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Abstract

·AIM: To identify the pathogenic mutations in a Chinese
pedigree affected with Usher syndrome type II (USH2).

·

METHODS:

The

ophthalmic

examinations

and

audiometric tests were performed to ascertain the
phenotype of the family. To detect the genetic defect,
exons of 103 known RDs -associated genes including 12
Usher syndrome (USH) genes of the proband were
captured and sequencing analysis was performed to
exclude known genetic defects and find potential
pathogenic
mutations.
Subsequently,
candidate
mutations were validated in his pedigree and 100 normal
controls using polymerase chain reaction (PCR) and
Sanger sequencing.

· RESULTS:

The patient in the family occurred hearing

loss (HL) and retinitis pigmentosa (RP) without vestibular
dysfunction, which were consistent with standards of
classification for USH2. He carried the compound
heterozygous mutations, c.721 C >T and c.1969 C >T, in
the
gene and the unaffected members carried
only one of the two mutations. The mutations were not
present in the 100 normal controls.

· CONCLUSION:

We suggested that the compound

heterozygous mutations of the
could lead to
USH2, which had revealed distinguished clinical
phenotypes associated with
and expanded the
spectrum of clinical phenotypes of the
mutations.
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INTRODUCTION
sher syndrome (USH) is the most common form of
hereditary syndrome characterized by sensorineural
hearing loss (HL) and retinitis pigmentosa (RP). The
worldwide prevalence has been estimated to be ranged from
1/25 000 to 4/25 000 [1]. According to the degree of HL and
the presence or not of vestibular dysfunction, USH is divided
into three clinical subtypes. USH type I (USH1) is the most
severe form characterized by prepubertal onset of RP,
profound HL, and vestibular dysfunction. USA type II (USH2)
is characterized by postpubertal onset RP and moderate
deafness without vestibular dysfunction. USA type III(USH3)
is featured as postlingual deafness, teenage-onset RP and
varying degree of vestibular dysfunction [2]. To date, at least
16 loci have been mapped for the three types of USH in
human chromosomes and 12 genes have been identified
responsible so far (RetNet; https://sph.uth.edu/Retnet/home.
htm). Six causative genes have been reported for USH1:
[3]
,
,
,
,
and
.
Three genes have been described for USH2:
,
and
. Three genes have been described for
[1]
USH3:
,
and
It is well-known
that the USH causative genes have usually been associated
with several phenotypes. For example
has been
identified to be associated with not only USH1 but also
autosomal dominant deafness and autosomal recessive
deafness. However it has rarely been correlated with USH2.
The relationship of genotype and phenotype is remarkable
and interesting for USH.
The molecular diagnosis of USH is made challenging by
widely spread over the coding regions of these causative
genes. Recently, next-generation sequencing (NGS)
technology has provided a high-throughput and cost-effective
method for identification of the causative genes for USH
which could sequences the candidate genes rapidly and
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Table 1 Primers used for amplification of potential pathogenic mutations in MYO7A
Mutation
Exon
Forward primer (5’- 3’)
Reverse primer (5’- 3’)

Product size (bp)

c.721 C>T

7

TGGATTGAGCAGCAGGTCTT

GGAAGCAGGCAGCAATACG

391

c.1969 C>T

17

GCCTTTCTGAGCCTTTGTCTG

GTCTTGTTCCTTACACCACCAT

478

accurately [4-6]. Moreover, successful identification of USH
causative mutation provides more probability for analysis the
relationship between genotype and phenotype.
In the present study, we utilized targeted genes NGS
approaches to identify the genetic defects in a Chinese family
with USH2. We identified the compound heterozygous
mutations, c.721 C>T and c.1969 C>T, segregated
with USH2 phenotype in the pedigree.
c.721 C>T
had been reported to be associated with USH1 while c.1969
C>T with hereditary HL. To our knowledge, there has rarely
been reported about the relationship between
mutation and USH2.
SUBJECTS AND METHODS
This study was approved by the Ethical Review Board of the
Chinese PLA General Hospital and conformed to the
provisions of the Declaration of Helsinki. Written informed
consents were signed by all participants.
Pedigree The pedigree described in this study was from
Anhui Province in China, it was identified and followed up
clinically at the Chinese PLA General Hospital. A detailed
medical history was obtained by interviewing family
members. The patients from the family underwent
comprehensive
ophthalmological
examinations
and
audiologic assessments. Ophthalmological examinations
included best-corrected visual acuities (BCVA), slit lamp
biomicroscopy, fundus photography, Goldmann perimetry
and electroretinogram (ERG). ERGs were also performed
and recorded according to the standards of the International
Society for Clinical Electrophysiology of Vision (ISCEV) [7].
The severity of hearing impairment was defined as mild
(20-40 dB), moderate (41-70 dB), severe (71-90 dB) and
profound (>91 dB) [8]. A series of vestibular tests, which
included alternate binaural bithermal caloric irrigations with
30℃ and 44℃ water and videonystagmography (VNG),
were further conducted on the patients as detailed
previously [9].
Targeted Sequence Capture and Next -generation
Sequencing A custom-made capture array (NimbleGen,
Madison, USA) from Beijing Genomics Institute-Shenzhen,
was designed to capture the coded exons of the 103 RDS
genes, in which contained 12 known USH genes. Genomic
DNA of the patient and his unaffected parents were extracted
from peripheral blood using a QIAmp DNA Blood Midi Kit
(Qiagen, Hilden, Germany) following the manufacturer's
instructions. The quantity of DNA to be tested was chosen on
the basis of standard laboratory methods. DNA was
fragmented to 200-300 bp using an ultrasonoscope (Covaris
S2, Massachusetts, USA). The libraries were pooled and

