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Abstract. Choroideraemia (CHM) is a rare X-linked progressive-inherited retinal disease. In this study, we diagnosed and explored the
genetic cause in a Chinese pedigree exhibiting nyctalopia and decreased visual acuity in early life. Clinical data and peripheral blood
samples were collected from available family members. Sanger sequencing of RPGR and RP2 genes, and subsequently whole-exome
sequencing was carried out to investigate the molecular cause. The proband was initially diagnosed as retinitis pigmentosa and experienced
night blindness at an early age and decreased visual acuity in teens. The other affected males in this family suffered from the same problem.
Direct sequencing failed to reveal the genetic cause and hence a novel hemizygous mutation c.861_862insGCTT was detected by WES in
CHM gene resulting in a premature stop codon and a truncated protein. Subsequently, it was conﬁrmed by Sanger sequencing and cosegregation analysis. We describe a novel mutation c.861_862insGCTT in CHM gene in a Chinese pedigree with choroideraemia. Our
study emphasizes the utilization of next-generation sequencing in the diagnosis and genetic analysis of retinal diseases.
Keywords.

choroideraemia; retinitis pigmentosa; whole-exome sequencing; CHM gene.

Introduction
Vision impairment, especially blindness, is a wide public
concern globally. According to a systematic study in 2015,
441.1 million people were involved including 36.0 million
blind people (Bourne et al. 2017). In developed countries,
one-third of people older than 75 years inherited retinal
diseases like retinitis pigmentosa (RP), macular degeneration
and choroideraemia (CHM) contribute to blindness (Tucker
et al. 2014).
RP, the most common inherited disease of the retina refers
to a group of disorders and progresses with a variety of
clinical manifestations, speciﬁcally affecting the rod photoreceptors (Hartong et al. 2006). To date, 91 different genes
have been found to be responsible for RP and inherited in
autosomal dominant, autosomal recessive and X-linked
recessive patterns according to RetNet (https://sph.uth.edu/
Hui Tang and Jun Mao contributed equally to this work.

retnet/). They account for *60% RP patients (Hartong et al.
2006), among whom 5–15% exhibit X-linked recessive
transmission mode (Anasagasti et al. 2012). Conversely,
CHM is a rare X-linked progressive inherited retinal disease
characterized by progressive chorioretinal atrophy and its
incidence is estimated at 1: 50.000–100.000 (Cremers et al.
1990; van den Hurk et al. 1997). Notably, it presents several
common clinical symptoms of RP such as initially night
blindness, constriction of the visual ﬁeld, gradually reduction in visual acuity, and retinal degeneration which probably makes it difﬁcult to distinguish it from RP and make
accurate diagnosis especially without typical fundus
appearance. Hence, molecular diagnosis is of great
importance.
In this study, we describe a male patient initially diagnosed as RP with nyctalopia and reduced visual acuity. The
pedigree presented with X-linked recessive mode. Firstly, we
directly sequenced RPGR and RP2 genes that accounted for
70–90% and 10–20% of X-linked recessive RP, respectively
(Vervoort et al. 2000). No pathogenic mutation was
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revealed. Further, whole-exome sequencing was performed
and a novel mutation c.861_862insGCTT in CHM gene
leading to premature termination of protein was detected and
conﬁrmed by Sanger sequencing. Our research emphasizes
the utilization of whole-exome sequencing and suggests it
could beneﬁt the diagnosis of retinal diseases with similar
phenotypes like CHM and RP.

Patients and methods
Family pedigrees and samples

We collected 11 peripheral blood samples from the family
including three affected males. Genomic DNA was extracted
from venous leukocytes using the QIAamp DNA Blood
Mini Kit (Qiagen, Germany) according to standard extraction methods.

