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Abstract. The present study aimed to investigate the molec-
ular etiology of nonsyndromic hearing impairment (HI) in
hearing impaired populations of Hui, Tibetan, and Tu ethnic-
ities in northwest China. A total of 283 unrelated subjects
with HI who attended special education schools in northwest
China were enrolled in the present study. Single-nucleotide
polymorphisms (SNPs) in three common deafness-related
genes, gap junction protein 2 (GJB2), solute carrier family
26 member 4 (SLC26A4) and mitochondrially encoded 128
RNA (mtDNA12SrRNA), were detected using a SNPscan
technique. GJB2 mutations were detected in 14.89% of Hui
patients, 9.37% of Tibetan patients and 11.83% of Tu patients.
The most prevalent GJB2 mutation in the Hui and Tu patients
was c.235delC. In the Tibetan patients, the c.109G>A SNP
exhibited the highest allele frequency. SLC26A4 mutations
were detected in 10.64% of Hui patients, 6.25% of Tibetan
patients, and 8.6% of Tu patients. The most common
SLC26A4 mutation was ¢.919-2A>Gin the Hui, Tibetan,
and Tu patients, and the second most common SLC26A4
mutations in these patients were c.1517T>G, ¢.1226G>A
andc.2168A>G, respectively. The mutation rates ofmtD-
NA12SrRNA in the Hui, Tibetan, and Tu patients were 1.06,
5.21, and 5.38%, respectively. These findings demonstrate
that the mutation spectra of these deafness-related genes are
unique amongst these three ethnic groups. This information
will be helpful in designing a protocol for genetic testing for
deafness and for achieving accurate molecular diagnoses in
northwest China.
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Introduction

Hearing impairment (HI) is a genetically heterogeneous
disorder in humans, with an incidence of approximately 1:1,000
children worldwide; over half of these cases may be attributed
to a genetic cause (1). Nonsyndromic HI (NSHI) accounts for
60-70% of inherited hearing impairment and involves more
than 100 genes with autosomal dominant (20-25%), autosomal
recessive (75-80%), X-linked (1-2%) and maternal inheritance
(=1%) patterns (2). Previous reports conducted in China
have suggested that mutations in the gap junction protein 32
(GJB2), solute carrier family 26 member 4 (SLC26A4) and
mitochondrially encoded 12S RNA (mtDNAI12SrRNA)
genes are the predominant genetic causes of HI; mutations in
these three genes may explain 26.7-35.7% of the etiology of
NSHI (3-5). Mutations in deafness-related genes are currently
detected using several different methods, including direct
sequencing, microarray analysis, polymerase chain reaction
(PCR)-restriction fragment length polymorphism analysis
and denatured high-performance liquid chromatography.
Although direct sequencing is the gold standard approach for
the detection of gene mutations, this strategy is expensive,
time-consuming and inefficient for the sequencing of large
fragments. The SNPscan technique is high-throughput and
cost-effective, and several studies have demonstrated the
accuracy, sensitivity and specificity of this technique (6-8).
Therefore, SNPscan is considered to be a valid tool for the
genetic diagnosis of inherited HI.

Northwest China is home to numerous ethnic groups,
including >40 ethnic minority groups, some of which are
found only in the northwest region, such as the Tu ethnicity.
This region is populated by individuals with diverse ethnici-
ties, however, the majority of the residents are of Hui or
Tibetan ethnicity. These ethnic minorities reside in separate
ethnic neighborhoods and have distinct genetic backgrounds,
which are relatively conserved. Therefore, individuals of the
Hui, Tibetan and Tu ethnicities residing in this region may
present unique mutation spectra of deafness-related genes. The
objective of the present study was to investigate the molecular
etiology of NSHI using the SNPscan technique, in patients
with HI from the Hui, Tibetan and Tu ethnicities residing in
northwest China. The information obtained within the present
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study may provide a scientific basis for the diagnosis, inter-
vention and genetic counseling of patients with HI and their
families.

