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Bp Base pair

CDH23 Cadherin 23
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dB Decibels
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EC Extracellular domain
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Min Minutes
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PCDH15 Protocadherin 15

Pmole Pico moles

SDS Sodium dodecyl Sulphate

STR’s Short Tandem Repeats

TAMRA Carboxy tetramethyl rhodamine

Tris [Hydroxymethyl]aminomethane

USH Usher

Male
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Summary

Among the diverse sensory defects in human, deafness constitutes the major portion. 

Deafness is defined as partial or complete hearing loss that leads to impaired speech, 

language and effective communication skills. More or less 1 in 1000 infants is affected 

worldwide by severe or profound deafness at birth or during early childhood, i.e., the 

prelingual period. More than 60% of the cases of profound early-onset deafness are caused by 

genetic factors, which in most of the cases are due to single gene mutation. Though, the 

etiology of profound childhood deafness is also ascribed to some environmental factors.

Recent developments in genetic research have accelerated the discovery of individual gene 

and enhanced our understanding of how genes work and how gene abnormalities lead to 

disease. Hearing loss in humans can arise from mutations of genes encoding cytoskeleton 

proteins, including ESPIN , ion transporters like connexin 26 and connexin 30 and several 

unconventional myosins etc.

Linkage Analysis is an effective technique for mapping new locations, and also for 

refining intervals of known deafness loci. This technique has helped in gene identification 

studies for several recessive loci. Delimited intervals are usually too large for positional 

cloning, so once a linkage has been obtained even small families can be screened for linkage 

to the same region. This has helped to reduce the linkage interval and facilitate studies to 

elucidate the molecular basis of deafness causing genes. For recessive deafness cases, 

hindrances observed in localizing deafness genes are primarily due to extreme genetic 

heterogeneity and limited clinical differentiation. Different gene mutations can yield the same 

clinical phenotype in hearing-impaired individuals, even within the same family. While 

extreme phenotypic variations between different families (or even in individuals of the same 

family) can exist due to same gene mutations. So far, 52 recessive deafness loci (DFNB) have 
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been reported in literature and 23 of the corresponding nuclear genes have been cloned. This 

is not surprising since approximately 1% of the human protein-coding genes are thought to be 

necessary for inner ear function.

In this project, we studied all the Punjab population and screened out consanguineous 

families with multiple affected individuals to pinpoint the genetically disabled people and 

elucidate the molecular basis of deafness. 

The data revealed the prevalence of deafness in the Punjab was 2.018 per thousand. 

The highest incidence of deafness was 7.519 per thousand in the district of Chakwal and the 

lowest was 0.776 per thousand in the district of Rajanpor.

In intra cast study the prevalence of deafness was more prominent in Rajput followed 

by Jutt (jat), waraya, Pukhton and Jawar.

The genotyping data revealed that DFNB12 locus was more common in the Punjab 

population followed by DFNB8/10, while DFNB29, DFNB36, DFNB37 were less common.  
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INTRODUCTION

Among the diverse sensory defects in human, deafness constitutes the major 

part (McKusick, 1992). Deafness is defined as partial or complete hearing loss that 

leads to impaired speech, language and effective communication skills. Almost 1 in 

1000 infants is affected by severe or profound deafness at birth or during early 

childhood, i.e., the prelingual period (Kalatzis and Petit, 1998). More than 60% of the 

cases of profound early-onset deafness are caused by genetic factors, which in most of 

the cases are due to single gene mutation (Marazita et al., 1993). Though, the etiology 

of profound childhood deafness is also ascribed to some environmental factors. 

Regardless of the cause, deafness may be classified into three categories: Conductive 

hearing loss, Neurosensory hearing loss and Mixed. Of the total hereditary hearing 

loss, 30% is syndromic (Gorlin et al., 1995), while 70% of genetically determined 

cases are non-syndromic (Bergstrom et al., 1971). It is estimated that approximately 

75% of cases display autosomal recessive inheritance (on loci DFNB), 12-24% of 

cases are autosomal dominant (on loci DFNA) and 1-3% cases are X-linked (on loci 

DFN) (Marazita et al., 1993). Different gene mutations can yield the same clinical 

phenotype in hearing-impaired individuals, even within the same family. While 

extreme phenotypic variations between different families (or even in individuals of 

the same family) can exist due to same gene mutations (Masmoudi et al., 2000). Petit 

and coworkers in 2001, reported the mapping of  43 autosomal recessive non-

syndromic hearing impairment (ARNSHI) loci. For recessive deafness cases, 

hindrances observed in localizing deafness genes are primarily due to extreme genetic 

heterogeneity and limited clinical differentiation (Petit et al., 2001). Five years latter 

in 2006  the number recessive deafness loci (DFNB) have been swelled in literature 
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to 52 and 23 of the corresponding nuclear genes have been cloned (Petersen and 

Willems, 2006; Morton and Nance, 2006). Approximately 1% of the human protein-

coding genes are thought to be necessary for inner ear function (Friedman and 

Griffith, 2003). According to Van Camp and Smith (2005), the analyses of Pakistani 

consanguineous family pedigrees, besides sharing most of these mutations, have 

revealed 14 loci and 9 genes for the first time.

In this project, we studied and analyzed the deafness data of all the 33 districts 

of the Punjab population and screened out consanguineous families with multiple 

affected individuals to pinpoint the genetically disabled people and elucidated the 

molecular basis of deafness. 
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LITERATURE SURVEY

Study of spontaneous mutations about hearing loss in human families showed 

the mapping of more than 70 loci and the discovery of 24 genes (Walsh et al., 2002). 

Hearing loss is a genetically heterogeneous characteristic and one of the most 

recurrent neurosensory disorders in humans (Friedman and Grifth, 2003; Morton and 

Nance, 2006). Friedman and Grifth, (2003), on the basis of unremitting discovery of 

DFNB loci, predicted the finding and mapping of deafness genes. In 2007, Eisen and 

Ryugo in their review stated 40 recessive loci for heritable deafness with 

identification of 27 deafness genes. Earlier most DFNB loci have been discovered 

through identity-by-descent mapping come close to consanguineous population 

isolates (Lander and Botstein, 1987).

The etiology of profound childhood deafness is markedly diverse and involves 

too many environmental and genetic factors. An accurate diagnosis of an underlying 

cause is essential for optimal management and prognostication and genetic 

counseling. Many environmental factors, meningitis, mumps, prenatal complications, 

postnatal trauma, hypoxia or hypoglycemia of the fetus, maternal diabetes, neonatal 

erythroblastosis fetal is and viral infections like rubella, iodine deficiency, toxic 

drugs, and high fever also contribute to hearing loss (Chen, 1997).

Autosomal recessive non-syndromic deafness is genetically heterogeneous and 

is the most worldwide form of inherited hearing loss. Further 40 loci have been 

mapped and 20 of these genes have been identified (Van Camp and Smith, 2005). It 

has always been understood that single-gene imperfections were accountable for the

condition in approximately half of the 1 in 1000 children who are born with a serious 

hearing impairment. But many of the newly recognized genes causing deafness 

involve progressive loss of hearing that start on in later life, suggesting that single
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genes may also play a significant part in hearing loss in the population as a whole. 

Clinically 15% of adults have relevant hearing impairment, distinct as a loss of sound 

perception of 25 dB or more, (Davis, 1989) making hearing impairment a major 

public health concern. For clear understanding of the structure of ear, a description of 

outer ear, middle ear and inner ear is given in annex A (taken from Encyclopedia 

Britannica, http://www.britannica.com/EBchecked/topic/175622/human-ear) and Fig. 

1>.

The gene involved, GJB2, encodes the connexin-26 molecule. Connexin-26 is 

a component of gap junctions, the links that allow small molecules to pass from one 

cell to the next, and this protein is found in several places in the body, including the 

epithelial supporting cells surrounding the sensory ear cells of the cochlea and the 

fibrocytes lining the cochlear duct (Kikuchi et al., 1995). The sensory ear cells of the 

cochlea allow potassium ions to pass through their upper surface during normal 

reception of sound and these potassium ions must be recycled through the base of the 

ear cells and the supporting cells and fibrocytes back into the high-potassium 

endolymph that bathes the tops of the ear cells. 

The vascularis on the lateral wall plays a critical part in pumping, but the gap 

junctions between the supporting cells and fibrocytes may provide the route of

recycling. GJB2 was the first gene to be associated with non-syndromic deafness 

(Kelsell et al., 1997) and it has turned out to be remarkably common as a cause of

deafness, accounting for up to 50 percent of childhood deafness in some populations 

(Estivill et al., 1998). It is a small gene, with the whole protein-coding sequence 

located in one exon, which makes it relatively easy to screen for mutations. One 

mutation has been found to be particularly common, the 30delG mutation (also known

as 35delG), a deletion of one base in a sequence of six guanine residues that starts at 
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position 30. This 30delG mutation appears to have arisen independently in many 

populations, suggesting that it is a hyper mutable region. Previous studies reported that 

as many as 1 in 31 people may be carriers of a mutation in GJB2, with most of them 

carrying the 30delG mutation (Denoyell et al., 1997).

Many of deafness loci have been mapped either in endogenous populations or 

in families with children of consanguineous marriages (Friedman and Griffith, 2003). 

Consanguinity appears to be quite common in the Indo-Pakistan subcontinents. 

Perhaps, the first ever study on consanguineous marriages in rural Pakistan was 

undertaken by (Aslamkhan et al., 1969), who found 100 percent intra-caste or Isonym 

group marriages, with ca 80% consanguinity and about 60% first / second marriages.

(Aslamkhan 1983), who advocated inter-caste marriages as the primary method of 

prevention of disability. Cultural consanguinity, however, is a hindrance in disability 

prevention (Aslamkhan, 2008).

Inherited hearing impairment affects 1 in 2000 newborns. Up to 50% of all 

patients with autosomal recessive non-syndromic pre-lingual deafness in different 

populations have mutations in the gene encoding the gap-junction protein connexin-

26 (GJB2) at locus DFNB1 on chromosome 13q12. (Del Castillo et al., 2002).

Loci Mapped in Pakistani Families.

In a Pakistani family DFNB8 was mapped to chromosome 21q22 with 

nonsyndromic childhood onset deafness (Veske, et al., 1996) and mutations of 

TMPRSS3 are source of deafness phenotype in DFNB8 linked families. Two of their 

consanguineous families defined the new locus DFNB29 on chromosome 21q22.1. 

Proximal and distal recombination condensed the linkage interval to 228,600 bp. 

Sequencing a good candidate Claudin-14 in this area recognized the gene. Two 
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mutations 398delT and T254A were recognized in the linked families (Wilcox, et al., 

2001). 

DFNB35 mapped on a large congenital Pakistani kindred comprising 6 

generations and segregating autosomal recessive non-syndromic prelingual deafness. 

The haplotype analysis revealed a region of homozygosity spanning 11.75 cM (Ansar 

et al., 2003). The next two loci have localized DFNB36 on chromosome 1 in two 

Pakistani families and DFNB37 on chromosome 6q13 in three Pakistani families. 

Truncating mutations in ESPN, an actin polymarising molecule, were identified as 

underlying cause of DFNB36 (Naz et al., 2004). Haplotype analysis of DFNB37 

families defined the proximal and distal margins and trim down the linkage region to 

∼6 cM. In these families sequencing recognized an insertion, a frame shift and a 

transition mutation (Ahmed et al., 2003a). 

DFNB38 and DFNB39 were account one each in Pakistani consanguineous 

families on chromosome 6q26-27 and 7q11.22-21.12 correspondingly (Ansar et al., 

2003; Wajid et al., 2003). DFNB42 signified the third autosomal recessive NSHI 

locus to map to chromosome 3 on a consanguineous Pakistani family in which 5 

associates, together with 4 sibs, had a prelingual, nonsyndromic form of sensorineural 

deafness. 

A novel autosomal recessive hearing impairment locus, DFNB44, was mapped 

to a 20.9 cM genetic interval on chromosome 7p14.1-q11.22, in a consanguineous 

Pakistani family (Ansar et al., 2004). DFNB46 was mapped to chromosome 

18p11.32-p11.31 in a five-generation Pakistani family and spanning 17.6 cM region 

(Mir et al., 2005). 

