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Introduction
Hearing Impairment (HI) affects one in 500 newborns, making it the most common congenital sensory disorder worldwide. Despite extraordinary genetic heterogeneity in the
complex synchronization of the hearing process, mutation in
one gene, the gap junction beta 2 (GJB2) gene encoding the
connexin 26 protein, accounts for more than 50% of inherited
hearing loss across various populations in the world (Morton
and Nance 2006).
Our present study was aimed at understanding the contribution of GJB2 mutations to nonsyndromic hearing loss
in a special cohort of assortatively mating HI individuals
and their families from the state of Kerala in southern India.
A comprehensive approach of screening the extended families of the HI mates for studying the mutation transmission pattern was also attempted. Eight such families were
screened for the presence of GJB2 mutations by sequencing. While the p.W24X mutation was predominant among
the GJB2 mutations being present in five families, p.W77X,
p.Q124X c.IVS1+1G>A, and a relatively rare p.I35S, also
played a key role in hearing loss in these families. Four of
these families have HI offspring and in two, the mates are
carrying different GJB2 mutations, highlighting the probable
role of compound heterozygosity and assortative mating in
future incidence of hearing loss in Kerala, India.

Materials and methods
Subjects

Assortatively mating HI families were identified through
adult organizations and associations for the HI in Kerala,

India. Only those families in which the proband was prelingual HI and married to a partner who was either of normal hearing status (deaf × normal, or D×N in short) or was
also prelingual HI (deaf × deaf, or D×D in short), where at
least two generations of family members are available for the
study were included. Written informed consent was obtained
from all participants in every family prior to their participation in the study. The Institutional Human Ethical Committee of the University of Madras, Chennai, India, approved
the study. Detailed family pedigrees were drawn. Information on consanguinity, age at onset of hearing loss, detailed
prenatal and perinatal history, use of ototoxic drugs (aminoglycosides), etc. was obtained through a detailed questionnaire. Attitudinal preferences of the HI mates as well as the
hearing partner in each of the family towards choice of mate,
hearing status of their child/children, mode of communication and genetic testing were also obtained through a questionnaire. Where both the mates were HI, information was
obtained from at least two speaking relatives from the same
generation or with the help of a sign language expert in our
team. Pretest counselling was provided to each of these families prior to testing. The HI probands were evaluated by
pure tone audiometry. Eight assortatively mating HI families
(four D×D and four D×N families) with overall 44 members, including 20 affected members, were screened during
this study. All the available family members in each of these
families irrespective of their hearing status were included in
the initial screening procedure for p.W24X mutation along
with the proband, in order to understand the mutation transmission pattern among the family members as well as their
mutation status for this common mutation. Eight millilitres
of blood was drawn from each member and was processed
further for GJB2 mutations screening.

∗ For correspondence. E-mail: crsrikumari@gmail.com.

Keywords. GJB2 mutations; connexin 26 protein; assortative mating; hearing impairment; noncomplementary mating; Kerala.
Journal of Genetics, Vol. 93, No. 1, April 2014

207

Amritkumar Pavithra et al.
GJB2 mutation analysis

Genomic DNA was extracted by standard phenol–
chloroform method (Sambrook et al. 1989). The presence
of p.W24X mutation, the most prevalent mutation in south
Indian HI population, was initially screened using PCRRFLP method previously described by Ramshanker et al.
(2003). The coding region of GJB2 gene (exon 2) was PCRamplified using primers GJB2-EX2-1F (5 -TCT CCC TGT
TCT GTC CTA GC-3 ) and GJB2-EX2-1R (5 -GAC AGC
ATG AGA GGG ATG AG-3 ) under similar conditions
as above. Amplification of the first (noncoding) exon and
the flanking donor splicing site was carried out using the
Advantage-GC Genomic PCR kit (Clontech, Mountain View,
USA) and PCR primers EXON 1A (5 -TCC GTA ACT TTC
CCA GTC TCC GAG GGA AGA GG-3 ) and EXON 1M
(5 -CCC AAG GAC GTG TGT TGG TCC AGC CCC-3 )
with conditions previously described by Ramshanker et al.
(2003), for all the hearing impaired probands. The amplified
R
PCR purification
products were purified using QIAquick
kit (Qiagen, Valencia, CA, USA). Bidirectional sequencing
of the purified PCR products were carried out applying the
same set of primers and ABI Prism Big-Dye Terminator
3.1 cycle sequencing reaction kit on an ABI 3730 automated sequencer (Applied Biosystems, Foster City, USA).
The chromatogram sequences obtained were compared
with the GJB2 sequence in National Center for Biotechnology Information (NCBI: http://www.ncbi.nlm.nih.gov/) to
identify the nucleotide base-pair changes.

