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Autosomal recessive deafness 1A (DFNB1A)
in Yakut population isolate in Eastern Siberia:
extensive accumulation of the splice site mutation
IVS1+1G4A in GJB2 gene as a result of founder effect

Nikolay A Barashkov1, Lilya U Dzhemileva2, Sardana A Fedorova1, Fedor M Teryutin1,3, Olga L Posukh4,5,
Elvira E Fedotova3, Simeon L Lobov2 and Elza K Khusnutdinova1,2

Hereditary forms of hearing impairment (HI) caused by GJB2 (Cx26) mutations are the frequent sensory disorders registered

among newborns in various human populations. In this study, we present data on the molecular, audiological and population

features of autosomal recessive deafness 1A (DFNB1A) associated with the donor splicing site IVS1+1G4A mutation of GJB2

gene in Yakut population isolate of the Sakha Republic (Yakutia) located in Eastern Siberia (Russian Federation). The Yakut

population exhibits high frequency of some Mendelian disorders, which are rare in other populations worldwide. Mutational

analysis of GJB2 gene in 86 unrelated Yakut patients with congenital HI without other clinical features has been performed. In

this study, we registered a large cohort of Yakut patients homozygous for the IVS1+1G4A mutation (70 unrelated deaf subjects

in total). Detailed audiological analysis of 40 deaf subjects with genotype IVS1+1G4A/IVS1+1G4A revealed significant

association of this genotype with mostly symmetrical bilateral severe to profound HI (85% severe-to-profound HI versus 15%

mild-to-moderate HI, Po0.05). The highest among six investigated Eastern Siberian populations carrier frequency of the

IVS1+1G4A mutation (11.7%) has been found in Yakut population. Reconstruction of 140 haplotypes with IVS1+1G4A

mutation demonstrates the common origin of all mutant chromosomes found in Yakuts. The age of mutation was estimated

to be approximately 800 years. These findings characterize Eastern Siberia as the region with the most extensive accumulation

of the IVS1+1G4A mutation in the world as a result of founder effect.
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INTRODUCTION

Congenital deafness is one of the most frequent sensory disorders
which accounts for about 1 in 1000 newborns, and approximately half
of all cases have a genetic etiology.1 Hereditary forms of hearing
impairment (HI) are characterized by clinical polymorphism and
genetic heterogeneity. To date, 114 loci and 55 genes have been
described for inherited non-syndromic HI. About 75% of non-
syndromic deafness cases are inherited as an autosomal recessive
trait, 10 to 15%—as autosomal dominant, low portion are X-linked
and some cases are caused by mitochondrial DNA mutations.2 One of
the main forms of non-syndromic HI is autosomal recessive deafness
1A (DFNB1A, MIM ID#220290) caused by mutations in gene GJB2
(13q11–q12), including digenic (GJB2/GJB6 and GJB2/GJB3) muta-

tions in two genes GJB6 and GJB3 in chromosomal regions 13q12 and
1p35.1, respectively.3 The genes GJB2, GJB6 and GJB3 encode gap-
junction proteins connexins 26, 30 and 31, respectively, that oligomerize
to hexamers to form transmembrane channels for the potassium ions
being recycled across supporting cells in an inner ear. Main cause
of DFNB1A in various human populations are GJB2 mutations,
and GJB6 and GJB3 mutations are less prevalent.4,5 To date, about
150 different mutations (mostly recessive), polymorphic variants and
changes in nucleotide sequence of GJB2 gene with unknown relation
to the disease have been reported.6 The mutation c.35delG has been
found to occur with high frequency in populations of Europe, Middle
East and Northern America (predominantly among Caucasians).7–14

The mutation c.235delC has been registered mainly in East Asian
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populations (Japanese, Korean and Chinese); and also has been found
among Thais (Southeast Asia), Mongolians (Central Asia) and
Altaians (South Siberia).15–21 The mutation c.167delT is specific for
Ashkenazi Jews and is sporadically found in some other populations.22

Mutation p.Trp24X is widespread in India23 and in Romany (Gypsy)
population (Eastern Europe).24 Mutation p.Arg143Trp is a major
mutation in Ghana (West Africa),25 and mutation p.Val37Ile has the
greatest prevalence among the populations of Southeast Asia (Thai-
land).21

