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Abstract 

Hearing loss represents an important social and medical phenomenon affecting a 

significant proportion of the popu lat ion. Congen ital or chi ldhood-onsd dearncss 

alTects approximately one in thousand chi ldren with the majority of cascs having no 

associated syndromal features (non-syndromic deafness). /\ genet ic caLise is 

responsible for 60% of cases, most of which display an autosomal recessive mode of 

inheritance. Non-syndrom ic sensorineural deafness is genetically heterogenous. To 

date approximately 68 autosomal recessive (DFNB) and 53 autosomal dominant 

(DFNA) hearing impairment loci have been identified. Out of 68 known DFNB loci , 

most of the recessively inherited forms of hearing impairment calise a phenotypically 

itlellliclIl severe In pnlltllilld, pI' ' lil1Hllu l II 'milll:: loss except IWNH2, I>I ,' NBHI I 0,111111 

I)FNU 16. 

In the present study, four Pakistani fami li es (A, B, C, D) with autosomal recessive 

non-syndromic form of deafness, were ascertained from Azad Jammu and Kashmir, 

Peshawar and Punjab. Family A has three, Band C have six each, and family 0 has 

four affected individuals. All the affected individuals were deaf since birth showing 

prelingual deafness and using sign language for communication. 

Linkage in the four families was studied by genotyping microsatellite markers 

corresponding to candidate genes, involved in autosomal recessive non-syndromic 

deafness phenotypes. In family A, linkage was establ ished with DFNB I locus on 

chromosome 13q12. DNA sequence analysis of exon 2 of GJB2 gene in affected 

individual (VI-5) detected a non-sense mutation (W24X). 

In family B, analysis of genotyped markers showed linkage to two loci, DFNB31 on 

chromosome 9q32-q34 and DFNB49 on chromosome 5q 12.3-q 14.1, identifying one 

(or possibly both) as the site of a novel autosomal recessive non-syndromic 

sensorineural hearing loss gene. 

In family C linkage was detected with DFNB3 on chromosome 17p11.2. MYOl5A 

gene was screened for the reported mutations in exons 3, 29, 30, 40, and 43 in 

affected individual of the family. However, no disease causing mutation was detected, 

suggesting the presence of a novel mutation in the family. 

In family D, analysis of the results of the genotyped microsatellite markers located on 

chromosome 9 and 10, showed that the affected individuals were heterozygous with 

different combinations of parental alleles thus, excluding family D from linkage to 

chromosme 9 and 10. 
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Chapte HI Introduction 

INTRODUCTION 

The human ear is the most complex organ in the body, capable of turn ing the tiniest 

disturbances in air into a form the brain can understand and doi ng so instantaneollsly, 

over an enormous range of pitch and loudness. Hearing loss or deafness is the total 

inabi lity to hear sound in one or both ears. Hearing impairment (HI) is the most 

common sensory disorder. Approximately 1 in 1000 children is born deaf or hearing 

impaired or develops HI during childhood (Morton, 1991). 

Types of Hearing Loss 

Hereditary impaired hearing is classified as syndromic or non-syndromic, or 

according to its transmission via an autosomal dominant, autosomal recessive, X

chromosome recessive or maternal trait. Another useful classification of hereditary 

impaired hearing (HII-l) according to its onset before (prelingual) or after acquisition 

of speech (posts lingual). As a rule ofthumb, most prelingual cases with HIH follow a 

recessive segregation, whereas most cases of post-lingual HIH follow an autosomal 

dominant trait (Bitner-Glindzicz et al. , 2002; Petersen et al. , 2002; Smith et al., 2002). 

Among hereditary non-syndromic deafness, autosomal-recessive inheritance 

predominates (about 80% of the cases), autosomal dominant inheritance is observed 

in about 20% of the cases, and X-li nked (::::: 1%) and mitochondrial « 1%) inheritance 

is more rarely encountered (Morton, 1991). Hearing loss can be classified as: 

>- Conducti ve hearing loss results from abnormalities of the extern al ear 

and lor the ossiclcs of the middle ear. 

>- Sensorineural hearing loss results from malfunction of inner ear 

structures (i.e., cochlea) . 

>- Mixed hearing loss is a combination of conductive and sensorineural 

hearing loss. 

>- Central auditory dysfunction results from damage or dysfunction at the 

level of the VIIIth cranial nerve, auditory brain stem, or cerebral 

cortex. 

Genetic Mapping of Candidates ofNon-Syndromic Deafness Genes 



Chapte # I Introduction 

Mode of Inheritance and Genetical Etiology 

Congenital or childhood-onset deafness affects approximately 111000 children with 

the majority of cases (approx. 70%) having no associated syndromal features. Causes 

of hearing impairment are numerous and, in a particular population, the relative 

contribution of genetic and environmental causes may be determined by social factors 

such as population structure and consanguinity, infection control and immunization, 

and provision of neonatal and postnatal medical care (Petit et at., 1996; Morton et al., 

2002). In most of cases the hearing loss is a mul tifactor di sorders caused by both 

genetic and environmental factors. However, single gene mutation can lead to hearing 

loss. In this case, hearing loss is monogenic disorder with following mode of 

inheritance: 

~ Autosomal dominant 

~ Autosomal recessive 

~ X-linked 

~ Mitochondrial 

These monogenic forms of hearing loss can be: Syndromic (characterize by hearing 

loss in combination with other abnormalities or Non syndromic (Willems, 2000). 

Autosomal recessive non-syndromic hearing loss (ARNSHL) is the most common 

form of severe inherited childhood deafn ess. This genetically heterogenous disorder 

can be caused by mutations in a number of different genes. To date, 68 ARNSHL loci 

have been reported and mutat ions in 22 genes have been known so far 

(http://www.uia.ac.be/dnalab/hhh) . 

Prevalence 

Between 112000 (0 .05%) and III 000 (0.1 %) children are born with profound hearing 

loss (Marazita et at., 1993). Among heredity non-syndromic deafness, autosomal

recessive inheritance predominates (accounting for about 80% of the cases), 

autosomal-dominant inheritance is observed in about 20% of the cases, and X-linked 

(::::: I %) and mitochondrial «I %) inheritance is more rarely encountered (Morton, 

1991). The autosomal-recessive forms of deafness are generally the most severe and 

are almost exclusively caused by cochlear defects sensorineural deafness), in contrast 

to the syndromic forms of deafness (Petit, 1996). 

Genetic Mapping of Candidates ofNon-Syndromic Deafness Genes 2 



Chapte H 1 Introduction 

Clinical Diagnosis of Sensorineural Hearing Loss 

Genetic forms of hearing loss must be carefully distinguished from acquired (non

genetic) cause of hearing loss. The genetic forms of hearing loss are diagnosed by 

otologic, audiologic, and physical examination, family history, ancillary testing (such 

as CT examination of the temporal bone), and DNA based testing. 

Hearing is measured in decibels (dB). The threshold or 0 dB marks for each frequency 

refers to the lever at which normal young adults perceive a tone burst 50% of the 

time. Hearing is considered normal if an individual 's thresholds are with in 15 dB of 

normal thresholds. Severity of hearing loss is graded as: 

~ Mild (26-40 dB) 

~ Moderate (41-55 dB) 

~ Moderately sever (56-70 dB) 

~ Severe (71-90 dB) 

~ Profound (90 dB) 

Audiometry 

Audiometry subjectively determines how the individual processes auditory 

information, i.e., hears. Audiometry consists of behavioral testing and pure tone 

audiometry. Behavioral testing includes behavioral observation audiometry (BOA) 

and visual reinforcement audiometry (VRA). Behavioral observation audiometry is 

used in infants from birth to six months of age. Visual reinforcement audiometry is 

used in children from six to 2.5 years. 

Pure-tone audiometry involves determination of the lowest intensity at which an 

individual "hears" a pure tone, as a function of frequency (or pitch). Octave 

frequencies from 250 to 8000 Hz are tested using earphones. Intensity or loudness is 

measured in decibels (dB), defined as the ratio between two sound pressures . 

Conventional audiometry is used to test individuals age five years and older; the 

individual indicates when the sound is heard (Smith et al., 2005). 
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Chapte # 1 Introduction 

Gene-Localization Studies 

Initially only genes implicated in syndromic hearing loss were localized and until 

1994 only three gene loci involved in non-syndromic hearing loss had been mapped 

on the human genome. Recently, linkage analysis has mapped many genes for non

syndromic hearing loss, to different chromosomes. The different gene loci for the 

numerous non-syndromic forms of deafness have been called DFN (for deafness) and 

are numbered in chronologic order of discovery. Autosomal dominant loci referred to 

as DFNA, autosomal recessive loci as DFNB, and X-linked loci as DFN. Till 2005, 

120 loci had been identified: 54 DFNA loci, 68 DFNB loci, and 6 DFN loci 

(http://www.uia.ac.be/dnalab/hhh). 

Nuclear Genes 

Of the 30,000-50,000 human genes, on ly I %, i.e. 300-500 genes are est imated to be 

necessary for hearing (Friedmann et at., 2003). Today, approximately 120 

independent genes for HIH, approximately 80 for syndromic and 41 for non

syndromic I-IIH, have been identified, which is about one third of the total (Nance el 

aI., 2003). or the 41 mutated genes, which calise non-syndromic 1111-1, 15 causes 

autosomal dominant I-UH, 15 cause autosomal recessive I-HH, 6 both autosomal 

dominant and recessive HIH, 2 X-linked HIH and 3 maternally inherited I-IIH. 