Direct sequencing of RPGR and RP2 genes

In consideration of the symptoms, we implemented direct
sequencing for RPGR and RP2 genes. The primers were
selected from previous researches (Yang et al. 2002;
Pomares et al. 2009; Jiang et al. 2017). All coding regions
and intron–exon junctions of RPGR and RP2 were ampliﬁed
by the polymerase chain reaction (PCR). The products were
veriﬁed by agarose gel and sequenced in both directions
using ABI 3130 genetic analyzer.

Whole-exome sequencing and mutation conﬁrmation
by Sanger sequencing

After quantiﬁcation, a minimum of 3 lg DNA of the proband and his parents was used to create library enriched by
SureSelect All Exon Target enrichment kit (Agilent,
Carpinteria, USA) and sequenced by Illumina HiSeq. Sanger
sequencing and cosegregation analysis of the family member
samples were used to conﬁrm the candidate variants. The
sequence containing the mutation was ampliﬁed by PCR
with the primers. The reagents used for a 20 lL reaction
were as follows: 25 lL of 0.3 lL, 5 U/lL Taq DNA Polymerase (Thermo Fisher, Carlsbad, USA), 2 lL 109 PCR
buffer, 2 lL 25 mM Mg2?, 3 lL 2 mM dNTP, 0.5 lL each
of 10 lM forward and reverse primers, 100 ng of genomic
DNA template, and sterile H2O. Ampliﬁcation was performed as the following PCR protocol: 95°C for 5 min, 32
cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s,
and a ﬁnal extension phase at 72°C for 7 min. Further, the
products were stored at 4°C. PCR products were veriﬁed by
agarose gel electrophoresis and subsequently sequenced in
both directions using ABI 3130 Genetic Analyzer.
This study was approved by the institutional ethics committee of the Afﬁliated Suzhou Hospital of Nanjing Medical

University. Informed consent was obtained from all individuals participated in this study.

Results
Clinical features

The pedigree of this family showed X-linked recessive
transmission mode for 19 individuals (ﬁgure 1). We gathered
samples from 11 members including three affected males
and four female carriers. Three affected males presented with
poor night vision and reduced visual acuity at different ages.
The member III: 1 exhibited ocular symptoms at 13 years
old and III: 2 at 20. The proband was initially diagnosed as
RP, and experienced nyctalopia at an early age and decreased
visual acuity in teens. When he came for consultation for
in vitro fertilization at our centre at 29 years old in 2011, he
had tunnel vision and terribly poor impaired vision. Unfortunately, all of the patients did not receive ophthalmologic
examination hence we could not gather more clinical information about their ocular physiological condition.

Direct and whole-exome sequencing

To expedite the genetic result, we conducted Sanger
sequencings of RPGR and RP2 genes in the light of phenotypes. However, we did not ﬁnd the disease-causing
mutations. Further whole-exome sequencing was carried out
to explore molecular causes. It generated about 9.5 Gb of
sequence data and 98.7% of the targeted region were
sequenced at least 109 and 95.4% were sequenced 209.
The coverage of target region was 99.4% and the average
sequencing depth was 131. Among all the nonsynonymous
variants, we ﬁltered the variants with minor allele frequencies \ 0.01 in the 1000 Genome Project and The Exome
Aggregation Consortium (ExAC). Several online websites
were used to analyse and predict the inﬂuence and conservation such as MutationTaster and SIFT. In view of patients’
clinical performance, a novel hemizygous mutation
c.861_862insGCTT in CHM gene (NM_000390) came into
sight.

Conﬁrmation of candidate mutation and cosegregation
analysis

Sanger
sequencing
conﬁrmed
the
mutation
c.861_862insGCTT in the proband and the cosegregation
analysis of other family members revealed that all the
affected male patients III: 1 and III: 2 harboured this
mutation while four female carriers were heterozygous for
this insertion mutation (ﬁgure 2). In addition, other normal
members did not carry the mutation. Consequently,
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Figure 1. Segregation of the CHM mutation in the family. *Family members with collected blood samples. The onset age of decreased
visual acuity in the patients is indicated by 13y and 20y.

c.861_862insGCTT in CHM satisﬁed the cosegregation situation in this family.

