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Summary

Autosomal recessive nonsyndromic hearing loss
(ARNSHL) is the most common form of severe inherited
childhood deafness. We present the linkage analysis of
two inbred Bedouin kindreds from Israel that are af-
fected with ARNSHL. A rapid genomewide screen for
markers linked to the disease was performed by using
pooled DNA samples. This screen revealed evidence for
linkage with markers D9S922 and D9S301 on chromo-
some 9q. Genotyping of individuals from both kindreds
confirmed linkage to chromosome 9q and a maximum
combined LOD score of 26.2 (recombination fraction
[0] .025) with marker D9S927. The disease locus was
mapped to a 1.6-cM region of chromosome 9ql3-q21,
between markers D9S15 and D9S927. The disease seg-
regates with a common haplotype in the two kindreds,
at markers D9S927, D9S175, and D9S284 in the linked
interval, supporting the hypothesis that both kindreds
inherited the deafness gene from a common ancestor.
Although this nonsyndromic-hearing-loss (NSHL) locus
maps to the same cytogenetic interval as DFNB7, it does
not overlap the currently defined DFNB7 interval and
may represent (1) a novel form of NSHL in close prox-
imity to DFNB7 or (2) a relocalization of the DFNB7
interval to a region telomeric to its reported location.
This study further demonstrates that DNA pooling is
an effective means of quickly identifying regions of link-
age in inbred families with heterogeneous autosomal re-
cessive disorders.

Introduction

Profound early-onset deafness is present in 4/10,000-
11/10,000 children (Marazita et al. 1993). Although
deafness may be caused by a number of environmental
and disease related factors, ¢:50% of cases are inherited.
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Approximately 10%-20% of cases of inherited deaf-
ness are autosomal dominant, 2%-3% are X linked,
and >75% are autosomal recessive (Reardon 1992).
Mitochondrially inherited deafness has been docu-
mented, as well as mitochondrially linked susceptibility
to antibiotic-induced deafness (Bu et al. 1993; Prezant
et al. 1993). Nonsyndromic deafness, which occurs
without other clearly associated signs or symptoms, ac-
counts for -70°% of all genetically determined deafness
(Moatti et al. 1990). Nineteen loci for nonsyndromic
hearing loss (NSHL) have been reported- 10 associated
with dominant inheritance and 9 with recessive inheri-
tance. Recessive loci include DFNB1, linked to chromo-
some 13q12 (Guilford et al. 1994a); DFNB2, linked to
chromosome 11q13.5 (Guilford et al. 1994b); DFNB3,
linked to chromosome 17p11.2-q12 (Friedman et al.
1995); DFNB4, linked to 7q31 (Baldwin et al. 1995);
DFNB5, linked to 14q12 (Fukushima et al. 1995a);
DFNB6, linked to 3p21-p14 (Fukushima et al. 1995b);
DFNB7, linked to 9ql3-q21 (Jain et al. 1995); DFNB8,
linked to 21q22 (Veske et al. 1996); and DFNB9, linked
to 2p22-p23 (Chaib et al. 1996). DFNB1 shares the
same genetic interval as DFNA3, a dominant form of
nonsyndromic deafness (Chaib et al. 1994; Scott et al.
1995). Although no specific genes have been identified
for DFNB1 or DFNA3, one explanation for this shared
interval is that the two forms are allelic.

In this paper we present the linkage analysis of two Bed-
ouin kindreds from Israel that are affected with autosomal
recessive nonsyndromic hearing loss. Our data indicate that
hearing loss in these families maps to a locus on chromo-
some 9ql3-q21, between markers D9S15 and D9S927. Al-
though this NSHL locus maps to the same cytogenetic re-
gion as DFNB7, it does not overlap the currently defined
DFNB7 interval and represents either a novel form ofNSHL
in close proximity to DFNB7 or a relocalization of the
DFNB7 interval to a region telomeric to its originally de-
scribed location (Jain et al. 1995).