The loci and genes reported to date for non-syndromic deafness are presented in Table 

1.1. These have been numbered in chronologic order. DFN is the root of the locus 

symbol for deafness. An A or B suffix indicates that mutant allele is segregating in an 

autosomal dominant or recessive pattern, respectively. Sex linked non-syndromic 

hearing loss is designated with a DFN symbol and a numerical suffix 

http://www.uia.ac.be/dnalab/hhh. 
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Table 1.1: Loci and Genes for Autosomal Dominant Non-Syndromic Deafness 

Locus Localization G Gene products _ID. 

r (Gene Symbol) 

Sq31 I DIAPHI I Diaphanou Cyotoskelen 

GJB3 Connexin31 
Gap Junction Ion 

DFNA2 Ip34 channel, Gjb3 -/-
KCNQ4 KCNQ4 

transporter 

I 1[;] Connexin?fi ";~p jt r jb2 -/-
DFNA3 13ql2 

GJB6 COllne,,;,,-,v ,-,ap junction Gjb6 -/-

DFNA4 I 19q13 I MYHI4 

DFNAS 7plS DFNA5 DFNAS Unknown 

DFNA6 16.3 I WI'S.J Wolframin Unknown 

I DFNA7 Iq21 -q23 Unknown I 

" 
I 

Extracellular 
DFNA8 llq22-q24 TECTA a-tectorin 

matrix 

Extracellular 
DFNA9 14q 12-q 13 COOl Cochlin Coil I n2-/-

matrix 

Extracellular 

a-tectorin matrix 
DFNAIO 6q22-q23 EYA4 

EYA4 transcription 

regulator 

I DFNAII Ilq12.3q21 MY07A myosinVIIA Motor I Shaker I (sh I) 

Extracellular 
DFNAl2 II q22-q24 TECTA a-tectorin 

matrix 

II coum I 
a2(XI) Extracellular 

DFNAl3 6'121 
collagen matrix 

DFNAI4 4pl6 I WFSI wolframin Unknown 

EJ I 

Transcription Brn3c-/-
Sq31 POU4F3 POU4F3 

regulator Driedel(ddl) 

I DFNAl6 I 2q24 

" 

Uknown 
II I 

DFNA I7 c:JG My"osin IIA 
Myosin henvy-

chain-9 

DFNAl8 3q22 Unknown I 

" 

II I 
DFNA l9 I 0 peri centre Unknown 

I DFNA20 I 17q2S Ac 

DFNA21 I 6p21 I Unknown 

I I 
Snell 's walter 

DFNA22 6pI3 MY06 Myosin VI Motor 
(sv) 

DFNA23 14q21-q22 Unknown 

DFNA24 'In I Unknown 

I DFNA2S I I2q21-24 Un 
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DFNA26 17q2:> /lCTG I 

DFNA27 4ql2 

DFNA28 8q22 TFCP2L3 
Transcription 

factor 

I DFNA30 I 15q25-26 Unknown 

DFNA31 6p21.3 

DFNA32 IIpl5 

DFNA34 Iq UII.".v 

Integral 
Dealiless (dn) 

DFNA36 9q 13-q2 1 TMCI TMCI membrane Protein 

(TECGI) 

DFNA37 Ip21 Unknown I I 
DFNA38 4pl6 WFSI wolframin Unknown ] 
DFNA39 4q21.3 DSPP DSPP I 
DFN" .. v ,upl Unknown 

DFNA41 12q24-qter Unknown 

DFNA42 4q28 Un 

DFNA43 2pl2 Unknown 

DFNA44 3q28-29 Unknown 

DFNA47 9p2 1-22 Unknown 

DFNA48 12ql3-q14 MYOIA OJ 

DFNA49 I q2 1-q23 Unknown 

DFNA50 7q32 Unknown 

DFNA53 14qll -ql2 Unknown 

DFNA54 5q31 Unknown 
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Table 1.2: Loci and Genes for Autosomal Recessive Non-Syndromic Deafness 

Mouse model 
Locus Localization Gene Gene product Biological Role 

(Gene symbol) 

DFNBI 13ql2 
~v~~ ~vnnexin 26 Gap Junction Gjb2 -I-

GJB6 I Connexin 30 Gap .Junction Gjb2 -I-

DFNB2 Ilq1 2.3 I MY07A I Myosin VilA Motor ShakIer I (sh I) 

DFNB3 17ql1.2 MYO}5 
Myosin 

Motor Shaker 2 (sh 2) 
XVIA 

Ion channel, Pds -I-
DFNB4 7q31 SLC26A4 Pendrin 

transporter 

DFNBS 14ql2 unknown 

Integral 

DFNB6 3p13-p21 TMIE TMIE membrane Protein Spinner (sr) 

(predicted) 

Integral 

DFNB7 9q 13-q21 TMC} TCMI membrane Protein Beethoven (Bth) 

(Predicted) 

DFNB8 21q22 TMPRSS3 TMPRSS3 Enzyme 

u/u/, Otoferlin Neuron/synapse 

DFNBIO 21 q22.3 TMPRSS3 TMPRSS3 Enzyme 

Internal 

DFNBII 9q 13-q21 TMC} TMCI membrane Protein Beethoven (Bth) 

(Predicted) 

DFNBI2 IOq21 -q22 CDH23 Cadherin23 I Adhesion I Waltzer (v) 

DFNBI3 7q34-q36 Unknown 

7q31 U 

~~2S'19PI3 Unkno 

DFN 1 S02 1-q22 STRC Stereocil in Unkno 

DFNBI7 7q31 Unknown I I 

6 Macromolecuar 
DFNBI8 I I p 14-p IS. I Harmonin 

Organizer 

DFNB I9 18p l l Unknown I I 
DFNB20 IIq2S Unknown I I 

6 Extracellular 

I I 
lI q TECTA A-tectorin 

matrix 

I DFNS" I 
Extracellular 

16p12.2 OTOA Otoancorin 
matrix 

I DFNB23 
II 

IOpll -q21 
II 

PCDH}5 I PCDHIS 

I DFNB24 I lIq21 

II 
1 

DFNB2S 'f"')' II 
DFNB26 4q31 Unknown 
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DFNB27 2q23-q31 Unknown 

DFNB28 22ql3 Unknown 

DFNB29 21q22 CLDN14 C,uuu: .. 
Tight 

junction 

DFNB30 lOp MY03A Myosin lilA Motor 

DFNB31 9q32-q34 WHRN 

DFNB32 IpI 3.3-22. 1 Unknown 

DFNB33 
I 

9q34.3 
I 

Unknown 

DFNB3S 14q Un 
I I 

DFNB36 Ip36 ESPN I Espin Cytoskeleton 

DFN837 6ql 3 MY06 Myosin VI Motor snell 's waltzer (sv) 

DFNB38 6q26-q27 Unknown 

DFNB39 7q 11.22-q21 .12 Unknown 

DFNB40 22q 11 .21- 12. 1 Unknown 

DFNB42 II 3q 13.3 1-q22.3 
I 

Unknown 

DFNB44 ,I 7p 14. 1-q 11.22 
I 

Unknown 

DFNB46 18p 1l.32-o 1l.31 Unknown 

DFNB48 ISq23-q2S. 1 Unknown 

DFNB49 SqI2.3-qI4.1 Unknown 
I I 

DFNBSO 12q23 Unknown 
I II I 

• DFNB53 6p21J Unknown 

DFNB55 4qI 2-qI3 .2 Unknown 

DFNB60 5q22-q31 Unknown 
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Cadherins related 23 (CDH23) 

Cadherins (calcium dependent cell adhesion molecule) are membrane bound 

glycoprotein receptors that function in cell-to-cell contact at adhesion junctions 

(Nagafuchi, 2001) and possibly form extracellular connections between adjacent hair 

cell stereocilia. Cadherins are grouped on the basis of the tandem repeats of the 

extracellular cadherins-specific motif (EC domain), (Suzuki, 1996; Nol le et al., 2000). 

The largest CDH23 isoform consist of 69 exons encoding a deduced 3354 amino acid 

protein. CDH23 exon 68 is expressed preferentially in the inner ear and not in the 

brain or retina (Boeda et aI. , 2002; Siemens et aI. , 2002). The 10.5-kb CDH23 cDNA 

encodes a large, single-pass transmembrane protein that (Palma et al., 2001) referred 

to as otocadherin. CDH23 has an extracellular domain containing 27 repeats that 

show significant homology to the cadherin ectodomain. They identified loss-o r .. 

function mutations in the CDH23 gene in each of 3 different waltzer alleles. Palma et 

al. (2001) demonstrated that Cdh23 is expressed in the neurosensory epithelium, and 

during early hair-ce ll differentiation, stereoci lia organization was disrupted in 

homozygotes for one of the mutant alleles. Allelic mutations of CDH23 encoding 

cadherin 23 cause both non-syndromic deafness DFNB 12 Bork el al. (200 I) and 

USH I D (Bolz et al., 200 I; Bork et al., 200 I). 

Only missense mutations of CDH23 have been observed in families with non

syndromic deafness, whereas nonsense, frame shift, splice-site, and missense 

mutations have been identified in families with Usher syndrome. Astuto et al. (2002) 

screened a panel of 69 probands with Usher syndrome and 38 probands with recessive 

non-syndromic deafness for the presence of mutations in the entire coding region of 

CDH23, by heteroduplex, SSCP, and direct sequence analyses. 

Siemens el al. (2002) showed that CDH23 and harmonin, another protein that is the 

site of mutations causing Usher syndrome, form a protein complex. Two PDZ 

domains in harmon in interact with 2 complementary binding surfaces in the CDH23 

cytoplasmic domain . One of the binding surfaces is disrupted by sequences encoded 

by an alternatively spliced CDH23 exon that is expressed in the ear, but not in the 

retina. In the ear, CDH23 and harmonin are expressed in the stereocilia of hair cells, 

and in the retina within the photoreceptor cell layer. Age-related hearing loss (AHL) 

in common inbred mouse strains is a genetically complex quantitative trait. Noben

Trauth et al. (2003) found a single-nucleotide polymorphism (SNP) in exon 7 of the 

Cdh23 gene that showed signi ficant association with AIIL and the dcafness Illodi fi er 
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mdfw (modifier of deafwaddler). The hypomorphic Cdh23 (753A) allele caused in

frame skipping of exon 7. Altered adhes ion or reduced stabi lity of CDH23 may confer 

susceptibility to AHL. Homozygosity at Cdh23 (753A) or in combination with 

heterogeneous secondary factors was found to be a primary determinant of AHL in 

mice. 

Transmembrane channel like gene 1 (TMCI) 

The DFNA36 locus was defined in a single-family co-segregating dominant, 

progressive sensorineural hearing loss with short tandem repeat (STR) markers on 

chromosome 9q 13-q21 (Kurima et al., 2002). The DFNA36 interval contained the 

previously mapped DFNB7 and DFNB II intervals (Jain et al., 1995; Scott et al., 

1996; Kurima et a1., 2002). In this region a new gene, TMCl was detected. TMCl is 

predicted to encode a multipass transmembrane protein with a cytoplasmic orientation 

of the COOH-terminus (Kurima et al., 2002). The Tmc I mouse ortholog was cloned 

and specific Tmc I mRNA expression was detected in coch lear and vestibu lar hair 

cells (Kurima et al., 2002). 

