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A locus for recessive neurosensory nonsyndromic
hearing impairment maps to chromosome 9q13-q21
in two regionally separate consanguineous families
from India. Each family demonstrates a LOD score
greater than 4.5 to this region. D9S15, tightly linked
to the Friedreich's ataxia locus, a region that has
been defined with over 1 Mb of YAC contig information
and several expressed sequences, is one of the
flanking markers. In mice, the deafness (dn) locus
maps to mouse chromosome 19 and flanking loci are
syntenic to human chromosome 9q11-q21. The dn
mouse is a potential model for the hearing impairment
found in both these families.

INTRODUCTION

Congenital hearing impairment occurs in approximately 0.1%
of all children born in the United States (1). In more than 60%
of the cases there are genetic causative factors, the majority
of which probably involve single gene mutations (2). In most
cases, there is no additional clinical anomaly and an autosomal
recessive mode of inheritance predominates (3). Nonsyndromic
hereditary hearing impairment (NSHHI) is considered to be
highly heterogeneous; it has been estimated that as many as
100 different genes may be involved in hearing (4).

Single families suitable in size for conventional linkage
analysis are not common. At the same time, NSHHI cannot
be subclassified reliably by audiometric criteria. Thus, pooling
of multiple small families has not been a feasible alternative
(5). The strategy of examining consanguineous families from
geographically isolated populations has proven effective for
homozygosity mapping (6) of several different genes causing
recessive NSHHI (Table 1).

A complementary strategy for identifying hearing-related
human genes is the localization and cloning of these genes in
mice. Genetic studies of the shaker-1 (sh-1) mice have identified
a novel myosin VH-like gene associated with deafness.
Mutations in the human homologue of this gene are associated
with Usher syndrome type IB (7,8).

The purpose of this paper is to describe two multiply inbred
families with NSHHI mapping to chromosome 9, defining the
locus DFNB7 to an approximate 4 cM interval flanked by
D9S50and D9S15.

RESULTS

Some of the known loci associated with recessive hereditary
hearing impairment were excluded by typing markers in the
region of 13ql2, Ilql3.5 and the pericentromeric region of
chromosome 17 (DFNB1-3, see Table 1) in the three NIH
families. A genome search was then undertaken with CHLC
marker set, version 5, in family 1A (Fig. 1 A; 9). After exclusion
of all chromosomes but 3, 8 and 9, an indication of linkage
was found with D9S319. Subsequent testing led to full linkage
for markers D9S166, D9S273 and D9S15. The LOD score for
marker D9S166 in family IA is 4.63 at 6 = 0.0, using the
allele frequencies found in Table 2. The LOD score for family
IB is 5.36 for D9S301 at 6 = 0.0, using the allele frequencies
found in Table 2. Haplotypes of family members were con-
structed from these and additional flanking markers (Fig. 1).

Three consanguineous multiplex families from western India
and nine families from Tamil Nadu capable of generating LOD
scores greater than 3 were screened for linkage to the DFNB7
locus. The two families herein described demonstrated homo-
zygosity by descent and linkage to 9ql3-q21.

DISCUSSION

The DFNB7 locus maps to the interval between D9S50 and
D9S15 as seen by obligate crossovers in family IB at those
two loci. This defines a region of linkage of approximately
4 cM (Fig. 2). The D9S15 marker, closely linked to Friedreich's
ataxia, is placed cytogenetically at 9q 13—q21 (10).

Friedreich's ataxia (FRDA; MIM 229300; 11) is a progress-
ive neurodegenerative disorder affecting the sensory afferents
of both the central and peripheral nervous system. Onset is
common between the ages of 8 and 15 years. Although
brainstem evoked response audiometry is abnormal in approxi-
mately 50% of patients with FRDA (12) and reflects degenera-
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Table 1. Loci causing recessive nonsyndromic hereditary hearing impairment

Locus Chromosomal assignment Mapping strategy
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Figure 1. (A) Family pedigree with haplotypes drawn below. The markers
are listed in the following order: D9S319, D9S15, D9S273, D9S166, D9S276
and D9S153. D9S15, D9S273 and D9S166 all show homozygosity by descent
in all affected persons. For D9S166 allele 1 is 249 bp and allele 2 is 233 bp.
(B) Family pedigree localizing the DFNB7 gene to the D9S50-D9S15 interval
containing D9S301. In this family, D9S301 is the only marker showing
homozygosity by descent in all affected persons. For D9S301, allele 1 is 228
bp, allele 2 is 224 bp and allele 3 is 220 bp.
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Figure 2. A linkage map of the chromosome 9qll-q21 region pooled from
Dr J.White's data presented at the 4th International Chromosome 9 Workshop
(25), Gyapay et al. (26) and Rodius et al (27). D9S301 is 10 cM from
D9S319 (9), placing it within 1 cM of D9S15. D9S110 is physically 80 kb
from D9S15 on a YAC contig map. D9S166 and D9S273 belong to the same
linkage group as D9S110 (27). D9S276 belongs to the same linkage group as
D9S175 and D9S284 (26), both at 3 cM from D9S15.

tion within the brainstem (13,14), clinically significant hearing
loss occurs in less than 10% of affected persons and is usually
mild-to-moderate in degree. Severe-to-profound hearing loss
is extremely rare (15). The FRDA phenotype therefore makes
the FRDA gene an extremely unlikely candidate for DFNB7.
However, physical maps in the region of FRDA could be
useful in cloning the DFNB7 gene (16).