Patients and Methods
Patient Evaluation
Two Bedouin kindreds with congenital profound pre-

lingual sensorineural deafness were ascertained through
medical records in the Audiology Institute of the Soroka
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KINDRED 1

D9S165D98301
D9S273
D9S16609S15
D9S927098175
D9S284
D9S153
D9S922
D9S167

D9S165 4,4 4.4 4,4 4.3 4,3 4

S301 7,3 3 7 3 3 7,3 9530 7,37,6 3,63 3 3
D9S273 1,6 1 6 1,6 DS273 5,6 5,2 6,26
D9S166 3,33 3 3 3,3 9S1663,3 3,1 313 3 3

09S15 1,44 1 4 4 1,4 D9S15 34 3,1 4,11314 4

D9S927 3,4 4 098927 3.4 4,3 4.3 4l4
D9S175 6,6 6,6 D9S175 6,6 6,3 6,3 6

D9S284 2,22 2 2 2,2 D9S284 1,2 2,1 2,12 2 2

D9S153 6,44 4 4 4 64 D9S153 7,4 4,74,74 4
D9S922 2,1 21 D9S922 41 1,5 1,5 1 1 1

D9S167 4,1 1 D9S167 4,1 1,2 1,2 1 1

KINDRED 2A

D98165
D9S301
D9S273
D9Sl 66
D9S1 5
D9S927
D9S175
D9S284
D9S153
09S922
D9S167

D9S165 2,4 4,4 2,4 2,4
D9S301 7,3 3,3 7,6 7,6
D9S273 6,4 6,4 6,2 6,2
D9S166 6,4 4,4 6,2 6,2
D9S15 1,3 4,3 1.1 1,1
D9S927 3,3 4,3 3,4 3,4
D9S175 6,5 6,5 6,6 6,6
D9S284 2,2 2,2 2,2 2,2
D9S153 3,6 3,3 3,3 3,3
D9S922 5,1 1,1 5,1 5,1
D9S167 4,2 4,4 4,4 4,4

3,1 3,1 4,4 3,4 3,4 3,4 3,4 4.3 i14 4 414 4,3
1,6 1,6 6,3 1,6 1,3 6,3 1,3 6,1 3 3 BI3, 3,1
1,2 1,2 2,4 1,2 1,4 1,4 1,4 2,1 6 8, 2 6, 6,1
5,2 5,2 2,4 5,2 5,4 5,4 5,4 2,5 4 4 2 4, 4.5
3,1 3,1 1,3 3,1 3,3 3,3 3,3 1,3 4114114 1,3
3.4 3.4 4.3 3,4 3,3 4,3 3,3 4,3 4 4, 4,3
3,6 3,6 6,5 3,6 3,5 6,5 3,5 6,3 6,3
2,2 2,2 2,2 2,2 2,2 2,2 2,2 2,2 2 2 2 2,2
6,3 6,3 6,6 6,3 6,6 6,6 6,6 6,6 2 2 2 2,6
5.1 5.1 2.1 5,1 5,1 2,1 5,1 2,5 5 5 55
3,2 3,4 2,2 3,4 3,2 2,2 3,2 3,3 2 2 2 2,3

Medical Center and the "NIV" School for the Deaf in
Beer-Sheva, Israel. Kindreds 1, 2A, and 2B each have
different surnames, and all claim to have originated in
Iraq approximately eight generations ago (-200 years

ago). Kindreds 2A and 2B appear to be related (the
founders of kindreds 2A and 2B were reported to be
brothers).
Deaf individuals in each kindred were clinically exam-

ined, and, when possible, results of pure-tone audio-
grams and auditory brainstem-evoked response (ABR)
tests were obtained. Appropriate informed consent was

obtained from study subjects.

