likely woutd have been identified by cDNA selection since 

they each have a fairly widespread expression pattern, and each identifies 

numerous ESTs. In contrast, CES38 shows strong expression only in 

lung and therefore may not have been identified by cDNA selection unless 

lung transcripts were examined. Likewise, CES86 is strong ly expressed 

only in heart and skeletal muscle. Since we are looking for 

developmentally important genes which are active from the third to eighth 

weeks of fetal development, cDNA selection may not have identified 

genes which rnay be expressed only at this time. 

+ Drawbacks of Exon Trapping Within the CESCR 

During the time that Dr. Riazi was performing exon trapping on 

various genornic clones from the CESCR, we first became aware of the 

large number of unprocessed, truncated pseudogenes in the 22q 

pericentromere. As well, recent sequence analysis of a number of 

genomic clones in the proximal half of the distal CESCR has revealed the 

presence of multiple duplicated gene fragments from chromosomes 2, 

10, 11, 12, 16, X, and Y (McDermid et al. 1999 and unpublished results). 

Several duplicated gene fragments are now known to reside within the 

pericentromeric region of 22q and therefore within the CESCR. These 

include fragments of the NF1 gene (Regnier et al. 1997), the vWF gene 



(Eikenboom et al. 1991), the GGT farnily of genes (Courtay et al. 1994), 

the IGKV3 gene (Lotscher et al. 1986), the ALD gene (Eichler et al. 1997) 

the KCNMBBL gene (Riazi et al. submitted) and many other gene 

fragments (Minoshima et al., 1998; McDerrnid, unpublished results). 

Exons and cDNAs corresponding to these gene fragments may be easily 

identified by exon trapping (Riazi, unpublished results). It is for this reason 

that exon trapping should be cautiously used as a method of gene 

discovery in pericentromeric regions. 

2) Identification of a Putative Gene, CES86 

CES86 was identified by exon trapping Ex 86 and subsequently 

obtaining a cDNA from a fetal brain library and three ESTs from the EST 

database. Northern hybridization with one of the ESTs detected an 

abundant transcript of approximately 7 kb in heart and skeletal muscle. 

Southern hybridization and PCR place CES86 in the central portion of the 

distal CESCR near locus 022843. Preliminary Southern hybridization with 

Ex 86 suggested that it represented a single-copy locus in the genome. 

Initial Southern hybridization with the PstlEcoRI fragment from hEST1 

suggested that it represented more than one locus in the genome, but 

further analysis refuted this. It was therefore hypothesized that CES86 

represented a duplicated, unprocessed 5' truncated pseudogene. 

Cornparison of al1 the experiments presented in this thesis along with 

genomic sequence analysis of PAC 10913 now suggest most strongly 

that CES86 is in fact an active and single copy gene within the CESCR. 

The possibility of CES86 being a truncated and unprocessed, duplicated 



gene fragment has not been entirely eliminated, therefore a discussion of 

several possibilities will be covered. 

Hypothesis #1: CES86 is an Active Gene in the CESCR 

Several experirnents and observations have suggested that the 

partial CES86 gene identified to date is in fact part of an active, single 

copy gene located within the CESCR. The CES86 gene is represented by 

four ESTs which match identically the genomic sequence. Northern 

hybridizations performed with a portion of one of these ESTs (hEST1) 

identified a 7 kb transcript strongly expressed in heart and skeletal 

muscle. RT-PCR analysis of hESTl confirmed its expression in several 

tissues. As well, 3' RACE experiments detected this transcript in adult 

brain. Southern hybridizations support this hypothesis, as total human 

DNA and chromosome 22 only DNA digested with seven different 

restriction enzymes (Bgl Il, Bsr GI, Eco RV, Hin dlll, Pvu II, Ssp 1. and Sst I) 

show the identical number and size of bands. The same DNAs digested 

with Pst I and Taq 1 showed two bands in the total human lane, only one of 

which was seen in the chromosome 22 only lane. These extra bands 

were shown to be polymorphic restriction sites. Genornic sequence 

analysis of PAC 109L3 has identified several predicted exons within the 

PSL genomic region but on the opposite DNA strand, which could 

reasonably be a part of the CES86 gene. GRAIL2 predicted seven high 

scoring ( ~ ~ 0 . 5 )  exons and one moderate scoring (pc0.5) exon, while 

MZEF predicted one high scoring exon. As well, the predicted CpG island 

within the body of the PSL gene may be associated with CES86. 