Results
The ascertained eight unrelated assortatively mating HI families were natives of Kerala, with five of these families (two
D×D and three D×N families) having family history of nonsyndromic hearing loss. All the probands and affected members in the families exhibited severe (61–80 dB) to profound
(>81 dB) bilateral sensorineural hearing loss.
Only one out of the eight families showed consanguinity. The attitudinal preferences of both hearing as well as the
hearing impaired mates are summarized in table 1. While
seven families (four D×D and three D×N) showed the presence of GJB2 mutations among the probands, five of these

families (three D×D and two D×N) showed the presence
of p.W24X mutation, in either homozygous or heterozygous
condition, indicating this to be the most common mutation
among the GJB2 mutations.
Among the four D×D mating families with GJB2 mutations, two of the families (DXDTVC22 and DXDTVC23)
have shown noncomplementary mating for GJB2 mutations,
resulting in HI offspring due to compound heterozygosity
(figure 1, a and b). None of these matings were consanguineous. In family DXDTVC22, out of 10 members tested,
five had profound bilateral nonsyndromic sensorineural hearing loss (NSSNHL). Four out of the five hearing members
were heterozygous (carriers) for p.W24X mutation (table 2).
In family DXDTVC23, out of five members tested, four had
profound bilateral NSSNHL. The younger brother of the HI
wife who is the only hearing member tested in this family,
was a heterozygous carrier of p.W24X mutation (table 2).
In the third D×D family with GJB2 mutations, the HI husband as well as the normal hearing elder daughter was heterozygous for p.W24X mutation, while the HI wife and their
normal hearing younger son did not have any of the GJB2
mutations. In the fourth family, only the HI wife showed
c.IVS1+1G>A mutation in heterozygous condition, with the
absence of any mutation in the coding exon.
Among the three D×N families with GJB2 mutations, one
family (DXNTVC18) had consanguineous marriage (first
cousin) with one HI offspring. The proband was homozygous for p.Q124X mutation, while his hearing wife was a
heterozygous carrier of the same. The couple’s HI son was
homozygous for p.Q124X mutation, while their normal hearing daughter was a carrier of the same mutation (figure 1).
Proband’s normal hearing eldest brother did not carry this
mutation (table 2).
In the second DxN family with GJB2 mutations
(DXNTVC22), the proband (figure 2, II-12) was homozygous for p.W24X mutation. As her husband had died several
years ago, he could not be screened in our study. Proband’s
son, his wife and their first son, all with normal hearing status, were heterozygous carriers of p.W24X mutation, while
their HI second son was homozygous for the same mutation.
The proband and her affected sister (II-9) were both married
to the same individual (II-3). The elder son of the first wife
was also a heterozygous carrier of p.W24X mutation, while

Table 1. Attitudinal preferences of the eight assortative mating HI families.

Information on attitudinal preferences
Prior knowledge on genetic
testing for hearing impairment
Choice of mate:
Only hearing impaired
Only normal hearing
Desire to have normal hearing offspring
Desire to have HI offspring only
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D×D
HI (n = 8)

D×N
HI (n = 4)

Hearing (n = 4)

Nil

Nil

Nil

8
Nil
7
1

2
2
4
Nil

2
2
4
Nil
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Figure 1. (a) Pedigree of DXD TVC 22 family along with partial sequence chromatograms showing segregation of GJB2 mutations. (b)
Pedigree of DXDTVC 23 family along with partial sequence chromatograms showing segregation of GJB2 mutations. (c) Pedigree of
DXDTVC 18 family along with partial sequence chromatograms showing segregation of GJB2 mutations.
Table 2. Genotype–phenotype correlation for GJB2 gene mutations in DXDTVC 22, DXDTVC 23 and DXNTVC 18 families.
Mating pattern/ID