Materials and methods

Patient selection. A total of 283 individuals with NSHI from
unrelated families were enrolled; 194 were from Lanzhou
Special Education School (Lanzhou, China) and 89 were
from Xining Special Education School (Xining, China). An
additional 150 region-, age- and ethnicity-matched control indi-
viduals with normal hearing were recruited for participation
in this study. The study protocol was approved by the Ethics
Committee of the Second Hospital of Lanzhou University
(Lanzhou, China). Informed consent was obtained from all
subjects prior to blood sampling. The medical history of each
patient was acquired, and this included age of onset, family
history, mother's health during pregnancy, previous history of
infection, head trauma and use of aminoglycoside antibiotics.
The patients with NSHI received routine physical and otorhi-
nolaryngology examinations. Age-appropriate audiological
examinations, including pure-tone audiometry or auditory
brainstem response testing, immittance testing, and distortion
product otoacoustic emissions testing (9) were performed.
All HI subjects demonstrated moderate to profound bilateral
sensorineural hearing impairment on audiograms. Patients
with middle ear disorders or syndromic HI were excluded from
the study. Genomic DNA was extracted from the peripheral
blood leukocytes of 283 patients with nonsyndromic hearing
impairment and 150 controls with normal hearing using a
DNA extraction kit (Axygen; Corning Incorporated, Corning,
NY, USA), according to the manufacturer's protocol.

SNPscan for mutation detection. A total of 115 mutations in
GJB2, SLC26A4 and mtDNA12SrRNA that were previously
identified in =2 individuals were selected from a mutation
database generated by direct exon-sequencing of the GJB2,
mtDNA12SrRNA, and SLC26A4 genes in >7,000 patients
with HI (10). SNPscan genotyping was performed using a
custom-by-design 2x48-plex SNPscan kit (Shanghai Genesky
Biotech, Co., Ltd., Shanghai, China). This kit was developed
according to a SNP genotyping technology patented by
Genesky Biotech, Co., Ltd., based on double ligation and
multiplex fluorescence PCR. A ligation mixture was prepared
at a volume of 20 ul containing 1X Ligase buffer, 1X probe
mix, 0.5 pl ligase and 100-200 ng DNA sample. The ligation
reaction was performed using an ABI 2720 thermal cycler
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) under the following cycling conditions: 2 min at
98°C, followed by 5 cycles of 1 min at 94°C,3 h at 60°C,2 min at
94°C, hold at 58°C and immediately stopped with the addition
of 20 u1 20 mM EDTA. Multiplex fluorescence PCR reactions
were performed for each ligation product. Each PCR mixture
was prepared at a volume of 20 ul containing, 1X PCR buffer,
1 pl primer mix, 0.3 pl heat activated Taq DNA polymerase
and 1 pl ligation product. The PCR cycling conditions were as
follows: 2 min at 95°C; 9 cycles of 20 sec at 94°C, 40 sec cycle
at 63-0.5°C and 1.5 min at 72°C; 25 cycles of 20 sec at 94°C,
40 sec at 60°C,and 1.5 min at 72°C; 1 h at 68°C; and hold at 4°C.
PCR amplification with blue and red fluorescent dye modified
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universal primers were performed. The red fluorescence
dye was acridine orange and the blue fluorescence dye was
4'.6-diamidino-2-phenylindole (both from Shanghai Genesky
Biotech, Co., Ltd.). PCR products were separated and detected
by capillary electrophoresis on an ABI 3130XL sequencer
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Raw data
were analyzed using GeneMapper v4.0 (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The genotypes at each locus
were determined based on the color of the dye label and the
fragment sizes of the allele-specific ligation PCR products.
For quality control, the assay was randomly repeated for 4% of
the samples and concordant results were obtained. All SNPs
were genotyped successfully with a call rate of >98%.

Statistical analysis. Statistical analysis was performed using
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Intergroup
differences in rate or frequency were compared using the
two-tailed y? test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Results overview. The patient cohort consisted of 94 Hui
[age, 12.0+3.1 (range 3-35) years; female/male ratio, 54/40],
96 Tibetan [age, 12.4+2.8 (range 8-30) years; female/male ratio,
45/51] and 93 Tu [age, 13.8+3.2 (range 4-25) years; female/male
ratio, 44/49] individuals. A total of 32/283 patients had a family
history of HI (16 Hui, 12 Tibetan and 4 Tu individuals). The
remaining 251 patients were diagnosed with sporadic HI. For
the control group, 150 individuals with normal hearing from
the same region as the case group were recruited, including
Hui (n=50), Tibetan (n=50) and Tu (n=50) individuals. The
mutation detection rates of the three deafness-related genes in
the three ethnicities are presented in Table I. A representative
section of the SNPscan results are depicted in Figs. 1-3. DNA
samples with the mtDNA12SrRNA m.1494C>T mutation were
detected by the red dye labeled probe set in the assay; the
wild-type is presented in Fig. 1. DNA samples heterozygous
for the 235delC mutation in GJB2 were detected by the blue
dye labeled probe set in the assay; the wild-type is presented
in Fig. 2. DNA samples homozygous for the 919-2A>G muta-
tion in SLC26A4 were detected by the blue dye labeled probe
set in the assay; the wild-type is presented in Fig. 3.

