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Deafness heterogeneity in a Druze isolate from the
Middle East: novel OTOF and PDS mutations, low
prevalence of GJB2 35delG mutation and indication
for a new DFNB locus
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About 60% of congenital hearing impairment cases in developed countries are due to genetic defects.
Data on the molecular basis of hereditary hearing reflects vast genetic heterogeneity. There are
> 400 disorders in which hearing impairment is one of the characteristic traits of a syndrome. Linkage
studies have identified more than 40 human chromosomal loci associated with non-syndromic hearing loss.
So far, 16 of these 40 non-syndromic hearing impairment genes have been identified. We have studied the
molecular basis of hearing impairment in four Druze families from the same village in Northern Galilee.
The Druze are a small, isolated population in the Middle East practising endogamous marriage. Thus it was
expected that a single mutation would account for hearing impairments in all these families. Our results
show that at least four different genes are involved. Hearing impairment was caused in one family by a
novel mutation in the recently identified OTOF (the DFNB9 gene), by a novel Pendred syndrome mutation
(Thr193Ile) in another family, and by a GJB2 mutation (35delG also known as 30delG) in the third family.
In the fourth family linkage was excluded from all known hearing impairments loci (recessive and
dominant) as well as from markers covering chromosomes 11–22, pointing therefore to the existence of
another non-syndromic recessive hearing loss (NSRD) locus on chromosomes 1–10. European Journal of
Human Genetics (2000) 8, 437–442.
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Introduction
Hearing loss is the most frequent sensory defect in humans.
Hereditary deafness is classified into syndromic and non-
syndromic (isolate) forms. There are up to 400 known
disorders in which hearing loss is associated with a variety of
anomalies (such as ocular, musculo-skeletal, renal, nervous
and pigmentary disorders). These forms account for 30% of
cases of hereditary hearing impairment in children.1,2 The
general consensus is that autosomal recessive transmission
accounts for some 77% of the non-syndromic cases, autoso-

mal dominant transmission 22% and the remainder are
X-linked and mitochondrial.3 The causative genes of most of
the common syndromes associated with hearing impair-
ments have already been cloned. However, out of some 40
known human non-syndromic hearing impairment loci,
only 16 genes have been cloned so far. In some cases it seems
that there is overlapping of chromosomal locations between
syndromic and non-syndromic loci (such as USH3 and
DFNA18, USH1C and DFNB18) or between non-syndromic
dominant and non-syndromic recessive loci (such as DFNA8
and DFNB21) and also between syndromic, non-syndromic
dominant and non-syndromic recessive loci (such as USH1B,
DFNA11 and DFNB2). Furthermore, for some of the identi-
fied genes (GJB2, MYO7A and PDS) it has been shown that
mutations in the same gene can result in a variety of clinical
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phenotypes and/or different modes of inheritance.4 Such
variable manifestation in phenotypes may be explained by
allelic heterogeneity or by the influence of genetic
background.

The Druze are a Middle Eastern Islamic sect who practise an
endogamous marriage system. They live in villages scattered
throughout the Middle East in southern Syria, Lebanon,
Jordan and Israel. All four families - BT132A, BT132B
(Figure 1), BT135 and BT136 (Figure 2) studied in this work,
live in the same village in Northern Galilee. These families
were previously studied and described by Baldwin et al.5 Here
we report the results of further studies.

Subjects and methods
Subjects
Blood sampling and clinical evaluation were as described by
Baldwin et al.5 Pedigrees of two of these families (BT132A,
BT132B) are shown in Figure 1. In the two other families,
BT135 and BT136, blood samples of additional members
were collected and included in our study.

Marker typing
Genomic DNA extracted from blood samples of members of
the four families was used as a template. Haplotypes were
constructed by using typing results of 85 polymorphic mark-
ers spanning known hearing loss loci. Members of fami-
ly BT136 were also typed for polymorphic markers covering
all regions of chromosomes 11–22. PCR amplification of
these markers was performed using pairs of specific primers as
described by Sambrook et al.6 Alleles of each marker were
numbered according to their relative mobility on FMC’s Long
Ranger™ Gel (Rockland, ME, USA).