In all, 15–20 cases of congenital/early onset HI in 14 000–15 000 live
births (B1:900–1:750 newborns) are detected per year in the Sakha
Republic (Yakutia) located in Eastern Siberia (that is an extensive
Asian part of territory of the Russian Federation). According to the
epidemiological data, high rate of congenital HI is caused by some
hereditary forms of deafness spread in indigenous populations of
Sakha Republic.26 The main indigenous people of the Sakha Republic
and the largest aboriginal population of Siberia is represented by
Turkic-speaking Yakuts (originally named as the Sakha), whose
population amounts to 432 290. The Yakuts are characterized
by specific anthropological, demographic, linguistic and historical
features indicative of their relationships to nomadic Turkic tribes of
South Siberia and Central Asia.27,28 The genetic data revealed a
relatively small size of Yakut ancestor population and the strong
bottleneck effect in the Yakut paternal line (B80% of Y chromosomes
of Yakuts belong to one haplogroup—N1c).29,30 Marriage traditions
and geographical isolation had a significant role in genetic and
demographic history of the Yakut population.31 Moreover, high
frequency of some Mendelian disorders in the Yakut population was
found to be a result of founder effect.32–36 Preliminary mutational
analysis of the coding region of GJB2 gene in deaf patients from the
Sakha Republic revealed the presence of GJB2 mutations in 50.1% of
Caucasian patients (Russians, Ukrainians, Ingush) and only in 7.2% of
Asian patients (predominantly Yakuts).37 We suggested that high
prevalence of congenital HI in the Sakha Republic may be caused by
mutations in non-coding region of GJB2 gene or in other genes
responsible for hereditary forms of deafness among Yakuts.

In this study, we present data on the molecular, audiological and
population features of autosomal recessive deafness 1A (DFNB1A)
associated with the donor splicing site IVS1+1G4A mutation of GJB2
gene in the Sakha Republic.

MATERIALS AND METHODS

Patients
Data on individuals with HI were obtained from the Republican Hospital No 1,

National Medical Centre, Ministry of Public Health of the Sakha Republic, and

collected from the students of the Republican special residential schools for the

deaf and hearing impaired children (Yakutsk, Russian Federation). We ascer-

tained 114 patients with HI. In all, 28 subjects were excluded from the study, as

they had syndromic, unclassified forms of HI, as HI associated with malforma-

tions, or HI due to evident environmental causes (Supplementary table).

Among 86 unrelated patients with non-syndromic hearing loss included in

the study, 46 (53.4%) individuals were males and 40 (46.5%) were females. All

patients were Yakuts aged 0–44, in average 17±9.05 years old. Autosomal

recessive inheritance of the disease occurred in 30 families, including 11 families

with affected siblings and 19 with other relatives. Inheritance type of HI was not

identified in 47 families due to the absence of known cases of deafness among

the relatives, hence these cases were considered as sporadic. Assortative

marriages between deaf parents were observed in nine families, and in these

cases, the type of inheritance could not be identified. Therefore, the clinical and

genealogical analysis demonstrated mainly autosomal recessive inheritance of

disease and the absence of obvious autosomal dominant forms of HI among

examined patient’s group.

Audiological analysis
We collected audiometric data on 40 patients with genotype IVS1+1G4A/

IVS1+1G4A. Audiograms from available medical documents were analyzed

retrospectively for each ear separately. All 40 patients (80 ears) underwent

otoscopic examination, tympanometry (Tympanometer AT-235, Interacoustics,

Assens, Denmark) and audiometric testing. In most cases (34 patients), hearing

thresholds were determined by pure-tone audiometry, using a clinical tonal

audiometer GSI 60 (Grason-Stadler, Madison, WI, USA) in a soundproof room

according to current clinical standards. Hearing thresholds for six patients

(children aged 0–6 years) were determined by electrophysiological measure-

ments of the auditory steady-state response and auditory evoked potential

using ‘GSI Audera’ (Grason-Stadler). Air-conduction thresholds were obtained

at 0.125, 0.25, 0.5, 1, 2, 4 and 8 kHz. Severity of hearing loss was defined as

mild (25–40 dB), moderate (41–70 dB), severe (71–90 dB) or profound (above

90 dB). Data on hearing thresholds for 49 ears of patients with hearing ability

up to 4–8 kHz were used for detailed analysis.

Mutation analysis of GJB2 gene in patients
The blood samples were obtained from 86 unrelated Yakut patients with non-

syndromic HI, and from their siblings and/or their parents. The genomic DNA

was extracted from lymphocytes of peripheral blood. Amplification of the

coding exon 2 and flanking intronic regions was performed using the following

primers: Cx26A-U/Cx26U-L (forward 5¢-TCTTTTCCAGAGCAAACCGC-3¢,
reverse 5¢-GACACGAAGATCAGCTGCAG-3¢) (285 bp),7 Cx342U/Cx739-L

(forward 5¢-AGGCCGACTTTGTCTGCAACA-3¢, reverse 5¢-GTGGGCCGGGA

CACAAAG-3¢) (415 bp),9 5¢-TATGTCATGTACGACGGCT-3¢, 5¢-TCTAACA

ACTGGGCAATGC-3¢ (239 bp).8 Amplification of the non-coding exon 1 and

flanking intronic regions was performed using primers Ex1-F/Ex1-R (forward

5¢-CCGGGAAGCTCTGAGGAC-3¢, reverse 5¢-GCAACCGCTCTGGGTCTC-3¢),

with the addition of 10% Betaine (Sigma-Aldrich, St Louis, MO, USA).38

The products of PCR were subjected to direct sequencing using the same

primers on ABI PRISM 3130XL (Applied Biosystems, USA).

