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Abstract A genome wide linkage analysis of nonsyn-
dromic deafness segregating in a consanguineous Paki-
stani family (PKDF537) was used to identify DFNB63,
a new locus for congenital profound sensorineural
hearing loss. A maximum two-point lod score of 6.98 at
� = 0 was obtained for marker D11S1337 (68.55 cM).
Genotyping of 550 families revealed three additional
families (PKDF295, PKDF702 and PKDF817) segre-
gating hearing loss linked to chromosome 11q13.2-
q13.3. Meiotic recombination events in these four
families deWne a critical interval of 4.81 cM bounded by
markers D11S4113 (68.01 cM) and D11S4162
(72.82 cM), and SHANK2, FGF-3, TPCN2 and CTTN
are among the candidate genes in this interval. Posi-
tional identiWcation of this deafness gene should reveal
a protein necessary for normal development and/or
function of the auditory system.
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Introduction

Nonsyndromic sensorineural hearing loss (NSHL) is a
genetically heterogeneous neurosensory disorder
(Marazita et al. 1993). So far, 52 recessive deafness loci
(DFNB) have been reported in peer reviewed journals
and 23 of the corresponding nuclear genes have been
cloned (Petersen and Willems 2006; Morton and Nance
2006). This is not surprising since approximately 1% of
the human protein-coding genes are thought to be neces-
sary for inner ear function (Friedman and GriYth 2003).

Consanguineous families segregating deafness in the
Pakistani population represent a rich genetic resource
for the identiWcation of the genes that will be helpful in
understanding the molecular and cellular biology of
hearing. To this end, we have ascertained approxi-
mately 800 Pakistani families segregating hearing loss
and we are conducting genome wide linkage screens on
families where the deafness is unlinked to reported loci
for inherited hearing loss. Here we report four families
in which deafness is linked to the DFNB63 locus on
chromosome 11q13.2-q13.3 (Fig. 1).

Materials and methods

Subject enrollment

Approval for this study was obtained from the Institu-
tional Review Board (IRB) at National Center of Excel-
lence in Molecular Biology, Lahore, Pakistan (FWA
00001758) and the NIDCD/NINDS IRB at the National
Institutes of Health, USA (OH-93-N-016). Written
informed consent was obtained from study participants
from the Punjab and Sindh provinces of Pakistan.
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Clinical evaluation

Families were evaluated for hearing loss by pure tone
audiometry using air and bone conductions (frequen-
cies ranging from 250 to 8,000 Hz). Clinical histories

were obtained from participating family members to
rule out obvious environmental causes of hearing loss
and physical evaluations were undertaken to verify
that deafness was nonsyndromic. Vestibular function
was evaluated in the Weld by testing tandem gait ability

Fig. 1 DFNB63 families a Chromosome 11 haplotypes in family
PKDF537. Filled symbols represent deaf individuals. The linked
haplotype is boxed in all generations. The STR markers and their
relative human genetic map positions in centiMorgans (cM)
according to MarshWeld human genetic map are shown along with
the pedigrees. Haplotype analysis of PKDF537 shows a linkage
region of 13.55 cM delimited by markers D11S4191 (60.09 cM)

and D11S1314 (73.64 cM). AVected individual VI:8 provided the
proximal recombination breakpoint at marker D11S4191
(60.09 cM). The distal breakpoint at marker D11S1314
(73.64 cM) was provided by aVected individual IX:2. b–d Pedi-
grees of three additional families PKDF702, PKDF295 and
PKDF817 are also segregating recessive deafness linked to the
DFNB63 interval on chromosome 11q13.2-q13.3
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and by using the Romberg test. A funduscopic exami-
nation was performed to rule out retinitis pigmentosa.