Mutation detection
DNA Sequencing Exons of the GJB2, PDS and OTOF genes
were amplified, from genomic DNA of normal and affected
family members, and gel purified by Qiagen gel extraction kit
(Hilden, Germany). Nucleotide sequences of primers used for
the amplification of these genes exons were previously
described by Kelsell et al7 Everett et al8 and Yasunaga et al9

respectively. The purified fragments were used as templates in

Figure 1 Pedigrees of families BT132A and BT132B which are known to be related. Haplotype segregation is presented for each
family. In family BT132A haplotypes are constructed of polymorphic markers spanning the Pendred/DFNB4 locus on
chromosome 7q31. In family BT132B haplotypes are constructed of polymorphic markers spanning the DFNB9 locus on
chromosome 2p23-p22. a and b: PDS exon 5 SSCP results, c: OTOF exon 5 SSCP results. Mobility shifts are detectable for family
members who carry the mutated exons. m: mutated, n: normal.
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direct cycle sequencing reaction by Epicentre Technologies
SequiTherm EXCEL™ II DNA Sequencing Kit (Madison, WI,
USA). Sequencing products were subjected to comparative
electrophoresis through FMC’s Long Ranger™ Gel (Rockland,
ME, USA). In comparative electrophoresis normal and shifted
sequencing products are electrophoresed side by side (normal
ddGTP product next to shifted ddGTP product, normal
ddATP product next to shifted ddATP product etc); such
electrophoresis enables fast and easy detection of homo-
zygous and heterozygous sequence changes.

Occurrence of the GJB2 35delG mutation among 100 unre-
lated Druze controls was evaluated by the use of site-directed
mutagenesis followed by BsiYI digestion as described by
Storm et al.10 Occurrence of the PDS Thr193Ile mutation
among 50 Druze controls and 60 controls of mixed origin,
was evaluated by amplification of exon 5 PCR and Tfi1
digestion. The Single Strand Conformation Polymorphism
(SSCP) technique11 was used to screen for the occurrence of
OTOF IVS5 + 1g > a mutation. OTOF exon 5 was PCR ampli-
fied from genomic DNA, of 60 Druze and 60 other controls of
mixed origin, in the presence of radioactively end-labelled
primers. These PCR products were electrophoresed through
MDE™ (AT Biochem) gels, also now from FMC™ (Rockland,
ME, USA) gels containing 10% glycerol, at 800V for
16–20h.

Results
In three consanguineous families; BT132A, BT132B (Figure 1)
and BT135 severe to profound congenital hearing loss with
full penetrance at birth was inherited as an autosomal
recessive trait. Affected members of the BT132A family were
first diagnosed as affected with recessive nonsyndromic
hearing loss.5 Recent tests showed that they have goitre and
therefore their diagnosis was redefined as Pendred syndrome
(MIM 274600). Affected members of family BT136 showed
phenotypic heterogeneity since one of the four affected
members of this family had post-lingual onset. He started to
lose his hearing at the age of 9–10, whilst in other affected
family members hearing loss was congenital. Now, at the age
of 19, he has severe-to-profound hearing loss which seems to
be a little less profound than that of his affected siblings.

Linkage screening
Hearing impairment in family BT132A was known to map to
the DFNB4/Pendred locus on the chromosomal region of
7q21–34.5 All members of the other three families (BT132B,
BT135 and BT136) were typed for polymorphic markers
spanning known hearing impairment loci (recessive and
dominant). In family BT132B segregation of haplotypes
constructed from marker alleles resulted in the exclusion of
linkage to the DFNB1–8, the DFNB10–16 and to the DFNA1–