Carrier frequency of IVS1+1G4A mutation
Molecular screening for mutation IVS1+1G4A of GJB2 gene was performed

using PCR–restriction fragment length polymorphism analysis (HphI). In all,

423 DNA samples of hearing individuals from six populations of Yakutia,

Yakuts (n¼120), Dolgans (n¼43), Evenks (n¼80), Evens (n¼50), Yukaghirs

(n¼50) and Russians (n¼80), were obtained from the DNA Bank of the

Department of Molecular Genetics of Yakut Research Center of Complex

Medical Problems of RAMS (Yakutsk, Russian Federation). These samples

were tested only for either presence or absence of the IVS1+1G4A mutation as

described in legend to Figure 1. The results of this testing remained completely

anonymous.

Haplotype analysis
DNA samples of 70 unrelated deaf patients homozygous for IVS1+1G4A

mutation and DNA samples of 106 unrelated individuals without this mutation

were used for the haplotype analysis. All patients were Yakuts originated from

various regions of Sakha Republic. Eight polymorphic microsatellite markers:

D4S189, D13S1316, D13S141, D13S175, D13S1853, D13S143, D13S1275, D13S292

and two single-nucleotide polymorphism (SNPs), rs2274083 (p.Val27Ile) and

rs2274084 (p.Glu114Gly), were used for the linkage disequilibrium analysis.

All markers and primers were selected using the appropriate databases Enseble

dated June–July 2009 (http://www.ensembl.org/index.html) and NCBI dated

June–July 2009 (http://www.ncbi.nlm.nih.gov/unists/). The amplified pro-

ducts were resolved on 10% polyacrylamide gel with ethidium bromide

staining under ultraviolet light to verify size and quantity. Genotyping of

SNPs, rs2274083 (p.Val27Ile) and rs2274084 (p.Glu114Gly), was performed

using PCR–restriction fragment length polymorphism analysis (Fok I and

Tas I).21 The PCR–restriction fragment length polymorphism products were

resolved on 8% polyacrylamide gel with ethidium bromide staining under

ultraviolet light to verify size and quantity. The total physical distance of the

GJB2 gene region flanking with examined markers was B4.6 Mb base pair

(Figure 4).
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Mutation age
The age of the mutation IVS1+1G4A was estimated using the following

equation

q ¼ log½1 �Q=1 � PnÞ�=logð1 � yÞ;
where Q is an observed frequency of disease chromosomes not carrying the

progenitor marker allele; Pn, an observed frequency of marker allele in normal

chromosomes; q, a number of generations; and y, a recombination rate. For

estimation of mutation age, we have used data on the distal marker D13S143

linkage with founder haplotype. On the basis of distance from D13S143 to

IVS1+1G4A (B1.5 Mb), and considering a linear relationship of

1 cM¼1000 kb, the calculated recombination rate (y) is 0.015 per generation.

Values of the parameters used were Q¼0.062, Pn¼0.84, y¼0.015. Generation

time was estimated to be 25 years.

Statistical analyses
Differences in IVS1+1G4A mutation frequencies between the studied groups

(95% credible interval) were computed with the program ‘Sampling’ kindly

provided by V Macaulay and adapted by M Metspalu (Estonian Biocentre,

Tartu, Estonia). Differences between groups of examined eight polymorphic

microsatellite and two SNPs markers were tested with w2-statistics. P-values

are o0.05 were considered as statistically significant. To evaluate the linkage

disequilibrium, we used the algorithm suggested earlier.39

RESULTS

Identification of donor splicing site GJB2 mutation IVS1+1G4A in
Yakut patients
The non-coding exon 1 and coding exon 2 and flanking regions of
GJB2 gene were analyzed by sequencing. No mutations of GJB2 gene
were found in 10 patients. In 70 out of 86 unrelated patients with non-
syndromic HI, we found a homozygous G4A transition in intron 1
known as donor splicing site �3170 G4A (IVS1+1G4A) mutation
corresponding to the AUG translation-initiating codon.40,41 Six

patients were compound heterozygotes for IVS1+1G4A and other
mutations or polymorphisms in coding region of GJB2 gene
(c.35delG, p.Val27Ile, p.Val27Ile+p.Glu114Gly). Detection of the
IVS1+1G4A mutation is shown in Figure 1.