By alignment of the TMCl cDNA with genomic sequences Kurima et al. (2002) , 

showed that 24 exons probably encode full-length mRNA, including 4 exons 

encoding sequence upstream of a methionine codon in exon 5. There are many in 

frame stop codons directly upstream of this methionine codon, which was predicted to 

be an adequate Kozak translation initiation codon. Kurima et al. (2002) identi lied 

eight different mutations in a novel gene, transmembrane channel-like gene I 

(TMC1). Mutations in this gene cause DFNB7/11 in II families and DFNA36 in a 

single family. 

Tmc I mutations were also identified in the recessive deafness (dn) and in dominant 

Beethoven (Bth) mouse mutant strain segregating hearing loss and postnatal hair cell 

degeneration, indicating that Tmc I is required for postnatal hair cell development or 

maintenance (Kurima et al., 2002; Vreugde et al., 2002). Mouse Tmc2 is a candidate 

gene for the dominant Tailchaser mutation, which causes progressive auditory and 

vestibular dysfunction associated with hair cell stereocilia abnormalities (Kiernan et 

al., 1999). 
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Transmembrane protease, serine 3 (TMPRSS3) 

Scott et al. (200 I) identified a novel gene within the OFNB8 IDFNB I 0 critical region 

on 21 q, which they designated TMP RSS3 (transmembrane protease, serine-3). This 

gene has been mapped to chromosome 21q22.3 and encodes for the transmembrane 

serine protease TMPRSS3 or ECHOSI, which contains LORA and SRCR domains 

(Gullponi et al., 2002; Wattenhofer et al., 2002). The gene contains 13 exons 

spanning 24 kb. Scott et al. (2001) detected 4 alternative transcripts encoding putative 

polypeptides of 454, 327, 327, and 344 amino acids. Mutations in this gene are made 

responsible for DFNB811 O. Mutations found so far were a 1 bp deletion, resulting in a 

frameshift and an amino acid substitution in the LOLRA domain of the protein 

(Wattenhofer et al., 2002), an 8 bp deletion an insertion of 18 monomeric beta

satellite repeat units, and a 4 bp mRNA insertion (Scot et al., 2001). Gu ll poni et at. 

(2002) cloned the mouse ortholog of TMPRSS3, which is structurally similar to the 

human gene and encodes a polypeptide with 88% identity to the human protein. In 

corresponding mouse model, tmprss3 mutations clinica ll y manifest as >70dB 

congenital hearing loss (Masmoudi et at., 200 I). 

(ESPIN) 

This gene has been recently mapped to chromosome Jp36.3 and encodes for a 

calcium-insensitive actin binding protein called ESPIN (Naz et al., 2004) . These 

authors cloned human ESPN and determined that the human ESPN gene contains 13 

exons. The deduced 854-amino acid protein has 8 ankyrin-like repeats at the N 

terminus, 2 proline-rich regions, and a consensus site for ATP or GTP binding (P 

loop). Naz et al. (2004) identified a homozygous 4 bp deletion (2469 del GTCA) in 

exon 13 of the ESPN gene, leading to a stop codon at nucleotide 2533. The resultant 

protein is predicted to lack one of the C-terminal actin-binding sites necessary for 

espin activity. 

Gap Junctions 

Connexins are membrane proteins that are involved in the formation of channels 

through the plasma membrane of many cells. Six connexons subunits assemble into a 

half channel that dock with its counterpart from an adjacent cell to form an 

intercellular channel. A cluster of these channels form a gap junction, which allows 

intercellular exchange of small molecules and has an important role in intercellular 
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communication (Bruzzone et al., 1996; Kumar et al., 1996). Gap junctions are 

c lusters o f intercellular channels (connexins) that couple the cytoplasmic 

compartments of adj acent ce lls. A connexin is a hemichannel compartment of a 

hexamer of proteins (Connexon) subunits in the plasma membrane, and two 

connexons on opposing cells form a functional gap junction channel by docking with 

each other in the intercell ular space (Bruzzone et al., 1996; Goodenough et al., 1996). 

Ultra structure stud ies preced ing the genetic dissect ion of deafness indicates that gap 

junctions were present and important for intercellular communication and 

homeostasis in the inner ear, where they were postulated to permit ce ll-to-cell 

signaling and the passage of water and smallmoleeules such as ions between adjacent 

cells (Kikuchi et al. , 1995). 

Connexins mutations implicated in hearing loss include mutations in the connexins26 

and Connexin31 genes in families with non-syndromic hearing loss and in the 

connexins32 gene in hearing loss associated with X-linked Charcot- Marie-Tooth 

syndrome. The Connexin26 gene, also referred to as the first gene to be implicated in 

non-syndromic hearing loss, and mutations in this gene are associated with two forms 

of non-syndromic hearing. One is DFNB I , the most common form of non-syndromic 

autosomal recessive hearing loss, which accounts for approximately 20 percent of 

cases of prelingua l deafness, which is usually congenital and stable, w ith li ttle 

progress ion, and its severity varies from moderate to profoun d (Zelante et 01., 1997; 

Scott et 01., 1998). 

Gap J unction P rotein Beta 2, 26kDa (connexin 26) 

DFNB 1 was mapped to chromosome 13q 12 in 1994 (Guilford et aI. , 1994). The 

DFNB I gene was identified as gap-junction beta-2 (GJB2) (Kelsell et al., 1997; 

Lopponen el al. , 2003) . G.JB2 has a single coding exon encoding for the gap-junction 

protein connexin-26, a member of the Connexin family. Connexin are integral 

membrane proteins with four transmembrane domains, forming aqueous gap-junction 

channel, which allow the diffusional transmission and exchange of potassium and 

calcium and small signaling molecules, thus coordinating metabolic activities in 

multi -cellular tissues (I-land et al., 2002; Jan et al., 2004). Six connexin-26 molecules 

aggregate in a group around a central pore of 2-3nm to form a torus-like structure 

called connexin (Chang et al., 1999; Smith et al., 2002). Mutations in the GJB2 gene 

are the major cause of non-syndromic autosomal recessive and sporadic deafness 
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(Gurt ler et al., 2002). The most frequent mutation is the de letion 35de1G, which 

require homozygosity for manifestation . The second frequent mutation is the M34T 

substitution, which also requires homozygosity for phenotyp ic express ion. The 

frequency of GJB2 mutation is ethnic spec ific. The 35deiG mutat ion is the most 

frequent among Europeans, The 167deiT the most frequent among Ashkenazi Jews 

(Morell et al., 1998) and the 235deiC the most frequent among Asians (Abe e/ aI., 

2000) . GJB2 mutations a lso cause dominant non-syndromic SNHL (DFNA3). True 

dominant GJB2-related deafness is rare but has been identified in famili es with the 

GJB2 mutations R184G, W44S, and C20F (Denoyelle et al. , 1998; Martin et aI. , 

1999). 

Gap Junction Protein Beta 3 -GJB3 (ex31) 

This gene was mapped to chromosome I p34 and encodes for connexin-31 , another 

member of the connexon family (Liu et al., 1997). Mutations in this gene cause 

DFNB2. In two Chinese fami lies; however, compound heterozygous mutations in the 

GJB3 gene were detected , demonstrating autosomal recessive transmission (Liu et al., 

2000) . A 3 bp deletion in the GJB3 gene in a Spanish family segregated with 

autosomal dominant HIH and peripheral neuropathy (Lopez et al., 200 I). 

Gap Junction Protein, Beta 6 GJB6 (connexin 30) 

This gene was mapped to chromosome I3q 12 encodes for connexin-30, member of 

the connexon family. Connexin-30 shows 77% identity in amino ac id sequence with 

connexin26 (Lautermall et al., 1998; Kelley e/ al. , 2000). Mutations in this gene caLI se 

DFNA3, DFNB 1, together w ith GJB2 mutations, Kid Syndrome. In DFNB, SNHL is 

usua lly severe or profound, and stable in the majority of the cases. Onset is always 

prelingual but not necessari ly congenital (Tekin et al. , 2001). 

Otoanchorin (OrOA ) 

This gene has been mapped to chromosome 16p 12.2 (DFNB22) and encodes for the 

glycocyclophosphatidyl-inositol anchored protein otoaancorin (Jovine el al., 2002). 

By sequence analysis using a gene-prediction program (Zwaenepoel et al. , 2002) 

determined that the OrOA gene has 28 exons spanning approximately 82 kb . 

Otoancorin is made up of 1088 amino acids and is located at the interface between the 

apical surface of the inner-ear sensory epithelia and their overlying a-cellular gels 
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(Jovine et al., 2002). In a Palestine fam ily, the sp lice site mutation IVS 12 + 2T >C in 

the OTOA gene was detected as the cause of DFNB22 (Zwaenepoel et al. , 2002) 

Otoferlin (OTOF) 

The OTOF gene has been mapped to chromosome 2p23 and consists of 48 exons 

(Mirghomizadeh et aI., 2002). The gene encodes for otoferlin, which is a C-term inus 

anchored cytosolic protein (Yasunaga et al. , 2000). The gene is mutated in patients 

with DFNB9. Mutations described so far were the substitutions Pro490Glu and 

Ile515Thr located in the Ca-binding site of the C2C domain (Mirghomizadeh et al., 

2002; Rodriguez-Ballesteros et al., 2003). 

Solute Carrier Family 26, Member 4 (SLC26A4) 

Pandered syndrome (autosomal recessive deafness with goiter) and non-syndromic 

deafness DFNB4 are allelic disorders caused by mutations of the SLC26A4 (PDZ) 

gene (Everett et al., 1997; Li et al., 1998). This gene was mapped to a 9 cM region on 

7q31 (Shffield et al. , 1996). The gene encode for a trans-membrane Ch loride iodide 

transporter, expressed in the kidney, thyroid and inner ear (Shffield et aI., 1·996) . 

Mutations in this gene cause DFNB4 and Pandered syndrome (Campbell et al., 2001). 