DFNB47 was mapped to chromosome 2p25.1-p24.3, in two distantly related 

Pakistani kindred. Nonsyndromic deafness locus DFNB48 segregating as an 
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autosomal recessive trait has been mapped to the long arm of chromosome 15 in band 

position q23-q25.1 in five large Pakistani families (Ahmad et al., 2005). Haplotype 

analysis revealed an 11 cM linkage region flanked by markers D5S647 (74.07 cM) 

and D5S1501 (85.25 cM). DFNB51 was mapped to chromosome 11p13-p12 in a 

Pakistani family (Shaikh et al., 2005). DFNB55 was mapped to chromosome 4q12-

q13.2 in a consanguineous Pakistani family (Irshad et al., 2005).

DFNB62 was mapped to chromosome 12p13.2-p11.23 in a consanguineous 

Pakistani family (Ali et al., 2006). DFNB65 represents the first ARNSHI locus map to 

chromosome 20q13.2-q13.32 in a consanguineous family from the Azad Jammu and 

Kashmir and identify a region of homozygosity of 10.5cM region on chromosome 

20q13.2-q13.32 (Tariq et al., 2006). 

A genome wide linkage analysis of non-syndromic deafness keep apart in a 

consanguineous Pakistani family (PKDF537) was used to map DFNB63, a new locus 

for congenital profound sensorineural hearing loss (Khan et al., 2007). Genotyping of 

550 families revealed three additional families linked to DFNB63. Meiotic 

recombination events in these four families define a significant linkage interval of 

4.81 cM for DFNB63 (Shabbir et al., 2006).

Ibrahim and his coworkers studied different loci in Pakhtun ethnic group that 

indicates genetic heterogeneity in autosomal recessive deafness in the Pakhtun 

population of Pakistan (Ibrahim et al., 2011). Working in Baluchistan province of 

Pakistan, Rfiullah and his colleagues (2012) studied six Pakhtun families, one of 

which was linked to DFNB18/USH1C locus with D11S902, D11S4138 and D11S921.  

They opined that genetic hearing loss is most often monogenic (Rafiullah et al.,

2012).
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Non-Syndromic Deafness

In non-syndromic deafness there is no other identifiable abnormal phenotype.

It is more frequent cause of hearing loss than syndromic deafness. Autosomal-

recessive non-syndromic hearing impairment (DFNB) is usually of prelingual onset 

with a moderate to profound degree of hearing loss (Borck et al., 2012). The non-

syndromic type of hearing loss is collectively referred to as DFN for the X-linked 

forms, DFNA for the autosomal dominant forms and DFNB for autosomal recessive 

forms. Non-syndromic and syndromic co-localizations include DFNB18 and Usher 

syndrome 1C, DFNB12 and Usher syndrome 1D (both of which are caused by 

mutations in CDH23), DFNB23 and Usher syndrome 1F, DFNB15 and Usher 

syndrome type III, and DFNB4 and Pendred syndrome (both of which are caused by 

mutations in the gene SLC26A4). Chromosomal spot of human non-syndromic 

autosomal recessive loci is shown in Fig 2. This is cytogenetic map position of human 

non-syndromic deafness loci.

The loci for 27 non-syndromic, autosomal-recessive genes, which have been 

identified and acknowledged so far from Pakistani population, along with their 

chromosomal location and their protein product, are presented in Table 1. The 

functions, carried out by each gene, are as follows:

GJB2: Alternate symbols of gene are 26-KD; CONNEXIN 26 or CX26. Mese et al.,

(2004) suggested that deafness linked with CX26 (DFNB1) mutations is caused not 

only by condensed potassium recirculation in the inner ear, but also by abnormalities 

in the replace of other metabolites through the cochlear gap.

MYO7A: (Weil et al., 1995) undertook a aspirant gene approach to Usher syndrome 

type IB (USH1B), which had been mapped to chromosome 11q(DFNB2). They noted 

that cytoskeletal abnormalities in Usher syndrome patients were indicated by the 
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abnormal organization of microtubules in the axoneme of their photoreceptor cells 

(connecting cilium), nasal cilia cells, and sperm cells, as well as by the widespread 

degeneration of the organ of Corti, that is responsible for deafness 

MYO15: (Wang et al., 1998) identified the human MYO15 gene by combining 

functional and positional cloning approaches. They showed that the MYO15 gene has 

at least 50 exons spanning 36 kb. This histopathology suggests that Myo15 is 

necessary for actin organization in the hair cells of the cochlea

SLC26A4: (Everett et al., 1997) The SLC26A4 gene encodes an anion transporter 

known as pendrin and is the gene mutant in Pendred syndrome and enlarged 

vestibular aqueduct syndrome. The authors used a positional cloning strategy to 

identify the gene mutated in Pendred syndrome, which had been mapped by linkage to 

7q31, (DFNB4).

TMIE: (Naz et al., 2002) This gene is expressed in many human tissues and encodes 

a transcript of approximately 2.5 kb. Naz and her coworkers, in a family with 

deafness mapping to the DFNB6 region, identified a deletion / insertion mutation 

involving deletion of 6 nucleotides from the splice acceptor site of intron 1 of the 

TMIE gene and insertion of a single C. They also stated that 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. The inner ear pathology in 

affected spinner mice suggests that TMIE is required for normal postnatal maturation 

of sensory hair cells in the cochlea, including correct development of stereocilia 

bundles (Mitchem et al., 2002). 
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TMC1: Kurima et al., (2002) found that in the mouse, Tmc1 mRNA is expressed in 

hair cells of the postnatal cochlea and vestibular end organs and is required for normal 

function of cochlear hair cells. 

TMPRSS3: Guipponi et al., (2002) proposed that important signaling pathways in the 

inner ear may be controlled by proteolytic cleavage, including autocatalytic activation 

of TMPRSS3, and that ENaC could be a substrate of TMPRSS3 in the inner ear. This 

7897is a a novel gene within the DFNB8 /DFNB10 critical region on 21q, which was 

designated TMPRSS3.

CDH23: Bork et al., (2001) mapped this gene. Genes causing nonsyndromic 

autosomal recessive deafness (DFNB12) and deafness associated with retinitis 

pigmentosa and vestibular dysfunction (USH1D) were previously mapped to 

overlapping regions of chromosome 10q21-q22. Seven highly consanguineous 

families segregating nonsyndromic autosomal recessive deafness were analyzed to 

refine the DFNB12 locus. In a single family, a critical region was defined between 

D10S1694 and D10S1737, approximately 0.55 cM apart. Eighteen candidate genes in 

the region were sequenced. Mutations in a novel cadherin-like gene, CDH23, were 

found both in families with DFNB12 and in families with USH1D. A northern blot 

analysis of CDH23 showed a 9.5-kb transcript expressed primarily in the retina. 

CDH23 is also expressed in the cochlea, as is demonstrated by polymerase chain 

reaction amplification from cochlear cDNA but its function is still unknown.

Stereocilin: (Verpy et al., 2001). It is expressed in the sensory hair cells and is 

associated with the stereocilia, the stiff microvilli forming the structure for 

mechanoreception of sound stimulation. Mutation in the STRC gene results in 

nonsyndromic sensorineural deafness. USH1C: Also known as Harmonin. Siemens et 
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al., (2002) suggested that CDH23 and harmonin are part of a transmembrane complex 

that connects stereocilia into a bundle, and that defects in the formation of this 

complex may disrupt stereocilia bundles and cause deafness in patients with Usher 

syndrome type I. In the ear, CDH23 and harmonin are expressed in the stereocilia of 

hair cells, and in the retina within the photoreceptor cell layer.

OTOA: Zwaenepoel et al., (2002) reported the first example of a protein, otoancorin 

(OTOA), specifically located at the interface between the apical surface of the sensory 

epithelia and their overlying acellular gels, and also entirely specific for the inner ear.

PCDH15: Ahmed et al., (2003B) localized protocadherin-15 to inner ear hair cell 

stereocilia and to retinal photoreceptors by immunocytochemistry. The results 

strengthened the importance of protocadherin-15 in the morphogenesis and cohesion 

of stereocilia bundles and retinal photoreceptor cell maintenance or function.

TRIOBP: Shahin et al., (2006) observed expression of the TRIOBP long isoform in 

fetal brain, retina, and cochlea. Antibodies to TRIOBP revealed expression in sensory 

cells of the inner ear.

CLDN14: Ben-Yosef et al., (2003) to explore the role of claudin-14 in the inner ear 

and in other organs, created a mouse model by a targeted deletion of Cldn14.. Cldn14-

null mice had a normal endocochlear potential but were deaf due to rapid 

degeneration of cochlear outer hair cells, followed by slower degeneration of the inner 

hair cells. The authors suggested that the tight junction complex at the apex of the 

reticular lamina may require claudin-14 as a cation-restrictive barrier to maintain the 

proper ionic composition of the fluid surrounding the basolateral surface of outer hair 

cells. 
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MYO3A: Walsh et al., (2002) showed that normal hearing in humans requires myosin 

IIIA, which is the human homolog of ninaC, a class III myosin that is required for 

normal vision in Drosophila. In an extended Israeli family, they showed that 

nonsyndromic progressive hearing loss is caused by 3 different recessive, loss of 

function mutations in myosin 3A.

WHIRLIN: (Mburu et al., 2003). The form of autosomal recessive nonsyndromic 

deafness caused by mutations in this gene (DFNB31) was shown to map to 9q32-q34 

by linkage analysis. The homologous locus is located on mouse chromosome 4 in a 

region with homology of synteny to this region of 9q. Mburu and colleagues (2003)

identified a homozygous nonsense mutation in the family in whom DFNB31 was 

originally identified. 

ESPIN: (Naz et al., 2004). In 2 consanguineous Pakistani families segregating 

recessively inherited deafness and vestibular areflexia. Naz and her colleagues (2004)

identified 2 different homozygous frameshift mutations in the ESPN gene 

MYO6: (Melchionda et al., 2001). In a large family segregating autosomal dominant 

nonsyndromic sensorineural hearing loss, Melchionda et al., (2001) demonstrated 

linkage of the disorder to 6q13 and identified a missense mutation in the MYO6 gene 

in all affected members. Ahmed et al. in 2003, identified mutations in the MYO6 

gene in 3 families segregating autosomal recessive congenital sensorineural deafness.

COL11A2: McGuirt et al., (1999) studied 2 families with autosomal dominant, 

nonsyndromic hearing loss, which had previously been mapped to 6p. The mutations 

found were predicted to affect the triple-helix domain of the collagen protein. They 

found that mice with a targeted disruption of Col11a2 also showed hearing loss. The 
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findings revealed a unique ultra structural malformation of the inner ear architecture 

associated with nonsyndromic hearing loss, and suggested that tutorial membrane 

abnormalities may be one etiology of sensorineural hearing loss primarily affecting 

the mid-frequencies.

PJVK: Delmaghani et al., (2006) identified the pejvakin gene within the DFNB59 

locus on chromosome 2q31.1-q31.3.

LHFPL5: Shabbir et al., (2006) in a Pakistani family with autosomal recessive 

nonsyndromic hearing loss that mapped to 6p22.3 and was designated DFNB67,

identified a  mutation in the LHFPL5 gene predicted to cause a truncation of the 

protein. In 2 large Turkish consanguineous families, Kalay et al., (2006) found a 

homozygous 1-bp deletion and a missense mutation in the LHFPL5 gene.

Otoferlin: Substitutions in the conserved C2C domain of otoferlin cause DFNB9, a 

form of non-syndromic autosomal recessive deafness. DFNB, the non-syndromic 

hearing loss with an autosomal recessive mode of inheritance constitutes the majority 

of severe to profound prelingual forms of hearing impairment, usually leading to 

inability of speech acquisition. (Mirghomizadeh F et al., 2002).