Pooling of DNA
DNA was prepared from blood samples by a standard

nonorganic protocol. DNA concentrations were deter-
mined by spectrophotometer readings at OD260. Samples
were diluted to 20 ng/,l and were amplified by PCR. To
insure equal amplification between individual samples,
DNA pools were made by combining equal quantities
ofDNA from each individual. Affected DNA pools were
made from DNA from all available affected individuals
in each kindred (11 individuals from kindred 1 and 15
individuals from kindred 2A). Unaffected pools were

made from a similar number of unaffected siblings and
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DOSl6i 4 4 2 14 4.4 4.4 4.4 4,4 4,2
DOSMO 3.6 3.6 3,6 3,6 3.6
DMM273 6 64 1 6 1 6.1 6.1 2,1 6.1 6,1
D9S1 4 6 446 4,4 4,4 6,4 4.4 4,4
DOSIS 4 1 1 4 411 4,4 4.4 3.4 4,4 4,4
D9S927 4 4 4 4 4 43 4,3 4,3 4'3 4,3
D9S175 6 6 6 6 6,3 6,3 6,3 6.3 6,3
D9S262 2 2 2 2,1 2, 2,1 2,1
06S153 4 1.7 4,7 1.7 4,7 1.7

Figure 1 Pedigree of Bedouin kindreds 1, 2A, and 2B. Affected individuals are represented by blackened symbols, and unaffected
individuals are represented by unblackened symbols. Genotypic data for markers D9S165, D9S301, D9S273, D9S166, D9S1S, D9S927, D9S175,
D9S284, D9S153, D9S922, and D9S167 are shown. Boxes indicate the haplotype of the disease chromosome. Asterisks (*) indicates a single
individual who is shown twice in order to simplify the pedigree drawing for kindred 2A. The symbols + and @ indicate individuals who appear
both in kindred 2A and in kindred 2B. In kindred 1, individuals VII-3 and VII-5 define the disease interval for kindred 1 to the region between
D9S15 and D9S153. A spontaneous mutation or a double-crossover event is seen in individual VII-10 with marker D9S15. In kindred 2A,
individual V-11 defines the disease interval for kindred 2A as centromeric to D9S927. Because of the complexity of the pedigree, LOD scores
for this kindred were calculated with a break between individual III-9 and his parents II-4 and II-5. Likely spontaneous mutations are found
in V-13 with marker D9S166 and in V-16 with marker D9S301. In kindred 2B, individuals III-11 and VIII-4 define the disease interval for
kindred 2B as the region between D9S15 and D9S175.

parents (10 siblings and 1 parent in kindred 1 and 15
siblings from generation V in kindred 2A).

PCR Amplification
Short tandem-repeat-polymorphisms (STRPs) screen-

ing set version 6, developed from markers generated by
the Cooperative Human Linkage Center (Sheffield et al.
1995b), available from Research Genetics, were used in
this study. PCR was performed with 40 ng pooled DNA
in a 8.4-ml PCR reaction mixture containing 1.25 pI
PCR buffer (100 mM TRIS-HCl pH 8.8), 500 mM KCl,
15 mM MgCl2, and 0.01% [w/v] gelatin), 200 gM each
of dATP, dCTP, dGTP, and dTTP, 2.5 pmol each of

forward and reverse primer, and 0.25 U Taq polymer-
ase. Samples were subjected to 40 cycles of 94°C for 30
s, 55°C for 30 s, and 72°C for 30 s. PCR products were
analyzed on 6% denaturing polyacrylamide gels (7.7 M
urea). Visualization of the DNA was accomplished by
the silver-staining protocol of Bassam et al. (1991).
Genotyping of individual samples was performed in an
identical manner, except that 40 ng DNA from each
individual was used as the PCR template.
Statistical Analysis
Linkage analysis for all markers was performed by

the linkage program MENDEL on a Sun workstation
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(Lange et al. 1988). Linkage was tested by the LOD-
score method, and a LOD score -3.0 was used as the
criterion for significance. For kindred 1, linkage analysis
was conducted with all of the individuals and their re-
spective relationships from generation IV to VII. Individ-
uals and relationship information from generations I-
III were not used to calculate LOD scores. Kindred 2A
was analyzed with all individual and relationships in-
tact, except for a single break between individual III-9
and his parents, individuals II-4 and II-5 in figure 1
(kindred 2A). Because of the complexity of kindred 2A,
it was sometimes necessary to reduce the number of
alleles when markers with four or more alleles were
analyzed. This allele reduction was accomplished by as-
signing the same number to two alleles that did not
segregate with the disease. Kindred 2B was analyzed as
a single kindred with all individuals and relationships
intact.