To date >60 mutations have been reported in this gene. Four of these mutations 

(L236P, IVS8, + IG>A, T416P, H723R) account for approximately 60% of the total 

Pendred syndrome mutation load (Campbell et aI., 2001). Usually, mutations occur as 

homozygous missense mutations or compound heterozygous mutations (Borck et al., 

2003). Pendred syndrome is allelic to DFNB4. In patients with DFNB4 the aqueduct 

is enlarged but there is no goiter (Tekin et al. , 2001). 

Myosin VilA (MY07A) 

This gene was mapped to chromosome 11 q 12.3-21, has 49 coding exons, and spans 

approximately 87 Kb of genomic DNA (Ahmad et al., 2003). MY07A encodes for the 

non-muscle myosin heavy-chain-7A, which is made up of2215 am ino acids. MY07A 

belongs to the unconventional myosin, implicated in intracellular movement of non

muscle cells (Petersen et al. , 2002). The gene is expressed in cochlear and vestibu lar 

epithelia. Mutation in this gene accounts for DFNAII and DFNB2. MY07A 

mutations were first detected in a large, consanguineous Tunisian family with 

autosomal recessive sensorineural hearing loss (Weil et al. , 1997). At least one mutant 
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allele of MY07 A is associated with dominant non-syndromic hearing loss. Eight 

affected members of a single Japanese family co-segregate progressive hearing loss 

with a 9 bp in-frame deletion in exon 22 of MY07A (Tamagawa et aI., 1996). Four 

other mutations of MY07A are reportedly associated with non-syndromic recessive 

deafness DFNB2 (Uu et a!., 1997; Weil et aI., 1997). 

Diaphanus 

It belongs to family of proteins related to formins. involved in cell polarization and 

cytokinesis. Gene DIAPH 1 or HDIA I (26 exons), located at chromosome 5 (5q31), 

codifies protein diaphanous-I (1252 amino acids), (Leon and Lalwani, 2002) 

homologous to protein diaphanous of Drosophila. 

Myosin XVA (MYOl5) 

A genome-wide homozygosity mapping strategy identified a locus (DFNB3) on 

chromosome 17p 11.2 for NSRD segregation in a Balinese village (Friedman et al., 

1995; Liang et al., 1998). The gene is build up of 66 exons and encodes for myosin-

15A. In half of the DFNB3 families, the mutation occurs in the homozygous form. 

Sequence analysis of the MYO 15 exons in the Pakistani family revealed two missense 

mutations and one non-sense mutation, which co-segregated with DFNB3 (Wang et 

al., 1998). 

Cochlin (COCH) 

Mutations in the COCH (coagulation factor C homology) gene have been shown to 

correlate with DFNA9, a late-onset autosomal dominant non-syndromic hearing 

disorder (Manolis et al., 1996; Robertson et al., 1998; Fransen et al., 1999; Kok et al., 

1999; Verhagen et al., 2000; Kamarinos et al., 2001 ; Verstreken et al., 200 I). COCH 

maps to the long arm of human chromosome 14 in bands q 11.2- 13 (Robertson et al., 

1997). The genomic structure of COCH has been determined (Robertson et al., 1998 ; 

Kok et al .• 1999). Coch lin has 12 exons with the initiator ATG start codon being 

located in exon 2 and the reading frame ending in exon 12. Hearing loss begins in the 

4th or 5th decade or lire and initially involves the high frequcncics (Versrekcn el (fl .. 

200 I). Deafness is progressive and is usually complete by the 6th decade. Five 

different COCH mutations are currently known (Roberstson et al., 1998; Fransen et 

al., 1999; Kok et al., 1999; Kamarinos et al., 200 I) all of which are predicted to cause 
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missense substitutions at highly conserved amino acid residues in the LCCL domain 

(Robertson el al. , 1998; Liepinsh el al., 200 I). One of these mutations, resu Iti ng in the 

missense substitution P51 S is a founder mutation that appears to be a prevalent caLise 

of autosomal dominant non-syndromic hearing loss with vestibular dysfunction in 

Belgium and the Netherlands (Frensen et al.. 1999). The LCCL domain is encoded by 

exons 4 and 5 (Robertson et al., 1998). Although the CaCH's specific function in the 

auditory system is unknown, there are several indications that it plays an important 

ro le in the extracellular matrix of the cochlea (Khetarpal et al., 1991). The majority of 

the CaCH mutations lead to misfolding of the FCH/LCCL domain, associated with 

eosinophilic deposits in the inner-ear structure. Mutated cochlin is not retained 

intercellularly, is secreted normally by the Golgi/endoplasmatic reticulum pathway, 

and undergoes proteolytic cleavage and glycosilation (Robertson ef al., 2003), 

suggesting that DFNA9 mutations manifest in the extracellular matri x. Mutant coch lin 

varies in amount and pattern in the extracellular matrix. Some mutations exhibit 

almost normal deposition pattern and some show complete of deposition (Grabski et 

al., 2003). 

Transmembrane Inner Ear Protein (TMIE) 

Th is gene was mapped to chromosome 3p 13 and encodes for a protein made up of 

156 amino acids, which exhibits no significant similarity to any other gene (Naz el al., 

2002), and contains four exons. The identification of loss-of-function mutations 

causing deafness in mice and humans indicates that the gene has a conserved, critical 

role in the auditory system (Naz et al., 2002). The inner ear pathology in affected 

spinner mice suggests that Tmie is required for normal postnatal maturation of 

sensory hair cells in the coch lea, including correct development of stereocilia bundles 

(Mitchem et al., 2002). One insertion, one deletion, and three missense mutations in 

the TMIE gene have been described causative for DFNB6 thus for (Naz et al ., 2002). 

KCNQ4 

Gene KCNQ4, with 14 exons, mapped in chromosome 1 (lp34), cod ifies a protein 

subunit of family KCNQ of potassium channels, protein KCNQ4 (695 amino acids). 

In the cochlea, channels KCNQ4 are expressed not only in outer hair cells, but also in 

inner hair cells, whose main function is to promote the outflow of potassium from the 

cells to supporting cell s (Leenheer et at., 2002). 
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POU Domain, Class 3, Transcription Factor 4 (POU3F4) 

This gene has been localized to a 500 Kb segment of the xq2 1. 1 band . The gene 

encodes for a transcription factor with a POU domain (POU3F4) (Kok el al., 1995). 

Mutations in this gene cause DFN3 by truncation of the predicted proteins or non

conservative amino acid substitutions. DFN3 is allelic to stapes gusher syndrome, 

characterized by fixation of the POU domain (Kok et al., 1995; Oh et al., 2003). 

Most of the mutations affect the POU domain (Kok et al., 1997). Deletions account 

for half of the known POUF3 mutations (Kok et ai., 1997). A POU3F4 mutation in 

homozygotic twins with different phenotype, however, suggests that exogenous 

factors influence the phenotype expression of these mutations (Oh et al. , 2003). 

The identification of deafness genes has lead to tremendous progress in the discovery 

of key components that are essential for auditory transduction. There are still 

numerous unidentified HI genes, and growing evidence exists that modifier genes also 

play an important role in HI. 

In the present study four consanguineous families from different isolated areas of 

Pakistan with non-syndromic hearing loss have been genotyped with microsate llite 

markers linked to known and other potential hearing loss loci . 
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Chapter II 2 Materials and Methods 

MATERIALS AND METHODS 

Families Studied 

Four Families referred hereafter as A, B, C and D with autosomal recessive non

syndromic hearing loss were located in different isolated regions of Pakistan. 

After a detailed and thorough discllssion with elders of these families, genetic 

pedigrees were drawn. The males were symbolized by squares and females by circles. 

Filled circles or squares were indicative of affected individuals. Each generation has 

been numbered consecutively. Individuals. within a generation have appeared as 

Arabic numerals. A number enclosed within a symbol indicates the number of sibs. 

Cousin marriages were shown by double line between the partners. The mode of 

inheritance of hearing impairment was deduced by observing segregation of hearing 

loss within family. 

Blood Sampling 

Blood samples from both normal and affected individuals including their parents were 

collected by 05 ml and 10 ml syringes and from children below 2 years of age by 

butterflies. Blood was saved in Potassium EDTA tubes. The samples were kept at 4°C 

till DNA was extracted. 

Extraction and Purification of Genomic DNA from Blood 

Two methods were used for the extraction and purification of the genomic DNA from 

blood samples: 

~ Organic preparation using 1.5 ml microcentrifuge tubes. 

~ Commercial ly available kit 

Organic Preparation Using 1.5 ml Microcentrifuge T ubes 

In organic (phenol-chloroform) method, 0.75 ml of blood was taken in a I .S III I 

microcentrifuge tube and mixed it with equal volume of solution A and was kept at 

room temperature for 10-15 minutes. The tube is then centrifuged at 13,000 rpm for 1 

minute in a Microfuge® 18 centrifuge (Bechman Coulter™). 

Supernatant was discarded and pellet was reususpended in 400 ~L1 of solution A. 

Centrifuge was repeated, and after discarding the supernatant, nuclear pellet was 
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resuspended in 400 ~ll of solu tion B, 12 ~ll of 20% SDS and 20 ~I prote inase K (100 

~t1/ml fin a l concentration) and incubated at 37°C overn ight. On the foll owing day 0.5 

ml of fresh mixture of equal volume of so lution C and solution 0 was added in 

samples, mixed and centrifuged for 10 minutes at 13,000 rpm. 

The aqueous phase (upper layer) was transferred into a new microcentrifuge tube and 

equal volume of solution 0 was added. Centrifuge was then carried out aga in at 

13,000 rpm for 10 minutes . The aqueous phase was placed in a new tube, and after 

adding 55 ~t1 of 3M sodium acetate (pH 6) and equal volume of isopropanol , the tubes 

were inverted several times to precipitate DNA. The DNA pellet was washed with 

70% ethanol and dried in the incubator at 37°C. After evaporation of residue ethanol , 

DNA was dissolved in appropriate amount of DNA dissolving buffer (DDB). 