Audiological analysis of 40 patients with genotype
IVS1+1G4A/IVS1+1G4A
Audiometric examinations of 40 patients homozygous for the
IVS1+1G4A mutation were based on the retrospective analysis from
the available medical documents. In all, 85% of patients demonstrate
severe to profound HI; 14%, moderate and 1%, mild hearing loss
(Figure 2a). A slight asymmetry between two ears of each patient
(difference in pure-tone averages (PTA)0.5, 1, 2, 4 kHzp15 dB) was found
in eight patients (20%), and difference in PTA0.5, 1, 2, 4 kHz between two
ears equal to 20 dB was observed only in three patients (7.5%).
According to their audiological characteristics, we subdivided all
examined patients into two subgroups. First subgroup included 49 out
of 80 examined ears, which demonstrated the hearing ability in the
range from 0.125 to 4 kHz (all 49 ears) or from 0.125 to 8 kHz (30 ears)
with high variability of hearing thresholds on each test frequency
(Figure 2b). To demonstrate the hearing thresholds of this patient
subgroup in more details, we have constructed scatter diagrams
showing the binaural mean PTA0.5, 1, 2, 4 kHz for data on 49 ears of
patients (median 86 dB; Figure 3). Hearing thresholds with the range
of 90–115 dB were detected in approximately one-half of examined
patients (23 ears out of 49 ears), with the range of 70–90 dB in 14 ears,
with the range of 40–70 dB in 11 ears and 25–40 dB in one ear. Second
subgroup included 31 out of 80 ears with hearing ability in the range
from 0.125 to 2 kHz. All 31 examined ears demonstrated the hearing
ability in the range from 0.125 to 0.5 kHz; 28 ears, from 0.125 to
1 kHz; and only 13 ears, from 0.125 to 2 kHz. Hearing threshold
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Figure 1 Detection of the IVS1+1G4A mutation. (a) Sequencing results: normal person, wild type (Wt)/Wt (upper panel); heterozygote for the IVS1+1G4A

(middle panel), and homozygote for the IVS1+1G4A (lower panel); (b) detection of GJB2 mutation IVS1+1G4A in 4% agarose gel by PCR–restriction

fragment length polymorphism analysis with use of HphI. The mutation IVS1+1G4A abolishes the restriction site for HphI. The homozygous patients (P1

and P2) show undigested 363bp fragment; two normal hearing siblings (S1 and S2) present two fragments, 293bp and 70bp (70bp fragment is invisible

in this gel); heterozygous mother and father of patients show three fragments, 363, 293 bp, and 70 bp (70 bp fragment is invisible in this gel); Ma, marker

puc19/MspI; (c) pedigree of family with IVS1+1G4A and sequencing data.
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averages in this subgroup were no o75 dB on each test frequency.
Moreover, variability of hearing thresholds in this subgroup was
considerably less than in first subgroup (Figure 2c).

Carrier frequency of IVS1+1G4A in six populations of Eastern
Siberia
Extremely high prevalence of splice site mutation IVS1+1G4A,
observed in homozygous state in Yakut deaf patients allowed us to
propose that IVS1+1G4A may also be a common pathogenic muta-
tion of GJB2 gene among other Northeast Asians. However, Siberian
populations are significantly distinguished by anthropologic and
linguistic affiliations, as well as by their population genetic
history. We studied carrier frequency of IVS1+1G4A mutation in
several indigenous populations of Sakha Republic (Eastern Siberia):
Turkic-speaking Yakuts and Dolgans, Tungusic-speaking Evenks and
Evens, and Yukaghirs with uncertain (Paleo-Asiatic or Uralic) linguis-
tic affiliation, as well as Slavic-speaking Russians inhabiting the Sakha
Republic (Table 1). Among 423 individuals with normal hearing,
originated from six investigated populations, mutation IVS1+1G4A
in heterozygous state was found in 20 subjects: Yakuts (from Central
and Vilyuy subpopulations; 14/120), Dolgans (2/43), Evenks (3/80)
and Evens (1/50). This mutation was not found in Yukaghirs (0/50)
and Russians (0/80; Table 1). The extremely high carrier frequency of
IVS1+1G4A mutation was found in Yakut population (11.7%).

Founder haplotype and age of mutation IVS1+1G4A
To test the hypothesis whether mutation IVS1+1G4A in Yakuts has a
common origin, we have performed a haplotype analysis by studying
eight polymorphic microsatellite and two SNP markers on 140 chromo-
somes with IVS1+1G4A mutation and on 212 chromosomes of normal
hearing individuals without this mutation (Figure 4). We found
linkage disequilibrium for seven microsatellite markers D4S189,
D13S1316, D13S141, D13S175, D13S1853, D13S143, D13S1275, and

one SNP rs2274083 (p.Val27Ile) marker. The distal markers, rs2274083
(p.Val27Ile), D13S1316, D13S141, D13S175, D13S1853, and D13S143,
showed strong association (Po0.05) versus the proximal markers,
D4S189, D13S1275 and D13S292, at GJB2 gene (Figure 4). According