Results

Clinical Findings
Hearing evaluation of affected individuals in both kin-

dreds revealed profound prelingual neurosensory hear-
ing loss. Representative pure-tone audiograms of several
deaf individuals from both kindreds showed profound
bilateral hearing loss of 90-110 decibels in all speech
frequencies (500-4,000 Hz). ABR examinations were
also compatible with profound hearing impairment. All
hearing-impaired individuals had an otherwise normal
phenotype with normal developmental milestones and
the absence of external ear abnormalities or other medi-
cal problems. All were of normal intelligence.

Linkage Mapping Using Pooled DNA Samples
Because of the highly inbred nature of the kindreds

in this study, rapid screening for markers linked to the
disease was possible by use of pooled DNA samples
(Sheffield et al. 1994, 1995a; Carmi et al. 1995; Nystuen
et al. 1996). In this method, STRPs amplified from pools
of DNA from affected and unaffected individuals are
electrophoresed on denaturing acrylamide gels and are
visualized by silver staining. The relative intensity of
each resulting allelic band on the polyacrylamide gel is
approximately proportional to the frequency of that al-
lele in the pooled DNA samples. If a disease gene has
been inherited by the affected individuals from a com-
mon ancestor, the banding pattern of an STRP that is
linked to the disease phenotype will show a shift in
intensity, toward a predominant allele in the affected
pool, compared with the unaffected pool. In the case
of a recessive gene inherited from a common ancestor,
individuals will share a single homozygous allele at the
disease locus (individuals in the affected pool will be
homozygous for both the disease gene and the linked
STRP allele).

A genomewide screen using affected and unaffected
pools from each of the two Bedouin kindreds (kindreds
1 and 2A) was conducted. For kindred 1, 96 STRPs
were screened, and three markers showed a reduced
number of alleles in the affected DNA pool compared
with the unaffected pool. Two of these markers, D9S922
and D9S301, were located within the same region of
chromosome 9q. For kindred 2A, 69 STRPs were
screened, and 2 showed a reduction in the number of
alleles in the affected DNA pool compared with the
unaffected pool. One of the markers was D9S301. On
the basis of the DNA-pooling results, individual mem-
bers of kindreds 1 and 2A were genotyped with D9S922,
D9S301, and nine neighboring chromosome 9 markers.

Linkage was tested by the LOD-score method, and a
score of >3.0 was used as the criterion for significance.
Linkage was found in kindred 1 by using marker
D9S301, with a LOD score of 4.98 at 0 = .025, and by
using marker D9S922, with a LOD score of 4.96 at 0
= .025. Linkage was found in kindred 2A at D9S301,
with a LOD score of 5.79 at 0 = .05. Evaluation of
marker D9S922 yielded a LOD score below the level of
significance (LOD score of 1.83 at 0 = .10). With linkage
established for kindred 2A, linkage analysis was also
performed for additional family members composing
kindred 2B. Initial linkage for kindred 2B was found
with marker D9S175 (a marker between D9S301 and
D9S922). The LOD score at this marker was 5.06 at 0
= .025. LOD scores were determined for a number of
other markers in this region, as summarized in table
1. Marker D9S927 had the highest LOD scores of the
markers tested (kindred 1, maximum LOD score 7.15
at 0 = .00; kindred 2A, maximum LOD score 9.42 at
0 = .05; and kindred 2B, maximum LOD score 10.12
at 0 = .00).