OTOF : It encodes a predicted cytosolic protein (of 1,230 aa) with three C2 domains 

and a single carboxy-terminal transmembrane domain. The sequence homologies and 

predicted structure of otoferlin, the protein encoded by OTOF, suggest its 

involvement in vesicle membrane fusion. In the inner ear, the expression of the 

orthologous mouse gene, mainly in the sensory hair cells, indicates that such a role 

could apply to synaptic vesicles (Yasunaga S et al., 1999.

TECTA: Alpha-tectorin is a protein that in humans is encoded by the TECTA gene , 

the tectorial membrane is an extracellular matrix of the inner ear that contacts 
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the stereocilia bundles of specialized sensoryhair cells. Sound induces movement of 

these hair cells relative to the tectorial membrane, deflects the stereocilia, and leads to 

fluctuations in hair-cell membrane potential, transducing sound into electrical signals; 

Alpha-tectorin is one of the major non collagenous components of the tectorial 

membrane. (Hughes DC et al., 1997) (Verhoeven K et al., 1998).

RDX: Ezrin, radixin, and moesin are paralogous proteins that make up the ERM 

family and function as cross-linkers between integral membrane proteins and actin 

filaments of the cytoskeleton. In the mouse, a null allele of Rdx encoding radixin is 

associated with hearing loss as a result of the degeneration of inner ear hair cells as 

well as with hyper bilirubinemia due to hepatocyte dysfunction (Khan S. Y et al., 

2007).

TRIC: The inner ear has fluid-filled compartments of different ionic compositions, 

including the endolymphatic and perilymphatic spaces of the organ of Corti the 

separation from one another by epithelial barriers is required for normal 

hearing. TRIC encodes tricellulin, Tricellulin Is a Tight-Junction Protein Necessary 

for Hearing. In the inner ear, tricellulin is concentrated at the tricellular TJs in 

cochlear and vestibular epithelia, including the structurally complex and extensive 

junctio4rrns between supporting and hair cells. (Riazuddin S et al., 2006)

USH1C: Usher syndrome (USH) is the most frequent cause of combined deaf-

blindness in man. Scaffold protein harmon in (USH1C) provides molecular links 

between Usher syndrome type 1 and type 2.USH is clinically and genetically 

heterogeneous with at least 11 chromosomal loci assigned to the three USH types 

(USH1A-G, USH2A-C, USH3A). Although the different USH types exhibit almost 
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the same phenotype in human, the identified USH genes encode for proteins which 

belong to very different protein classes and families (Reiners J et al., 2005). 

ECHOS1/TMPRSS3: This gene encodes a protein that belongs to the serine protease 

family. The encoded protein contains a serine protease domain, a transmembrane 

domain, an LDL receptor-like domain, and a scavenger receptor cysteine-rich domain. 

Serine proteases are known to be involved in a variety of biological processes, whose 

malfunction often leads to human diseases and disorders.Two loci for non-syndromic 

recessive deafness located on chromosome 21q22.3 have previously been reported, 

DFNB8 and DFNB10, a gene which encodes a trans-membrane serine protease, 

TMPRSS3 or ECHOS1, to be responsible for both the DFNB8 and DFNB10 

phenotypes (Wattenhofer M. et al., 2002). 

Linkage Analysis

Linkage analysis is study to establishing relationship between the genes on the 

same chromosome. Thus two loci on the same chromosome are said to be linked. 

However, they are likely to be delinked due to the phenomenon of crossing over.

During meiosis homologous chromosomes exchange segments due to recombination 

or crossing over. If two loci are physically close to each other on the same 

chromosome then there is less probability that they will be separated by a 

recombinant event / crossing over. Thus two genes which are situated close together 

will tend to be inherited together. Set of alleles for different marker genes on the same 

chromosome are termed as haplotypes. Alleles on the same haplotype are passed on in 

pedigrees as a block. These blocks may be broken by crossing over.
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According to Ott (1991), the most common application of linkage analysis is 

to try and find in the genome the location, of gene responsible for a certain 

mendelianly-inherited disease. The object of linkage analysis is to estimate 

recombination fraction and to test if θ is less than 0.5 between two loci i.e., whether or 

not an observed deviation from 50% recombination is statistically significant. The 

recombination fraction ranges from θ = 0 for loci right next to each other through θ =

0.5 for loci apart (or on different chromosomes), so that θ can be taken as a measure 

of the genetic distance or map distance between gene loci. This measures works well 

for small distances. The unit of measurement is 1 map unit = 1 centimorgan (Cm), 

correspondingly approximately to a recombination fraction of 1%. However, because 

of the occurrence of multiple crossovers, the recombination fraction is not an additive 

distance measure and must therefore be transformed by a map function in a map 

distance (Ott, 1991).

Syndromic Deafness

In syndromic cases of deafness the affected persons have precise pattern of 

supplementary clinical features, which are not related to audition. Nearly 400 forms of 

deafness have been identified in which the presence of associated clinical findings 

permits the diagnosis of a specific form of syndromic deafness (Gorlin, 1995). It may 

be 30% of all genetically determined cases. Syndromic deafness can be either 

dominant (Waardenberg syndrome, Branchio-oto-renal syndrome and stickler 

syndrome) or recessive (Usher syndrome and Pendred syndrome) and X-linked 

(Alport syndrome, Nance syndrome and Hunter syndrome) or mitochondrial.
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SUBJECTS AND METHODS

Identification of deafness and enrollment of families

A retrospective analysis of data collected prospectively of deaf population and 

consanguineous families with three or more deafness-affected individuals were 

identified from different districts of Punjab, Pakistan. The standard epidemiological 

method from door to door survey of collecting information by trained enumerators 

was employed for deafness. The families with multiple affected deaf person were 

contacted and briefed about the research programme on deafness. Families with 

greater number of deaf individuals and two or more loops were recruited for 

sampling. A detailed history was taken from each family to establish the nature and 

cause of deafness. Families were questioned about skin pigmentation, hair 

pigmentation and problems related to balance, vision, night blindness, thyroid, 

kidneys, heart, bony abnormalities and diabetes to establish the syndromic / non-

syndromic nature of deafness. Moreover families were questioned about infectious 

diseases like meningitis, typhoid, mumps, rubella, chronic otitis media, injury and 

antibiotic / ototoxic drug usage to rule out any environmental / unusual cause for 

deafness. A pedigree was drawn for each family by interviewing multiple family 

members to confirm consanguineous sibships. The pedigrees were computerized 

using Cyrillic programme and Macromedia FreeHand software. The enrolled families 

provided convincing evidence for an autosomal recessive mode of inheritance. Family 

members commonly marry within the kindred, and consequently consanguineous 

reunions were common. Audiometric testing at frequencies ranging from 250 to 8000 

Hz was performed at hospital for suspected deaf individuals, where possible.
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Collection of blood samples

Blood samples were collected from the families depending on their 

willingness and availability. Informed consent was obtained from all family members 

for participating voluntarily in this study. Venous blood (5-10 ml) was collected from 

each participating individual and poured in a 50 ml Sterilin falcon tube containing 

100-400 µl (0.5 M) EDTA (which acts as an anticoagulant by chalating Ca +2 ions). 

Tube was rotated many times for complete mixing of anticoagulant to prevent blood 

clotting.

Storage of blood samples

Blood samples were stored in an ice box (ca 4ºC) during sampling. On arrival 

in the Lab, the collected blood samples were kept frozen either at -70ºC for 20-30 min 

or at -20ºC for long term storage. Separate isolated bench space was allotted for blood 

handling and DNA extraction.

Collection of buccal swabs

In case of elderly people or very young children where it was difficult to 

obtain blood samples, buccal swabs were collected, as it is simple and noninvasive 

technique for obtaining buccal cell DNA was obtained. Cheeks cells were collected 

by means of MasterAmpTM Buccal Swab Brushes (EPICENTRE Biotechnologies 

W1, Medical Package Co-operation, CA, USA). Subjects were asked to refrain from 

smoking, drinking or eating for 1 hr before sample collection to reduce the possibility 
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of food particles or other exogenous materials to compromise the sample and they 

were instructed to thoroughly rinse their mouth with water. Two swabs were taken 

from an individual by swirling each brush firmly on the oral mucosa for 30 seconds, 

air dried and then stored in the original packaging at room temperature.
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DNA extraction from blood 

Genomic DNA was extracted from the WBC (white blood cells), which are the 

only nucleated cell present in the blood and an easy source of DNA. DNA extraction 

was carried out using the inorganic method (Grimberd et al., 1989) as under:

1. The frozen blood samples were allowed to thaw for lysis of RBC (red blood 

cells).

2. 30-35 ml Tris EDTA buffer (10mM Tris HCL, 2 Mm EDTA, pH 8.0) was 

added in 10ml for blood washing.

3. The samples were centrifuged at 2900 rpm for 20 min at 25ºC.

4. The supernatant was discarded up to 15-20 ml and the pellet was broken by 

gentle tapping.

5. Washing was repeated three to four times till the WBC pellet is free of 

haemoglobin and its colour becomes light pink.

6. Digestion of proteins in the pellets of WBC was carried out by adding 50 µl of 

proteinase-K (10 µg/µl conc.) along with 200 µl of 10% SDS in the presence 

of 6 ml TNE buffer (10 Mm Tris HCL, 2 Mm EDTA, 400 Mm NaCl).

7. The samples were left overnight in an incubating shaker at a temperature at 

37ºC and a speed of 250 rpm.

8. Proteins were precipitated by adding 1 ml of super saturated NaCl (6M), 

followed by vigorous  shaking and chilling on ice for 15 min.

9. Samples were centrifuged at 2900 rpm for 15 min at 25ºC, to pellet down the 

salts and proteins.

10. The supernatant was taken in a 15 ml properly labeled falcon tube and the 

pellet was discarded.

11. Again centrifuged the supernatant at 2900 rpm for 15 min at 25ºc.
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12. The supernatant was taken in another 50 ml labeled falcon tube.

13. The DNA precipitation was carried out by adding equal volume or isopropanol 

and inverting the tubes gently.

14. The tubes were left at room temperature for 10 min to concentrate DNA and 

then centrifuged at 2900 rpm for 10 min at 25ºC. The supernatant was 

discarded carefully.

15. DNA pellet was washed with 10 ml 70% ethanol to remove salts. The solution 

was centrifuged at 2900 rpm for 10 min at 25ºC and supernatant was discarded 

carefully.

16. The DNA pellet was dried at 37ºC in an incubator.

17. 1.5 ml low TE buffer (10 Mm Tris HCL, 0.2 mM EDTA) was added per 10 ml 

of blood and the tubes were placed in an incubator shaker (at 37ºC) overnight 

to dissolve the DNA. 

18. The DNA was given a heat shock at 70ºC in shaking water bath for 1 hour to 

inactivate any remaining nucleases. DNA concentrations were estimated by 

agarose gel (0.8%) electrophoresis or by spectrophotometery by measuring 

OD (optical density) at 260 nm and 280 nm. Working DNA concentrations 

were kept at 25 ng/µl and 100 ng/µl for single marker and multiplex PCR 

amplification, respectively. The DNA was kept at -20ºC for long storage.
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DNA Extraction from Buccal Swabs

DNA was extracted from the buccal cells by using the following protocol (Walker 

et al., 1999).

1. 500 µl of the Master AmpTM Buccal swab DNA Extraction solution was 

added into an appropriate number of 1.5 ml micro centrifuge tubes and placed 

them on ice.

2. The buccal brush was placed into a tube containing DNA extraction solution 

and was rotated at a minimum of 20 times. The brush was pressed against the 

side of the tube and rotated while removing it from the tube to ensure most of 

the liquid remains in the tube.

3. The cap was closed on the tube tightly and vortex for 10 seconds. The tube 

was incubated at 60ºc for 30 minutes.

4. Vortex mixed for 15 seconds.

5. The tube was transferred to 98ºC and incubated for 8 minutes.

6. Vortex mixed for 15 seconds.

7. The tube was returned to 98ºc and incubated for an additional 8 minutes.

8. Vortex mixed for 15 seconds. The tube was chilled on ice briefly to reduce the 

temperature.

9. Cellular debris was pellet down by centrifugation at 4ºc for 5 minutes at 14000 

rpm.