1 (1.2%) 11 (13.8%) 14 (17.5%) 554 (67.5%)
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Figure 2 Audiometric data on 40 patients (80 ears) with genotype IVS1+1G4A/IVS1+1G4A. (a) Relative frequencies of HI levels in examined patients were

mild, 25–40 dB; moderate; 41–70 dB; severe, 71–90 dB; and profound, above 90 dB. (b) Audiogram of average values for first subgroup (49 ears): hearing

ability was registered in wide range of frequencies (from 0.125 to 4–8 kHz); (c) audiogram of average values for second group (31 ears): hearing ability was
registered from 0.125 up to 2 kHz, arrow shows frequency limits of hearing (up to 0.5 kHz, 31 ears; 1 kHz, 28 ears; 2 kHz, 13 ears). Bold points denote

average values of hearing thresholds, transparent points denote maximum and minimum values of hearing thresholds.
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to w2-values and linkage disequilibrium parameter, we proposed
that a founder haplotype consists of alleles D4S189(3)-D13S1316
(2)-D13S141(5)-p.Val27Ile(G)-D13S175(3)-D13S1853(4)-D13S143(1)
(Figure 4). This haplotype was ascertained for eight chromosomes
with the mutation IVS1+1G4A and was not found among chromo-
somes without this mutation. The structure of identified haplotypes
indicates the common origin of all studied mutant chromosomes. The
results are shown in Figure 4. Divergence time of the founder
haplotype with the mutation IVS1+1G4A is estimated to be about
800 years. The period of expansion of chromosomes with
IVS1+1G4A mutation in Yakutia has been dated approximately to
the 13th century AD.

DISCUSSION

The first study of molecular, audiological and population features of
autosomal recessive deafness (DFNB1A) associated with the donor
splicing site mutation IVS1+1G4A in GJB2 gene was performed in
Yakut population of the Sakha Republic (Eastern Siberia). We revealed
70 homozygotes and 6 compound heterozygotes for the mutation
IVS1+1G4A. Interestingly, a c.235delC mutation, the most common
pathogenic allelic variant in East Asian population,15–20 was not
registered in Yakuts. The mutation IVS1+1G4A accounts for up to
about 95% of all deleterious mutations in GJB2 gene, which have been
found in examined Yakut patients. This finding characterizes
Eastern Siberia as the region with the most extensive accumulation
of this mutation in the world. According to previous results,
the sequences of complementary DNA from lymphoblastoid cell line
from patients with genotype IVS1+1G4A/c.35delG yielded a message
only from the c.35delG allele, indicating that the IVS1+1G4A allele
was not transcribed.14 This finding suggests the pathogenic role
of this splice site mutation. However, the audiological features of
patients with IVS1+1G4A mutation in homozygous state were not
previously investigated in large cohort of patients. Analysis of the
audiological characteristics obtained from 40 subjects with
genotype IVS1+1G4A/IVS1+1G4A revealed significant association
of this genotype with severe to profound HI (85% of severe-to-
profound versus 15% of mild-to-moderate, Po0.05) with
mostly symmetrical bilateral hearing loss (29 out of 40 examined
patients, Po0.05). Moreover, detailed audiological analysis
showed a variability in hearing thresholds on different frequency
ranges among subjects homozygous for IVS1+1G4A mutation
(Figures 2b and c).

Taking into account that a large cohort of individuals homozygous
for IVS1+1G4A mutation has been found among the Siberian
indigenous people living in the region with extremely severe climate,
we do not except that observed phenotypic variability may reflect the
effect of environmental factors and/or modifier genes leading to

incomplete penetrance and variable expression of genotypes
IVS1+1G4A/IVS1+1G4A.

Autosomal recessive deafness 1A (DFNB1A) is not the first inher-
ited disease registered with high rate among the Yakut population
known as the population isolate in Asia.33 The Yakut population
exhibits high rate of some Mendelian disorders, which are rare in
other populations worldwide. High rates of spinocerebellar ataxia type
1 (SCA1),32 myothonic dystrophy (DMPK),26 oculopharyngeal mus-
cular dystrophy (OPMD),34 autosomal recessive methemoglobinemia
(DIA1)35 and two types of short stature disorders, 3-M (CUL7) and
short stature with optic atrophy and Pelger-Huët anomaly (SOPH)
syndrome (NBAS),33,36 were previously found in Yakut population.
We estimated the prevalence of DFNB1A associated with splice site
IVS1+1G4A mutation in GJB2 gene as 16.2 in 100 000 in Yakut popula-
tion, that is, higher compared with other common autosomal reccesive
disorders found in Yakuts, such as autosomal recessive methemo-
globinemia (14.9 in 100 000),35 two types of short stature disorders,
3-M (10.0 in 100 000),33 and SOPH syndromes (9.95 in 100 000).36

Thus, we suggested that autosomal recessive deafness 1A (DFNB1A)
associated with homozygous mutation IVS1+1G4A in GJB2 gene is
the most common autosomal recessive disease among Yakuts.