Composition of solutions 

Solution A 

0.32 M sucrose 

10 mM Tris (pH 7.5) 

5 mM MgCh 

1 % (v/v) Triton X-I 00 

Solution B 

10 mM Tris (pH 7.5) 

400 mM NaCI 

2 mM EDT A (pH 8.0) 

Solution C 

Phenol 

10 mM Tris 

Solution D 

Chloroform/isoamylalcohol 24: I (v/v) 

DNA dissolving buffer (DDB) 

10 mM Tris (pH 8.0) 

0.1 mM EDTA 

DNA Extraction by Commercially Available Kit 

DNA extraction was also carried out using Genomic isolation Kit (Sigma Chemical 

Co. USA). 

One hundred and fifty microlitre of blood was taken in a 1.5 ml microcentrifuge tube 

along with 250 ~t1 of lysis solution A; mixed by inversion, incubated at 65°C for 6 

minutes. Clear aqucous phase was transferred to a new 1.5 ml microcentrifugc tube 

after adding 1 00 ~tl of precipitation solution B and centrifugation at 14,000 rpm for 5-

10 minutes. DNA was then precipitated by adding 500 ~l of 100% ethanol. Ethanol 

was removed after centrifugation at maximum speed for 2 minutes, and then washed 
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with 70% ethanol. After evaporation of residual ethanol DNA was dissolved in 

appropriate amount of Tris-EDT A (TE) buffer by incubation at 37°C for 5 minutes. 

DNA Dilution and Micropipetting 

The stock DNA was diluted to 40-50 ng/!11 for PCR amplification. Micropipetting was 

carried out using adjustable micropipettors with disposable tips ranging from 10-1000 

~Li of upper volume limit. 

Polymerase Chain Reaction (PCR) 

Polymerase chain reaction was performed in 0.2 ml tubes (Axygen, USA) contain ing 

25 ~t1 total reaction mixture. The reaction mixture was prepared by adding I ~t1 sample 

DNA (40 ng), 2.5 ~ll 10 X PCR buffer (100 mM Tris-HCI, pH 8.3, 500 mM MgCb, 

1.5 mM 0.3 ~t1 Taq DNA polymerasc (onc unit) in 20.1 ~tl PCR water. The reaction 

mixture was centrifuged for few seconds for thorough mixing. The reaction mixture 

was taken through thermocycling conditions consisting: 5 minutes of 95°C for 

template DNA denaturation followed by 40 cycles of amplification each consisting of 

3 steps: one minute at 95°C for DNA denaturation into single strands; I minute at 

57°C for primers to hybridize or "anneal" to their complementary sequences on either 

side of the target sequence: and one minute at noc for extension of complementary 

DNA strands from each primer, final 10 minutes at noc for Taq polymerase to 

synthesize any unextended strands left. PCR was performed using Gene Amp peR 

system 2400 and Gene Amp PCR system 9600 thermocyclers (Perkin Elmer, USA). 

Horizontal Gel Electrophoresis 

Amplified PCR products were analyzed on 2% agarose gel prepared by melting I g of 

agarose in 50 ml 1 X TBE (0.89 M Tris-Borate, 0.032 M EDT A, pH 8.3) in a 

microwave oven for two minutes. 5 !11 of ethidium bromide (0.5 ~lg/ml final 

concentration) was added to DNA. 

PCR samples were mixed with loading dye (0.25% bromophenol blue, 40% sucrose) 

and loaded into the wells. Electrophoresis was performed at 100 volts (80 mA) for 

half an hour in 1 X TBE buffer. Amplified products were visualized by placing the gel 

on UV transilluminator (Life Technology, USA). 
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Vertical Gel Electrophoresis 

Amplified products were resolved on 8% non-denaturing polyacrylamide gel. Gel 

solution was made in a 250 ml conical flask, and was poured in the space between the 

two glasses plates separatcd at a distance of 1.5 mm. After placing the comb, it was 

allowed to polymerize for 45-60 minutes at room temperature. Samples were mixcd 

with loading dye and loaded into the wells. Electrophoresis was performed in a 

vertical gel tank of Whatman Biometra (Life Technologies, USA) at 100 volts (30 

mA) electric current for 90 minutes depending upon the size of amplified length . The 

gel was stained with ethidium bromide solution (10 mg/ml) and visualized on UV 

transillum inator for photography by digital camera DC 120 (Kodak, USA). 

Composition of 8% Polyacrylamide Gel (50 ml) 

13.5 ml 30% acrylamide solution (29 g polyacrylamide, 1 g N N methylene-bis

acrylam ide) 

5 ml lOX TBE 

350 III 10% Ammonium per sulphate 

17.5 ~t1 TEMED 

31.13 ml distilled water 
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Genotyping and Primer Database Analysis 

Analysis of microsatellite markers was perfo rmed by peR; the amplified products 

were resolved in 8% standard non-denaturing polyacrylamide gel as described above. 

Microsatellite markers were visualized by placing the ethidium bromide stained gel 

on UV transillum inator and genotypes were assigned by visual inspection of the ge l 

photography taken. Microsatellite markers mapped by Cooperative Human Lin kage 

Centre (CHLC), were obtained from Research Genetics, Inc. (U SA). Info rm ation 

about the cytogentic location of these markers as we ll as the length of the amplified 

products was obtained from genome database homepage (www.gdb.org) and 

Marshfield Medical Center (www.marshmed.org/gentics/). The numbers of tri , tetra 

nucleotide repeat sequence polymorphic markers used in current study were 

approximately 94%. Average hetrozygosity of each marker was above 70%, implying 

that these markers are highly informative for allelotyping pedigree members. The 

autosomal recessive non-syndromic hearing impairment loci initially investigated and 

the microsatellite markers with their cytogentic location are shown in the Table 2.2 . 

Linkage Studies 

a) Linkage to DFNBI locus (Conl1exin 26) 

To exclude the OFNB I locus from linkage two approaches were fo ll owed: 

~ Linkage of the families to OFNB 1 locus was investigated by typing the 

microsatellite markers (0 13S143, 013S175, 013S787 and 013S292) mapped 

in the linkage interval of the locus. 

~ Genomic ONA of an affected ind ividual was screened for mutation in the 

GJB2 gene, containing the entire open reading frame of 681 bp encoding 226 

amino acid, was sequenced through Automated Genetic Analyzer, ABI Pri sm 

31 OO® (Applied Biosystem, USA). 

b) Linkage to known DFNB loci 

To elucidate the gene defect in the families presented here, an initial search for 

linkage was carried out by using. polymorphic markers mapped w ithin 61 autosomal 

recessive non-syndromic deafness loci listed on the Hereditary Hearing Loss 

Homepage (http://dnalab-ww.uia.ac.be/dnalab/hhh). 
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Table 2.2 summarizes microsatellite markers located in the region of known deafness 

loci, which were used as first pass analysis for the genetic linkage in the families with 

non-syndromic recessive deafness. Selected markers had an average heterozygosity of 

>70%. Genotyping of these markers was performed as described above. 

c) Mutation Screening in GJB2 gene 

To search for mutation in GJB2 gene, exon 2 and intron-exon boundaries were 

amp lified by two sets of primers (Table 2.1 ). 

Mutation Screening in MY015A gene 

To search for the known allelic variants of Myo1 5A gene, exon 3, 4, 28, 29, 30, 40, 43 

and 44 of the gene were PCR amplified from DNA of affected individual of family 

'C' linked to DFNB3. The amplified products were directly sequenced in automated 

DNA sequencer ABI 310. The primer sets used for amplification of these exons are 

given in Table 2.2. 
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DNA Sequencing 

Thermo-cycling conditions were described above. The condition of genomic DNA 

was 100 ng and the concentration of primers used was 2.5 III (20 ngllll) in 25 III of 

reaction mixture. PCR products were analysed on 2% agarose gel along with 100 bp 

DNA Ladder (0 Range Ruler™, MBI Fermentas, UK). 

The amplified products were purified using Rapid PCR purification Kit (Marligen, 

USA). Three hundred microliters of binding solution (HI) (concentrated Guanidine 

HCL, EDTA, Tris-HCI, and Isopropanol) was added to the amplification reaction and 

mixture was applied to a spin cartridge containing silica-based membranes where the 

double stranded DNA was selectively adsorbed. Adsorption to the membrane is 

influenced by buffer composition and temperature. DNA polymerase, buffer, 

unreacted primers and dNTPs were removed with 500 III of alcohol-containing wash 

buffer (H2) (NaCI, EDTA, Tris-HCI). DNA was eluted in Tris-EDTA buffer (10 mM 

Tris-HCI (pH 8.0), 0.1 mM EDTA) at 70°C. Purified products were subjected to cycle 

sequencing using Big Dye terminator V 3.1 ready reaction mixed and sequencing 

buffer (PE Applied Biosystems,Foster city, CA, USA). The reaction mixture was 

taken through thermocycling conditions consisting: I minute of 95°C for template 

DNA denaturation followed by 30 cycles of amplification each consisting of 3 steps: 

» 30 Seconds at 95°C for DNA denaturation into single strands 

» 30 seconds at 63°C for primers to hybridize or "anneal" to their 

complementary sequences. 

» 4 minutes at 72°C for extension of complementary DNA strands from 

prnners. 

» I 0 minutes at 72°C for Taq polymerase to synthesize any unextended stands 

left. 

The sequencing products were purified by ethanol precipitation protocol (POP6 

Protocol). Sequencing products were transferred to 1.5 ml microcentrifuge tube, 

containing 16 III of distilled water and 64 III 100% ethanol. Tubes were kept at room 

temperature for 15 minutes, and centrifuge at 14,000 rpm for 20 minutes. Supernatant 

was removed and 250 III of 70% ethanol was added into the tubes . Tubes were 

centrifuged at 14,000 rpm for 10 minutes after thorough mixing. Supernatant was 

discarded and 20 JlI of T.S .R. (Template Suppression Reagent) was added into the 

tube. Mixture thus obtained was placed in 0.5 ml septa tube. 
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After applying denaturation temperature of 95°C for 2 minutes, the samples were 

sequenced through Automated Genetic Analyzer, ABI Prism 3100 ® (Applied 

Biosystem, USA). 

