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We report here, the localization of a new recessive
non-syndromal deafness gene ( DFNB12) to 10q21–22 by
linkage analysis, of a Sunni family. Affected individuals
suffer from congenital profound sensorineural hearing
loss. A maximum LOD score of 6.40 ( θ = 0.00) was
obtained with locus D10S535. Analysis of patients
carrying recombinations mapped the gene distal to
D10S529 and proximal to D10S532, delineating an
interval between 11 and 15 cM. Three deaf mouse
mutants Jackson circler  (jc), Waltzer  (v) and Ames
waltzer  (av) have been localized to the homologous
murine region on chromosome 10. Each of these mouse
mutants is a candidate mouse model for the
DFNB12-associated hearing impairment.

INTRODUCTION

Deafness is the most frequent sensorineural nonsyndromic defect
in humans, affecting one in 1000 children at birth or in infancy in
the United States (1). About 75% of the inherited forms of
congenital isolated deafness have an autosomal recessive mode
of transmission (2). This frequency is higher in geographic
regions where there exists a high level of consanguinity (3).
Localization of the genes responsible for autosomal recessive
forms of deafness encounters serious difficulties due to the
combination of: (i) the extreme genetic heterogeneity of this
defect, with an estimated number of 40 genes segregating in
Western populations (1,4); (ii) the absence of clinical criteria
allowing differentiation between the inner ear defects due to the
various genes; and (iii) the high proportion of marriages between
deaf people, at least in developed countries, leading to the
coexistence of several defective genes responsible for clinically
indistinguishable phenotypes within the same family.

Three different strategies have been used for mapping deafness
genes. The first is based on the study of large affected

consanguineous families living in isolated regions for several
generations. In such families, the probability of having more than
one deafness gene segregating is minimized. Using this approach,
LOD score linkage genetic analysis of two large families living
in northern and in southern Tunisia allowed us to localize the first
two genes involved in autosomal recessive deafness, DFNB1 to
the pericentromeric region of chromosome 13q11 (5) and DFNB2
to 11q13.5 (6), respectively. Once a chromosomal interval is
defined, the localization of the gene can then be refined by
homozygosity mapping. Subsequently, the same strategy was
used to map several other DFNB genes: DFNB4 (7), DFNB8 (8)
and DFNB9 (9) to 7q31, 21q22 and 2p22–23, respectively. The
second approach is the analysis of an affected isolated population
with a high proportion of deafness cases. This analysis, based on
a direct search for homozygosity regions with allele frequency
disequilibrium, has allowed the mapping of the DFNB3 gene to
17q11.2–12 (10). Finally, direct homozygosity involving the
identification of homozygous regions shared by affected inbred
children, enables the mapping of rare recessive deafness genes in
small consanguineous families (11). Three DFNB genes, DFNB5
(12), DFNB6 (13) and DFNB7 (14) were mapped to chromosomes
14q12, 3p14–21 and 9q13–21, respectively, in small
consanguineous families originating from western and southern
India. None of the localized DFNB genes has yet been cloned.

To date, we have essentially mapped DFNB genes segregating
in consanguineous families living around the Mediterranean sea.
We report here on the localization of a new gene for a
non-syndromal recessive deafness (DFNB12) to chromosome 10
(10q21–22). This gene is segregating in a consanguineous Sunni
family, living in an isolated village in Syria, which is affected by
a profound prelingual sensorineural hearing impairment.

RESULTS

Family members underwent a general, as well as an otoscopic,
clinical evaluation. A complete medical history was obtained
from each affected individual to exclude the possibility of
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Figure 1. Segregation analysis of the Sunni Syrian family using eight polymorphic markers in the 10q21–22 region. Dark symbols represent deaf individuals and slashed
symbols, deceased members. Boxes indicate the haplotypes linked to the deafness. The order of the microsatellite markers was obtained from the Généthon database (38).

infectious or environmental causes of hearing impairment. These
individuals showed no evidence of external ear abnormality,
mental retardation, loss of vision, renal anomaly or
integumentary disorder. In addition, no apparent balance
problems or vertigo and no delay in the age of walking was noted
(although no further assessment of vestibular function was
conducted). Audiometry tests showed no response at 100 dB for
frequencies superior to 1000 Hz in all affected individuals, and no
response at 80 dB for frequencies up to 1000 Hz. In the affected
children (4–15 years of age), no auditory brainstem response (ABR)
was observed up to 100 dB. The parents, who are heterozygous
carriers, showed normal results for the audiometric tests.

Before initiating linkage analysis, we excluded the involvment
of the loci already known to be responsible for autosomal
recessive deafness (see Introduction). In addition, given that we
have previously shown that a single locus can be responsible for
both dominant and recessive forms of deafness (DFNA3 and
DFNB1) (15), we also excluded the involvement of the following
three loci, DFNA1 (16), DFNA2 (17) and DFNA4 (18), reported
as responsible for dominant forms of sensorineural deafness.
Analysis of 80 polymorphic markers from the Généthon
collection, approximately spaced each 20 cM, allowed us to
exclude about 35% of the genome. Significant linkage was found
with the marker AFM200wf4 (locus D10S535) on chromosome
10 (Fig. 1), which resulted in a maximum LOD score of 6.64 at

θ = 0.00. The analysis was repeated assuming a penetrance of
80% and a maximum LOD score of 6.40 at θ = 0.00 was found
confirming linkage.