Mice have made valuable contributions to developmental
genetic studies of the biological basis of hereditary hearing
impairment (17,18). Described herein is a potential human
homologue of the dn locus in mice, first identified by Deol
and Kocher (19). This is a profoundly deaf recessive mutant,
with degeneration of the organ of Corti, stria vascularis and
occasionally the saccular macula, starting at about 10 days
after birth. Recently, the dn locus was mapped to chromosome
19 in a region syntenic to human chromosome 9qll-21 (20;
J.Battey, personal communication).

Identification of this gene and its protein product will
provide appreciable insight into the development of recessive
nonsyndromic hearing impairment.

MATERIALS AND METHODS
Families with probable hereditary hearing impairment (National Institute
on Deafness and Other Communication Disorders) were ascertained by
identification of probands in schools for the deaf in the district of Kolhapur
in western India. A complete medical history was obtained to exclude
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Table 2. Allele frequencies for D9S301 in Tamil Indians and for D9S166 in
the Kolhapur district of western India

D9S166

Allele size (bp)

233
243
245
247
249
251
253
255
257

Frequency

0.500
0.060
0.040
0.020
0.140
0.080
0.060
0.040
0.060

D9S301

Allele size (bp)

232
230
228
226
224
222
220
218

Frequency

0.042
0.194
0.250
0.097
0.153
0.028
0.056
0.181

environmental causes of hearing impairment. Physical examination was
performed to eliminate syndromic hearing impairments. Audiological testing
was performed on all family members. Affected children from these families
have a profound prelingual sensorineural hearing impairment. Pure tone
audiometry was performed on all family members. Affected individuals
demonstrated profound sensorineural hearing impairment. Obligate heterozy-
gote individuals had normal hearing. Neurological evaluation including
examination of the cranial nerves cerebellar exam and gate were normal in
affected individuals. There were no other associated stigmata of syndromic
hearing impairment including pigmentary, retinal or physical abnormality.

Families with probable NSHHI (University of Iowa) were ascertained by
identifying probands from four schools for the deaf (St Louis Institute for the
Deaf and the Blind, CSI School for the Deaf, Little Flower Covenant School
for the Deaf and Bala Vidyalaya School for the Deaf) and from The Institute
of Basic Medical Sciences in Madras, India, the capital city of Tamil Nadu,
one of the original populations of India. Data on the hearing status of each
person were gathered through repeated household visits. Audiograms were
obtained to confirm severe-to-profound NSHHI and correlated with data on
age-at-onset of hearing loss. Only families with congenital prelingual severe-
to-profound NSHHI were included in this study. Conditions such as rubella,
prematurity, drug use during pregnancy, perinatal trauma and meningitis were
eliminated by history. The biological relationship between spouses was
determined by extensive questioning and verified by elderly members of the
household. Nuclear families were extended if other family members resided
in the vicinity.

Genomic DNA was prepared from blood samples (21). Microsatellite
markers were amplified by polymerase chain reaction (PCR) and analyzed on
polyacrylamide gels, according to the methods described previously (5,22).
With some primer pairs, reaction conditions were modified to optimize
amplification. The microsatellite markers were purchased from Research
Genetics or synthesized on an Applied Biosystems 394 DNA synthesizer.
Sequences for primer pairs are listed in Genome Data Base (GDB).

LOD scores were calculated using the LINKAGE Program Package 5.1
(23). The gene frequency was set at 0.005 (24) and the disease was coded as
fully penetrant. Allele sizes were assigned in reference to an M13mpl8
sequencing ladder. Genomic DNA from CEPH individual 1347-02 with
known allele sizes for each STR was typed with all DNA samples. The allele
frequencies for polymorphic markers are unknown in this Indian population
and would likely vary in different subpopulations. Allele frequencies for
D9S30I and D9S166 were determined by screening respectively 36 and 25
unrelated individuals from the same ethnic and geographic background
(Table 2).
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ABBREVIATIONS

dn, deafness locus on mouse chromosome 19; NSHHI, nonsyndromic heredit-
ary hearing impairment; sh-1, shaker-1 locus on mouse chromosome 7;
DFNBI-3, recessive deafness loci numbers 1-3; DFNB7, recessive nonsyn-
dromic hearing impairment locus number 7; FRDA, Friedreich's ataxia, a
progressive neurodegenerative disorder affecting the sensory afferents of both
the central and peripheral nervous system.
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