DNA isolation, genotyping and linkage analysis

Blood was obtained through venipuncture and geno-
mic DNA was extracted using a standard protocol
(Grimberg et al. 1989). Linkage to reported DFNB loci
was excluded using STR (short tandem repeat) mark-
ers (http://www.uia.ac.be/dnalab/hhh/). Genome wide
scans were performed using 388 Xuorescently labeled
microsatellite markers spaced at an average interval of
10 cM across the genome (ABI Prism Linkage Map-
ping Set, v2.5 Applied Biosystems). Markers were
ampliWed by the polymerase chain reaction (PCR) on a
Gene Amp PCR system 9700, analyzed on an ABI
Prism 3100 Genetic Analyzer and the alleles assigned
using Genescan and Genotyper (Applied Biosystems).

Lod score calculations

Lod scores were calculated using the FASTLINK com-
puter package (SchaVer 1996) and MLINK was used for
two-point lod scores. A fully penetrant recessive model
with no phenocopies and a disease allele frequency of
0.001 was assumed. Microsatellite markers positions and
map distances were derived from the MarshWeld genetic
map (http://www.research.marshWeldclinic.org/). Meiotic
recombination frequencies were considered to be equal
for males and females and allele frequencies for micro-
satellite markers were calculated by genotyping 100 unre-
lated unaVected individuals from the same population.

Candidate gene screening

Candidate genes in the DFNB63 interval on chromo-
some 11q13.2-q13.3 were identiWed using the UCSC
Genome Bioinformatics web browser (UCSC Genome
Bioinformatics: http://www.genome.ucsc.edu/) and were
initially selected for mutation screening on the basis of
their expression or function in the inner ear. Primers
used for PCR ampliWcation and subsequent sequencing
of SHANK2 were designed from the Xanking region of
each exon using Primer3 web utility (http://www.frodo.
wi.mit.edu/cgi-bin/primer3/primer3_www.cgi/). AmpliW-
cation, sequencing reactions and mutation analysis were
carried out as described previously (Shabbir et al. 2006).

Results

All aVected individuals in four Pakistani families
reported here displayed congenital bilateral profound

hearing loss. Although not rigorously tested using pos-
turography and a rotary chair, vestibular function
appeared to be normal in aVected individuals and clini-
cal evaluation suggested no skin or renal anomalies.
Funduscopic examinations of aVected individuals
showed no signs of retinitis pigmentosa. We therefore
concluded that no other disorder was co-segregating
with hearing loss in these four families.

Deafness segregating in family PKDF537 was not
linked to the reported recessive deafness loci. There-
fore, a genome wide linkage analysis was undertaken
and deafness segregating in family PKDF537 showed
initial evidence of linkage to chromosome 11q12.2-q13.4.
Additional markers were genotyped and haplotype
analysis revealed a 13.55 cM interval of homozygosity
delimited by markers D11S4191 (60.09 cM) and
D11S1314 (73.64 cM; Fig. 1). A maximum two-point
lod score (Zmax) of 6.98 at recombination fraction � = 0
was obtained for the marker D11S1337 (68.55 cM;
Table 1). DFNB63 linked STR markers were used to
screen 550 Pakistani families segregating recessive
deafness. During this screening, deafness in three addi-
tional families (PKDF295, PKDF702 and PKDF817)
was found to be linked to DFNB63 (Fig. 1; Table 1).
The proximal boundary was given by the marker
D11S4113 (68.01 cM) in PKDF817, whereas PKDF702
provided a distal breakpoint at marker D11S4162
(72.82 cM) deWning a critical interval of 4.81 cM
(2.13 Mb; Fig. 2).