10. The supernatant containing the DNA was transferred carefully to a sterilized 

properly labeled screw tube without including any of the beads.

11. The DNA was stored at -20ºC or at -70ºC for long-term storage.

The yields of the DNA with this method are usually 2-8 ng/µl.
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PCR Amplification of Microsatellite Markers

For the purpose of automated fluorescent genotyping, initially 96 well master 

plates were made. DNA (conc. 25 ng/µl) of the members, who were tested of a 

family, was assigned to a numbered well of the plate. Replicas of this master plate 

were made with 2 µl of DNA dispensed into each well overlaid with 12 µl mineral 

oil.

Fluorescently labeled microsatellite markers were used for amplification of 

desired regions by PCR (Polymerase Chain Reaction) using genomic DNA as a 

template in Gene Amp PCR system 9700 and 2700 (Perkin Elmer). The forward 

primers used for this purpose were labeled with one of the five fluorescent dyes, 

FAM, VIC, NED, TET or HEX, while the reverse primers were unlabelled. 

Different PCR programmes including with Annealing at 54°C, 55°C and 17ºc 

were used for the amplification of these markers. The reaction mixture used for 

the amplification of different STR markers contained the ingredients as explained 

in Table 2.

The markers used for the linkage analysis encompassed the chromosomal 

locations reported for deafness loci (http://dnalab-ww.uia.ac.be/dnalab/hhh) and 

were chosen from the Marshfield Comprehensive Human Genetic Maps 

(http://www.marshmed.org/genetics/). These markers were mostly dinucleotide or 

trinucleotide repeats and the primer sequences for amplification of each marker 

are listed in genome database (http://gdbwww.gdb.org).
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Preparation of samples for 3100 genetic analyzer

An aliquot of 2 µl of the PCR products of different sizes labeled with different 

dyes were pooled together in a 96 well pooling plate using 12 capillary Hamilton 

Syringe. 11.7l of deionized formamide containing 0.3 ul of ROX (GS-500 ABI), 

LTZ or TAMRA (Perkin Elmer) size standard was added to the pooled amplicons. 

The samples were denatured at 95°C for 5 min followed by quick chilling on ice 

for 5 minutes before running in the ABI Prism 3100 genetic analyzer.

Automated fluorescent genotyping

After running samples on ABI Prism 3100 genetic analyzer, alleles in base 

pairs for each marker were recorded. Automated allele assignment was performed 

using the ABI PRISM GeneScan Analysis Software Version 3.7 for Windows NT 

Platform. For initial screening few members from each family were genotyped for 

three markers for a locus. Additional markers from the corresponding regions 

(http://www.marshmed.org/genetics/) were also typed if some of these markers 

were uninformative. Markers were run to define the region of homozygosity and 

all family members were genotyped and haplotype generated to either include or 

exclude the linkage region.
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Haplotype analysis

A haplotype representing an individual’s chromosomal segment is the set of 

genotyped alleles arranged according to the Cm distance along a chromosome. 

Alleles were arranged in a way that confirms the inheritance pattern along a 

chromosome and the inheritance pattern of segregating disease. If three 

polymorphic (fully confirmative) markers located in the linkage interval of a 

DFNB locus did not show homozygosity among the affected person of a family, 

the locus was considered unlinked. Linkage to a particular locus was confirmed 

when homozygous data of affected members correlates with the disease pattern in 

the family tree.
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RESULTS

The complete information of 20 families with multiple affected individuals, 

which were identified and enrolled from different districts of the Punjab along with 

their castes / ethnic tribes, is presented in Table 3. The families were screened for 

linkage to selected known deafness loci by using informative STR markers. These 

results indicate molecular heterogeneity of the deafness loci in the Punjab Population 

and probability of finding linkages to other known loci or mapping new linkages with 

the rest of families. 

Of the 20 families, which have been studied for genetic analysis of deafness, 

four were found to be linked to DFNB12; two families were linked to DFNB8/10 and 

three were linked each to DFNB29, DFNB36 and DFNB37 respectively. These 20

families were from different ethnic group and castes (Fig. 3). There was no history of 

retinitis pigmentosa or night blindness in any individual of these families. The most 

frequently occurring genotype were DFNB12, while in the rest, mostly above 20 years 

of age, thus ruling out the possibility of USHID syndrome. Deafness was sensoneural, 

prelingual and mostly sever to profound for all hearing impaired individuals.

Families Linked to Known Genotype

DFNB12 Linked Families

Rajput family

Rajput family (SAPun03) was enrolled from Sialkot. This is a consanguineous 

family with four deaf individuals in one loop. Four deaf and two normal individual 
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were genotyped as shown in Fig. 4. During screening, linkage was observed with 

chromosome 10q22.1 markers. 

Medical History:

A complete medical history was obtained from each affected individual to 

exclude the possibility of infectious or environmental causes of hearing impairment. 

These individuals showed no evidence of external ear abnormality, mental retardation 

and / or loss of vision, renal anomaly or integumentary disorder. In addition, no 

apparent balance problems or vertigo and no delay in the age of walking were noted. 

The younger siblings had no obvious fundoscopic evidence of retinitis pigmentosa, 

although they were not examined by an ophthalmologist and did not undergo 

electroretinography.

Genotype Analysis:

Genotype analysis of markers in the DFNB12 region was performed. 

Genotype and haplotype data reveals that 4 deaf individuals (IV: 1, IV: 2, IV: 3 and 

IV: 4) are homozygous for all these DFNB12 linked markers (D10S1694 (Fig. 5), 606 

(Fig. 6) and 1432 (Fig. 7), however individual IV:3 has a translocation. The parents, 

individuals III:3 and III:4, are phenotypically normal but genetically carrier for one 

diseased allele. This family was mapped to the same region as the CDH23 interval 

known to cause DFNB12.

Rana family

This family was enrolled from Rawalpindi (SAPun07). It belongs to Rana sub-

caste of Rajpuit. This is a large consanguineous family comprising of three deaf 

individuals in one loop. Three deaf and seven normal individual were genotyped the 
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pedigree was drawn as shown in Fig.8. During screening, linkage was observed with 

chromosome 10q22.1 markers.

Medical History:

Rajput family segregates profound sensorineural deafness and demonstrates 

evidence for linkage to the DFNB12 region no obvious fundoscopic abnormalities 

were observed in affected family members, however, they were not examined by an 

ophthalmologist. This family, besides deafness, has no other kind of clinical problem, 

i.e., balance, heart diseases, blood pressure, typhoid, sugar and goiter.

Haplotype Analysis:

The genotyping data of three deaf individual, i.e., (VI: 2, VI:5 and VI:6) 

reveals homozygosity for all three markers of DFNB12 D10S1694 (Fig. 9), D10S606

(Fig. 10) and D10S1432 (Fig. 11). Seven individuals (IV:5, V:6, V:1, V:2, V:5, V:6, 

VI:3,) were carrier for diseased allele. This family was also mapped to the same 

region as the CDH23 interval known to cause DFNB12.

Jutt (Jat) Family

This family (SAPun10) was enrolled from Sahiwal.  It belonged to caste jutt. 

This is a consanguineous family also, comprising of four deaf individuals in three 

loops. Three deaf and one normal individual were genotyped. The fourth individual 

was died. The pedigree was drawn as shown in Fig. 12. During screening, linkage was 

observed with chromosome 10q22.1 markers.
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Medical History

A complete medical history was obtained from each affected individual to 

exclude the possibility of infectious or environmental causes of hearing impairment. 

These individuals showed no evidence of external ear abnormality, mental retardation,

loss of vision, renal abnormality or integumentary disorder. In addition, no apparent 

balance problems or vertigo and no delay in the age of walking were noted. The 

younger siblings had no obvious fundoscopic evidence of retinitis pigmentosa, 

although they were not examined by an ophthalmologist and did not undergo 

electroretinography.

Haplotype Analysis

Genotype analysis of markers in the DFNB12 region was performed on all 

participating members of this family. Genotype and haplotype data reveals that three 

deaf individuals (VI: 3, VI:4, VI:5, VI:6) are homozygous for all three DFNB12 

markers D10S1694 (Fig.13), D10S606 (Fig.14) and D10S1432 (Fig.15). One normal 

hearing individual IV: 3 was genetically carrier of the diseased allele.

Warya Family

This family (SAPun15) was enrolled from Gujrat belonging to suib-caste 

Warya of Jutt. This is a large consanguineous family comprising of five deaf 

individuals in three loops. The Pedigree is shown in Fig. 16.  Five deaf individuals 

were genotyped. During screening, linkage was observed with chromosome 10q22.1 

markers.



30

Medical History

A complete medical history was obtained from each affected individual to 

exclude the possibility of infectious or environmental causes of hearing impairment. 

These individuals showed no evidence of external ear abnormality, mental retardation 

and / or loss of vision, renal anomaly or integumentary disorder. In addition, no 

apparent balance problems or vertigo and no delay in the age of walking were noted.

Haplotype Analysis

All the deaf individuals were found to be genetically homozygous for 

DFNB12 linked markers, D10S1694 (Fig. 17), D10S606 (Fig. 18) and D10S1432 

(Fig. 19). This family was mapped to the same region as CDH23 interval known to 

cause DFNB12.

Families Linked To DFNB8\10

Families residing in the Punjab linked to two markers of DFNB8\10 region

Pukhtoon family

This was a large Pashtun family (SAPun05) residing in Attack district, which 

migrated from Pashto speaking area of Pakistan / Afghanistan, containing four 

affected individuals in one loops, as shown in Fig. 20.  Blood sample were collected 

from all these individuals and used in linkage analysis. The age of affected individual 

IV:1, IV:2, IV:5 and IV:6 was 9, 6, 16, and 18 years respectively at the time of 

enrollment. 

After general examination of all the deaf members no associated symptom with 

deafness such as external ear abnormality, mental retardation, goiter, eye, renal or 
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integumentary disorder was noticed. None of these congenitally deaf appears to have 

balance problem. No evidence for any acquired risk factor predisposing to hearing 

loss was noticed in affected individuals.

Linkage analysis

Four affected and their normal parents from were included in linkage study. 

Haplotype of markers D21S1225 as shown in Fig. 21 and 994G8CA5 as shown in 

Fig. 22, bounded causative region of DFNB8\10 at chromosome position 21q22. 

Individuals IV:1, IV:2, IV:5 and IV:6, were homozygous for affected haplotype. 

Bhutta-Jutt family

This was a consanguineous Bhutta-Jutt family (SAPun17) enrolled from Toba Tek 

Singh containing four individuals in single loop, (Fig. 23).  The effected individuals 

IV1, IV2 and IV: 4 aged 6, 12 and 10 years respectively at the time of enrolment.

Medical history

It was confirmed about all affected individuals of the family that no associated 

symptoms with deafness such as external ear abnormality, mental retardation, goiter, 

eye, renal or integument disorder was present. Also none of these congenitally deaf 

children had a balance problem. No evidence for any required risk factor. 

Linkage analysis

Predisposing to hearing loss was noticed in affected individuals. Four affected 

and six normal individuals of the same loop were included in linkage study. 

Haplotype of markers D21S1225 (Fig. 24) and 994GCA50 (Fig. 25) bounded the 
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causative region of DFNB8\10 at chromosome position 21q22. Individuals IV:1, IV:2, 

and IV:4 were homozygous for affected haplotype. Individuals IV:3, wrere 

heterozygous carrier while individual IV:8 was phenotypically and genotypically 

normal.

Jutt Family from Sialkot

This was a small consanguineous family (SAPun06) enrolled from Sialkot, 

containing five affected individuals in two loops as shown in Fig. 26. The age of 

affected individuals is 24, 22, 20, and 19 years respectively at the time of enrollment

Medical History

Deafness was found to be non-syndromic as none of the individuals carried 

any associated symptom such as external ear abnormality, mental retardation, goiter, 

eye, renal or integumentary disorder. Balance problem was also absent from these 

affected individual. It was ascertained that no environmental factor was involved to 

cause hearing loss in affected individuals.