Fine Mapping
Linkage of deafness in kindreds 1 and 2 to chromo-

some 9q raised the question of whether the disorder
was caused by a previously reported ARNSHL locus,
DFNB7, which maps to chromosome 9ql3-q21 (Jain et
al. 1995). In order to answer this question and to refine
the genetic interval, additional genotyping followed by
recombination analysis was performed.
Recombination analysis was performed indepen-

dently for each of the kindreds in figure 1. Regions of
crossover were defined by comparing data from each
affected individual with data from his or her siblings
and parents, rather than by attempting to analyze each
pedigree as a whole. This conservative approach mini-
mizes the likelihood of drawing inaccurate conclusions
if affected individuals inherit the disease gene from more
than one ancestor.

In kindred 1, affected individual VII-3 had a recombi-
nation event between D9S15 and D9S927. Affected indi-
vidual VII-5 of kindred 1 showed a recombination event
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Table 1

Two-Point LOD Scores between the ARNSHL Locus of Kindreds 1 and 2 and Associated Markers on Chromosome 9

LOD SCORE AT 0 =
KINDRED AND MAXIMUM
Locus .0 .10 .20 .30 .40 LOD SCORE MAXIMUM 0

1:
D9S273 .92 4.55 3.42 2.12 .79 4.98 .025
D9S166 4.19 3.29 2.30 1.24 .33 3.97 .025
D9S15 -00 3.75 2.95 1.86 .70 3.84 .075
D9S927 7.15 5.67 4.13 2.53 .95 7.15 .000
D9S175 4.15 3.32 2.43 1.49 .54 4.15 .000
D9S153 .98 4.54 3.36 2.05 .75 5.02 .025

2A:
D9S273 4.60 5.60 4.07 2.36 .82 6.24 .025
D9S166 -00 5.56 4.19 2.44 .88 5.89 .075
D9S15 -X0 5.07 3.86 2.27 .79 5.21 .075
D9S927 6.05 8.38 6.00 3.55 1.31 9.42 .050
D9S175 -00 5.82 4.36 2.64 .99 6.23 .050
D95153 -00 1.44 1.40 .85 .26 1.53 .150

2B:
D9S273 2.05 7.37 5.61 3.46 1.26 7.89 .050
D9S166 -00 4.02 2.92 1.57 .52 4.11 .075
D9S15 -00 5.26 3.98 2.38 .81 5.56 .050
D9S927 10.12 8.06 5.88 3.63 1.42 10.12 .000
D9S175 1.00 4.63 3.47 2.14 .84 5.06 .025
D9S284 -Xo 2.40 1.92 1.21 .48 2.42 .075
D9S153 -Xo .98 1.69 1.26 .47 1.69 .200

between D9S284 and D9S153. These
events mark the centromeric (D9S15)

recombination
and telomeric

(D9S153) boundaries of the disease interval for kindred
1 (see fig. 1, kindred 1). This interval does not overlap
the DFNB7 interval reported by Jain et al. (1995), which
maps between D9SSO (centromeric) and D9S15
(telomeric).

In kindred 2A, affected individual V-11 had a recom-
bination event between D9S15 and D9S927. This re-
combination marks the telomeric boundary of the dis-
ease gene (D9S927) of kindred 2A. No centromeric
recombination events were observed with the STRPs ge-
notyped in this kindred. We conclude from these data
that the disease locus in kindred 2A maps centromeric
to D9S927 (see fig. 1, kindred 2A). However, it is not
possible to establish whether the disease in this kindred
is located at the DFNB7 locus or in the novel interval
defined by kindred 1.
To clarify the placement of the disease locus, a group

of related individuals in kindred 2B were genotyped.
Affected individual VIII-4 of kindred 2B had a recombi-
nation event between D9S1S and D9S927. Affected indi-
vidual 111-11 of the same kindred had a recombination
event between D9S927 and D9S175. These recombina-
tions define the centromeric (D9S1S) and telomeric
(D9S175) boundaries of the disease interval in kindred
2B. With the combined data from kindreds 2A and 2B,
we can exclude the reported DFNB7 locus and define a

novel disease locus for kindred 2. This locus is in a
1.6-cM interval of chromosome 9ql3-q21, bounded by
D9S15 and D9S927, as shown in figure 2, and is in-
cluded in the disease interval defined by kindred 1.
To determine whether kindreds 1 and 2 were likely

to be related, we compared the haplotypes of these kin-
dreds with markers in the linked interval. The disease
segregates with a common haplotype with markers
D9S927, D9S175, and D9S284 located in the linked
interval.