GJB2. A total of 6GJB2 variants were identified in the patient
cohort (Table II), of which5 were pathogenic, including
¢.299_300del AT, c.235delC, ¢.35delG, ¢.176_191del16 and
¢.257C>G. The ¢.109G>A SNP was a nucleotide change of
unknown significance. The detection rate of GJB2 mutations
in the Hui patients was 14.89% (14/94), and five variants were
observed, these were: ¢.235delC, ¢.299 300delAT, c.109G>A,
c.35delG and c.176_191del16, with allele frequencies of
6.91% (13/188), 2.66% (5/188), 2.13% (4/188), 0.53% (1/188)
and 0.53% (1/188), respectively. The c.235delC SNP was the
most prevalent mutation, accounting for 54.17% of all mutant
alleles. The detection rate of GJB2 mutations was 9.37% (9/96)
in the Tibetan patients, and four variants were detected, these
were: ¢.109G>A, ¢.235delC, ¢.299_300del AT and ¢.257C>G,
with allele frequencies of 2.6% (5/192), 2.08% (4/192), 0.52%
(1/192) and 0.52% (1/192), respectively. The c.109G>A SNP
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Table I. The detection rates of GJB2, SLC26A4 and mtDNA12SrRNA mutations in 283 Hui, Tibetan and Tu patients with

nonsyndromic hearing impairment.

Gene

GJB2 SLC26A4 mtDNA12SrRNA
Ethnicity No. of mutations Rate (%) No. of mutations Rate (%) No. of mutations Rate (%)
Hui 14 14.89 10 10.64 1 1.06
Tibetan 9 9.37 6 6.25 5 5.21
Tu 11 11.83 8 8.6 5 5.38
Total 34 12.01 24 8.48 11 3.89

GJB2, gap junction protein 2; SLC26A4, solute carrier family 26 member 4;mtDNA12SrRNA, mitochondrially encoded 12S RNA.
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Figure 1. The m.1494C>T SNP in mitochondrially encoded 12S RNA.
Homozygous mutant and wild-type sequence variations are presented.
(A) The m.1494C>T homozygous mutation in the 179 bp DNA fragment was
detected by the red dye labeled probe in the patient sample. (B) The wild-type
sequence in the 177th bp of the DNA fragment was detected by the red dye
labeled probe in the healthy control. SNP, single-nucleotide polymorphism;
M, mutant SNP; W, wild-type SNP.

exhibited the highest allele frequency, accounting for 45.45%
of all mutant alleles. The detection rate of GJB2 mutations
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Figure 2. The 235delC SNP in gap junction protein f2. Heterozygous and
wild-type homozygous sequence variations are presented. (A) The 235delC
heterozygous mutation in the 100 and 102 bp DNA fragment was detected by
the blue dye labeled probein the patient sample. (B) The wild-type sequence
in the 100th bp of the DNA fragment was detected by the blue dye labeled
probe in the healthy control. SNP, single-nucleotide polymorphism; M,
mutant SNP; W, wild-type SNP.

was 11.83% (11/93) in the Tu patients, and three variants were
observed, these were: ¢.235delC, c.109G>A and ¢.176_191del 16,
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Figure 3. The 919-2A>G SNP in solute carrier family 26 member 4.
Homozygous mutant and wild-type sequence variations are presented.
(A) The 919-2A>G homozygous mutation in the 132 bp DNA fragment
was detected by the blue dye labeled probe in the patient sample. (B) The
wild-type sequence in the 130th bp of the DNA fragment was detected by
the blue dye labeled probe in the healthy control. SNP, single-nucleotide
polymorphism; M, mutant SNP; W, wild-type SNP.

with allele frequencies of 8.06% (15/186), 1.07% (2/186) and
0.54% (1/186), respectively. The ¢.235delC SNP was the most
prevalent mutation, accounting for 83.33% of all mutant alleles.