The chromatograms obtained of the affected individuals were compared with the 

corresponding control gene sequences from NCBI (National Centre for Biotechnology 

Information) database to identify the aberrant nucleotide base pair change 

(http://www.ncbi.nih.gov/). 
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Table 2.1: Primers for peR Amplification of GJB2 Gene Exon 2 

Amp. Annealing 
t"1 Length Temp. ~ 5' -)0 3' 0 (bp) (0C) ::s 
N 

Forward Reverse 

576 63 
GTAAGAGTTGGTGTTTGCTC GATGACCCGGAAGAAGATGC 

600 63 

CAGCTGATCTTCGTGTCCAC GAGTTTCACCTGAGGCCTAC 

Table 2.2: Primers for peR Amplification of MYO] 5A Gene 

Exon 5" -)0 3' Amp. Annealing 
No Length Temp 

(bp) (0C) 

Forward Reverse 

3 TCTGTAATGAGGAGACCTGC ACACTTCATGACTGAGGCTC 319 55 

4 ATCTGATCAAGGCACTGCAC AGTTCTAGGCTCTGGCATTC 252 57 

28 CATACACTGAGGACCAAAGC AGAGAGGAAGCCAGATTTCC 357 57 

29 GAGGGACATGAGAGGGATGC GATCTGACTCCTGGCCTGAC 380 55 

30 GCCTTTCTCAGACTAGCCI'C AACATCCAGTGGCTTCTGCC 335 57 

39 ATCAGGCTTCTCCAGAAACC TCCTACAGCACAACCTAGAC 391 55 

40 GGAGGAAGTTTCCTACTGTC GTAGCTGGTTTCTGAGGATC 227 57 

43 AAAGAGGTGCCGAGCACAGC CACACAGCCCTGCTGAGTTC 311 57 

44 CAGCTTACAGATGACCCCAC AGAGCAAGGAGGCACATGTC 294 55 
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Table 2.3: A List of Microsatellite Marl<ers Used for Link~lge to Known DFNB Loci 

I I L'''U:=JD ~ Locus Markers (cM) • Markers (c 

DFNBI D13S1275 6.99 DFNB36 DIS214 14.04 
D13S787 8.87 
D13S292 8.87 
D13S1294 12.91 

DFNB3 D17S1294 50.70 DFNB37 D6S1053 80.45 
D17S1293 56.58 D6S1681 84.15 
D17S1768 61 .52 D6S1031 88.63 

SDFNB6 D3S3647 68.47 
D3S2409 70.61 DFNB38 D6S1277 173.31 

DFNB7111 D9S301 66.32 DFNB39 D7S2204 90.95 
D9S1876 67.93 D7S2212 95.43 

D7S630 99.44 
D7S2410 100 
D7S657 104.86 

DFNB81I0 D9S1260 46.71 DFNB40 D22S686 13 .6 

DFNB9 D2S171 45.30 DFNB42 D3S4523 135.85 
D2S158 45.83 

DFNB22 D16S403 43.89 DFNB43 D15S643 52.33 
D15S652 90.02 

DFNB25 D4S405 56.95 DFNB44 D7S1818 69.56 

DFNB29 D21S168 40.45 DFNB45 DIS1609 274.53 
D21S1260 46.71 

DFNB31 D9S302 123.33 DFNB46 D18S1376 17.0 
D9S1776 123.33 D18S542 41.0 

DFNB35 D14S588 69.82 DFNB47 D2S2278 26.52 
D14S53 86.29 D2S1400 27.60 

D2S262 27.60 
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Locus Markers Location Locus Markers Location 
(cM) (cM) 

DFNB49 D5S2500 69.29 DFNB55 D4S2389 79.69 
D5S647 74.07 
D5S629 75 .89 
D5S2042 78.31 DFNB54 DlS3721 72.59 

D5S1501 85.25 DIS193 73.21 

I 
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Table 2.4: List of Microsatcllite Markers Used for linkage Analysis ofDFNB7 

and DFNB31 

Location Location 
Locus Markers (cM) Locus Markers (cM) 

DFNB7 D9S169 49.20 DFNB30 DI0S1653 40.36 
D9S104 51.81 Dl OS 1661 42.50 
D9S772 54.12 DI0S1423 43.26 
D9S43 55 .25 DI0S1749 48 .90 
D9S1118 58.26 DIOSI775 52.00 
D9S1817 59.34 DI0S2481 52.10 
D9S1794 59.87 DI0Sl160 54.23 
D9S50 60.59 
D9S773 61.76 
D9S758 63.65 
D9S1862 64.72 
D9S301 66.32 
D9S166 66.32 
D9S1876 67.93 
D9S175 70.33 
D9S1122 75.88 
D9S922 80.31 
D9S 1835 117.37 
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RESULTS 

Families Studied 

Family A 

Family A was located in a small village Kot li , Azad Jammu Kashmir. T he fami ly 

history presented in the pedigree (Figure 3. 1) indicates four generat ions consisting of 

22 members inc luding thrce affected (lV-4, IV-5 and IV-6). According to pedigree 

analysis disease appeared in fourth generation through parents, which appeared 

phenotypically normal, suggests that the trait is transmitted in autosomal recessive 

manner. Through detailed discussion relating to medical history of the individuals and 

family relationships it was concluded that there was no possibility of the 

environmental factors and infections as a cause of deafness. The affected persons are 

deaf and mute by birth showing prelingual deafness. 

Blood samples were co llected from all the participating members of the family 

including 1II-4, III-5, IV-4, IV-5, IV-6 and IV-7. 

Family B 

Family' B' was located in Peshawar. After a careful investigation about the history of 

the family, a genetic pedigree was drawn (Figure 3.2). The four generat ions pedigree 

consists of 23 individuals, including five affected females (IV -2, IV -3, IV -4, IV -7 and 

IV-9) and one affected male (IV-6). All affected individuals were deaf since birth 

(prelingual hearing loss). The deafness was not associated with any other disorder, 

reflecting the non-syndromic hearing loss. The pedigree analysis revealed that the 

disease was fully penetrant with autosomal recessive mode of inheritance. Moreover, 

although the parents III-J and III-2, and III-3 and III-4 of the affected individuals 

were phenotypically normal, yet they had carried a recessive disease alle le in 

heterozygous condition. 

Blood samples were co llected from the three affected (lV-6, IV-7 and IV-9) and four 

normal individuals (lII -3, IlI-4, IV-5 and IV-8) of the family and processed for DNA 

extraction. 
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Family C 

Fami ly "C" was resident of a small village of Dera Ghazi Khan. According to the 

detailed information collected from elders of the family, a genetic pedigree was 

constructed. Six generations pedigree (Figure 3.3) consists of 40 individuals including 

six affected (V-5, V-8, VI-4, VI-5, VI-6 and VI-7). Disease was found to be fully 

penetrant in the affected individuals. The parents IV -1 and IV -2 of the affected 

individuals (V-5 and V-8) were phenotypically normal whi le one of the parents of 

affected individuals of the sixth generation was affected i.e., V-8. 

Blood samples were co ll ected from four affected (VI-4, VI-5, VI-6 and VI-7) and two 

normal family members (V-9 and VI-8). 

Family D 

This family resides in a small village Chishtian in the Punjab province. After a 

thorough investigation about the family, genetic pedigree was constructed (Figure 

3.4). The five generation pedigree consists of 34 individuals, including 5 affected 

individuals (IV-2, IV-3, IV-4, IV-5, and V-2). With carefu l pedigree analysis, disease 

was found to be fully penetrant. Although, the parents III-3 and I1I-4, and IV- I and 

IV -6 were phenotypically normal, yet they had carried a recessive disease a llele in 

heterozygous condition. Because of the consanguineous marriages, affected alleles 

remained in the family in heterozygous form up to 3rd generation. The disease 

appeared in 4th and 5th generations of the pedigree. 

Blood samples were collected from 5 affected (IV-2, IV-3, IV-4, IV-5, V-2) and 5 

normal individuals (I11-4, IV-I, IV-6, IV-8 and V-4) of the family. 

Genetic Mapping of Candidates of Hearing Impairment Genes 

On the basis of genetic linkage studi es in other forms of hereditary hearing 

impairment, it is clear that at least some candidate intervals shou ld be tested for 

linkage or exclusion prior to embarking on genome-w ide search. Sixty-eight 

candidate gene loci (DFNB l -DFNB68) for autosomal recessive non-syndrom ic 

deafness have been identified so far. In the present study, all the four families were 

tested for the linkage to several known DFNB loci . Information about genet ic location 

of recessive deafness was obtained from hereditary hearing loss home page 

(www.uis .ac.be/dnalab/hhh). Table 2.3 and 2.4 summarizes the microsatellite markers 

used for genetic mapping. A ll the markers used in present study have an average 
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heterozygosity of greater than 80%. Analysis of microsatellite markers was carried 

out using a standard PCR reaction and electrophoresis in 8% non-denaturing 

polyacrylamide gel. The amplified PCR products were visualized by staining the gel 

with ethidium brom ide and genotypes were assigned by visual inspection. 

Mutations in GJB2 gene (connexin 26) at DFNB 1 locus on chromosome 13q account 

for more than 50% of the recessive non-syndromic deafness. To test linkage to 

DFNB I locus in family A and B genotyping was performed by using microsatellite 

markers located in its genetic interval. 

In family A (Figure 3.1), three affected (lV-4, IV-5 and IV-6) and three normal (111-4, 

III-5 and IV -7) individuals were genotyped with DFNB I linked markers (D 13S 1275, 

D 13S787 and D I 3S292). All the affected individuals were homozygous while the 

normal individuals were heterozygous with the typed markers thus establishing 

linkage of family A to DFNB 1 (Figure 3.5-3.7). Sequence analysis of exon 2 of GJB2 

gene, located at DFNB I locus, in the affected individual (IV -5) revealed substitution 

of G with i\ at nucleotide position 71, resulting in conversion of an amino acid 

tryptophane to premature stop codon (W24X) (Figure 3.8). 

In family B (Figure 3.2), four normal (111 -3, 1II-4, IV-5 and IV-8) and three affected 

(IV -6, IV -7 and IV -9) individuals were tested for co-segregation of disease with 

several known DFNB loci. To test linkage of family B with DFNB I locus, exon 2 of 

the GJB2 gene was sequenced in an affected individual (VI-2) of the family. 

However, sequence analys is fa iled to detect any sequence variant (Figure 3.9), thus 

excluding family B from linkage to DFNB 1 locus. Genotyping of markers, linked to 

other Known loci, showed linkage of family B to DFNB31 on chromosome 9q32 

(Figures 3.10-3.11) and DFNB49 on chromosome 5q12.3 (Figure 3.12-3.14). 