Discussion

We present the linkage analysis of two Bedouin kin-
dreds from Israel that are affected with ARNSHL. The
disease locus in these kindreds is within a 1.6-cM region
of chromosome 9ql3-q21, defined by D9S15 and
D9S927.
The use of highly inbred families and a genomewide

search scheme, which uses DNA pooled from affected
and unaffected individuals as a PCR template, has
proved to be effective in mapping disease loci (Sheffield
et al. 1994, 1995a; Carmi et al. 1995; Nystuen et al.
1996). In this study, a rapid genomewide screening for
markers linked to the disease revealed initial evidence
for linkage with markers D9S922 and D9S301 on chro-
mosome 9q. Linkage to this region was confirmed
through genotyping of these and other STRPs on chro-
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DFNB7

K1&2

<D9S301
D9S166

- D9S15

- D9S927
D9S175
D9S284

- D9S153
- D9S922

1.1 cM
1.6 cM

1.3cM

1 M

10.2cM

1.3cM

Chromosome 9

Figure 2 Schematic representation of chromosome 9, showing
the relative location of the disease interval defined by kindreds 1 and
2, DFNB7, and polymorphic markers. The genetic map is based
on data from the Cooperative Human Linkage Center (http://
www.chlc.org) (Sheffield et al. 1995b).

mosome 9q in both kindreds. This study further demon-
strates that DNA pooling is an effective means of quickly
identifying regions of linkage in inbred families with
recessive disease.

Evidence for linkage to chromosome 9q is compelling.
A combined LOD score of 26.20 (0 = .025) was found
with marker D9S927. The disease interval was fine-
mapped to a 1.6-cM region of chromosome 9ql3-q21
by using observed recombination events. Haplotype
data supported the narrowest disease interval defined by
observed recombination but did not result in further
narrowing of the interval.

Both kindreds are from the same region of Israel and
share a common ethnic background that strongly en-

courages consanguineous marriage. It is possible that
affected individuals in both kindreds inherited the deaf-
ness gene from a common ancestor. The fact that the
disease segregates with a common haplotype for markers
D9S927, D9S175, and D9S284 in the linked interval
supports this hypothesis.

Since both the disease locus of kindreds 1 and 2 and
DFNB7 have both been localized to a small region of
chromosome 9q, it is important to determine whether
these loci overlap. The DFNB7 interval has been re-

ported by Jain et al. (1995) to be located between D9S50
and D9S15, with D9S15 defining the most telomeric
border. The disease interval defined by kindreds 1 and
2 maps between D9S15 and D9S927, with D9S15 defin-
ing the centromeric border, on the basis of observed
recombinations found in each of the study kindreds.

These recombination events place the disease loci of each
of these kindreds outside the reported DFNB7 interval.

It should also be noted that the DFNB7 locus had
been defined with the assumption that marker D9S166
is located telomeric to D9S15, whereas our work as-
sumes that D9S166 is located centromeric to D9S15.
Despite the ambiguity of the placement of D9S166 in
relation to D9S15, the region between these two markers
has been excluded from the disease interval defined by
this study and has been reported to be excluded from
the DFNB7 interval. Since the region between D9S166
and D9S15 has been mutually excluded from both re-
gions, it follows that these two loci do not share a com-
mon border but are separated by the distance between
D9S166 and D9S15, 1.1 cM (see fig. 2).

Although it appears that the disease locus defined by
kindreds 1 and 2 represents a novel ARNSHL locus, it
is also possible that this locus represents a relocalization
of the DFNB7 interval. The DFNB7 locus is presently
defined by Jain et al. using an inbred family with six
affected individuals. All affected individuals in the
DFNB7 family are homozygous at marker D9S301, and
ancestral recombinations are seen in some affected indi-
viduals with the flanking markers D9S50 and D9S15. It
is possible that a second region of homozygosity exists
in the DFNB7 family, in the disease interval defined by
kindreds 1 and 2. Genotyping of newly available mark-
ers and the identification of additional families with link-
age to this region may establish whether the disease locus
defined by kindreds 1 and 2 represents a novel ARNSHL
locus or a relocalization of the DFNB7 interval to a
region telomeric to its originally described location.