Carrier frequency of IVS1+1G4A is apparently associated with
specific linguistic affiliation of studied ethnical groups (Table 1). High
carrier frequency of this mutation was revealed in Turkic-speaking
populations of Yakuts (11.7%) and Dolgans (4.7%). Lower rate
of this mutation was found in Tungusic-speaking populations
of Evenks (3.8%) and Evens (2.0%), and this mutation was not
found at all in Uralic or Paleo-Asiatic-speaking Yukaghirs and
Slavic-speaking Russians.

The highest among other studied Eastern Siberian populations
carrier frequency of the IVS1+1G4A mutation (11.7%) was found
in isolated Yakut population. Similar data on some autosomal
recessive disorders were obtained for other human population isolates.
It was found that carrier frequency of the E143 K (c.1505G4A)
mutation in CYP1B1 gene associated with primary congenital glau-
coma equals 10.8% in Slovak Gypsies (Roms).42 In Ashkenazi Jewish
carrier frequencies of recessive mutations were as follows: Gaucher
disease, 1/15 (6.7%); cystic fibrosis, 1/24 (4.2%); and Tay-Sachs
disease, 1/28 (3.6%).43 In a small Muslim Arab village, 15% of healthy
individuals were carriers of three GJB2 mutations.44

On the basis of observed frequency of heterozygotes (11.7% of 432
290 people) for the IVS1+1G4A mutation in the Yakut population,
we calculated an expected number of homozygotes, which was
approximately 1400 affected subjects (0.3% of whole population).
This calculation indicates that the prevalence of DFNB1A due to the
IVS1+1G4A mutation in the Sakha Republic may be even higher
than observed estimation of 16.2 in 100 000.

Table 1 Carrier frequency of the IVS1+1G4A mutation in 6 populations from Eastern Siberia

Populations Linguistic affiliation

Population size

(Census data, 2002)

Number of heterozygotes

in examined samples

Carrier

frequency 95% CI

Yakuts Altaic/Turkic 432 290 14/120 0.117 0.071–0.187

Dolgans Altaic/Turkic 1272 2/43 0.047 0.014–0.155

Evenks Altaic/Tungusic 18 232 3/80 0.038 0.014–0.104

Evens Altaic/Tungusic 11 657 1/50 0.020 0.005–0.104

Yukaghirs Paleo-Asiatic or Uralic/Isolated language 1097 0/50 0 0–0.070

Russians Indo-European/Slavic 390 671 0/80 0 0–0.045

Total population of the Sakha Republic (Census data, 2002) 949 347 20/423 0.047 0.031–0.072
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Telomere

Pedigree P.B. Patient’s code D4S189 D13S1316 D13S141 GJB2 rs2274083 rs2274084 D13S175 D13S1853 D13S143 D13S1275 D13S292

1 C Yak AA8413 3 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
2 V Yak AA8921 3 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
3 V Yak AA2968 3 2 5 IVS1+1G>A G A 3 4 1 6/8 4
4 C Yak 2871 3 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
5 V Yak 97 VV 3/7 2 5 IVS1+1G>A G A 3 4 1 6 4
6 V Yak AA2905 4/5 2 5 IVS1+1G>A G A 3 4 1 6 4
7 V Yak AA740 3/7 2 5 IVS1+1G>A G A 3 4 1 5/6 3/4
8 C Yak 3326 3/4 2 5 IVS1+1G>A G A 3 4 1 6/12 2/4
9 C Yak AA2903 3/4 2 5 IVS1+1G>A G A 3 4 1 6/12 2