Individual ID and relationship

GJB2 mutation

Phenotype

DXDTVC 22

IV-8 (husband)
IV-5 (wife)
V-8 (I daughter)
V-9 (II daughter)
III-3 (father of IV-8)
IV-7 (elder sister of IV-8)
V-11 (younger sister of IV-8)
V-6 (daughter of IV-7)
V-10 (daughter of IV-11)
V-11 (son of IV-11)
II-7 (husband)
II-16 (wife)
III-10 (son)
III-11 (daughter)
II-17 (brother of II-16)
III-9 (proband)
III-14 (wife)
IV-10 (son)
IV-11 (daughter)
III-1 (elder brother of III-9)

W24X/W24X
W77X/Q124X
W24X/W77X
W24X/Q124X
W24X/wt
W24X/W24X
W24X/wt
W24X/wt
W24X/wt
W24X/wt
W24X/W24X
W77X/I35S
W24X/W24X
W24X/I35S
W24X/wt
Q124X/Q124X
Q124X/wt
Q124X/Q124X
Q124X/wt
wt/wt

Profound bilateral SNHL
Profound bilateral SNHL
Profound bilateral SNHL
Profound bilateral SNHL
Normal
Profound bilateral SNHL
Normal
Normal
Normal
Normal
Profound bilateral SNHL
Profound bilateral SNHL
Profound bilateral SNHL
Profound bilateral SNHL
Normal
Profound bilateral SNHL
Normal
Profound bilateral SNHL
Normal
Normal

DXDTVC 23

DXNTVC 18

SNHL, sensory neural hearing loss.
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Figure 2. Five generational pedigree of DXN TVC 22 family.

his wife and their elder daughter did not have this mutation
(figure 2).
In the third D×N family with GJB2 mutations, the proband as well as his normal hearing elder daughter were heterozygous for p.W24X mutation. Non pathogenic p.R127H
allele was found in one hearing impaired and two normal
hearing individuals in these eight assortatively mating families (figure 1, a–g in electronic supplementary material at
http://www.ias.ac.in/jgenet/).

Discussion
Assortative mating is classically defined as the selection of
a mate with preference for (or aversion to) a particular trait,
a form of nonrandom mating (http://www.biology-online.
org/dictionary/Assortativemating). According to The AmeriR
Steadman’s Medical Dictionary, it is defined
can Heritage
as nonrandom mating in which individuals mate preferentially according to phenotype. A clinically important aspect
of assortative mating is the tendency to choose partners with
similar medical problems, such as hearing impairment, blindness or dwarfism (achondroplasia). Under such a scenario,
the expectations of Hardy–Weinberg equilibrium cannot be
applied because the genotype of the mate at the disease locus
will not be determined by the allele frequencies found in the
general population (Nance and Kearsey 2004).