During our investigation, we encountered what ap-
pear to be spontaneous mutations of STRP markers in
three of our study subjects. Some spontaneous muta-
tions are easily identified by the appearance of a new
allele not found in either parent (see both kindred 2A
individual V-13 with marker D9S166 and kindred 2A
individual V-16 with marker D9S301). Other apparent
mutations could also be interpreted as unusual double
crossovers (see kindred 1 individual VII-10 with marker
D9S15). Although the spontaneous mutations docu-
mented in this study do not affect our conclusions, it is
important to note that spontaneous mutations can be a
source of error, and caution must be used when more
than one interpretation is possible.
The disease locus identified by kindreds 1 and 2 is the

second form of ARNSHL to be reported in the Bedouin
population in Israel. The first form of ARNSHL docu-
mented in the Bedouin population was localized to the
DFNB1 locus in a large, highly inbred family similar to
those used in this study (Scott et al. 1995).

Acknowledgments
We gratefully acknowledge the patients and their families

for their participation in this study. We would like to thank

390



Scott et al.: Nonsyndromic Recessive Hearing Loss 391

Yaek Yauru-Oron for her technical help, Arne Nystuen and
Dr. Richard J. H. Smith for their helpful discussion, and the
Audiology Institute of the Soroka Medical Center and the
"NIV" School for the Deaf in Beer-Sheva for their cooperation.
This work was supported by NIH grants HG00457 and
PSOHGO0835 (to V.C.S.) and by the Roy J. Carver Charitable
Trust (support to V.C.S. and E.M.S.).

References
Baldwin CT, Weiss S, Farrer LA, DeStefano AL, Adair R,

Franklyn B, Bonne-Tamir B, et al (1995) Linkage of congeni-
tal, recessive deafness (DFNB4) to chromosome 7q31 and
evidence for genetic heterogeneity in the Middle Eastern
Druze population. Hum Mol Genet 4:1637-1642

Bassam BJ, Caetano-Anolles G, Gressholff PM (1991) Fast
and sensitive silver staining of DNA in polyacrylamide gels.
Anal Biochem 196:80-83

Bu X, Shohart M, Jaber L, Rotter JI (1993) A form of sensori-
neural deafness is determined by a mitochondrial and an
autosomal locus: evidence from pedigree segregation analy-
sis Genet Epidemiol 10:3-15

Carmi R, Rokhlina T. Kwitek-Black AE, Elbedour K, Nishi-
mura D, Stone EM, Sheffield VC (1995) Use of a DNA
pooling strategy to identify a human obesity syndrome locus
on chromosome 15. Hum Mol Genet 4:9-13

Chaib H. Lina-Granade G. Guilford P. Plaucho H. Levillier J,
Morgon A, Petit C (1994) A gene responsible for a dominant
form of neurosensory nonsyndromic deafness maps to the
NSRD1 recessive deafness gene interval. Hum Mol Genet
3:2219-2222

Chaib H, Place C, Salem N, Chardenoux S. Vincent C, Weis-
senbach J. Petit C, et al (1996) A gene responsible for a
sensorineural nonsyndromic recessive deafness maps to
chromosome 2p22-23. Hum Mol Genet 5:155-158

Friedman TB, Liang Y, Weber JL, Hinnant JT, Barber TD,
Winata S. Asher JH, et al (1995) A gene for congenital,
recessive deafness DFNB3 maps to the pericentromeric re-
gion of chromosome 17. Nat Genet 9:86-91

Fukushima K, Ramesh A, Srisailapathy CRS, Ni L, Chen A,
O'Neill M, Smith RJH, et al (1995a) Consanguineous nu-
clear families used to identify a new locus for recessive non-
syndromic hearing loss on 14q. Hum Mol Genet 4:1643-
1648