Several observations provide evidence against the hypothesis that 

CES86 is an active gene in the CESCR. Southem hybridization perforrned 

by T. Footz shows no evidence of a mouse ortholog. He has found that the 



one known gene in the CESCR, ATPGE, plus at least eight other putative 

genes (BID, GAB, MTP, CTCO, CES38, PSL. BTPUTR, and IL-17R) map to 

mouse chromosome 6. Thus, nine out of the ten genes identified so far 

have apparent mouse orthologs. This region has been cloned into BACS 

and a number are currently being sequenced. The mouse genomic 

sequence around CES86 is not yet cornplete, suggesting that once 

cornplete sequence is available there may be regions of orthology to 

CES86. 

As well, it is puzzling why no further 5' cDNA sequence has been 

obtained by either ESTs, cDNA library screening or RACE. This may be 

explained by the high CG content in the area surrounding the most 5' 

exon. This area was predicted to be a CpG island for PSL. The high CG 

content rnay easily hinder the effectiveness of reverse transcriptase 

enzymes, leading to prematurely truncated cDNAs, RT-PCR or RACE 

products. 

After analysis of the genomic sequence of PAC 143i13, it seemed 

as if there was no apparent room for the CES86 gene. At the most 5' end 

of CES86 there are only 52 bp until a cDNA-confirrned exon of PSL. This 

suggested that if CES86 were a reai gene then its 5' end could extend off 

PAC 143113 and into PAC 109L3. However, this meant that it must contain 

at least three genes within one or more of its introns, one of which, IL- 

17R. is in the same orientation and transcribed from the sarne DNA 

strand as CES86. Analysis of the recently available complete sequence of 

PAC 109L3 shows no prediction of exons centromeric of IL-1 7R which 

could reasonably be a part of the CES86 gene. However, several exons 

were predicted just proximal to CES86 and overlapping with the PSL 

gene, but on the opposite DNA strand. 



Hypothesis #2: CES86 is a 5' Truncated Gene Fragment Duplicated 

From Another Chromosome 

This hypothesis was put forth because of the lack of further 5' cDNA 

sequence. If this hypothesis were correct it must be confirmed by probing 

a complete somatic cell hybrid panel. This experiment was attempted six 

different times on two differently digested hybrid panels. with no 

satisfactory results. Further evidence supporting this hypothesis would be 

some degree of sequence divergence (depending on the age of the 

duplication) between the observed cDNAs, which would be transcribed 

from the active gene copy, and the chromosome 22 genornic sequence. 

Such divergence of sequence was not observed, suggesting that the 

CES86 cDNAs are transcribed from this region. 

Hypothesis #3: CES86 is a 5' Truncated Gene Fragment Duplicated 

From Elsewhere on Chromosome 22 

This hypothesis is highly unlikely but was put forth because of the 

lack of further 5' cDNA sequence and the lack of alternatively sized (or 

number of) bands on a genornic Southern. If the CES86 gene were a very 

recently duplicated gene fragment then little or no sequence divergence 

would be expected, thus conserving al1 restriction fragment lengths. If this 

hypothesis were correct it could not be confirmed by probing a complete 

somatic cell hybrid panel. Alternatively, a specific chromosome 22 hybrid 

panel would be necessary to map the active copy. The active copy could 

also be located by similarities to sequenced genornic clones elsewhere 

on chromosome 22. Considering that most of this chromosome is now 

sequenced, completion expected before the end of 1999, a second locus 

would most likely have already been identified. 



Future Experiments 

Several experiments could be repeated to confirm the results that 

were obtained in this study and to potentially clone the rernaining portion 

of the CES86 gene. The suggested experiments will be discussed in the 

context of the three hypotheses presented. 