10 V Yak 2861 3/4 2 5 IVS1+1G>A G A 3 4 1 5/6 2/4
11 V Yak  2872 3/4 2 5 IVS1+1G>A G A 3 4 1 2/6 3/4
12 S Yak 2137 1/3 2 5 IVS1+1G>A G A 3 4 1 6/12 3/4
13 N Yak 1384 1/3 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
14 V Yak AA8864 3/6 2 5 IVS1+1G>A G A 3 4 1 2/6 1/5
15 C Yak AA8257 3/4 2 5 IVS1+1G>A G A 3 4 1 2/6 2
16 C Yak 2907 3/6 2 5 IVS1+1G>A G A 3 4 1 2/9 2/3
17 V Yak 2865 3/6 2 5 IVS1+1G>A G A 3 4 1 2/9 2/4
18 C Yak 2899 2/3 2 5 IVS1+1G>A G A 3 4 1 5/9 2/4
19 C Yak 2855 3/6 2 5 IVS1+1G>A G A 3 4 1 2/7 2/3
20 C Yak AA2962 3/4 2 5 IVS1+1G>A G A 3 4 1 2/3 2/3
21 C Yak 3266 3/6 2 5 IVS1+1G>A G A 3 4 1 2/12 2/4
22 N Yak AA8124 4/5 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
23 C Yak 2874 4/6 2 5 IVS1+1G>A G A 3 4 1 5/6 2/4
24 V Yak AA2904 5/7 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
25 N Yak AA2964 7/8 2 5 IVS1+1G>A G A 3 4 1 6/9 2/3
26 C Yak 722 6/13 2 5 IVS1+1G>A G A 3 4 1 2/6 2
27 C Yak AA4164 6/13 2 5 IVS1+1G>A G A 3 4 1 2/6 2/3
28 N Yak AA6046 2 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
29 V Yak 2140 1 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
30 V Yak 2078 6/10 2 5 IVS1+1G>A G A 3 4 1 1/6 1/4
31 N Yak 3163 4 2 5 IVS1+1G>A G A 3 4 1 2/6 2/4
32 N Yak 1568 1 2 5 IVS1+1G>A G A 3 4 1 4/6 4/5
33 V Yak 2909 5 2 5 IVS1+1G>A G A 3 4 1 4/5 4
34 N Yak 3624 3/6 2 5 IVS1+1G>A G A 3 4 1 2/7 2/3
35 Y Yak 2862 4/10 2 5 IVS1+1G>A G A 3 4 1 2/4 2/4
36 C Yak 2882 1 2 5 IVS1+1G>A G A 3 4 1 1/5 2/4
37 C Yak 2896 2/4 2 5 IVS1+1G>A G A 3 4 1 3/5 3/4
38 Y Yak 2903 4/5 2 5 IVS1+1G>A G A 3 4 1 5/9 2/4
39 C Yak 2869 2/7 2 5 IVS1+1G>A G A 3 4 1 2 2/4
40 C Yak 2891 4 2 5 IVS1+1G>A G A 3 4 1 2/3 2
41 V Yak 2864 2 2 5 IVS1+1G>A G A 3 4 1 5/7 2/4
42 C Yak AA8288 4/7 2 5 IVS1+1G>A G A 3 4 1 2/12 2
43 V Yak 3625 4/6 2 5 IVS1+1G>A G A 3 4 1 2/15 2/4
44 V Yak AA2961 5/8 2 5 IVS1+1G>A G A 3 4 1 2/7 1/2
45 C Yak 3031 1 2 5 IVS1+1G>A G A 3 4 1 2 2/3
46 V Yak AA2276 1 2 5 IVS1+1G>A G A 3 4 1 2 1
47 C Yak AA2303 1 2 5 IVS1+1G>A G A 3 4 1 2 1/2
48 V Yak AA9240 4/7 2 5 IVS1+1G>A G A 3 4 1 7 2
49 C* Yak AA3750 6 2/3 5 IVS1+1G>A G A 3 4 1 2/6 3/4
50 C* Yak AA5857 5/7 2/3 5 IVS1+1G>A G A 3 4 1 2 2/4
51 V* Yak AA9599 3/8 2/3 5 IVS1+1G>A G A 3 4 1/2 3/12 2/4
52 Y* Yak AA5914 5 2 5 IVS1+1G>A G A 3 4 1/2 2/12 2/4
53 Y* Yak AA9260 5/7 2 5 IVS1+1G>A G A 3 4 1/2 2/12 2/3
54 V* Yak AA4768 3/5 2 5 IVS1+1G>A G A 3 4 1/2 2/12 1/2
55 C* Yak 2013 6/10 2 5 IVS1+1G>A G A 3 4 1/3 6/7 2/4
56 C* Yak AA3978 1 2 5 IVS1+1G>A G A 3 4 1/2 2 2/3
57 C* Yak 2877 2/6 2 5 IVS1+1G>A G A 3 4/5 1 5/9 3/4
58 V* Yak 3164 3/4 2 5 IVS1+1G>A G A 3 3/4 1 2/6 2/4
59 Y* Yak 2900 2/3 2 5 IVS1+1G>A G A 3/4 1/4 1 2 1/2
60 C* Yak AA7376 3/7 2 5 IVS1+1G>A G A 2/3 3/4 1 2 1/2
61 C* Yak AA2901 4 3 5 IVS1+1G>A G A 3 1/4 1/4 2/6 4
62 C* Yak AA2902 4/5 2 5 IVS1+1G>A G A 2/3 4 1 2/6 2/3
63 V* Yak AA2907 3/4 2 5 IVS1+1G>A G A 1/3 4 1 6/12 3/4
64 V* Yak AA770 3/7 2 5 IVS1+1G>A G A 2/3 4 1 2/9 4
65 C* Yak AA4556 4 2 5 IVS1+1G>A G A 2/3 3/4 1 2/12 2/4
66 V* Yak AA8246 3/6 2 5 IVS1+1G>A G A 2/3 4 1 6 3/4
67 V* Yak AA3559 1 2 5 IVS1+1G>A G A 2/3 4 1 2/6 3
68 V* Yak 3635 1 2 5 IVS1+1G>A G A 3/4 1/4 1 12/15 4
69 C* Yak 2863 4/8 2/4 5 IVS1+1G>A G A 1/3 4 1 2/6 2/4
70 V* Yak 2224 3/4 2 5/6 IVS1+1G>A G A 2/5 4 1 2/15 2/4