Discussion
Choroideraemia is an X-linked recessive inherited chorioretinal dystrophy with progressive structural changes (Khan
et al. 2016). Affected males experienced nyctalopia and
progressive loss of peripheral vision in their ﬁrst or second
decade of life that lead to tunnel vision and eventual
blindness (Coussa and Traboulsi 2012). Female carriers
usually maintain a good vision throughout their life and
demonstrated characteristic fundus changes. CHM, the gene
responsible for choroideraemia, was cloned in 1990 (Cremers et al. 1990). It consists of 15 exons and encodes a
protein of 653 amino acids: the Rab Escort protein 1 (REP1) (van Bokhoven et al. 1994). REP1 is a prerequisite for
activation of the Ras-associated binding (Rab) proteins
(Seabra 1996; Seabra et al. 1993) which play an important
role in several vesicles trafﬁcking processes and signalling to
other organelles (Corbeel and Freson 2008). REP-1 attracts
Rab proteins in the cytosol, conduces them to GGTase-II
heterodimeric complex for prenylation and delivers to donor
membrane (Patricio et al. 2018). Pylypenko et al. (2003) and
Rak et al. (2004) described two domains of REP-1 interacting with Rab-7 (Pylypenko et al. 2003; Rak et al. 2004).
Based on a model of protein structure, the insertion mutation
c.861_862insGCTT (p.Thr288Alafs*20) yielded a stop
codon and eliminates 346 residues of the protein structure
including the C-terminus, which may result in the loss of
interaction with Rab-protein even disrupting rep-1 activity
(Sergeev et al. 2009).
To date, 346 unique variants are reported in locus speciﬁc
database list (LOVD). Nonsense, splicing mutations and
frameshift mutations account for more than 90%. Meanwhile
ﬁve missense mutations and a single-base substitution in

promoter are described (Sergeev et al. 2009; Esposito et al.
2011; Ramsden et al. 2013; Torriano et al. 2017; Heon et al.
2016; Radziwon et al. 2017), and no clear genotype–phenotype correlation was determined (Simunovic et al. 2016).
Interestingly, our proband exhibited decreased vision at 10
years of age which is much younger than reported age over
60. In addition, research suggested that a typically slow rate
of VA loss and a good prognosis for central VA retention
until the seventh decade (Roberts et al. 2002). We also
searched articles in Chinese about choroideraemia from
2000 to 2017 and discovered that almost all the authors
mentioned the signs of reduced visual acuity early in Chinese patients and some of research were without the
description about the symptoms. One study observed damaged vision in patients at the age of 20 that was similar to our
proband and others from 30 to 40 who were also younger
than 60. The summaries about reduced visual acuity in
Chinese patients are listed in table 1. Meanwhile, the
mutation c.862dupA (p.Thr288Asnfs*19) was detected in
Iberian population and resulted in a stop codon at residue
306. However, the patient’s best corrected visual acuity was
1 OD (LogMAR) and 1 OS in 28 years old (Sanchez-Alcudia et al. 2016) suggesting variable phenotypes between
Chinese patients and patients of other races and Chinese
patients with CHM may experience severe vision loss at an
earlier age than those of Caucasian origin (Zhou et al.
2012, 2017).
In conclusion, we detected a novel mutation
c.861_862insGCTT in CHM gene in a Chinese pedigree
presenting with night blindness at an early age and decreased
visual acuity in teens by WES whose initial diagnosis was
RP. Then the diagnosis was corrected to CHM. We emphasize the utilization of next-generation sequencing for the
diagnosis and genetic analysis of retinal diseases and also
found Chinese choroideraemia patients experienced reduced
visual acuity early than previously reported patients from
other races.
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Figure 2. Sanger sequencing of 11 family members. The mutations are shaded.
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Table 1. Decreased vision in Chinese choroideraemia patients.