Linkage analysis

Four affected individuals and their parents were included in linkage study. The 

Haplotype marker (D21S2078 as shown in Fig. 27 and D21S2080 as shown in Fig. 

28) bounded the causative region of DFNB29 at chromosomal position 21q22. 

individuals V:1, V:2 , V:3, and V:4 were homozygous for affected individual. 

Individual IV:3 and IV:4 were heterozygous carrier, shown in Fig. 26.
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Rajput Family linked to DFNB36

This was a small consanguineous Rajput (SAPun13) family enrolled from 

sahiwal, containing four affected individual in as single loop as shown in Fig. 29, at 

the time of enrolment all the four deaf individuals and two normal sibs and their 

parents were available whose blood samples were taken with consent. DNA was 

extracted from the blood sample and used in linkage analysis. The age of affected 

individuals, V:1 and V:2, was 15 and 12 years respectively. While the twins (V:3 and 

V:4) were 10 years at the time of enrolment.

Medical History

After general examination no associated symptom with deafness such as external ear 

abnormality, mental retardation, goiter, eye, renal or integumentary disorder. Balance 

problem was also absent from these affected individuals. 

Linkage Analysis for affected haplotype 

Four affected and four normal individuals of two loops were included in 

linkage study. Haplotype of markers (D1S2870 as shown in 30 and D1S3774 as 

shown in Fig. 31) bounded the causative region of DFNB36 at chromosomal position 

1p36.3. Individuals V:1, V:2, and V:4 were homozygous while individuals IV:4. 

Were heterozygous affected. While IV:3, V:7 and V:8 were heterozygous carrier.

Individuals IV:8 were homozygous carrier (see pedigree, Fig. 29).

Jarwar from Bhakhar linked to DFNB37 

This was a small consanguineous Jarwar (SAPun19) family enrolled from 

Bhakkar, containing three affected individuals in single loop. At the time of enrolment 
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all three deaf individuals and one normal sib along with their parents were available 

whose samples were taken and used in linkage analysis. The age of affected 

individuals IV: 1, IV: 2 and IV: 3 were 13, 17 and 7 years respectively at the time of 

enrolment (Fig. 32).

Medical history

The general examination of hearing impaired individuals revealed none of the 

associated symptoms with deafness, such as external ear abnormality, mental 

retardation, goiter, eye, renal integumentary disorder, etc. No evidence for any 

acquired risk factor causing the hearing loss was found in affected individuals also.

Linkage analysis

Three affected and three normal individuals from one loop were included in 

linkage study. Haplotype of 3 markers D6S1031 (Fig. 33), D6S1589 (Fig. 34) and 

D6S286 (Fig. 35) bounded the causative region of DFNB37 at chromosome position 

6q13. Individuals IV: 1 and IV: 2 were homozygous for affected haplotype. The 

counts of allele were twelve. Individual IV: 3 (phenotypically deaf) showed the 

homozygosity for the first two markers but were heterozygous for the third marker. 

Due to maternal cross over. This heterozygosity does not influence the linkage 

because the gene is above this marker in the physical map. Individuals III:3, III:6 and 

IV:4 were heterozygous carrier (Fig.32). 
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Prevalence of Deafness in the Punjab

According to the 1998 census of Pakistan, the total population of the Punjab 

province consisted of 71,552,800 person of which 36,237,451 were male and 

35,315,349 female (Sex ratio 1.026). Of the total population 22,654,764 (31.661%) 

person belong to urban area and 48,898,036 (68.338%) to rural areas (GoP, 1998). 

According to data, it is calculated that 144,418 (0.201%) suffered from some form of 

hearing impairment as shown in Table 4 and Fig. 36. Of the deaf population 83,059 

(57.5%) (Fig. 37) were male while 61,359 (42.5%) were female (Fig. 38). District 

wise male and female prevalence is shown in Table 5. The demographic division of 

deaf population is shown in Fig. 39, and Fig. 40. According to data 41,372 (28.6%) 

belonged to urban areas while 104,926 (71.4%) were in rural areas. District wise 

urban and rural prevalence of deaf people is given in Table 6. The deaf population in 

urban areas varies from 0.007% (in Sialkot) to 0.691% (in Chakwal), and for rural 

areas varies from 0.076% (in Rajanpur) to 0.760% (in Chakwal). 

Table 7 shows Chi-Square Tests, in which 33.3% have expected count less 

than 5. The minimum expected count is 0.01.

Prevalence of Deafness and Linked-genotypes in Various Districts of the Punjab:

District Attack.

In District Attock total deaf population was 2,532 which constitute 0.198% of 

the total population. Among deaf population in Attack, 56.2% were male and were 

43.8% female. Geographically the prevalence of deafness in urban areas was 0.126% 
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and 0.218% in rural areas of Attack as shown in Table 6. The most common genotype 

in this district was DFNB8/10. 

District Bahawalnagar

Total deaf population was 3,953 (0.191%) of the district population as shown 

in Table 4. Among them 2,228 (56.3%) were male and 1,725 (43.6%) were female.

Geographically the prevalence in urban areas 0.107% and 0.211% in rural areas 

(Table 6). The most common genotype in this district was DFNB37.

District Bhakar.

In Bhakar total deaf population was 1,189 which is (0.113%) of the total 

population as shown in Table 4. Among them 688 (57.8%) were male and 501 

(42.2%) were female. Geographically the prevalence of deaf in urban area was 

0.114% and 0.112% in urban areas (Table 6). The common genotype in this district 

was DFNB37. 

District Bahawalpur.

Deaf constituted 2,983 (0.12%) of the total population (Table 4). Among them 

1,701 (57%) were male and 1,237 (43%) female. Geographically the prevalence of 

deafness in urban areas was 0.167% and 0.105 in rural areas (Table 6). The common 

genotype in this district was DFNB12. 
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District Chakwal.

Deaf constitute 8,149 (0.751%) of the total population as shown in Fig 36 and 

given in Table 6. Among them 4,319 (53%) were male and 3830 (47%) female. 

Geographically the prevalence in urban areas was 0.691% and 0.760% in rural areas 

(Table 6). The most common genotype in this district was DFNB 12. 

District Dera Ghazi Khan

The deaf population in the southern district of the Punjab was 1,734 (0.105%) 

of the total population as given in Table. 4. Among them 1,033 (59.5%) were male 

and 701 (40.5%) were female. Geographically the prevalence in urban areas 0.071% 

and 0.111% in rural are listed in Table 6. The most common genotype in this district 

was DFNB36.

District Faisalabad

Deaf population was 12,269 (0.220%) of the total population. Among them 

7,101 (58%) were male and 5,168 (42%) were female. Geographically the prevalence 

of deafness in urban areas was 0.232% and 0.220% in rural areas. In genotyping study 

linked locus were not found.

District Gujrat

The deaf population of district Gujrat was 5,395 (0.26%) of the total 

population. Among them 3,016 (59.5%) were male and 2,379 (40.5%) were female. 
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Geographically the prevalence of deafness in urban areas was 0.393% and 0.213% in 

rural areas (Table 6). The most common genotype in this district was DFNB12. 

District Gujranwala

Deaf population constituted 4,163 (0.122%) of the total population. Among 

them 2,585 (62%) were male and 1,578 (38%) were female. Geographically the 

prevalence of deafness in urban areas was 0.126% and 0.118 in rural areas listed in 

Table 6. In the screening of genotype for known locus DFNB 29 was found.

District Hafizabad

Deaf population constituted 1,430 (0.171%) of the total population. Among 

them 739 (51%) were male and 691 (49%) were female. Geographically the 

prevalence of deafness was 0.182% in urban areas and 0.167% in rural areas (Table 

6). In Hafizabad the common genotype was DFNB37.

District Jhang

The Deaf population in Jhang was 6,244 (0.220%) of the total population. 

Among them 3,971 (63.6%) were male and 2,273 (36.4%) were female. 

Geographically the deafness prevalence was 0.179% in urban areas and 0.232% in 

rural areas listed in Table 6. The most common genotype in this district was DFNB36.
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District Jehlum

The deaf population in Jehlum was 2,189 (0.233%) of the total population

(Table 4). Among them 1,266 (58%) were male and 923 (42%) per cent female. 

Geographically the prevalence in urban areas was 0.160% and 0.261 in rural areas,

listed in Table 6. The most common genotype in district Jhelum was DFNB29.

District Kasur

The deaf population constituted 6,043 (0.254%) of the total population (Table 

4). Among them 4014 (66.4%) were male and 2,029 (33.6%) were female. 

Geographically the prevalence in urban areas was 0.165% and 0.280 in rural areas 

(Table 6). The common genotype in this district was DFNB36.

District Khushab

The deaf population in district Khushab was 2,363 (0.260%) of the total 

population. Among them 1,328 (56%) were male and 1,035 (44%) were female. 

Geographically the prevalence in urban areas was 0.231% and 0.270% in rural areas 

(Table 6). The most common genotype in this district was DFNB12. 

District Rahim Yar Khan

The prevalence of deaf population in district Rahim Yar Khan was 12,677 

(0.403%). Among them 6,716 (53%) were male and 5,961 (47%) were female. 
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Geographically the prevalence in urban areas was 0.382% and 0.408% in rural areas 

(Table 6). The most common genotype in this district was DFNB12. 

District Layyah

The Prevalence of deaf population in district Layyah was 1,415 (0.126%) of 

the total population. Among them 812 (57.3%) were male and 603 (42.7%) were

female. Geographically the prevalence in urban population was 0.137% and 0.124 in 

rural areas (Table 6). The most common genotype in this district was DFNB8/10. 

District Lodhran

The deaf population in district Lodhran was 1,557 (0.132%) of the total 

population. Among them 932 (60%) were male and 625 (40%) were female. 

Geographically the prevalence in urban areas was 0.106% and 0.137% in rural areas 

(Table 6). The most common genotype in this district was DFNB29.

District Mandi Bahuddin

The deaf population in district Mandi Bahuddin is 2,010 (0.173%) of the total 

population. Among them 1,051 (52.2%) were male and 959 (47.8%) were female. 

Geographically the prevalence in urban areas 0.113% and 0.183% in rural areas listed 

in Table 6. The most common genotype in this district was DFNB12. 
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District Mianwali

The deaf population in district Mianwali was 3,623 (0.342%) of the total 

population. Among them 2,117 (58.4%) were male and 1,506 (41.6%) were female. 

Geographically the prevalence of deafness in urban areas was 0.288% and 0.357% in 

rural areas (Table 6). The most common genotype in this district was DFNB8/10. 

District Multan

The deaf population in district Multan was 3,698 (0.118%) of the total 

population. Among them 2,122 (57.3%) were male and 1,576 (42.7%) were female. 

Geographically the deafness prevalence in urban areas was 0.110% and 0.124% in 

rural areas of the district (Table 6). The most common genotype in this district was 

DFNB36.

District Muzafargarh

The deaf population of district Muzafargarh was 2,619 (0.099%) of the total 

population. Among them 1,569 (58.5%) were male and 1,114 (41.5%) were female. 

Geographically the deafness prevalence in urban areas was 0.084% and 0.101% in 

rural areas as given in Table 6. The most common genotype in this district was 

DFNB29.



42

District Okara

The deaf population of district Okara was 2,683 (0.120%) of the total 

population. Among them 1,569 (58.5%) were male and 1,114 (41.5%) were female. 

Geographically the prevalence in urban areas was 0.123% and 0.119% in rural areas 

(Table 6). The most common genotype in this district was DFNB36

District Pakpattan

The deaf population of district Pakpatan was 2,780 (0.216%) of the total 

population. Among them 1,461 (53%) were male and 1,319 (47%) were female. 

Geographically the prevalence in urban areas was 0.152% and 0.226% in rural areas 

of the districts (Table 6). The most common genotype in this district was DFNB12. 

District Rawalpindi

The deaf population of district Rawalpindi was 5,050 (0.150%) of the total 

population. Among them 3,570 (71%) were male and 1,480 (29%) were female. 

Geographically the prevalence in urban areas was 0.087% and 0.221% in rural areas 

(Table 6). The common genotype in this district was DFNB12. 