hybridized to the custom capture array for 72h at 42℃ .
Hybridization and washing procedure were performed
according to Nimblegen's standard protocol. Sequencing was
performed by the HiSeq2000 Analyzers (Illumina, San
Diego, USA) to produce paired-end reads (90 bps at each
end) according to the manufacturer's instructions [10,11]. Image
analysis and base calling were performed using the Illumina
Pipeline.
Filtering Procedures of Detected Variants To detect the
potential pathogenic variants of the proband, the 90 bp clean
reads were then subjected to alignment with the human
genome reference from the NCBI database (HG19) by using
the Burrows-Wheeler Aligner (BWA) Multi-Vision software
package (http://sourceforge.net/projects/bio-bwa/). Singlenucleotide variants (SNVs) and indels were identified using
Short Oligonucleotide AlignmentProgram (SOAP, http://soap.
genomics.org.cn) and Samtools, respectively. All SNVs were
determined using the NCBI dbSNP (http://hgdownload-test.
cse.ucsc.edu/goldenPath/hg19/database/), HapMap Project
(ftp://ftp.ncbi.nlm.nih.gov/hapmap), and 1000 Genome
Project (ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp) [11,12].
Mutations Validation To ensure the accuracy of results of
NGS, Sanger sequencing of mutations was subsequently
performed in the pedigree. The targeted sites were amplified
by polymerase chain reaction (PCR) and sequenced by ABI
3730 Genetic Analyzer (Applied Biosystems, CA, USA). The
specific primers listed in Table 1 were designed using
Primer3 (http://bioinfo.ut.ee/primer3-0.4.0/). The sequencing
results were compared with gene reference sequences
respectively to confirm the variants.
RESULTS
Clinical Phenotype of the Chinese Usher Syndrome
Pedigree The family originated from Anhui Province in the
Central China Region, the proband had an unaffected brother
and his father and mother also had no symptoms and signs of
USH (Figure 1). The proband was found hysteresis response
to sounds without a delay in sitting independently and toddler
late one year after birth. Up to now, he was 12 years old, his
language function was well-developed and did not occurred
vestibular dysfunction. He was diagnosed with moderate to
severe bilateral sensorineural hearing impairments according
to his pure tone audiometry result, nevertheless, his alternate
binaural bithermal caloric testing and VNG were all within
normal (Figure 2). The patient begun to complain about night
blindness at 6 years old. When he was twelve, the central
BCV of the patient was normal but the fundus photographs
showed extensive atrophy of the retinal pigment epithelium
671
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Figure 1 Pedigree of the family with USH2 Normal males and
female are shown with empty squares and circle, respectively.
Affected patient is shown with filled symbols. The proband (II：1) is
indicated by arrow. MT: Mutant type; WT: Wild type.
Figure 3 Bilateral fundus photography and visual field of the
proband A, B: Bilateral fundus photography showing atrophy of
the retinal pigment epithelium and attenuation of retinal arterioles,
while the optic disc color were normal of the both eyes of the
proband; C, D: Bilateral vision field got concentric narrowing, for
the residual central visual field were 10 degrees.

Figure 2 Bilateral audiometry result of the proband A, B: Pure
tone audiometry result of the proband reveals moderate to severe
bilateral sensorineural hearing impairments.

changes and attenuated retinal blood vessels (Figure 3A, 3B).
His vision field got concentric narrowing, and the residual
central visual field were 10 degrees (Figure 3C, 3D). ERG
showed undetectable wave in both rod and cone responses
(Figure 4).
672