Subjects
Yip et al. (2007)

Lin et al. (2011)
Zhou et al. (2012)
Li et al. (2012)

Guo et al. (2015)
Cai et al. (2016)
Zhu et al. (2017)

Zhou et al. (2017)

Variations

Types of
variations

Reduced
visual
acuity

c.627dupA
c.652_655delTCAC
c.703-1G[C
c.1019C[A
c.1584_1587delTGTT
c.1488delGinsATAAC
c.1703 C[G
c.1801–1G[A
c.1130 T[A
c.612delAG
c.703-1G[A
c.558_559delTT
c.1166?2T[G
c.966delA
c.964G[T
c.1584_1587delTGTT
c.1475_1476insCA
c.227_232delinsTGTCATTTCA
c.1584_1587del TGTT
c.710dupA
c.C799T

Frameshift
Frameshift
Splicing
Nonsense
Frameshift
Frameshift
Nonsense
Splicing
Nonsense
Frameshift
Splicing
Frameshift
Splicing
Frameshift
Nonsense
Frameshift
Frameshift
Frameshift
Frameshift
Frameshift
Nonsense

NR
NR
NR
NR
NR
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Exon1-15 deletion
Exon4 duplication
c.49?5G[C
Exon3-15 deletion
Exon1-15 deletion
Exon1-15 deletion

Deletion
Duplication
Splicing
Deletion
Deletion
Deletion

Y
Y
Y
Y
Y
Y

Age of reduced visual acuity
NR
NR
NR
NR
NR
NR
NR
20s
30s-40s
20s
Early age
Before 30s
Early age
Before 30s
Early age
Early age
Early age
NR
NR
NR
NR (60 yrs
proband with
extreme
ametropia)
About 40s

NR, not reported; Y, yes.
Acknowledgements
This study was supported by Jiangsu Provincial commission of
health and family planning (H2017073), Jiangsu Maternal and
Children health care key discipline (FXK201748), Jiangsu Maternal
and Children health care research project (F201603), Jiangsu
Provincial Medical Innovation Team (CXTDB2017013), Suzhou
Key Medical Center (SZZX201505), Suzhou Introduced Project of
Clinical Medical Expert Team (SZYJTD201708), Suzhou Industry
Technology Innovation Project (SYS201770 and SS201873) and
Ningbo Health Branding Subject Fund (PPXK2018-06).

References
Anasagasti A., Irigoyen C., Barandika O., Lopez de Munain A. and
Ruiz-Ederra J. 2012 Current mutation discovery approaches in
retinitis pigmentosa. Vis. Res. 75, 117–129.
Bourne R. R. A., Flaxman S. R., Braithwaite T., Cicinelli M. V.,
Das A., Jonas J. B. et al. 2017 Magnitude, temporal trends, and
projections of the global prevalence of blindness and distance
and near vision impairment: a systematic review and metaanalysis. Lancet Global Health 5, e888–e897.
Cai X. B., Huang X. F., Tong Y., Lu Q. K. and Jin Z. B. 2016 Novel
CHM mutations identiﬁed in Chinese families with Choroideremia. Sci. Rep. 6, 35360.