Fukushima K, Ramesh A, Srisailapathy CRS, Ni L, O'Neill
ME, VanCamp G, Smith RJH, et al (1995b) An autosomal
recessive non-syndromic from of sensorineural hearing loss
maps to 3p-DFNB6. Genome Res 5:305-308

Guilford P, Arab SB, Blanchard S, Levilliers J. Weissenbach
J, Belkahia A, Petit C (1994a) A non-syndrome form of
neurosensory recessive deafness maps to the pericentromeric
region of chromosome 13q. Nat Genet 6:24-28

Guilford P. Ayadi H, Blanchard S, Chaib H, Le Paslier D,
Weissenbach J, Drira M, et al (1994b) A human gene re-
sponsible for neurosensory, non-syndromic recessive deaf-
ness is a candidate homologue of the mouse sh-1 gene. Hum
Mol Genet 3:989-993

Jain PK, Fukushima K, Deshmukh D, Ramesh A, Thomas E,
Lalwani AK, Smith RHJ, et al (1995) A human recessive
neurosensory nonsyndromic hearing impairment locus is a
potential homologue of the murine deafness (dn) locus. Hum
Mol Genet 4:2391-2394

Lange K, Weeks D, Boehnke M (1988) Programs for pedigree
analysis: MENDEL, FISHER, and dGENE. Genet Epidemiol
5:471-472

Marazita ML, Ploughman LM, Rawlings B, Remington E,
Arnos KS, Nance WE (1993) Genetic epidemiological stud-
ies of early-onset deafness in the U.S. school-age population.
Am J Med Genet 46:486-491

Moatti L, Garabedian EN, Lacombe H, Spir-Jacob C (1990)
Surdites de perception congenitales et syndromes associes.
Ann Otolaryngol Chir Cervicofac 107:181-186

Nystuen A, Benke PJ, MerrenJ, Stone EM, Sheffield VC (1996)
A cerebellar ataxia locus identified by DNA pooling to
search for linkage disequilibrium in an isolated population
from the Cayman Islands. Hum Mol Genet 5:525-531

Prezant TR, Agapian JV, Bohlman MC, Bu X, Oztas S, Qui
WQ, Fischel-Ghodsian N, et al (1993) Mitochondrial ribo-
somal RNA mutation associated with both antibiotic-in-
duced and non-syndromic deafness. Nat Genet 4:289-294

Reardon W (1992) Genetic deafness. J Med Genet 29:521 -
526

Scott DA, Carmi R, Elbedour K, Duyk GM, Stone EM, Shef-
field VC (1995) Nonsyndromic autosomal recessive deafness
is linked to the DFNB1 locus in a large inbred Bedouin
family from Israel. Am J Hum Genet 57:965-968

Sheffield VC, Carmi R, Kwitek-Black A, Rokhlina T, Nishi-
mura D, Elbedour K, Stone EM, et al (1994) Identification
of a Bardet-Biedl syndrome locus on chromosome 3 and
evaluation of an efficient approach to homozygosity map-
ping. Hum Mol Genet 3:1331-1335

Sheffield VC, Nishimura DY, Stone EM (1995a) Novel ap-
proaches to linkage mapping. Curr Opin Genet Dev 5:335-
341

Sheffield VC, Weber JL, Buetow KH, Murray JC, Even DA,
Wiles K, Duyk GM, et al (1995b) A collection of tri- and
tetranucleotide repeat markers used to generate high quality,
high resolution human genome-wide linkage maps. Hum
Mol Genet 4:1837-1844

Veske A, Oehlmann R. Younus F, Mohyuddin A, Muller-
Myhsok B, Qasim Mehdi S, Gal A (1996) Autosomal reces-
sive non-syndromic deafness locus (DFNB8) maps on chro-
mosome 21q22 in a large consanguineous kindred from Pa-
kistan. Hum Mol Genet 5:165-168