In family C (Figure 3.3), two normal (V-9and VI-8) and four affected (VI-4, VI -5, 

VI-6 and VI-7) individuals were selected for genotyping with microsatellite markers 

linked to the candidate genetic loci. It is evident from the analysis of the results 

obtained (Figures 3.15-3.16) that the affected individuals in the kindred showed 

homozygosity with markers (D17S1293 and DI7SI294), thus establishing linkage to 

DFNB3 locus. The candidate gene MY015A at DFNB3 locus was identified earlier by 

Wang et al. (1998). So far six disease causing mutations in exons 3, 29, 30, 40 and 43 

of MY015A gene have been reported. In the present study, sequence analysis of exon 

3 (Figure 3.17), exon 29 (Figure 3.18), exon 29 (Figure 3.19), exon 30 (Figure 3.20), 
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exon 40 (Figure 3.21), exon 43 (Figure 3.22) of MYOJ5A in an affected individual 

(JV-4) of family C failed to detect any sequence variant, thus predicting the presence 

of a novel mutation in the family. 

In Family '0' (Figure 3.4) five normal (III-4, IV-6, IV-8, IV- J and V-4) and five 

affected (IV-2, IV-3, IV-4, IV5 and V-2) individuals were selected for genotyping 

with the markers located on chromosome 9 and 10. Analysis of the results (Figure 

3.23-3.37) showed that the affected individuals were heterozygous with different 

combinations of parental alleles thus, conclusively exc luding the linkage of family 

'0' to these genetic intervals. 
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I 
J-I 1-2 

II 
H-I IT-2 IT-3 TJ-4 

III 
m-I m-2 1IT-3 1IT-4 1IT-5 m-6 1IT-7 m-8 

IV 
IV-I IV-2 IV-3 IV-4 IV-5 IV-6 IV-7 IV-8 

Figure 3.1: Pedigree of the family A with autosomal recessive non-syndromic 

hearing loss. C ircles represent females, squares represent males. Filled circles and 

squares represent affected individuals. 
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I 

II 

III 

111-3 111-4 

IV 

IV-I IV-2 IV-3 IV-4 IV-S IV-6 IV-7 IV-8 IV-9 

Figure 3.2: Pedigree of the family B with autosomal recessive non-syndromic hearing 

loss. Circles represent females, squares represent males. Filled circles and squares 

represent affected individuals. 
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I 

II 

III 

IV 

v 
V-I V-5 V-6 V-7 V-8 V-9 

VI 
VIol VI-2 VI-3 VI-4 VI-5 VI-6 VI-7 VI-8 VI-9 

Figure 3.3: Pedigree of the family C with autosomal recessive non-syndromic hearing 

loss. Circles represent, squares represent males. Filled circles and squares represent 

affected individuals. 
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II 

III 

IV 

v 

V-I V-2 V -3 V-4 v -s V-6 

Figure 3.4: Pedigree of the family 0 with autosomal recessive non-syndromic 

hearing loss. Circles represent females, squares represent males. Filled circles and 

sq uares represent aFFected individual s. 
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1 2 3 4 
!!!!!!!!!!!!!!!!! 

Family A 

D13S1275 

1 JII-4 Normal 4 IV-5 Affected 
2 III-5 Normal 5 IV-6 Affected 
3 IV-4 Affected 6 IV-7 Normal 

Figure 3.5: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D 13S 1275 at 6.99 

cM linked to DFNBI. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation. 

1 2 3 4 5 6 

Family A 

D13S787 

1 III-4 Normal 4 IV-5 Affected 
2 III-5 Normal 5 IV-6 Affected 
3 IV-4 Affected 6 IV-7 Normal 

Figure 3.6: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D 13S787 at 8.87 cM 

linked to DFNBI. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation. 

Genetic Mapping of Candidates ofNon-syndromic Deafness Genes 38 



Chapter # 3 

Family A 

D13S292 

1 
2 
3 

III-4 
III-5 
IV-4 

Normal 
Normal 
Affected 

4 
5 
6 

IV-5 
IV-6 
IV-7 

Affected 
Affected 
Normal 

Results 

Figure: 3.7: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D13S292 at 8.87 cM 

linked to DFNBI. The Roman numerals indicate the generation number of the 

individuals within a pedigree whi le Arabic numerals indicate their positions within a 

generation. 
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GG AAA G A T C T G C T C A CC G T 
:l 

(a) 

G G AA A G A T e T A G C T C A C C G T C 

GG AAA G A T C T G C T C A C C G T C 

Figure 3.8: A representative chromatogram generated by big dye terminator sequencing 

of translated exon 2 of GJB2 gene from control individual (a), a homozygous affected 

male IV-5 (b), and a heterozygous carrier (c). Arrow indicates the substitution of G with 

A, at nucleotide position 71 , leading to non-sense mutation (W24X). 
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Chapter II 3 Results 

1 2 3 4 5 6 7 

Family B 

D9S302 

1 IV-6 Affected 5 III-3 Normal 
2 IV-9 Affected 6 IV-7 Affected 
3 IV-5 Normal 7 III-4 Normal 
4 IV-8 Normal 

Figure 3.10: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S302 at 123.33 

cM linked to DFNB31. The Roman numerals indicate the generation number of the 

individuals within a pedigree whi le Arabic numerals indicate their positions w ithin a 

generation. 

1 2 3 4 5 6 7 

Family B 

D9S1776 

1 IV-6 Affected 5 III-3 Normal 
2 IV-9 Affected 6 IV-7 Affected 
3 IV-5 Normal 7 III-4 Normal 
4 IV-8 Normal 

Figure 3.11: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S 1776 at 123.33 

cM linked to DFNB31. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation. 
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1 2 3 4 5 6 7 

Family B 

DSS647 

1 IV-6 Affected 5 111-3 Normal 
2 IV-9 Affected 6 IV-7 Affected 
3 IV-5 Normal 7 III-4 Normal 
4 IV-8 Normal 

Figure 3.12: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D5S647 at 74.07 cM 

linked to DFNB49. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation. 

1 2 3 4 5 6 7 

Family B 

DSS2042 

1 IV-6 Affected 5 III-3 Normal 
2 IV-9 Affected 6 IV-7 Affected 
3 IV-5 Normal 7 III-4 Normal 
4 IV-8 Normal 

Figure 3.13: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D5S2042 at 78.31 

cM linked to DFNB49. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation . 
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1 2 3 4 5 6 7 

Family B 

D5S1501 

1 IV-6 Affected 5 III-3 Normal 
2 IV-9 Affected 6 IV-7 Affected 
3 IV-5 Normal 7 III-4 Normal 
4 IV-8 Normal 

Figure 3.14: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 05S 150 1 at 85 .25 

cM linked to DFNB49. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation. 

1 2 3 4 5 6 

Family C 

D12S1294 

1 V-9 Normal 5 VI-7 Affected 
2 VI-5 Affected 6 VI-4 Affected 
3 VI-8 Normal 
4 VI-6 Affected 

Figure 3.15: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 017S1294 at 50.70 

cM linked to DFNB3. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation . 

Genetic Mapping of Candidates ofNon-syndromic Deafness Genes 45 



Chapter # 3 

Family C 

D17S1293 

1 
2 
3 
4 

V-9 
VI-5 
VI-8 
VI-6 

1 2 

Normal 
Affected 
Normal 
Affected 

3 

5 
6 

4 

VI-7 
VI-4 

5 6 

Affected 
Affected 

Results 

Figure 3.16: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker Dl7S 1293 at 56.58 

cM linked to DFNB3. The Roman numerals indicate the generation number of the 

individuals within a pedigree while Arabic numerals indicate their positions within a 

generation. 
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G A C A T G A C A C A G C T G G A G T G 

Figure 3.17: A representative chromatogram generated by big dye terminator 

sequencing of exon 3 of MY015A gene from an affected female individual (IV-4) of 

family C showing wild type sequence. Arrow indicates a nucleotide C at position 

3685 , which has been substituted with T, resulting in a non-sense mutation (Wang et 

al., 1998). 

Figure 3.18: A representative chromatograms generated by big dye terminator, 

sequencing of ex on 29 of MY015A gene from an affected female individual (IV-4) of 

family C showing wild type sequence. Arrow indicates a nucleotide A at position 

6331, which has been substituted with T, resulting in a missense mutation (Wang et 

al., 1998). 
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Figure 3.19: A representative chromatograms generated by big dye terminator, 

sequencing of ex on 29 of MY015A gene from an affected female individual (IV-4) of 

family C showing wild type sequence. Arrow indicates a nucleotide A at position 

6337, which has been substituted with C, resulting in a missense mutation (Wang et 

aI. , 1998). 

G C T G CCC G C A C T T A CCCCC G 

Figure 3.20: A representative chromatograms generated by big dye terminator, 

sequencing of exon 30 of MY015A gene from an affected female individual (IV-4) of 

family C showing wild type sequence. Arrow indicates a nucleotide C at position 

6613, which has been substituted with T, resulting in a missense mutation (Liburd et 

ai., 2001). 
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C A T C C C C C C AA AC T C T T C A T 

Figure 3.21: A representative chromatograms generated by big dye terminator, 

sequencing of exon 40 of MY015A gene from an affected female individual (IV-4) of 

family C showing wild type sequence. Arrow indicates a nucleotide A at position 

7801, which has been substituted with C, resulting in a non-sense mutation (Wang et 

ai., 1998). 