Corbeel L. and Freson K. 2008 Rab proteins and Rab-associated
proteins: major actors in the mechanism of protein-trafﬁcking
disorders. Eur. J. Pediatr. 167, 723–729.
Coussa R. G. and Traboulsi E. I. 2012 Choroideremia: a review of
general ﬁndings and pathogenesis. Ophthal. Genet. 33, 57–65.
Cremers F. P., van de Pol D. J., van Kerkhoff L. P., Wieringa B. and
Ropers H. H. 1990 Cloning of a gene that is rearranged in
patients with choroideraemia. Nature 347, 674–677.
Esposito G., De Falco F., Tinto N., Testa F., Vitagliano L.,
Tandurella I. C. et al. 2011 Comprehensive mutation analysis (20
families) of the choroideremia gene reveals a missense variant
that prevents the binding of REP1 with Rab geranylgeranyl
transferase. Hum. Mutat. 32, 1460–1469.
Guo H., Li J., Gao F., Li J., Wu X. and Liu Q. 2015 Whole-exome
sequencing reveals a novel CHM gene mutation in a family with
choroideremia initially diagnosed as retinitis pigmentosa. BMC
Ophthalmol. 15, 85.
Hartong D. T., Berson E. L. and Dryja T. P. 2006 Retinitis
pigmentosa. Lancet 368, 1795–1809.
Heon E., Alabduljalil T., McGuigan I. D., Cideciyan A. V., Li S.,
Chen S. and Jacobson S. G. 2016 Visual function and central
retinal structure in choroideremia. Investig. Ophthalmol. Vis. Sci.
57, 377–387.
Jiang J., Wu X., Shen D., Dong L., Jiao X., Hejtmancik J. F. and Li
N. 2017 Analysis of RP2 and RPGR mutations in ﬁve X-linked
Chinese families with retinitis pigmentosa. Sci. Rep.
7, 44465.

49

Page 6 of 6

Hui Tang et al.

Khan K. N., Islam F., Moore A. T. and Michaelides M. 2016
Clinical and genetic features of choroideremia in childhood.
Ophthalmology 123, 2158–2165.
Li S., Guan L., Fang S., Jiang H., Xiao X., Yang J. et al. 2014
Exome sequencing reveals CHM mutations in six families with
atypical choroideremia initially diagnosed as retinitis pigmentosa. Int. J. Mol. Med. 34, 573–577.
Lin Y., Liu X., Luo L., Qu B., Jiang S., Yang H. et al. 2011
Molecular analysis of the choroideremia gene related clinical
ﬁndings in two families with choroideremia. Mol. Vis. 17,
2564–2569.
Patricio M. I., Barnard A. R., Xue K. and MacLaren R. E. 2018
Choroideremia: molecular mechanisms and development of
AAV gene therapy. Expert Opin. Biol. Ther. 18, 807–820.
Pomares E., Riera M., Castro-Navarro J., Andres-Gutierrez A.,
Gonzalez-Duarte R. and Marfany G. 2009 Identiﬁcation of an
intronic single-point mutation in RP2 as the cause of semidominant X-linked retinitis pigmentosa. Invest. Ophthalmol. Vis. Sci.
50, 5107–5114.
Pylypenko O., Rak A., Reents R., Niculae A., Sidorovitch V.,
Cioaca M. D. et al. 2003 Structure of Rab escort protein-1 in
complex with Rab geranylgeranyltransferase. Mol. Cell 11,
483–494.
Radziwon A., Arno G., Wheaton D. K. H., McDonagh E. M., Baple
E. L., Webb-Jones K. et al. 2017 Single-base substitutions in the
CHM promoter as a cause of choroideremia. Hum. Mutat. 38,
704–715.
Rak A., Pylypenko O., Niculae A., Pyatkov K., Goody R. S. and
Alexandrov K. 2004 Structure of the Rab7:REP-1 complex:
insights into the mechanism of Rab prenylation and choroideremia disease. Cell 117, 749–760.
Ramsden S. C., O’Grady A., Fletcher T., O’Sullivan J., HartHolden N., Barton S. J. et al. 2013 A clinical molecular genetic
service for United Kingdom families with choroideraemia. Eur.
J. Med. Genet. 56, 432–438.
Roberts M. F., Fishman G. A., Roberts D. K., Heckenlively J. R.,
Weleber R. G., Anderson R. J. and Grover S. 2002 Retrospective, longitudinal, and cross sectional study of visual acuity
impairment in choroideraemia. Br. J. Ophthalmol. 86, 658–662.
Sanchez-Alcudia R., Garcia-Hoyos M., Lopez-Martinez M. A.,
Sanchez-Bolivar N., Zurita O., Gimenez A. et al. 2016 A
comprehensive analysis of choroideremia: from genetic characterization to clinical practice. PLoS One 11, e0151943.
Seabra M. C. 1996 Nucleotide dependence of Rab geranylgeranylation. Rab escort protein interacts preferentially with GDPbound Rab. J. Biol. Chem. 271, 14398–14404.