Hypothesis #1: CES86 is an Active Gene in the CESCR 

The 5' RACE experiment from hEST1 should be repeated, perhaps 

using different primers. As well. the PCR could be manipulated to 

optimize the conditions for CG-rich regions. In order to confirm that the 

Ex86 K l a  is a real mRNA and not genomic contamination, RT-?CR must 

be done with mRNA that has been treated with DNase in order to 

eliminate the possible amplification from genomic DNA. 

RT-PCR could be performed between the GRAIL;! exons predicted 

proximal to CES86 and between these predicted exons and the 3' end of 

CES86. RT-PCR conditions should be optimized to ailow the reverse 

transcriptase enzyme to continue through the CG-rich region of CES86. If 

further 5' cDNA sequence can be obtained, it should be used to probe 

Northern blots to confirm the expression data presented here. Once the 

structure of CES86 has been determined, it should be subjected to 

protein structure analysis to identify any c o n s e ~ e d  domains and to detect 

similarities to previously identified genes. This will help us determine 

whether this gene could be a candidate for some of the phenotypes 

associated with CES. The effects of overexpression of this gene could be 

further studied by creating BAC transgenic mice and observing for any 

abnormal phenotype. 



Hypothesis #2: CES86 is a 5' Truncated Gene Fragment Duplicated 

From Another Chromosome 

To test this hypothesis, CES86 must be re-probed onto a complete 

monochromosomal hybrid panel. As well, as the sequence of the human 

genome is completed, the CES86 probe could be tested by submitting 

the sequence to BLAST searches of the htgs. rnonthly and nr databases. 

This would identify any genomic clones and their chromosomal locations 

s howing similarity to CES86. 

Hypothesis #3: CES86 is a 5' Truncated Gene Fragment Duplicated 

Frorn Elsewhere on Chromosome 22 

To test this hypothesis several experiments could be performed. 

The PAC 143i13 could be used as a probe for fluorescence in-situ 

hybridization (FISH). This experiment would only be informative if the 

region which was duplicated was significantly distal to the CESCR, which 

could be resolved by FISH analysis. The CES86 gene could be used as a 

probe on a chromosome 22 hybrid panel. This hybrid panel consists of 

various hybrids that contain only portions of chromosome 22 (Budarf et al. 

1996), such that the probe would map to the CESCR and some other 

region. As well, continued genomic sequencing of chromosome 22 

should allow identification of the region which was duplicated to the 

CESCR. This would be identified by continued BLAST searches of the 

htgs, monthly and nr databases using CES86. 



3) Identification of a Putative Gene, CES38 

CES38 was identified by exon trapping Ex 38 and subsequently 

obtaining a cDNA from a fetal brain cDNA library. Southern hybridization 

placed CES38 in the central portion of the distal CESCR near locus 

D22S43 but distal to CES86. Characterization of the QI cDNA suggested 

that it was chirneric to an unknown exteni. Further characterization of this 

putative gene was continued when the partial genomic sequence of PAC 

238M15 was available and subsequent ta other thesis experiments. The 

22-specific portion was amplified by PCR and used as a probe on a 

partial hybrid panel. This experiment suggested that the 22-specific 

portion represented only one locus in the genome. Northern analysis with 

this PCR probe detected an abundant 2.4 kb transcript in adult lung and a 

fainter 3.7 kb transcript in several other tissues. It is puuling why no 

Northern hybridizations produced successful results using the 01 cDNA. 

It is possible however, that the large chimeric portion of this cDNA 

somehow hindered the 528 bp, 22-specific portion from adequately 

hybridizing. As well, Northern hybridization on Clontech multiple tissue 

Northern blots was attempted only once. The other Northern 

hybridizations with the QI cDNA were performed on laboratory made 

Northern blots containing mRNA from two cancer cell lines only. 

Future Experirnents 

Further characterization of this putative gene should continue by 

first cloning the remainder of the gene. This could be accomplished by 

performing 5' and 3' RACE or screening more cONA libraries. As well, 

since one of the trapped exons (Exon 60) contained within PAC 238M15 

is in the same orientation as CES38 it would be worthwhile performing 



RT-PCR between these regions, perhaps using mRNA from adult lung, 

where CES38 was most highly expressed. The genornic sequence 

analysis (using GENSCAN, GRAIU, and MZEF) which has been 

performed to date on PAC 238M15 has predicted only low to moderate 

scoring exons. Predicted gene elernents with such poor probabilities are 

likely to be inaccurate, if real at all. Therefore more sequence analysis 

with different exon prediction programs could be perforrned before RT- 

PCR between such predicted exons is performed. 