District Rajanpore

The deaf population of district Rajanpure is 857 (0.077%) of the total 

population. Among them 471 (55%) were male and 386 (45%) were female. 

Geographically the prevalence of deafness in urban areas was 0.081% and 0.076% in 
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rural areas of the district (Table 6). On the screening of genotyping the most common 

locus in this district was DFNB29.

District Sheikhupura

The Percentage of deaf population of district Sheikhupura is 11,213 (0.33%) 

of the total population. Among them 6,017 (54%) were male and 5,196 (46%) per 

cent female. Geographically 2,996 (27%) were urban and 8,217 (73%) was rural. The 

most common genotype in this district was DFNB37.

District Sialkot

The deaf population of district Sialkot was 3,340 (0.122%) of the total 

population. Among them 2,059 (61.6%) were male and 1,281 (38.4%) were female. 

Geographically the prevalence of deafness in urban areas was 0.007% and 0.140 in 

rural areas of the district (Table 6). The frequently occurring genotype in this district 

was DFNB12. 

. 

District Sahiwal

The deaf population of district Sahiwal was 2,256 (0.122%) of the total 

population. Among them 1,300 (57.6%) were male and 956 (42.4%) were female. 

Geographically the prevalence of deafness in urban areas was 0.099% and 0.126% in 

rural areas (Table 6). The most common genotype in this district was DFNB12. 
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District Toba Tek Singh

The deaf population of district Toba Tek Singh was 5,421 (0.334%) of the 

total population. Among them 2,638 (48.7%) were male and 2,783 (51.3%) were

female. Geographically the prevalence of deafness in urban areas was 0.343% and 

0.332% in rural areas (Table 6). The most common genotype in this district was 

DFNB8/10. 

District Vehari

The deaf population of district Vehari was 7,800 (0.373%) of the total 

population. Among them 4,039 (51.8%) were male and 3,761 (48.2%) were female. 

Geographically the prevalence in urban areas was 0.092% and 0.268% in rural areas,

listed in Table 6. The most common genotype in this district was DFNB8/10.
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DISCUSSION

It is said that in the world one in thousand infants is affected by various 

intensity of deafness (Kalatzis and Petit, 1998), however, no figures of incidence of 

deafness are available from any province of Pakistan. Though, clinicians and private 

medical practitioners advocate growing number of deaf people, which may be due to 

increase in population. We tried to get some data about the incidence of deafness from 

various public hospitals but the results were unsatisfactory. 

Punjab the biggest province of Pakistan encompasses about 60% population of 

the country, according to the latest census of 1998. The population in the Punjab is 

characterized by large family size, over 7 family members per house hold, sex-ratio 

1.026 in favour of male (GoP, 1998), and high incidence (80%) of Consanguinity 

(Aslamkhan et al, 1969), which enhanced the incidence of autosomal recessive 

diseases including deafness. Generally, no public health procedures are directed at the 

avoidance of congenital and genetic disorders, which is also constrained by cultural 

and legal limitations. Genetic disorders are quite common in the Punjab population

because of the prevailing cultural consanguinity (Aslamkhan, 2008). 

The present study was conducted to find out the prevalence of deafness loci in 

different ethnic tribes of Punjab. The population of the Punjab consisted of 

71,552,800 persons, of which 22,654,764 (   %) reside in urban areas and 48,898,036 (   

%) inhabit rural areas (GoP, 1998).

The demographic survey in the Punjab revealed a total of 144,418 deaf 

persons giving a prevalence rate of 0.201% of which 83,059 (0.22%) were males and

61359 (0.181%) were female. Demographic data showed that there were less deaf

persons 41372 (0.182%) in urban areas as compared to rural areas 104926 (0.214%).
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According to Van-Camp and Smith (2005), from Pakistan 14 deafness loci 

have been identified. From all over the world a total of 52 recessive deafness loci

have been identified (Petersen and Willems, 2006; Morton and Nance, 2006).

Ibrahim and his coworkers (2011)  working on deaf population  of Khyber Pakhtun 

Khwa (KPK) province, found different loci in Pakhtun ethnic group, which  indicated 

genetic heterogeneity in autosomal recessive deafness. In Baluchistan province of 

Pakistan, Rfiullah and his colleagues (2012) studied six Pakhtun families, one of 

which was linked to DFNB18/USH1C locus. In their opinion genetic hearing loss is 

most often monogenic (Rafiullah et al., 2012).

For genotyping studies we selected 20 families from the Punjab province with 

multiple affected individuals (Table 3). The families were screened for linkage 

analysis to known deafness loci by using informative STR markers. In 9 linked 

families, four families (SAPun-03, SAPun-07, SAPun-10 and SAPun-15) were found 

to be linked to DFNB12; two families (SAPun-05 and SAPun-17) were found linked 

to DFNB8/10, while the three families ( SAPun-06, SAPun-13 and SAPun-19) ach 

was found linked to DFNB29, DFNB36 and DFNB 37 respectively.. The remaining 

11 families were found unlinked with the available markers (Table 3) due to time 

constraint and limited resources.  

Hearing impairment presents as a major health problem worldwide. 

Abnormalities concerned with congenital deafness that reflects recessive mode of 

inheritance are more prevalent in Pakistan due to consanguineous marriages. Such 

marriages decrease the proportion of shared genes in families with increase in degree 

of consanguineous, making them an excellent resource material for conventional 

linkage analysis and hence are suitable for identification of new loci, genes and 

mutations.
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Deafness, thus, would be a heterogeneous disorder involving as many as 300 

genes (Friedman and Griffith, 2003). The ongoing worldwide probe to localize and 

map deafness genes has resulted in the identification 70 genes in non-syndromic 

hearing loss, out of which 27 with dominant, 40 for recessive and 3 X-linked mode of 

inheritance (hereditary hearing loss homepage, http://dnalab www.uia.ac.be/

dnalab/hhh).

Non-syndromic deafness is more frequent cause of hearing loss than 

syndromic deafness. The onset of autosomal-recessive non-syndromic hearing 

impairment (DFNB) is usually  prelingual with a moderate to profound degree of 

hearing loss (Borck et al., 2012).

The genetic heterogeneity of the Punjab population is manifest from the 

prevalence of heterogeneity deafness loci.  While 40 recessive deafness genes have 

been published from all over the world, 27 have been found to occur in Pakistani 

population (Table 1). Moreover four deafness causative genes TMPRSS3, PCDH15, 

ESPN and MYO6 were mapped in the loci DFNB8/10, DFNB23/USH1F, DFNB36 

and DFNB37 respectively (Scott et al., 2001; Naz et al., 2004) But they did not 

clearly mention their caste and location. We reported for the first time in the Punjab 

Pakistan the linked genotype and also point out the caste and location of families.

In this study the DNA samples from 20 families with a history of deafness and 

recessive mode of inheritance were screened. Only four families were linked with 

DFNB12 locus (One Rana family linked with DFNB12, One Rajput family linked 

with DFNB12, One Jutt family linked with DFNB12 and One warayha family linked 

with DFNB12) and two families linked with (DFNB8/10, (one Pukhtun family and 

one Bhutta Jutt family) and one Jutt family with DFNB29 and one Rajput family 

linked with DFNB36 and one Jawar family linked with DFNB37). The linkage of 
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different deafness loci was proof a proof of heterogeneous genetic makeup of the 

Punjab population.

DFNB8/10, idetified originally from Pakistani and Palestinian population 

(Veske et al., 1996). DFNB29, which is relatively less prevalent locus in Pakistan

1.8% (Hutchin et al., 2003). DFNB36 is relatively less common recessive deafness 

locus and was identified from Pakistani population by (Zheng et al., 2000)

DFNB12 is a common deafness locus found in Pakistani population. The gene 

for the overlapping locus is CDH23 (Bork et al., 2001). The mutated gene causes 

stereocilia abnormalities in number, organization, shape and position relative to the 

kinocilium. The Usher type ID (USHID) locus was also mapped to chromosome 10q 

(Wayne et al., 1996) overlapping the previously mapped DFNB12 nonsyndromic 

deafness locus at chromosome 10q21-q22 with 15-cM interval (Chaib et al., 1996).

In our data about the occurrence of different deafness loci strengthen the 

rhetoric of prevalent genetic heterogeneity for deafness in the Punjab population, 

making it more easy and attractive for research work on the molecular basis of 

deafness. The study of heterogeneity of deafness genes is also useful for genetic 

counseling strategies. A study of genetic heterogeneity for non-syndromic autosomal 

recessive deafness within in the Tunisian population showed prevalence of 8 loci and 

further investigation show the percentage of congenitally deaf persons which marry 

other is exceptionally low (10 to 30% ) in Tunisia (Chaabani et al., 1995)

The genetic studies of deafness will help in understanding the auditory 

function and will be used to evolve ways and treatments to combat with the 

malformation of deafness that is affecting a large population of the world and may 

significantly influence the diagnosis and treatment of deafness worldwide.
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CONCLUSION

Few scientific studies have been carried out on the prevalence of deafness and

for the first time we studied the deafness loci in isolated ethnic tribes of the Punjab,

Pakistan.

According to census data of 1998, the population of Punjab Pakistan was

71,552,800 out of which 31.661% were residing in urban areas and 68.338% were 

inhabiting rural area. The prevalence of deafness in the Punjab was 2.018 per 

thousand (20.18 /10,000). However, we encountered difference of prevalence of 

deafness in urban and rural areas of the Punjab 1.862 and 2.145 per thousand 

respectively. This urban : rural divide in deafness can be explained due to cultural 

dominance of caste system  leading to cultural consanguinity.

The male : female deafness prevalence in the Punjab was 2.205 : 1.810 per 

thousand respectively. The higher prevalence of deafness in males can be explained 

due to sex-linked deafness. Only 3 X-linked deafness non-syndromic genes have been 

identified so far. In a country like Pakistan, where cultural consanguinity abounds, 

studies on X-linked deafness may reveal interesting information. The sex ratio in the 

Punjab is 1.026, which is in favour of male. A male child is a preferred child in the 

family.

In the Punjab, deafness appears to be common in the district of Chakwal      

7.519 per thousand, while the lowest prevalence was in the district of Rajanpur 0.776 

per thousand.  
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The genotyping results revealed that DFNB12 locus was the most common 

followed by DFNB8/10 locus, Loci DFNB29, DFNB36 and DFNB37 were less 

common.

The highest percentage of congenital deafness was in Rajput families followed 

by Jutt (Jat), waraya, Pukhtoon and jawar. The results reported may prove helpful in 

monitoring the disease trend and in predisposing effective and targeted Ethnic tribes 

and regional prevention plans. No doubt, the high rate identified in certain tribes in 

the Punjab needs to be further studied in depth in order to corroborate the existence of 

possible genetic clusters. This study has a unique advantage in deafness study of large 

Ethnic tribes of the Punjab, Pakistan.
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APPENDICES

Annex -A

Structure of the ear

Outer ear

The outside part of the ear and the ear canal construct up the outer ear. They 

utility to collect acoustic energy in shape of sound and funnel it to the eardrum 

(tympanic membrane) (Fig 1).

Middle-ear

Usually considered part of the middle ear, the eardrum is a thin, flexible 

membrane that split the outer ear from the middle ear. The middle ear is an air filled 

space that houses the three middle ear bones that broadcast sound. The first bone is 

the hammer (malleus), which is connected to the anvil (incus) is connected to the 

stirrup (stapes). These tiny bones are named to reflect their particular shapes. The 

middle ear is connected to the back of the nose (nasopharynx) by the Eustachian tube 

as shown in Fig. 1.

Like the outer ear, the middle ear is involved in hearing. Thus, the sound 

energy coming from the outer ear causes the eardrum to vibrate. In turn, the eardrum 

sets into motion the first ear bone, which transmits the motion to the second bone. 

Finally, the third bone (the stapes) works like a piston to transform the sound energy 
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into mechanical energy. The mechanical energy is then transmitted from the stapes to 

the hearing part (cochlea) of the inner ear as shown in Fig. 1.