compound
Sequencing Data Analysis The
heterozygous mutations, c.721C>T and c.1969C>T, were
identified in the proband of the family (Figure 5). The
mutation of c.721C>T in exon 7 caused a substitution of
cysteine for arginine change at codon 241 (p.Arg241Cys,
p.R241C), which corresponds to the missense change in the
protein [13]. The other missense
head region of the
mutation, c.1969C>T in exon 17 resulted in a substitution of
tryptophan for arginine at codon 657 (p.Arg657Trp, p.R657W).
The p.Arg657Trp mutation is hypothesized to injure the
correspondence between the active binding site and the lever
arm. Beacuse it is located at the junction between two
connectors of the motor relay and the SH1 helix，
which
[14]
commands the rotation of the lever arm . The compound
heterozygous mutations were confirmed with direct Sanger
sequencing (Figure 5) and cosegregated with the USH
phenotypes. The proband's father only carried one mutation
of c.721 C>T, his mother and unaffected brother only carried
another one of c.1969 C>T (Figure 1). Both of the two
mutations didn't occur in 100 normal controls database. The
possible impact of the amino acid substitution was examined
with SIFT and PolyPhen tools available online. The SIFT
c.721C>T and c.1969C>T)
scores of both mutations (
were 0 and PolyPhen scores were 1, which suggested these
mutations were damaging.
DISCUSSION
In the present study, we performed a NGS of targeted 103
known causative genes of inherited RD including 12 USH
genes in a Chinese family with USH2. Two compound
heterozygous mutations in the
gene (NM_000260),
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Figure 5 Pathogenic mutations detected by Sanger sequencing
DNA sequence analysis for the proband II:1 showed the presence of
compound heterozygous c.721 C>T (p.Arg241Cys) and c.1969 C>T
(p.Arg657Trp) mutations. A and B showed mutant and wild type
sequences of c.721C (p.Arg241) in
, respectively. C and D
showed mutant and wild type sequences of c.1969 C (p.Arg657) in
, respectively. MT: Mutant type; WT: Wild type.

Figure 4 Bilateral EGR result of the proband The proband
demonstrated undetectable ERG in both dark-adapted and
light-adapted responses.

c.721 C>T and c.1969 C>T, were identified in the proband,
which were validated by Sanger sequencing and verified to
be cosegregated with the phenotypes of RP and congenital
hearing impairment in the family.
The
gene, spanning 120 kb and containing 49
exons, encodes an unconventional myosin. It plays an
important role in the retinal pigment epithelium and
photoreceptor cells, as well as in cochlear and vestibular
neuroepithelia as a kind of molecular motor. It was suggested
could cause autosomal dominant
that mutations in
deafness-11 (DFNA11; MIM#601317), autosomal recessive

nonsyndromic deafness (DFNB2; MIM# 600060) and USH1
(MIM# 276900) [15]. Nearly 53.2% of USH1 cases were
variants [16]. To the best of our
associated with
knowledge, there have not been previous reports about that
mutations could cause USH2 clinical subtype in
details except for c.1343+1G>A and c.2837T>G [17]. The
missense mutation c.721C>T was detected in
USH1 patients from England and Scotland and c.1969C>T
was found in Jewish-Turkey proband with hereditary HL [14,18].
In hereditary HL family caused by
c.1969C>T, a
medical history including vision problems and motor
development basides HL was collected from each patient,
however fundoscopy and vestibulo-ocular reflex were not
examined. In present research, the patient from the family
with the mutations of c.721 C>T and c.1969 C>T in
occurring moderate to severe HL and RP without vestibular
dysfunction, was consistent with standards of classification
for USH2. Why the known
mutations (c.721 C>T
and c.1969 C>T) resulting in USH1 and hereditary HL were
identified to be associated with USH2 in Chinese patients?
We thought there might be some possible reasons: firstly, the
difference in the ethnic background and/or environmental
factors would influence the relationship of genotype and
phonotype. Almost all the previous researches about these
two
mutations were performed in the England,
673
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Scotland, Jewish-Turkey, and Pakistani families, nevertheless
the present study focused attention on the Chinese family. It
has been demonstrated that environmental and/or genetic
factors could have an influence on the severity of the HL and
USH [19,20], therefore it was suggested that environmental
and/or genetic factors also could affect the phenotypes.
c.1969 C>T in the past
Secondly, the patients with
study didn't performed the clinical symptoms of the RP at the
time of diagnosis. For example, when the Pakistani DFNB2
family were reassessed 7y later after diagnosis, 5 of 12 adult
patients (>25y of age) were found to have mild RP [21].
Thirdly, there are stochastic factors make influnce on the
expression of the phenotype as well, for even a pair of
show
monozygotic twins with disease due to
[22]
different phenotypes .
Compared with direct sequencing in a conservative
estimation, the NGS technology has not only maintained the
trait of high accuracy, but also greatly reduced the cost and
greatly improved the speed of sequencing. It has been proved
to be a fast and efficient screening approach to perform the
Genetic diagnosis for USH, and make it possible to screen
the USH causative genes and RD genes at the same time [2-5,23],
which helps us to detect the causative mutations and exclude
the condition that phenotypes of HL and RP were associated
with different genes, which made the phenotype looked very
similar to USH2.
In conclusion, in this research we confirmed that the
compound heterozygous mutations, c.721 C>T and c.1969
C>T, could result in USH2 in a Chinese family. Our finding
expands the spectrum of clinical phenotypes of
mutations. It's also been proved that the NGS technology is
high-efficiency strategy for molecular diagnosis, which can
also help us better understand the relationship of
genotype-phenotype in the disease.
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