The markers adjacent to D10S535 were then tested: on the
proximal side—locus D10S529 (3 cM), D10S537 (3 cM) and
D10S584 (1 cM); and on the distal side—D10S532 (12 cM),
D10S201 (8 cM), D10S569 (5 cM) and D10S580 (3 cM) (Fig. 2).
Analysis of individuals carrying recombinations mapped the gene
involved distal to the D10S529 locus (individuals IV1, IV2, IV3)
and proximal to D10S532 (individuals IV1, IV2, IV3, IV11), thus
delineating an interval of 11–15 cM for the DFNB12 gene.
Moreover, the recombination event in individual IV2 allowed us
to localize D10S529 proximal to D10S537. All affected
individuals are homozygous for the polymorphic markers located
within the D10S529–D10S532 interval.

DISCUSSION

We here report on the mapping of a gene responsible for an
autosomal recessive form of deafness, DFNB12, to 10q21–22 by
LOD score analysis of a Sunni family living in Syria.

There exist a number of genes already mapped to the 10q21–22
chromosomal interval defined for DFNB12, as well as some other
genes assigned to the region but which are less precisely mapped,
which could be considered as candidate genes. Among them,
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Figure 2. A simplified human chromosome 10q genetic map showing the
interval containing DFNB12. Distances between adjacent markers are in
centimorgans.

however, a more likely candidate for DFNB12 may be the gene
encoding the mitochondrial transcription factor 6-like 2 (19),
since mitochondrial deficits have already been shown to be
responsible for deafness (20,21).

The isolation of a gene by a positional cloning strategy first
requires refinement of the localization interval. This step, which
is based on linkage analysis, encounters a particular difficulty in
the case of DFNB genes, as, due to the extreme genetic
heterogeneity of deafness, only large families that provide a
significant LOD score can be used to narrow down the gene
interval. Alternatively, cloning of DFNB genes can greatly
benefit from the numerous deaf mouse mutants which have been
identified (22). Some of them have already been shown to involve
genes responsible for hearing impairment in humans, the
phenotypic expression often being different from one species to
the other (22–28). In each case where the comparative human and
murine maps lead to the hypothesis that the mouse homologue of
a DFNB gene may be mutated in a deaf mouse mutant, cloning
this DFNB gene will be more efficiently accomplished by first
isolating the murine homologue. At present, for all mapped
DFNB genes, with the exception of DFNB1 and DFNB5, the
homologous murine region has been defined. For these loci, the
possible existence of a deaf mouse mutant within the homologous
region has been investigated. However, for only four of
these—DFNB2 (6,29), DFNB3 (10,30), DFNB6 (13,31) and
DFNB7 (14,32)—does the phenotype of the candidate mouse
mutant seem consistent with the phenotype of the human defect.
Interestingly, the homologous murine region for DFNB12, which
extends at least 28–37 cM from the centromere of chromosome
10, contains three deaf mouse mutants, Jackson circler (jc),

Waltzer (v) and Ames Waltzer (av) (33,34). These three recessive
mutants show the typical circling, head-tossing, deafness and
hyperactivity of the circling mutants. Homozygous jc mutants
show erratic circling behaviour and hyperactivity which become
more pronounced with age (35,36). Most of the homozygous v
mutants are deaf from birth and display anomalies of the inner ear
including degeneration of the organ of Corti, spiral ganglion, stria
vascularis and saccular macula (29). In av mutants (37), the
development of the cochlea is initially normal and degrades in the
postnatal period. Thus it is tempting to speculate that one of these
mutants involves the DFNB12 orthologous murine gene.

MATERIALS AND METHODS

Auditory tests

Audiometry testing was performed on all family members.
Affected children (4–15 years of age) showed profound prelingual
sensorineural hearing impairment. Pure-tone audiometry with air
and bone conduction at 250, 500, 1000, 2000, 4000 and 8000 Hz
were systematically performed (with a Belton 2000 clinical
audiometer), as well as otoscopic examination of each individual
over 5 years of age. For the youngest children (less than 4 years of
age), auditory brainstem responses (ABR) were tested upon click
stimulation using the Lindar apparatus (RACIA).

Genotyping

Genomic DNA was prepared from 5 to 10 ml of blood by standard
techniques. Microsatellite markers were amplified by the
polymerase chain reaction (PCR) and analysed on polyacrylamide
gels. The primer sequences of the Généthon markers AFM162xa1
(D10S529), AFM203xc5 (D10S537), AFM294wh9 (D10S584),
AFM200wf4 (D10S535), AFM284vf5 (D10S580), AFM265zg5
(D10S569), AFM155zc3 (D10S201) and AFM192xa5 (D10S532)
have previously been reported (38).

Linkage analysis

LOD scores were calculated using the LINKAGE 5.1 program
package (39). Two-point LOD scores were calculated with
MLINK and ILINK programs. Deafness was assumed to be
inherited in a recessive manner and coded as fully penetrant. The
gene frequency was set at 10–4 and the variation of this frequency
between 10–3 and 10–5 resulted in negligible alteration of the
two-point LOD score. Recombination frequencies were assumed to
be equal for both males and females. The allele frequencies of the
polymorphic markers were assumed to be equal. A 100-fold change
in the frequency of the linked allele resulted in only minor variation
of the maximum two-point LOD score. The 90% confidence limits
were calculated using the ‘1 LOD down’ method (40).
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