No significant differences in the detection rate of GJB2
mutations were found amongst the three ethnic groups
(P>0.05). A significant difference in the allele frequency of
the c.235delC mutation was observed between the Hui and
Tibetan patients (¥*=5.189, P<0.05), and between the Tu and
Tibetan patients (%*=7.08, P<0.05), however, no significant
difference in this frequency was detected between the Hui
and Tu patients (x*=0.178, P>0.05). In the control group, four
individuals (2.67%, 4/150) were revealed to be heterozygous
carriers of GJB2 mutations, including one with c.235delC, one
with ¢.299 300del AT, and two with c.109G>A.

SLC26A4. A total of 7 mutations were identified in this cohort,
including ¢.919-2A>G, c.2168A>G, c.1226G>A, ¢.754T>C,
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¢.1520delT, ¢.1517T>G and ¢.249G>A, (Table III), The
detection rate of SLC26A4 mutations in the Hui patients was
10.64% (10/94), the identified SNPs included ¢.919-2A>G,
c.2168A>G, ¢.1520delT, c.1517T>G and ¢.249G>A. The allele
frequency of ¢.919-2A>G was the highest at 4.79% (9/188),
followed by c.1517T>G at 2.13% (4/188), ¢.249G>A at 1.06%
(2/188), c.2168A>G at 0.53% (1/188) and ¢.1520delT at 0.53%
(1/188). Thec.919-2A>G and ¢.1517T>G mutations were the
most prevalent in the Hui patients, accounting for 52.94% and
23.53% of all mutant alleles, respectively. The detection rate of
SLC26A4 mutations was 6.25% (6/96) in the Tibetan patients.
The identified SNPs included ¢.919-2A>G, ¢.2168A>G and
c.1226G>A. The allele frequency of c.919-2A>G was the
highest at 3.12% (6/192), followed by c.1226G>A at 1.04%
(2/192) and c.2168A>Gat 0.52% (1/192). The ¢.919-2A>G and
¢.1226G>A mutations were the most prevalent in the Tibetan
patients, accounting for 66.67% and 22.22% of all mutant
alleles, respectively. The detection rate of SLC26A4 muta-
tions was 8.6% (8/93) in the Tu patients. The identified SNPs
included ¢.919-2A>G, ¢.2168A>G and ¢.754T>C. The allele
frequency of ¢.919-2A>G was the highest at 6.45% (12/186),
followed by ¢.2168A>G at 1.07% (2/186) and c.754T>C at
0.54% (1/186).The c.919-2A>G and c.2168 A>G mutations
were the most prevalent in the Tu patients, accounting for 80%
and 13.33% of all mutant alleles, respectively.

No significant differences in the detection rate of
SLC26A4 mutations were found amongst the three ethnic
groups (P>0.05). Furthermore, no significant differences in
the allele frequency of the c.919-2A>G mutation were found
amongst the three ethnic groups (P>0.05). In the control
group, two individuals (1.33%, 2/150) were heterozygous for
the ¢.919-2A>G mutation.

mtDNA12SrRNA. Three Tibetan patients (3.12%, 3/96) carried
the m.1555A>G mutation, and two (2.08%, 2/96) possessed the
m.1494C>T mutation. Five Tu patients (5.38%, 5/93) and one
Hui patient (1.06%, 1/94) carried the m.1555A>G mutation. A
total of 10/11 patients with the m.1555A>G or the m.1494C>T
mutations had a history of aminoglycoside use. All of the
mutations detected in mtDNAI12SrRNA were in a homo-
plasmic state. No significant differences in the mutation rates
of mtDNA12SrRNA were observed amongst the three ethnic
groups (P>0.05). None of the 150 control individuals were
found to carry the m.1555A>G mutation or the m.1494C>T
mutation.