Discussion

Haplotype analysis of four chromosome 11q13.2-q13.3
linked families revealed a 4.81 cM region of homozygos-
ity for DFNB63. Families PKDF702 and PKDF817 were
presumed to be unrelated but have the same haplotype
across this interval. Families PKDF295 and PKDF537
each have unique haplotypes across this region, and
probably harbor diVerent mutant deafness alleles. Thus
there are three distinct haplotypes across the four fami-
lies. The maximum two point lod scores were obtained
for diVerent markers except for PKDF702 and PKD
F817, indicating a possible involvement of more than
one deafness causing genes in DFNB63 linked families.
The DFNB63 locus does not overlap with reported
chromosome 11 deafness loci that include DFNB2/
USH1B/DFNA11 (Weil et al. 1997), DFNB18/USH1C
(Ahmad et al. 2002), DFNB20 (Moynihan et al. 1999),
DFNB21/DFNA8 (Mustafa et al. 1999), DFNB24 (R.
Smith, personal communication), DFNB51 (Shaikh
et al. 2005) and Jervell and Lange-Nielsen syndrome
type 1 (JLNS1) (Neyroud et al. 1997).
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Among the candidate deafness genes in the critical
DFNB63 interval are SHANK2, FGF-3, TPCN2 and
CTTN. The scaVold protein SHANK2, which has a
SH3 (Src homology 3) domain, a PDZ domain and
seven ankyrin repeats, is involved in intracellular sig-
naling cascades and protein–protein interactions
(Han et al. 2006). We sequenced the 24 coding and
noncoding exons of SHANK2 in four families, but a
mutation was not found. Based on their domain con-
tent and expression in the inner ear additional genes
will be screened for mutant alleles associated with
DFNB63.

In the mouse embryo Fgf3 is expressed in the inner
ear, cerebellum, retina and teeth of mouse embryo
(Wilkinson et al. 1989) and mice homozygous for a

targeted disruption of Fgf3 have developmental defects
of the inner ear and tail (Mansour et al. 1993). Another
candidate, two-pore segment channel 2 (TPCN2),
encodes a Ca2+/Na+ cation channel (Huang et al. 2006).
Several ion channels and pumps are necessary to main-
tain the endocochlear potential and the unique ionic
composition of the endolymph (Kubish et al. 1999;
Kharkovets et al. 2000; Marcus et al. 2002; Wange-
mann et al. 1995).

Mapping a new locus for nonsyndromic recessive
deafness to chromosome 11 in four Pakistani families
emphasizes the genetic heterogeneity of this disorder.
The identiWcation of the gene responsible for deafness
linked to DFNB63 is expected to deepen our under-
standing of the hearing process.

Fig. 2 DFNB63 linkage inter-
vals of hearing loss in families 
PKDF295, PKDF537, 
PPKDF702 and PKDF817 on 
human chromosome 11q12.2-
q13.4. STR markers are repre-
sented by Wlled circles. The sex 
averaged recombination dis-
tances in cM and in Mb are 
indicated along with STR 
markers. Cytogenetic local-
izations of some candidate 
genes in this interval are indi-
cated. The genetic linkage dis-
tances are from the Center for 
Medical Genetics, MarshWeld 
Medical Research Foundation 
Web site (http://
www.research.marshWeldclin-
ic.org/genetics). The Mb posi-
tions of markers and genes are 
from the May 2004 NCBI 
build 35 at http://www.ge-
nome.cse.ucsc.edu/cgi-bin/
hgGateway

Table 1 Two point lod scores
for DFNB63 families

Markers MarshWeld
map position 
(cM)

Recombination fraction � = 0

PKDF295 PKDF537 PKDF702 PKDF817

D11S4191 60.09 ¡4.34 ¡4.34 ¡4.34 –
D11S987 67.48 3.02 6.43 ¡4.34 –
D11S4113 68.01 4.26 6.43 2.25 ¡2.91
D11S1337 68.55 2.23 6.98 3.03 2.31
D11S4136 71.60 3.25 6.43 3.76 4.87
D11S971 71.60 2.42 3.44 3.03 0.55
D11S4139 72.82 4.27 6.43 3.75 4.40
D11S4162 72.82 2.84 4.66 1.67 4.40
D11S1314 73.64 ¡4.34 ¡4.34 ¡4.34 ¡4.34
D11S4207 76.13 ¡4.34 ¡4.34 ¡0.5 ¡4.34
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