Matings among the HI are well recognized and this may
represent one of the most common genetic traits in which
an altered mating structure occurs in the human populations
(Morton 2002). In the HI population, it could be the preference of a HI individual to marry another HI individual
(D×D) or a HI individual opting for a normal hearing individual as a partner (D×N), with hearing impairment forming
the basis for selection or nonselection as a mate.
From the distribution of deaf and hearing offspring in the
D×D mating, segregation analysis permits estimation of the
proportion of these marriages that can have only deaf children (noncomplementary mating), the proportion that can
have only hearing children (complementary mating), and the
remaining proportion capable of producing both deaf and
hearing children. Noncomplementary mating refers to marriage between individuals who are homozygous for recessive alleles at the same locus, and can therefore produce only
deaf offspring, while complementary mating include those
marriages where both the mates have nongenetic deafness
or one mate has nongenetic deafness and the other mate has
recessive deafness, or both the mates have recessive alleles
at different loci (Nance et al. 2000; Arnos et al. 2008).
In our present study, among the four D×D families, we
observed noncomplementary mating in two D×D families
resulting in all HI offspring. Interestingly, the HI couples
were carrying different GJB2 mutations, highlighting the role
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of assortative mating and compound heterozygosity in the
incidence of hearing loss in the next generation.
We also observed the role of consanguinity in the incidence of nonsyndromic hearing loss. In a D×N family
(DXNTVC18), consanguinity between the mates had
resulted in a HI offspring while in another D×N family
(DXNTVC22), the consanguineous marriage in the offspring
generation has resulted in hearing impairment in the third
generation. Looking at the five generational pedigree of this
family, this mutation seems to have descended from the
parents of the proband.
Consanguineous marriage is a tradition that is commonly
practiced among Asian, African and Latin American communities. The offspring of consanguineous marriages have
a significantly higher incidence of autosomal recessive diseases including hearing impairment. Marriages within the
family increase the risk of hearing impairment and other diseases (Reddy et al. (2006). In a study by Reddy et al. (2006)
on consanguinity and deafness in south Indian population,
they have observed that the rate of consanguinity in general
population was 22.36% while the rate of consanguinity was
almost double (41.72%) among the parents of children with
hearing impairment. Our present study on assortative mating HI families has also made observation on consanguinity’s role in future incidence of hearing impairment and the
outcome has been of importance.
While consanguinity leads to an increase in identity
by descent for all loci indiscriminately, assortative mating
with recessive genes expressed phenotypically can create
‘gametic phase disequilibrium’, i.e., nonrandom association
and gametic transmission of potentially very rare alleles at
unlinked loci (genocopies) that have similar effects on the
phenotype. Thus the effect of assortative mating among the
deaf is limited to genes for deafness, in which it preferentially
increases the frequency of the commonest form of recessive
deafness in a population (Nance and Kearsey 2004).
Our present study has focussed on the role of GJB2
mutations in the incidence of hearing impairment among
the assortative mating families (genotype–phenotype profiles
for the families are provided in table 1 of the electronic supplementary material). While p.W24X mutation is predominant among the GJB2 mutations, being present in five of
the eight families, p.W77X, p.Q124X, c.IVS1+1G>A and
p.I35S, have played a key role in the incidence of hearing
loss in these families. These mutations have previously been
reported by Kelsell et al. (1997), Scott et al. (1998) and Mani
et al. (2009) in south Indian families. High prevalence of
p.W24X mutation among our HI families from Kerala is consistent with the previous study in the same population by
Joseph and Rasool (2009), who have also reported a high
carrier frequency of W24X mutation (0.0357) in this population. Their study has also observed a conservation of haplotypes surrounding the W24X mutation suggesting a founder
effect for this mutation in this population. While their study
reported only p.W24X and a novel mutation, p.R32L among
86 HI subjects, we have observed five different mutations
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of GJB2 gene (p.W24X, p.W77X, p.Q124X, c.IVS1+1G>A
and p.I35S) in seven of the eight assortatively mating
families, highlighting the high frequency of GJB2 mutations
in this population as well as the impending need to screen
more such families comprehensively in this region. Further,
a large cohort study is needed to understand the distribution
of certain rare mutations like p.I35S among HI, as well as
their carrier status in the normal population. We also tried to
understand the attitudinal preferences of both the HI mates
as well as the normal partners in these families. Interestingly,
all the HI mates in D×D mating wanted only a HI partner
while 11 out of 12 HI mates preferred a hearing child as offspring. Although deaf culture is a widely prevalent culture
among the HI in the west, it is not evident in these families. A
detailed study on a larger cohort focussing on finer aspects of
the deaf culture would give a more comprehensive view from
Indian perspective. We also provided post-test counselling to
each of the tested members in these families along with a
detailed report on their GJB2 mutation status. This exercise,
we felt is an important aspect of genetic education for the
young HI members as well as hearing carriers of GJB2 mutations, as this would enable them to make an informed choice
of prospective mate, especially when there is consideration
for a HI mate / consanguineous marriage.
The prime contributing factor for the incidence of noncomplementary mating in our study could be the high prevalence of GJB2 mutations in this region, which needs to be
systematically screened and recorded for appropriate genetic
counselling/education programmes.
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