Discussion

The present study performed mutation analysis using the
SNPscan technique to evaluate 283 patients with moderate
to profound sensorineural NSHI. The detection rates of
GJB2 mutations were 14.89, 9.37 and 11.83% in the Hui,
Tibetan and Tu patients, respectively. The detection rates of
SLC26A4 mutations were 10.64, 6.25 and 8.6% in the Hui,
Tibetan and Tu patients, respectively. The mutations rates
of mtDNAI12SrRNA in the Hui, Tibetan and Tu patients
were 1.06, 5.21 and 5.38%, respectively. No significant
differences in the detection rates of GJB2, SLC26A4 and
mtDNA12SrRNA mutations were found amongst the three
ethnic groups. Notably, the mutation spectra of the common
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Table II. Gap junction protein 32 genotypes of 283 minority patients with nonsyndromic hearing impairment.

Genotype Hui patients (n)

Tibetan patients (n) Tu patients (n)

235delC/235delC
299_300delAT/299_300del AT
235delC/299_300del AT
35delG/235delC
176_191del16/235delC
257C>G/299_300del AT
235delC/wt

109G>A/wt

Total

A OO = = = N W
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WT, wild-type.

Table III. Solute carrier family 26 member 4 genotypes of 283 minority patients with nonsyndromic hearing impairment.

Tibetan patients (n) Tu patients (n)

Genotype Hui patients (n)
919-2A>G/919-2A>G 3
919-2A>G/2168A>G 0
754T>C/919-2A>G 0
1226G>A/1226G>A 0
1520 delT/2168A>G 1
1517T>G/1517T>G 2
249 G>A/249G>A 1
919-2A>G/wt 3
2168A>G/wt 0
Total 10

AN O WO OO =O =
0 = O O OO O = = W

WT, wild-type.

deafness-related genes differed amongst the three ethnic
groups.

Previous reports have suggested that mutations in GJB2
are the most common causes of NSHI in several popula-
tions (11,12). The prevalence of GJB2 mutations appears to
vary amongst different ethnic groups. The results of this study
indicated that the detection rates of GJB2 mutations in the Hui,
Tibetan and Tu patients were 14.89, 9.37, and 11.83%, respec-
tively. However, Dai et al (13) reported that the detection rate of
GJB2 mutations was 19.1% (313/1640) in Han Chinese NSHI
patients from different regions of China. A significant differ-
ence in this rate was observed between the Tibetan patients and
the aforementioned Han Chinese patients (3*=5.66, P<0.05),
consistent with the report of Dai ef al (13). No significant differ-
ences were discovered between the Han Chinese group and
Hui and Tu ethnic groups in the present study (P>0.05). The
mutation spectra of GJB2 are distinct amongst HI populations
of different ethnicities. Numerous studies have demonstrated
that ¢.35delG, c.167delT and c.235delC are the most prevalent
mutations in Caucasians, Ashkenazi Jews and a pan-Asian
cohort, respectively (14). In the present study, c.235delC was
the most prevalent mutation in Hui and Tu patients. This

finding is consistent with the observation that the ¢.235delC
mutation is the most common mutation in Eastern Asians (15).
Furthermore, the allele frequency of ¢.235delC was lower in
the Tibetan patients compared with the Hui and Tu patients,
in agreement with the report of Dai ef al (15). The c.109G>A
mutation exhibited the highest allele frequency in the Tibetan
patients. This mutation is common in East Asians, with an
allele frequency of 6.7% (185/2744) in Han Chinese patients
with NSHI (13). No statistical difference in this frequency was
observed between the Tibetan patients and the aforementioned
Han Chinese patients (%*=2.275, P>0.05). The pathogenicity
of the c.109G>A variant is controversial; recent research has
revealed that it is associated with mild to moderate hearing
impairment (16-17). In the present study, the allele frequency
of c.109G>A was 2.6% (5/192) in the Tibetan patients and 2%
(1/50) in the Tibetan control subjects; no significant difference
in this frequency was found between the Tibetan patient and
control groups (¥*=0.06, P>0.05).