T G T T C e GG C A. G G T G A G G T C C T G 

Figure 3.22: A representative chromatograms generated by big dye terminator, 

sequencing of ex on 43 of MY015A gene from an affected female individual (IV-4) of 

family C showing wild type sequence. Arrow indicates a nucleotide G at position 

8147, which has been substituted with T, resulting in a missense mutation (Liburd et 

al., 2001). 
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Table 3.1: List of allelic variants in MY015A gene reported to date 

Nucleotide Sequence Amino Acid 
Gene Exon no References 

Variant Change 

MYO Liburd et al. 
3 C368S>T QI229X 

15A (2001) 

29 A6331>T N2111 Y 
Wang et al. 

(1998) 

29 A6337>C 12113F 
Wang et al. 

(1998) 

Liburd et a/. 
30 C6613>T T220S1 

(2001) 

40 A7801>C K260lX 
Wang et al. 

( 1998) 

Liburd et al. 
43 G8147>T Q2716H 

(2001) 
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1 2 3 4 5 6 

Family D 

D9S169 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV- J Normal 
3 III-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.23: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S 169 at 49.20 cM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 

1 2 3 4 5 6 7 8 9 10 

Family D 

D9S104 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-I Normal 
3 1lI-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.24: Electropherogram of the ethid ium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S I 04 at 51.81 cM . 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 
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1 2 3 4 567 8 9 10 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!I 

Family D 

D9S1118 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-l Normal 
3 III-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.25: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide ge l showing alle le pattern obtained with marker D9S I I 18 at 58.2 eM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 

1 2 3 4 5 6 7 8 9 10 

Family D 

D9S50 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV- l Normal 
3 III-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.26: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S50 at 60.59 eM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree whi le Arabic numerals indicate their positions within a generation. 
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1 ;;2 iiiii3~4 5 6 7 8 9 10 

Family D 

D9S166 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-1 Normal 
3 111-4 Normal 8 V-2 A/Teeted 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.27: Electropherogram of the ethid ium bromide stained 8% non-denaturing 

polyacrylamide gel showing al lele pattern obtained with marker 09S 166 at 66.32 cM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation . 

123 4 5 6 7 8 9 10 

Family D 

D9S301 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-I Normal 
3 I1I-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.28: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 09S301 at 66.32 cM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation 
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1 2 3 45 6 7 8 9 10 

Family D 

D9S175 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-l Normal 
3 I1I-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.29: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S 175 at 70.33 eM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation . 

1 2 3 4 5 6 7 8 9 10 

Family D 

D9S1122 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-l Normal 
3 III-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.30: Electrophcrogram or the eth id ium bromide stained 8(Yu non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S 1 122 at 76.0 eM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 
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1 2 3 4 5 67 8 9 10 

Family D 

D9S922 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV- l Normal 
3 111 -4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.31: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D9S922 at 80.31 cM. 

The Roman numera ls indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 

1 2 3 4 5 6 7 8 9 10 

Family D 

DI0S1653 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV- l Normal 
3 III-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.32: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 010S1653 at 40 .36 

eM. The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 
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1 2 3 4 5 

Family D 

DtOSt66t 

1 rV-2 Affected 6 rV-8 Normal 
2 rV-3 Affected 7 rV-J Normal 
3 rrr -4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.33: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D lOS 1661 at 42.50 

cM. The Roman numerals indicate the generation number of the individuals within a 

pedigree whi le Arabic numerals indicate their positions within a generation. 

1 2 3 4 5 6 7 8 9 10 

Family D 

DtOSt423 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV-I Normal 
3 1Il-4 Normal 8 V-2 Affected 
4 rV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.34: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker D lOS I 423 at 43.26 

cM. The Roman numera ls indicate the generation number of the individuals within a 

pedigree while Arab ic numerals indicate their positions within a generation. 
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1 2 10 

Family D 

DI 0SI775 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV- l Normal 
3 III-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.35: Electropherogram of the ethidium bromide sta ined 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 010SI775 at 52 cM. 

The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 

1 2 345 6 7 8 9 10 

Family D 

DI0S2481 

1 IV-2 Affected 6 IV-8 Norm al 
2 IV-3 Affected 7 IV-1 Normal 
3 1II-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.36: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 010S248 1 at 52. 1 

cM. The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation. 
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1 2 3 4 5 '6 7 8 9 10 

Family D 

D IOS 1I60 

1 IV-2 Affected 6 IV-8 Normal 
2 IV-3 Affected 7 IV- \ Normal 
3 IlI-4 Normal 8 V-2 Affected 
4 IV-5 Affected 9 V-4 Normal 
5 IV-6 Normal 10 IV-4 Affected 

Figure 3.37: Electropherogram of the ethidium bromide stained 8% non-denaturing 

polyacrylamide gel showing allele pattern obtained with marker 01 OS 1 160 at 54.23 

cM. The Roman numerals indicate the generation number of the individuals within a 

pedigree while Arabic numerals indicate their positions within a generation . 
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DISCUSSION 

Non-syndromic hearing loss in human is the most genetically heterogeneous trait 

known . To date 68 autosomal recessive deafness loci (DFNB I-DFNB68) have been 

mapped and 22 of the corresponding genes have been identified so far. The phenotype 

in autosomal recessive non-syndromic hearing loss is remarkably similar, profound 

sensorineural hearing loss across all frequencies. Severe to profound hearing 

impairment with onset before 12 months of age (prelingual) is a characteristic of the 

affected individuals of most of the families for which gene causing recessive hearing 

impairment have been localized. An exception to preverbal onset is the DFNB8 locus 

which mapped to the long arm of chromosome 2 I, where the affected individuals 

have normal hearing until 10 years of age but the loss profound within 4-5 years 

(Veske et al., 1996). 

In the present study, four highly consanguineous families A, B, C, and D, 

demonstrating autosomal recessive form of non-syndromic hearing loss, were 

ascertained from isolated areas of Azad Jammu Kashmir, NWFP and Punjab. The 

affected individuals in the families had prelingual severe to profound hearing loss 

with no associated features of syndromic or acquired form of deafness. The affected 

individuals from various age groups showed the same level of severe hearing loss 

implying that deafness was not progressive in any of the families. 

To search for a locus that harbored the candidate gene responsible for autosomal 

recessive non-syndromic hearing loss in these families, linkage studies were 

performed by a method known as homozygosity mapping. Nearly a century ago Sir 

Archebald Garrod (1908) noted that a large proportion of patients with an autosomal 

recessive inborn error of metabolism termed alkaptonuria were the offspring of 

consanguineous unions. Smith (1953) observed that offspring of consanguineous 

matings would be homozygous for genetic markers near the disease gene. A recessive 

trait could be mapped using offspring of the consanguineous matings by 

homozygosity mapping. A fraction of the genome of offspring of consanguineoLls 

matings would be expected to be homozygous because of identity by descent (Lander 

and Bostein, 1987). On average, 111 6th of the genome of offspring of first cousin 

matings would be expected to be homozygous. The region of homozygosity would be 

expected (0 be random between di fferent offspring of these matings, except at a 

common disease locus shared by the affected offspring. Thus, the use of offspring 
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from severa l fi rst-cousin matings can be used to identify markers linked to a recessive 

disorder. To estab lish a linkage, only four affected sibs in a first cousin marr iage or 

three affected s ibs in the second cousin marriage are required. 

An obvious factor in the use of homozy osity mapping is the problem created by 

genetic heterogeneity. Various investigators have, in practice, overcome this 

complication by the use of isolated inbred populations to identify large inbred marker 

dens ity of screening set and the ir heterozygosity. For markers with 70% 

heterozygosity segment as short as 9 cM may be detected when the markers are I cM 

apart. 

In the present study fami ly ' A' showed linkage to DFNB 1 locus. Sequence analysis of 

GJB2 gene in an affected individual (IV-5) (Figure 3.8) revealed a substitution of G 

with A at nucleotide position 71 resulting in conversion of an am ino acid tryptophane 

to premature stop codon (W24X). 

Fami ly B, showed linkage to DFNB31 (Figure 3.10-3.11) on chromosome 9q32 and 

DFNB49 (3.12-3.14) on chromosome 5qI2.3. The candidate gene involved in 

autosomal recessive deafness DFNB31 locus is WHRN (Mburu et al., 2003). WHRN 

consists of 12 exons and spans 103 Kb and encodes for a protein called whirlin. A 

non-sense mutation has been reported in this gene by Mburu et al. (2003) . The linkage 

region for DFNB49 is II cM (Ramazan et al., 2004) . Candidate gene fo r this locus 

has not been identified so far. 

In fam ily 'C' linkage was detected to DFNB3 locus on chromosome 17p 11.2. The 

candidate gene involved in autosomal recessive deafness at this locus is MfO 15A 

(Wang et al., 1998). The gene comprises of 66 exons. Six disease causing mutat ions 

have been reported till date in exon number 3, 29, 30, 40, and 43 of MY01 5A gene. In 

the present study, sequence analysis of these exons in an affected individual (IV-4) of 

family 'C ' (Figure 3.17-3 .22) failed to detect any sequence variant, thus predicting the 

presence of a novel mutation in the family. 

In family ' D ' the selected individuals were tested for the co-segregation of disease 

with regions on chromosome 9 and 10. Ana lysis of the results of the gCllotyped 

microsatellite markers (Figure 3.23-3.37) showed that the affected individual s were 

heterozygous with different combinations of parental alleles thus, exc luding famil y 0 

from linkage to these genetic intervals. 

Genetics and genomics approaches in human and model organisms have provided a 

powerful and rapid entry into gene discovery in the audito ry system. T he recent 
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identification of several deafness genes by molecular genetic studies has enab led the 

molecular basis of normal and pathological auditory function. In the coming years, 

further deafness genes are sure to be identified and mouse models for the human 

disease will be constructed as start in the long process of understanding the 

pathological process involved in deafness. The rate of discovery of deafness genes by 

positional cloning in human will be accelerated by the freely available human genome 

sequence and by a catalogue of expressed sequence Tags (EST's) within genetic 

intervals known to contain locus for human hereditary hearing loss. Recent progress 

in the identification of short tandem repeats polymorphic markers and the 

construction of high density genetic maps utilizing these markers have greatly 

improved the efficiency of genetic linkage studies. These markers and maps have 

contributed to efficient linkage inapping by increasing the overall availabilities of 

these resources to many laboratories: 

);> by reducing the amount of labor required for genotyping 

);> by allowing for the development of new genotyping technologies 

);> by facilitating novel approaches to genome-wide linkage searches 

To assist in the identification of deafness genes cDNA library has been synthesized, 

partially sequcnccs and many ESTs assigned map position (Skvorak et al., 1999). The 

combination of efficient approaches to phenotype mapping with the development of 

an accurate transition map of the human genome will great ly expedite the 

identification of disease-causing and -susceptibility genes. 

To this end we ever close to an enhanced understanding of the hearing process, which 

lead to increased avai labilities of diagnostic and presymptomatic genetic testing 

option, early interventions disease based treatments. 
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