Figure 2 PCR cycle-sequencing (by SequiTherm EXEL™ DNA Sequencing Kit Epicenter Technologies) of affected (m) and non-carrier
(n) family members, were electrophoresed side by side through Long Ranger™ Gel (FMC). The IVS + 1g > a and T801C mutations
are indicated by arrows.
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DFNA13 loci. In this family, linkage was suggested only to the
DFNB9 locus (OTOF gene) on the chromosomal region
2p22–23 (Figure 1). In family BT135 segregation of haplo-
types constructed from marker alleles resulted in the exclu-
sion of linkage to the DFNB2–16, the DFNA1–2 and to the
DFNA4–13 loci. In this family, segregation of the marker
D13S175 showed significant evidence for linkage (Z > 3) to
the DFNB1/DFNA3 locus on the chromosomal region 13q12.
Segregation of haplotypes constructed from marker alleles of
the fourth family, BT136, resulted in the exclusion of linkage
to all known recessive (DFNB1–DFNB25) and dominant
(DFNA1–DFNA19) hearing impairment loci. Further typing
of polymorphic markers, distributed at distances of about
10cm along each chromosome, in members of this family
resulted in the exclusion of all regions on chromosomes 11–
22. These exclusion results were not changed when segrega-
tion analysis was performed under the consideration of
individual 1844 as a phenocopy.

Mutations
Screening of the relevant genes was conducted by direct
sequencing. Members of family BT132A were screened for the
presence of mutations in the PDS gene. A C > T transition at
position 801 (Figure 2) in exon 5 of the gene was found. This
transition, which is predicted to result in a Thr193Ile amino
acid substitution in the gene’s peptide product, segregated
with the disease in the BT132A family but was not carried by
any member of family BT132B. The 801C > T transition was
not detected in 50 unrelated healthy Druze controls,
although it was found to be carried by one Moroccan
individual out of 50 healthy controls (100 chromosomes) of
mixed origin who were tested for its presence.

Members of family BT132B were screened for the presence
of mutations in the OTOF gene. The only known Y730X
mutation9 was not found to be carried by members of this
family. However, sequencing of exon 5 in affected family
members showed a homozygous g > a transition at position
+ 1, the first intronic nucleotide in the splice-donor site of
exon 5 (Figure 2). This transition which is expected to impair
the exon’s splice-donor site, was found to segregate with the
disease in family BT132B but was not carried by any member
of family BT132A. IVS5 + 1g > a was not detected in 60 unre-
lated healthy Druze controls (120 chromosomes) nor in
60 healthy controls of mixed origin who were tested for its
presence.

Members of family BT135 were screened for the presence of
mutations in the coding sequence of the GJB2 gene. Direct
sequencing of this gene’s coding exon showed a homozygous
guanine deletion in a sequence of 6 Gs at position 30–35
(35delG also named 30delG). This deletion was found to
segregate with the disease in the BT135 family and was not
detected in 100 unrelated healthy Druze controls (200 chro-
mosomes) tested for its presence.

Discussion
One mutation in the OTOF gene (OMIM 603681), was
recently found to be responsible for hearing loss in all
affected members of four unrelated DFNB9 Lebanese kin-
dreds.9 The OTOF is predicted to encode a 1230 amino acid
protein homologous to the C. elegans spermatogenesis factor
FER-1 and human dysferlin (OMIM 603009).9 IVS5 + 1g > a,
the novel OTOF mutation which was found to be carried by
BT132B family members, is the second deafness-associated
mutation identified in this gene. The great majority of point
mutations identified within donor splice sites occur in the
+ 1g residue, and in 64% of these cases the substituting base
is an adenosine.12 This IVS5 + 1g transition is expected to
result either in exon skipping or in frameshift due to cryptic
splice-site usage. Both possibilities would seriously impair the
proper production of normal OTOF mRNA. Thus, the two
known OTOF mutations (Y730X and IVS5 + 1g > a) should
result in a significantly altered protein. Detection of this
novel mutation in our family independently confirms the
OTOF gene as the DFNB9 causative gene and demonstrates
that there is more than one OTOF mutation that causes
hearing impairments among Middle Eastern DFNB9
families.