Patient’s common allele 3 2 5 IVS1+1G>A G A 3 4 1 6 4
Frequency of common allele n Yakuts

(n=70), with IVS1+1G>A 22.6 95.2 99.3 100 100 100 93.2 95.2 93.8 28.1 37.0

Frequency of common allele in Yakuts
(n=106), without IVS1+1G>A (%) 14.2 28.8 90.6 0 92.9 99.5 50.9 75.9 85.4 15.1 33.0

χ2 5.67 152.07 10.45 102.13 0.00 69.03 22.23 5.41 8.20 0.44
p <0.01 <0.01 <0.01 <0.01 0.964 <0.01 <0.01 <0.05 <0.05 0.507
δ 0.122 0.932 0.927 1 - 0.860 0.800 0.578 0.153 -

Centromere

3.4 Mb

Exon 2

1.2 Mb 79 kb 37 kb 81.3 kb 260 kb 1.5 Mb 2.1 Mb3.2 kb 3.3 kb

Exon 1

GJB2

0
IVS1+1G>A

Figure 4 Haplotype analysis. (a) Physical map of microsatellite and SNP markers flanking GJB2 gene. (b) Haplotypes of 140 chromosomes with splice site

IVS1+1G4A mutation of GJB2 gene of 70 unrelated Yakut patients with DFNB1A. Two alleles of examined markers are separated by slash. Putative founder

haplotype is shaded in gray. PB, patient’s places of birth; C, Central districts; V, Vilyuy districts; N, Northern districts; S, Southern districts of the Republic

of Sakha; Y, Yakutsk city. The places of birth of patients with recombinant founder haplotype are highlighted in bold and denoted by asterisks (C*, V*, Y*).

Yak, Yakut.
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Discrepancy between expected and observed rates of DFNB1A
deafness due to the IVS1+1G4A in the Yakut population could be
a consequence of some peculiarities of the Yakut population structure
and demographic factors. Density of the Yakut population was always
low, and the majority of the Yakut population was dispersed in widely
separated, relatively small settlements. Subdivided Yakut population is
characterized by different rates of mutual migrations depending on
remoteness of local settlements. Rates of endogamy and interethnic
matings correlate with the size and ethnic composition of local
subpopulations of Yakuts. Consanguineous marriages were tradition-
ally uncommon in the Yakut population, and the total inbreeding
estimated by isonymy (F(it)) varies from 0 to 0.007576.45 All these
features taken together could influence the pattern of the DFNB1A
prevalence associated with IVS1+1G4A mutation in the Yakut
population.

The founder effect is the most plausible explanation for the
increased incidence of some rare diseases and high carrier frequency
of single pathogenic mutations in most of human population isolates.
Reconstruction of 140 haplotypes with IVS1+1G4A mutation
demonstrates the common origin of all mutant chromosomes found
in Yakuts. Highest diversity of haplotypes was found in the Central
and Vilyuy sub-populations of Yakuts (excluding of the Yakutsk city),
indicating that the expansion of mutant chromosomes on the territory
of the Sakha Republic had started from the Lena-Amga interfluves
area (Central district) and the Vilyuy river basin (Vilyuy district)
(Figure 5). These data correspond to known historical facts about
initial settling of Yakuts in Central and Vilyuy regions, and their later
expansion to the Northern part of Yakutia.46 The calculated age of
mutation (B800 years) correlates with last migration of Turkic-

speaking Yakut ancestors in East Siberia in 13th–14th centuries
AD.28 Previous studies demonstrated that mutation IVS1+1G4A
was predominantly registered among Caucasian popula-
tions.14,38,40,41,47–49 Relatively high rates of this mutation in Eastern
Europe (Czech Republic, Poland and Hungary) have been supposed to
be specific for Slavic populations.47 In recent study of Tekin et al.,50

identification of this mutation in homozygous state in Turks and
Mongolians and reconstruction of common haplotype with
IVS1+1G4A proposes Central Asian origin for this mutation fol-
lowed by the migration of its carriers to the territories of Middle
East.50 The data on high prevalence of IVS1+1G4A in Northeastern
Asians, particularly in Yakuts, may provide an additional evidence for
common Central Asian origin of this mutation, because it was
supposed that Turkic-speaking ancestors of Yakuts migrated to the
Eastern part of Siberia from their initial settlement in the area of the
Baikal Lake under pressure of the Mongol expansion beginning from
the 13th century AD.28,29 Currently, data on the prevalence of
IVS1+1G4A is very scarce, particularly for Asian populations. There-
fore, for estimation of the geographical area of the IVS1+1G4A
mutation prevalence, its possible common founder effect, and migra-
tion routes of the IVS1+1G4A mutation carriers in the world, further
extensive studies in many populations are required.
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