Inner ear (labyrinth)

A delicate membranous inner ear is enclosed and protected by a bony chamber 

that is referred to as the bony labyrinth. The inner ear is made up of both hearing 

(auditory) and balance (vestibular) components. As already mentioned, the cochlea is 

that part of the inner ear involved with hearing. 

There are two compartments of fluid in the cochlea.

 The perlymphatic space, which is within the bony labyrinth and surrounds the 

membranous labyrinth.

 The endolymphatic space, which is within the membranous labyrinth as shown 

in Fig. 2.

Ear cells

Ear cells are the epithelial cells and sensory receptors of the inner ear, without 

them, one cannot hear. They do not function alone, but must connect with nerve fibers 

that stretch from the inner ear to the brain. Basically each ear cell is cylindrical or 

flask shaped structure. The ear cells are born upon another types of cells known as 

supporting cells. Damage to the ear cells can be caused by a number of agents, 

including loud sound, certain drugs (ototoxic drugs), disease, and processes associated 

with aging. In humans, ear cell damage results in permanent hearing impairments and

/ or balance disorders. On the basis of morphology and physiology, there are two 

kinds of ear cells, the outer ear cells (OECs) and the inner ear cells (IECs).
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Outer ear cells

Usually there are 3-4 rows of outer ear cells in human ear. There are nearly 

15000-25000 outer ear cells in an adult person. The outer ear cells have both sensory 

and motor elements that contribute to hearing sensitivity and frequency selectivity by 

amplifying sound reception (Zheng et al., 2000). They are shaped cylindrically, like a 

cane, and have stereocilia at the top of the cell, and a nucleus at the bottom. 

Inner ear cells

There is one row of approximately 3500 IECs. These cells receive about 95% of the 

innervations from the nerve fibers from the acoustic portion of the VIII nerve. These 

cells have primary responsibility for producing our sensation of hearing. When lost or 

damaged, a severe to profound hearing loss usually occurs.
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Annex - B

Formulations  of varies reagents used in lab work.

0.5 M EDTA (one Liter):

EDTA 186.1 g/ L

NaOH Few pellets to dissolve EDTA

Distilled water To make volume one liter

10X TBE Buffer (one Liter):
Trisma base 108g

Boric acid   55g

EDTA (0.5 M)   40 ml

dH2O To make volume one liter

1M MgCl2 (100 ml):

M wt. MgCl2 230.30

For 100 ml 23.03g of MgCl2

dH2O To make volume 100 ml

0.5 M Tris-HCl (100 ml):

Trisma 3.025g 

dH2O To make volume 100 ml

HCl To adjust pH up to 7.5
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10X PCR Buffer (50 ml):

Tris-HCl (100mM) 5 ml

KCl (500mM) 25 ml

MgCl2 (25mM) 1.25 ml

dH2O To make volume 50 ml

Loading Dye (10ml):
EDTA (0.5M) 200μl

Glycerol (100%) 3 ml

Bromophenol Blue 0.025g

Xylene Cyanol 0.025g

dH2O To make volume 10 ml

Luria Bertani Broth Medium (1000ml)

Tryptone                                           10g

Yeast Extract                                    5g

NaCl                                                  10g

dH2O                                                  Up to 1000ml 

Dissolved the above reagents in dH2O, adjusted the pH to 7.5 by 1N NaOH and 

autoclaved.  
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Luria Bertani Agar Medium (1000ml)

Tryptone                                           10g

Yeast Extract                                    5g

NaCl                                                  10g

Agar                                                    10g

dH2O                                                  Up to 1000ml 

Dissolved the above reagents in dH2O, adjusted the pH to 7.5 by 1N NaOH and 

autoclaved. 

SOB Medium (100ml)

Tryptone                                           2g

Yeast Extract                                    0.5g

NaCl                                                  0.06g

KCl                                                     0.02g

SOC Medium (100ml)

Tryptone                                           2g

Yeast Extract                                    0.5g

NaCl                                                  0.06g

KCl                                                     0.02g

MgCl2                                                 0.2g

MgSO4                                                0.25g

Glucose                                                0.36g

Sol-I (10% Glycerol): dded 100ml of 50% glycerol in 400ml of dH2O and autoclaved.

50% Glycerol Stock: dded 200ml of pure glycerol in 200ml of dH2O and autoclaved.
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1M CaCl2 Stock (300ml)

M. Wt of CaCl2           110.99g/mol

Dissolved 33.3g of CaCl2 into 300ml dH2O and autoclaved.

1M MgCl2 (100ml)

M. Wt of MgCl2          230.30g/mol

Dissolved 23.30g of MgCl2 in 100ml of dH2O and autoclaved.

Sol-III (5ml)

0.1M CaCl2                                            2.5ml

50% glycerol                                           2.5ml (store at 4 C)

GTE ‘A’ Solution

Tris-HCl (pH 8)                                        25mM

EDTA (pH 8)                                             10mM

Glucose (optional)                                      50mM

10% SDS

SDS                                                             100g

dH2O                                                           900ml

Dissolved 100g of SDS in 900ml of dH2O. Heated to 68oC to assist dissolution. 

Adjusted the pH to 7.2 by adding a few drops of concentrated HCl. Adjusted volume 

to 1000ml.
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10N NaOH (100ml)

NaOH                                                        40g

dH2O                                                         100ml

Solution B (5ml)

10% SDS                                                   0.1ml

10N NaOH                                                 0.5ml

dH2O                                                          4.4ml

1N HCl

Pure HCl                                                    8ml

dH2O                                                          92ml

5M Potassium Acetate (250ml)

Potassium acetate                                            122.67g

dH2O                                                                250ml

3M Potassium acetate (100ml)

5M Potassium acetate                                      60ml

Glacial acetic acid                                            11.5ml

dH2O                                                                 28.5ml

Phenol: Chloroform: Isoamylalcohol

Phenol                                                              25ml

Chloroform                                                       24ml

Isoamylalcoho                                                   1ml
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FIGURES AND TABLES

Table 1.  A List of 27 Deafness Genes in Human Beings.

Locus Chromosomal location Gene Protein
DFNB1 13q11–q12 GJB2 Connexin 26, Connexin 30
DFNB2 11q13.5 MYO7A Myosin VIIA
DFNB3 17p11.2 MYO15 Myosin XV
DFNB4 7q31 SLC26A4 Pendrin
DFNB6 3p21 TMIE TMIE

DFNB7/11 9q13–q21 TMC1 TMC1
DFNB8/10 21q22.3 TMPRSS3 TMPRSS3

DFNB9 2p23.1 OTOF Otoferlin
DFNB10 21q22.3 TMPRSS3 TMPRSS3
DFNB12 10q21–q22 CDH23 Otocadherin
DFNB16 15q15 STRC Stereocilin
DFNB18 11p15.1 USH1C SHarmonin
DFNB21 11q23–q25 TECTA -tectorin
DFNB22 16p12.2 OTOA Otoancorin
DFNB23 10q21.1 PCDH15 Protocadherin 15
DFNB24 11q23 RDX Radixin
DFNB28 22q13 TRIOBP TRIOBP
DFNB29 21q22.1 CLDN14 Claudin 14
DFNB30 10p11.1 MYO3A Myosin IIIA
DFNB31 9q32–q34 WHRN Whirlin
DFNB36 1p36.3 ESPN Espin
DFNB37 6q13 MYO6 Myosin V I
DFNB49 5q12.3–q14.1 TRIC Tricellulin
DFNB53 6p21.3 COL11A2 Collagen 11a2
DFNB59 2q31.1-q31.3 PJVK
DFNB66 6p21.1-p22.3 LHFPL5 TMHS
DFNB67 6p21.1-p22.3 LHFPL5 TMHS
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Table 2: Reaction Mixture for PCR reaction

Ingredient Quantity Concentration
DNA 2 µl 2 5ng/µl
Mgcl2 Buffer 0.5 µl 1.5 or 2.5 mM
dNTPs o.5 µl 1.25 mMol
Primer 0.1-0.4 µl 4µm
Spermine 0.25 µl
Taq Polmerase 0.5 µl 1.25 mM
dH2O Up to 5 µl
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Table 3. Analysis of Deafness known Genotypes in Various Castes of the Punjab.

Family 
name

Linked 
Geotype

Total
persons

Expir
ed

Affec
ted

Anal
yzed

Caste

SAPun01 Unlinked 23 6 6 8 Baloch
SAPun02 Unlinked 28 1 7 8 Rajput
SAPun03 DFNB12 27 5 4 4 Jutt
SAPun04 Unlinked 26 3 4 6 Pukhtoon
SAPun05 DFNB8\10 34 3 4 8 Pukhtoon
SAPun06 DFNB29 27 0 5 6 Jutt
SAPun07 DFNB12 21 3 6 6 Rajput
SAPun08 Unlinked 23 3 3 7 Guggar
SAPun09 Unlinked 23 6 6 6 Jutt
SAPun10 DFNB12 31 0 3 10 Rana
SAPun11 Unlinked 30 3 4 7 Guggar
SAPun12 Unlinked 21 4 4 7 Rajput
SAPun13 DFNB36 33 0 4 9 Warayyha
SAPun14 Unlinked 25 3 3 5 Guggar
SAPun15 DFNB12 22 9 5 6 Warayyha
SAPun16 Unlinked 21 2 3 4 Cheema
SAPun17 DFNB8\10 17 0 3 6 Jutt
SAPun18 Unlinked 26 0 4 7 Rana
SAPun19 DFNB37 19 0 3 6 Jawar
SAPun20 Unlinked 29 5 2 6 Guggar
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Table 4. Prevalence of Deafness in Various Districts of the Punjab population

Districts
Total 

population
Deaf

Population % Deaf Population
Attock 1,274,935 2,532 0.198
Bahawal Nagar 2,061,447 3,953 0.191
Bhakkar 1,051,456 1,189 0.113
Bahawalpur 2,433,091 2,983 0.122
Chakwal 1,083,725 8,149 0.751
D.G Khan 1,643,118 1,734 0.105
Faisalabad 5,429,547 12,269 o.225
Gujrat 2,048,008 5,395 0.263
Gujranwala 3,400,940 4,163 0.122
Hafizabad 832,980 1,430 0.171
Jhang 2,834,545 6,244 0.220
Jhelum 936,957 2,189 0.233
Kasur 2,375,875 6,043 0.254
Khushab 905,711 2,363 0.260
Lahore 6,318,745 8,541 0.135
Layyah 1,121,951 1,415 0.126
Lodhran 1,171,800 1,557 0.132
Mandi Bahuddin 1,160,552 2,010 0.173
Mianwali 1,056,620 3,623 0.342
Multan 3,116,851 3,698 0.118
Muzaffargarh 2,635,903 2,619 0.099
Narrowal 1,265,097 1,931 0.152
Okara 2,232,992 2,683 0.120
Pakpatan 1,286,680 2,780 0.216
Rawalpindi 3,363,911 5,050 0.150
Rahim Yar Khan 3,141,053 12,677 0.403
Rajanpur 1,103,618 857 0.077
Sheikhupura 3,321,029 11,213 0.337
Sialkot 2,723,481 3,340 0.122
Sahiwal 1,843,194 2,256 0.122
Sarghoda 2,665,979 4,311 0.161
Tuba Tek Singh 1,621,593 5,421 0.334
Vehari 2,090,416 7,800 0.373
Grand total 71,553,800 144,418 0.201
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Table 5: Prevalence of Deafness in Male and Female in Various Districts of the 
Punjab