Corresponding editor: INDERJEET KAUR

Seabra M. C., Brown M. S. and Goldstein J. L. 1993 Retinal
degeneration in choroideremia: deﬁciency of rab geranylgeranyl
transferase. Science 259, 377–381.
Sergeev Y. V., Smaoui N., Sui R., Stiles D., Gordiyenko N.,
Strunnikova N. and Macdonald I. M. 2009 The functional effect
of pathogenic mutations in Rab escort protein 1. Mutat. Res. 665,
44–50.
Simunovic M. P., Jolly J. K., Xue K., Edwards T. L., Groppe M.,
Downes S. M. and MacLaren R. E. 2016 The spectrum of CHM
gene mutations in choroideremia and their relationship to clinical
phenotype. Invest Ophthalmol. Vis. Sci. 57, 6033–6039.
Torriano S., Erkilic N., Faugere V., Damodar K., Hamel C. P., Roux
A. F. and Kalatzis V. 2017 Pathogenicity of a novel missense
variant associated with choroideremia and its impact on gene
replacement therapy. Hum. Mol. Genet. 26, 3573–3584.
Tucker B. A., Mullins R. F. and Stone E. M. 2014 Stem cells for
investigation and treatment of inherited retinal disease. Hum.
Mol. Genet. 23, R9–R16.
van Bokhoven H., Schwartz M., Andreasson S., van den Hurk J.
A., Bogerd L., Jay M. et al. 1994 Mutation spectrum in the CHM
gene of Danish and Swedish choroideremia patients. Hum. Mol.
Genet. 3, 1047–1051.
van den Hurk J., Schwartz M., van Bokhoven H., van de Pol T.
J. R., Bogerd L., Pinckers A. et al. 1997 Molecular basis of
choroideremia (CHM): mutations involving the rab escort
protein-1 (REP-1) gene. Hum. Mutat. 9, 110–117.
Vervoort R., Lennon A., Bird A. C., Tulloch B., Axton R. and
Miano M. G. 2000 Mutational hot spot within a new RPGR exon
in X-linked retinitis pigmentosa. Nat. Genet. 25, 462–466.
Yang Z., Peachey N. S., Moshfeghi D. M., Thirumalaichary S.,
Chorich L., Shugart Y. Y. et al. 2002 Mutations in the RPGR gene
cause X-linked cone dystrophy. Hum. Mol. Genet. 11, 605–611.
Yip S. P., Cheung T. S., Chu M. Y., Cheung S. C., Leung K. W.,
Tsang K. P. et al. 2007 Novel truncating mutations of the CHM
gene in Chinese patients with choroideremia. Mol. Vis. 13,
2183–2193.
Zhou Q., Liu L., Xu F., Li H., Sergeev Y., Dong F. et al. 2012
Genetic and phenotypic characteristics of three Mainland
Chinese families with choroideremia. Mol. Vis. 18, 309–316.
Zhou Q., Yao F., Han X., Li H., Yang L. and Sui R. 2017 Rep1
copy number variation is an important genetic cause of
choroideremia in Chinese patients. Exp. Eye Res. 164, 64–73.
Zhu L., Cheng J., Zhou B., Wei C., Yang W., Jiang D. et al. 2017
Diagnosis for choroideremia in a large Chinese pedigree by
nextgeneration sequencing (NGS) and noninvasive prenatal
testing (NIPT). Mol. Med. Rep. 15, 1157–1164.