In such cases where gene structure cannot be easily elucidated 

from the human genomic sequence. it may be advantageous to make use 

of the mouse genomic sequence. Analysis of partial mouse genomic 

sequence has revealed similarities between the hurnan CES38 and the 

putative mouse Ces38. The regions of similarity are both 5' and 3' of the 

human Ex38Q1 cDNA and show similarities between 73% and 93%. RT- 

PCR between these conserved regions in human is currently undennlay. 

T. Footz has isolated by PCR a mouse region showing similarity to 

human CES38. This PCR product should be used to study the expression 

pattern in rnouse tissues and the results compared with the CES38 

human Northern obtained. As well, computer gene prediction can be 

performed using mouse genomic sequence. Subsequently RT-PCR 

between predicted mouse exons can be performed. 

Once the structure of CES38 has been determined. it should be 

subjected to protein structure analysis to identify any conserved d O ma in s 

and to detect similarities to other known proteins. This will help us decide 

whether this gene is a good candidate for CES. Transgenic mice have 

already been produced harbouring the human PAC 238M15. These mice, 

so far, appear normal but should be examined for the expression of the 

human CES38 mRNA and protein, especially in the lungs. 



4) Partial Characterization of a Putative Gene, BTPUTR 

BTPUTR was identified by genomic sequence analysis of PAC 

143113. Analysis of the ESTs for BTPUTR and the cornputer predicted 

exons as well as ORF analysis has lead to the hypothesis that this is a 

putative single exon gene. This gene shows two ORFs, one of which 

shows simiiarity to transcriptional factor motifs. Northern hybridization 

showed strong expression of a 5 kb transcript in prostate and brain and 

weaker expression in many other tissues. 

The theory that this putative gene is a single-exon gene must be 

confirmed by RT-PCR andlor RACE. Northern hybridization with the 5 '  

coding region of this gene should be performed and compared with the 

Northern results previously obtained. Identification of the 5' end by RT- 

PCR or RACE may help in elucidating which of the ORFs is used. or if 

both are used. However, protein studies through Western analysis may 

be necessary to determine which ORF is used. The gene structure may 

also be examined by comparing the mouse genomic sequence to the 

human genomic sequence to see which regions are consemed. Since 

one of the putative ORFs codes for a transcription factor. it is a good 

candidate for CES. It should therefore be tested to see if this mRNA and 

protein are overexpressed in CES individuals. The effects of 

overexpression of this gene could be further studied by creating BAC 

transgenic mice and observing for any abnormal phenotype. If this 

putative gene does encode a transcription factor, it would be interesting to 

find out what gene(s) it regulates. 



5) Partial Characterization of a Putative gene, PSL 

PSL was first identified by genomic sequence analysis of PAC 

143113. By comparing the ESTs for PSL with the cornputer predicted 

exons, it appears to be composed of at least 8 exons. Analysis of the ORF 

shows similarity to proteins from several organisms including yeast 

phosphatidyl synthase. Northern hybridization detected an abundant 1.9 

kb transcript in all tissues tested. Although the overexpression of PSL on 

the features of CES cannot be excluded, the widespread expression of 

this probable housekeeping gene is unlikely to be responsible for the 

CES phenotype. Therefore, past confirrning the predicted gene structure, 

few experirnents will likely be performed. 

Developrnental Defects in CES, a Molecular Etiology 

As previously stated, the organs most often affected in CES include 

the eyes, outer ears and face, heart. kidney, anus and brain. 

Understanding the molecular etiology of this syndrome therefore requires 

a detailed knowledge of the affected structures. The development of the 

heart, eyes, ears, face, and urogenital system all occur between weeks 

three to eight of ernbryonic developrnent. Therefore it is likely that CES is a 

result of abnormal gene expression during the first few criticai weeks of 

development. Since CES is associated with a duplication of a portion of 

chromosome 22, the most plausible explanation for the phenotypic effects 

is the overexpression of a dosage sensitive gene or genes located within 

the duplicated region. Such genes rnay be directly or indirectly involved 

with the development of the affected organs. The products of such dosage 

sensitive genes rnay belong to a group of inherently dosage sensitive 



functions like ligandlreceptor or signal transduction molecules. 

transcriptional regulation, structural proteins and morphogens. 