Districts Males Deaf 
Male

% Deaf 
Male

Females Deaf 
Female

% Deaf 
Female

Attock 636,338 1,424 0.223 638,597 1,108 0.173
Bahawal Nagar 1,778,460 2,228 0.125 282,987 1,725 0.609
Bhakkar 543,661 688 0.126 507,795 501 0.098
Bahawalpur 1,278,775 1,701 0.133 1,154,316 1,282 0.111
Chakwal 518,249 4,319 0.833 565,476 3,830 0.677
D.G Khan 853,782 1,033 0.120 789,336 701 0.088
Faisalabad 2,826,908 7,101 0.060 2,602,639 5,168 0.198
Gujrat 1,026,256 3,016 0.293 1,021,752 2,379 0.232
Gujranwala 1,770,255 2,585 0.146 1,630,685 1,578 0.096
Hafizabad 433,320 739 0.170 399,660 691 0.172
Jhang 1,474,099 3,971 0.269 1,360,446 2,273 0.167
Jhelum 468,112 1,266 0.270 468,845 923 0.196
Kasur 1,243,818 4,014 0.322 1,132,057 2,029 0.179
Khushab 451,439 1,328 0.294 454,272 1,035 0.227
Lahore 3,328,502 5,129 0.154 2,990,243 3,412 0.114
Layyah 580,009 812 0.140 541,942 603 0.111
Lodhran 609,202 932 0.152 562,598 625 0.111
Mandi Bahuddin 594,127 1,051 0.212 566,425 959 0.169
Mianwali 530,311 2,117 0.399 526,309 1,506 0.286
Multan 1,635,768 2,122 0.129 1,481,083 1,576 0.106
Muzaffargarh 1,373,036 1,764 0.128 1,262,867 855 0.067
Narrowal 636,217 1,136 0.178 628,880 795 0.126
Okara 1,167,481 1,569 0.134 1,065,511 1,114 0.104
Pakpatan 668,164 1,461 0.218 618,516 1,319 0.213
Rawalpindi 1,722,477 3,570 0.127 1,641,434 1,480 0.090
Rahim Yar Khan 1,636,864 6,716 0.410 1,504,189 5,961 0.396
Rajanpur 580,822 389 0.066 522,796 468 0.089
Sheikhupura 1,729,082 6,017 0.347 1,591,947 5,196 0.326
Sialkot 1,326,949 2,059 0.155 1,396,532 1,281 0.091
Sahiwal 953,561 1,300 0.136 889,633 956 0.107
Sarghoda 1,372,883 2,825 0.205 1,293,096 1,486 0.114
Tuba Tek Singh 831,602 2,638 0.317 789,991 2,783 0.352
Vehari 1,083,812 4,039 0.372 1,006,604 3,761 0.373
Grand total 37,664,341 83,059 0.220 33,889,459 61,359 0.181
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Table 6: Prevalence of Deafness in Urban and Rural Area in Various Districts of the 
Punjab

Districts Urban 
population

Urban 
deaf

Popula
tion

%
Deaf of 
Urban 
Pop.

Rural 
population

Rural 
deaf

Populati
on

%  
Deaf of 
Rural 
Pop.

Attock 271,092 342 0.126 1,003,843 2,190 0.218
Bahawal Nagar 392,801 423 0.107 1,668,646 3,530 0.211
Bhakkar 168,674 193 0.114 882,782 996 0.112
Bahawalpur 665,304 1,114 0.167 1,767,787 1,869 0.105
Chakwal 131,692 911 0.691 952,033 7,238 0.760
D.G Khan 228,839 163 0.071 1,414,279 1,571 0.111
Faisalabad 2,318,433 5,401 0.232 3,111,114 6,868 0.220
Gujrat 568,172 2,237 0.393 1,479,836 3,158 0.213
Gujranwala 1,719,038 2,174 0.126 1,681,902 1,989 0.118
Hafizabad 227,115 414 0.182 605,865 1,016 0.167
Jhang 662,990 1,191 0.179 2,171,555 5,053 0.232
Jhelum 259,330 417 0.16 677,627 1,772 0.261
Kasur 542,391 898 0.165 1,833,484 5,145 0.280
Khushab 228,969 530 0.231 676,742 1,833 0.270
Lahore 5,209,088 7,524 0.144 1,109,657 1,017 0.091
Layyah 144,203 199 0.137 976,748 1,216 0.124
Lodhran 170,088 181 0.106 1,001,712 1,376 0.137
MandiBahuddin 176,421 200 0.113 984,131 1,810 0.183
Mianwali 220,010 635 0.288 836,610 2,988 0.357
Multan 1,314,748 1,458 0.110 1,802,803 2,240 0.124
Muzaffargarh 341,345 288 0.084 2,294,558 2,331 0.101
Narrowal 154,386 199 0.128 1,110,711 1,732 0.155
Okara 514,408 634 0.123 1,718,584 2,049 0.119
Pakpatan 183,207 280 0.152 1,103,473 2,500 0.226
Rawalpindi 1,788,273 1,557 0.087 1,575,638 3,493 0.221
Rahim Yar Khan 616,582 2,357 0.382 2,524,471 10,320 0.408
Rajanpur 160,155 131 0.081 943,463 726 0.076
Sheikhupura 870,816 2,996 0.344 2,450,213 8,217 0.335
Sialkot 713,329 506 0.007 2,010,152 2,834 0.140
Sahiwal 301,990 299 0.099 1,541,204 1,957 0.126
Sarghoda 750,032 1,385 0.184 1,915,947 2,926 0.152
Tuba Tek Singh 305,411 1,048 0.343 1,316,182 4,373 0.332

Vehari 335,432 3,087 0.092 1,754,984 4,713 0.268
Grand total 22,654,764 41,372 0.182 48,898,736 103,046 0.214
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Table 7 Chi-Square Tests

Value Df
Asymp. Sig. 

(2-sided)

Pearson Chi-Square 1.631E3a 62 .000

Likelihood Ratio 1.641E3 62 .000

N of Valid Cases 143229

a. 32 cells (33.3%) have expected count less than 
5. The minimum expected count is .01.

Table 8: ANOVA

Sum of Squares df Mean Square F Sig.

VAR
00001

Between Groups 394.346 31 12.721 52.636 .000

Within Groups 34606.941 143197 .242

Total 35001.286 143228

VAR
00003

Between Groups 5236.386 31 168.916 1.004E3 .000

Within Groups 24090.280 143197 .168

Total 29326.666 143228
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Table 9. Descriptive Statistic of Deafness in Punjab Population

Descriptive  Statistic

N0. Mean

Std. 
Deviatio

n
Std. 

Error

95% Confidence 
Interval for Mean

Minimu
m

Maximu
m

District Lower 
Bound

Upper 
Bound

V

A

R

0

0

0

0

1

Attock 2533 1.4378 .49622 .00986 1.4185 1.4572 1.00 2.00

Bhakar 3953 1.4364 .49600 .00789 1.4209 1.4518 1.00 2.00

Khushab 2363 1.4380 .49625 .01021 1.4180 1.4580 1.00 2.00

Sialkot 3340 1.3835 .48632 .00841 1.3670 1.4000 1.00 2.00

Vehari 7800 1.4822 .49971 .00566 1.4711 1.4933 1.00 2.00

Toba Taik Singh 5421 1.5134 .49987 .00679 1.5001 1.5267 1.00 2.00

Sargodha 4311 1.3447 .47533 .00724 1.3305 1.3589 1.00 2.00

Sahiwal 2256 1.4238 .49426 .01041 1.4034 1.4442 1.00 2.00

Sheikhpura 11213 1.4634 .49868 .00471 1.4542 1.4726 1.00 2.00

RahimYarkhan 12677 1.4702 .49913 .00443 1.4615 1.4789 1.00 2.00

Rajanpure 857 1.5461 .49816 .01702 1.5127 1.5795 1.00 2.00

Rawalpindi 5050 1.2931 .45522 .00641 1.2805 1.3056 1.00 2.00

Pakpatan 2780 1.4745 .49944 .00947 1.4559 1.4930 1.00 2.00

Okara 2683 1.4152 .49285 .00951 1.3965 1.4339 1.00 2.00

Narowal 1931 1.4117 .49227 .01120 1.3897 1.4337 1.00 2.00

Muzafargarh 2619 1.3265 .46901 .00916 1.3085 1.3444 1.00 2.00

Multan 3698 1.4262 .49459 .00813 1.4102 1.4421 1.00 2.00

Mianwali 3623 1.4157 .49291 .00819 1.3996 1.4317 1.00 2.00

Mandibahawudin 2010 1.4771 .49960 .01114 1.4553 1.4990 1.00 2.00

Lodhran 1557 1.4014 .49034 .01243 1.3770 1.4258 1.00 2.00

Layyaha 1415 1.4261 .49469 .01315 1.4004 1.4519 1.00 2.00

Lahore 8541 1.3995 .48982 .00530 1.3891 1.4099 1.00 2.00

Kasure 6043 1.3358 .47229 .00608 1.3239 1.3477 1.00 2.00

Jehalum 2189 1.4217 .49394 .01056 1.4010 1.4424 1.00 2.00

Jhang 6244 1.3640 .48120 .00609 1.3521 1.3760 1.00 2.00

Gujranwala 4163 1.3791 .48521 .00752 1.3643 1.3938 1.00 2.00

Hafiz Abad 1430 1.4832 .49989 .01322 1.4573 1.5091 1.00 2.00

Gugrat 5395 1.4410 .49655 .00676 1.4277 1.4542 1.00 2.00

Bahwalpure 2982 1.4299 .49515 .00907 1.4121 1.4477 1.00 2.00

Faisal Abad 12269 1.4212 .49378 .00446 1.4125 1.4300 1.00 2.00

Chakwal 8149 1.4698 .49936 .00553 1.4589 1.4806 .00 2.00

DG Khan 1734 1.4043 .49089 .01179 1.3811 1.4274 1.00 2.00

Total 143229 1.4249 .49434 .00131 1.4223 1.4275 .00 2.00
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Figure: 1. Structure of Human Ear. (After: web site of Atlantic Coast Ear Specialists)
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Fig 2: cytogenetic Map Position of Human Non-Syndromic Deafness Loci

(After: (Hereditary Hearing Loss Homepage. 

http://dnalabwww.uia.ac.be/dnalab/hhh)
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Fig 3: Deafness Linked Genotypes in Varies Ethnic Groups of the Punjab 
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D10S1432

Fig 4: Rajput Family linked to DFN12
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Fig 5: The STR marker in known region D10S1694
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Fig 6: The STR marker in known region D10S606
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Fig 7: The STR marker in known region D10S1432
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Fig 8: Rana Family Linked to DFNB12
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Fig 9: The STR marker in known region D10S1694
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Fig 10: The STR marker in known region D10S606
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Fig 11: The STR marker in known region D10S1432
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Markers             
D10S1694
D10S 606
D10S1432

Fig 12: Pedigree of Jutt family linked to DFNB12
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Fig 13: The STR marker in known region D10S1694
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Fig 14: The STR marker in known region D10S606
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Fig 15: The STR marker in known region D10S1432
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Fig 16: Warya family Linked to DFNB12
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Fig 17: The STR marker in known region D10S1694
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Fig 18: The STR marker in known region D10S606
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Fig 19: The STR marker in known region D10S1432
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Fig 20: Pukhtoon family Linked to DFNB8\10
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Fig 21: The STR marker in known region D21S1225
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Fig 22: The STR marker in known region 994GCA50
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Markers
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Fig 23: Jutt Family Linked to DFNB8/10
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Fig 24:  The STR marker in known region D21S1225
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Fig 25:  The STR marker in known region 994GCA50
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Fig 26: Jutt Family linked to DFNB 29
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Fig 27: The STR marker in known region D10S2078
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Fig 28: The STR marker in known region D10S2080
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Fig 29: Rajputt family Linked to DFNB36
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Fig 30: The STR marker in known region D10S2870
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Fig 31: The STR marker in known region D10S3774
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Markers
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Fig. 32: Jarwar Family linked to DFNB37
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Fig 33: The STR marker in known region D6S1031
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Fig. 34: The STR marker in known region D6S1589
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Fig. 35: The STR marker in known region D6S286
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Fig 36: Number of Deaf People (in thousands) in Various Districts of the Punjab.
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Fig 37: Number of Deaf Male (in thousands) in Various Districts of the 

Punjab.
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Fig 38: Number of Deaf Female (in thousands) in Various Districts of the Punjab.
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Fig 39: Number of Deaf People (in thousands) in Rural areas of Various Districts of 

the Punjab.
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Fig 40: Number of Deaf People (in thousands) in Urban areas of Various Districts of 

the. Punjab
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