Mutations in SLC26A4 are responsible for both syndromic
and nonsyndromic hearing impairment; they are the second
most common genetic cause of NSHI in China (5). The preva-
lence of SLC26A4 mutations varies amongst different ethnic
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groups. In the present study, the detection rates of SLC26A4
mutations were 10.64, 6.25 and 8.6% in the Hui, Tibetan and
Tu patients, respectively. Yuan et al (18) reported that the
detection rate of SLC26A mutations was 16.55% (315/1903) in
Han Chinese NSHI patients from different regions of China.
A significant difference in this rate was found between the
Han Chinese patients and Tibetan patients (x*=7.197, P<0.05),
this finding is consistent with a report by Yuan et al (18) that
the detection rate of SLC26A4 mutations in the Tibetan HI
population was significantly lower compared with the Han
Chinese population. No significant differences were observed
between the aforementioned Han Chinese group and Hui and
Tu ethnic groupsin the present study (P>0.05). The mutation
spectra of SLC26A4 varied amongst different ethnic groups.
Previous studies have indicated that the most common muta-
tions in the SLC26A4 gene are p.T416P and IVS8+I1G>A in
northern European populations and c.2168A>G in Japanese
or Korean populations (19-21), whereas the most common
SLC26A4 mutations are ¢.919-2A>G and c.2168A>G in
Han Chinese populations (22,23). In the present study, it
was observed that different ethnicities demonstrated distinct
SLC26A4 mutation spectra. The ¢.919-2A>G was the most
common mutation in the Hui, Tibetan and Tu patients,
however, ¢.1517T>G, ¢.1226G>A and c.2168A>G were the
second most common mutations in these patients, respec-
tively. These results suggest that ethnic background is a
significant factor contributing to differences in the SLC26A4
mutation spectra amongst these ethnicities.

The A1555 G and C1494T mutations in mtDNA12SrRNA
have been associated with aminoglycoside-induced deafness
and nonsyndromic hearing impairment in several families of
differentethnicities (24-27). In particular, the A1555 G mutation
is the most commonly detected, and its prevalence fluctuates
with ethnic variation (28). Compared with the A1555 G muta-
tion, the C1494T mutation exhibits a lower carrier frequency
in Chinese patients with NSHI (29). Published reports have
indicated that the incidence of the m.1555A>G mutation is
higher in Asian HI populations compared with Caucasian
populations (30). In the present study, the mutation rates of
m.1555A>G were 3.12,5.38 and 1.06% in the Hui, Tibetan and
Tu patients, respectively. Guo er al (31) reported that the muta-
tion rate of m.1555A>G was 6.09% (113/1856) in Han Chinese
NSHI patients in northwest China. No significant differences
in this rate were observed between the aforementioned Han
Chinese group and Tibetan and Tu ethnic groups in the
present study (P>0.05). However, significant differences were
observed between the Han Chinese patients and Hui patients
(x*=4.103, P<0.05). The differences in the m.1555A>G muta-
tion rate may be due to geographical and environmental
differences. Given that ethnic background influences the spec-
trum of gene mutations present, the western Eurasian-specific
haplogroup frequency of mtDNAs in the Hui population was
6.7%; however, no western Eurasian type was found in Han
samples from the same region (32). Furthermore, the A1555 G
and C1494T mutations in the highly conserved coding site
of mtDNA12SrRNA are the predominant ototoxic targets of
aminoglycoside antibiotics, especially the A1555 G mutation.
These mutations increase sensitivity to aminoglycoside ototox-
icity, thus leading to these ototoxic effects (33). In the present
study, 10/11 patients with A1555 G or C1494T mutations had
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a history of aminoglycoside use. One Tibetan patient without
a history of aminoglycoside exposure carried the C1494T
mutation and exhibited late-onset deafness. Therefore, it may
be hypothesized that active genetic counseling and interven-
tion combined with avoidance of aminoglycoside use in
patients with HI, and their matrilineal relatives, may limit the
occurrence of HI.

The present study demonstrated that mutation screening
using the SNPscan assay is a powerful and effective method
for the evaluation of a large deaf cohort. However, the sample
size of the present study was too small to allow for final
conclusions to be made, and more patients with nonsyndromic
hearing impairment will be recruited for future studies. A
total of 24.38% of the patients with HI demonstrated evidence
of genetic involvement; 12.01, 8.48 and 3.89% of the patients
demonstrated inherited hearing impairment caused by
GJB2, SLC26A4 and mtDNA12SrRNA mutations, respec-
tively. Furthermore, the mutation spectra of the common
deafness-related genes differed amongst HI populations of the
Hui, Tibetan and Tu ethnicities. The information reported in
this study will be helpful in designing a protocol for genetic
testing for HI, and for achieving accurate molecular diagnoses
in northwest China.
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