A possible but less likely hypotheçis explaining the phenotype 

associated with CES involves the high number of duplicated gene 

fragments located within the 22q pericentromeric region. Exons frorn 

various gene fragments, in the presence of promoter-type sequences, 

rnay be transcribed into a novel gene product. Overexpression of such a 

gene could theoretically cause the developmental defects associated with 

CES. If such a fusion-type gene were the cause of CES. it would rnake 

studies of mode1 organisms, such as the mouse, dificult as such a gene 

would likely have arisen in the human genome after the evolution of man 

and mouse. 

Future Research 

Identification of Genes From the CESCR 

Since complete genomic sequence of the CESCR, in both human 

and mouse, is expected by the end of 1999, most gene identification will 

be most easily performed through computer analysis of genomic 

sequence and comparison of the two genornes. This eliminates the need 

for further exon trapping or other traditional gene discovery techniques 

such as cDNA selection or CpG island cloning. 

Further Characterization of CES38 and Other Candidate Genes 

Further characterization of candidate genes may provide insig ht 

into the molecular etiology of CES. The first step in characterization is to 

isolate full length cDNAs for such genes. This may be accomplished by 



cDNA library screening, EST searches, RT-PCR and RACE. 

Subsequently, the expression profiles of al1 genes must be determined by 

hybridization to Northern blots containing mRNA frorn various adult and 

fetal tissues. With the increasing availability of mouse genomic 

sequence, mouse orthologs not already identified can be discovered and 

more detailed expression can be studied in the rnouse using Northern 

analysis and in-situ hybridizations. Access to genornic sequence will also 

allow identification of regulatory regions including promoters. 

Characterization of the putative proteins can be performed by computer 

analysis of sequence. The cDNA soquence can be used to search for 

important structural motifs such as DNA binding domains often found in 

transcription factors, or hydrophobic membrane-spanning reg ions often 

found in membrane receptors. The presence of such motifs may give 

clues as to the function of the protein. As well, the overexpression of these 

genes in CES patients must be confirmed by finding overexpression of 

the mRNA by Northern analysis and overexpression of the protein by 

Western analysis. 



By using exon trapping and genornic sequence analysis as 

methods of gene discavery within the minimal duplicated region causing 

CES, two putative genes and several gene fragments were discovered. In 

order to determine whether these putative genes are possible candidates 

for some of the features of CES, they must be further characterized as  

described. 

The results presented in this thesis stress the need for more than 

one gene identification technique to be employed for any given region. 

The CES86 putative gene was partially identified by both exon trapping 

and genomic sequence analysis while the putative CES38 gene was 

identified by exon trapping but not by analysis of genomic sequence. As 

well, CES38 is not represented by any ESTs, highlighting the fact that not 

al1 genes will be represented by ESTs. 



Figure 44: Exon Trapping Versus Genomic Sequence Analysis in a Portion of the CESCR 

PACs 109L3 and 238M15 were subjected to the exon trapping procedure and thereby identified 7 exons (86, 38, 20, 

60, 48, I IA ,  and 41; ExB was characterized by Dr. Ali Riazi) as shown. The exons obtained from BAC 95A8 are 

shown since they were identical to two exons already being characterized by Dr. Ali Riazi. The genomic sequences of 

PACs 109L3, 143113, and 238M15 were analyzed for the presence of computer-predicted exons and genes. This 

method identified five putative genes (IL-17R, BTPUTR, PSL, CES86 and IDGFL) as shown. Only CES86 and lDGFL 

were identified by both gene identification techniques. Up to four genes may be represented by the six novel exons 

located on PAC 238M15. The direction (5'33') of the gene or exon is indicated by the arrow representing that gene or 

exon. The direction of Ex41 is unknown as it is not flanked by the conserved 3' and 5' splicing signals. 
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