The PDS gene (MIM 274600) is part of a highly conserved
gene family that encodes highly hydrophobic proteins
containing the sulphate transporter signature and was found
to be expressed at high level only in the thyroid.8 Mutations
in this gene were found to cause Pendred syndrome, non-
syndromic recessive hearing loss (DFNB4) and non-syn-
dromic sensorineural hearing loss with enlarged vestibular
aqueduct (EVA).8,13–15 So far, 28 PDS mutations,15 have been
reported to cause Pendred syndrome. Nine of these 28 muta-
tions are missenses that occur at amino acid positions highly
conserved among several other sulphate transporters from
different species (human Down-regulated in adenoma pro-
tein, human diastrophic dysplasia protein, mouse sulphate
transporter protein and rat sulphate amino transporter 1),
indicating their importance in the protein.13 T193I, the novel
Pendred mutation which was found to be carried by BT132A-
family members, is also a missense that occurs at a highly
conserved position. In this case a bipolar amino acid residue
(thr) at one of the highly conserved positions of the third
transmembrane domain is changed to a nonpolar internal
residue (ile).

Mutations in the connexin-26 (GJB2) (MIM 121011) were
found to be responsible for recessive and dominant non-
syndromic hearing loss7,16 and to three different forms of
syndromic hearing loss.7,17,18 Connexin-26 (GJB2) is a mem-
ber of a large family of proteins involved in formation of gap
junctions.7 More than 40 GJB2 mutations have been identi-
fied so far in deaf patients of different origins.19 The 35delG
mutation, that was found to be carried by BT135 family
members, is the most common GJB2 mutation.19–21 It results
in a gly to val substitution introducing a stop codon at
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position 13, which leads to translation of a truncated protein
lacking most of its original length. Severity of hearing loss
associated with homozygous 35delG mutation was found to
vary from mild to profound.22,23 Clinical evaluations of
BT135 affected members indicated severe to profound con-
genital hearing loss. Carrier frequency of the 35delG muta-
tion among general Druze population was found to be much
lower (0/100 individuals) than the frequencies observed
among Mediterranean populations,24 American Caucasians
of Northern and Southern European origin25 and among
Midwestern United States population,26 all showing carrier
frequencies higher than 2%. A carrier frequency, lower than
1% was also seen in the Israeli Ashkenazi population.27

Exclusion results in family BT136 indicate the probable
existence of a new non-syndromic recessive hearing impair-
ment locus somewhere on chromosomes 1–10. Due to phe-
notypic heterogeneity, the involvement of more than one
hearing impairment gene in this family cannot be ruled
out.

The Druze are a homogenous ethnic population practising
endogamous marriage. In such populations a classic founder
effect is expected to be involved in the inheritance of genetic
diseases. Interestingly, our results indicate that at least four
different genes are associated with hearing impairments in
the four Druze families from one village included in this
work.

Several studies of genetic disorders (Hurler syndrome,
metachromatic leukodystrophy and deafness) among Druze
and Muslim Arab villages from the Galilee in Israel show the
feature of multiple mutations arising within genetic isolates
of recent history.28–30 This phenomenon seems to be surpris-
ing in the light of the common assumption that founder
effect is responsible for rare diseases among inbred popula-
tions in small geographic areas. Carrasquillo et al30 found
allelic diversity of GJB2 mutations in a small Israeli Arab
population with high rates of consanguinity. They argued
that such mutation distributions are a direct consequence of
the population structure in these villages, where very high
inbreeding rates, determined both by intense cultural con-
sanguinity and by the recent common ancestry, increase the
chance of any rare variant or mutation to become
homozygous.

By combining the same arguments suggested by Carras-
quillo et al30 with the high heterogeneity which is known to
be associated with hearing loss, one can explain the high
locus diversity demonstrated in this work.

Therefore, when addressing genetic screening and counsel-
ling in such small isolates, population structure should be
considered since inbred communities may uncover, rather
than reduce, allelic diversity. Furthermore, due to the highly
intricate molecular mechanisms controlling the develop-
ment, function and dysfunction of the ear, relatively high
locus heterogeneity should also be expected.
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