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Myopia with X-linked retinitis pigmentosa results from a 
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Abstract 
● AIM: To identify mutations with whole exome sequencing 
(WES) in a Chinese X-linked retinitis pigmentosa (XLRP) 
family. 
● METHODS: Patients received the comprehensive 
ophthalmic evaluation. Genomic DNA was extracted from 
peripheral blood and subjected to SureSelect Human All 
Exon 6+ UTR exon capture kit. The exons were sequenced 
as 100 base paired reads on Illumina HiSeq2500 system. 
Only mutations that resulted in a change in amino acid 
sequence were selected. A pattern of inheritance of the RP 
family was aligned to identified causal mutation.
● RESULTS: We analysed the data of WES information 
from XLRP family. The analysis revealed a hemizygous large 
genomic deletion of RPGR c.29_113del was responsible for 
this XLRP. The gross deletion lead to a frame-shift mutation 
and generate stop codon at 7 animo acid behind Asp 
(D10Afs*7), which would serious truncate RPGR protein. 
The novel frame-shift mutation was found to segregate with 

retinitis pigmentosa (RP) phenotype in this family. Bilateral 
myopia was present on the male patients, but carrier female 
showed unilateral myopia without RP.
● CONCLUSION: Our study identifies a novel frame-shift 
mutation of RPGR in a Chinese family, which would expand 
the spectrum of RPGR mutations. The geno-phenotypic 
analysis reveals a correlation between RP and myopia. 
Although exact mechanism of RP related myopia is still 
unknown, but the novel frame-shift mutation will give our hit 
on studying the molecular pathogenesis of RP and myopia.
● KEYWORDS: retinitis pigmentosa; myopia; retinitis 
pigmentosa GTPase regulator; whole exome sequencing 
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INTRODUCTION

R etinitis pigmentosa (RP) is a genetically heterogeneous 
retinal dystrophies and characterized by progressively 

night blindness, decreased visual acuity, and constricted visual 
fields, that results from the loss of rod photoreceptor followed 
by the cone photoreceptor dysfunction. RP is inherited as 
autosomal recessive, autosomal dominant, X-linked trait. 
Among these, X-linked retinitis pigmentosa (XLRP) is the 
most serious type of RP, account for 15% of RP and more than 
80% of XLRP have mutations in the gene RPGR[1-3], which is 
also responsible for cone-rod dystrophy, and atrophic macular 
degeneration[4]. Moderate and high myopia is often secondary 
to RP phenotype both on patients and carrier[3,5-6], especially 
for XLRP[7]. In this study, we applied whole exome sequencing 
(WES) to identify a novel frameshift mutation of RPGR gene 
evoked by a gross deletion of exon2 and part of intron between 
exon1 and exon2 in a Chinese family with XLRP, which 
is X-linked recessive RP family with high myopia in male 
patients, and female carriers was only presented unilateral high 
myopia with no RP appearance. This study will expand the 
genotype-phenotype spectrum of RPGR mutations.
SUBJECTS AND METHODS
Ethical Approval  The research was adhered to the principle 
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of the Declaration of Helsinki and was approved by the 
Ethics Committee of the People’s Hospital of Ningxia Hui 
Autonomous Region. All participants involved in this study 
was signing the informed consent before examination. 
Clinical Observations and Diagnosis  Thoroughly 
ophthalmic examination was performed on patients, including 
best-corrected visual acuity (BCVA) according to Snellen 
E chart, refractometry (Topcon KR8100, Topcon Inc.), 
intraocular pressure (IOP) which was measured by Goldman 
applanation tonometer, slit-lamp examination, fundoscopy 
(TRC- 50DX, Topcon Inc, Japan), color sensitivity was tested 
by Ishihara plates, the macular structure was observed by 
spectral-domain optical coherence tomography (SD-OCT, 
Cirrus HD-OCT, Zeiss Meditec, German). Perimetry of 
central 30 degrees was used for visual field function analysis 
(750i Humphrey VF automated perimetry, Zeiss, German); 
Visual electrophysiological test including pattern visual 
evoked potentials and full-field flash electroretinography were 
performed by Retiscan/Retiport system (Roland Consult, 
German), which were performed and complied with the 
standard published by the International Society for Clinical 
Electrophysiology of Vision. The diagnosis of RP was 
followed by symptoms of night blindness and progressive 
loss of peripheral vision, and typical sign of ocular fundus, 
visual field, and visual electrophysiological examination was 
also considered. The diagnosis of high myopia was abide by 
the spherical equivalent refractive error was more than -6.00 
diopters or axial eye length >26 millimeters.
Whole Exome Analysis  The genomic DNA was collected 
from peripheral blood using QIAamp DNA Blood Mini Kit 
(Qiagen). Then DNA samples were subjected to WES for 
family members Ⅰ-1, 2; Ⅱ-1, 3, 4, 5, 7; Ⅲ-3. The libraries 
of DNA samples were established using an exon capture 
kit (SureSelect ver. 6+ UTR, Agilent Technologies). 
The exons were sequenced as 100 base paired reads on 
Illumina HiSeq2500 system (Illumina, SanDiego, CA, 
USA). Raw sequencing reads were mapped against the 
human reference genome database (1000 Genomes, 
phase 2 reference, hs37d5) using the Burrows-Wheeler 
alignment tool[8]. The Genome Analysis Toolkit (GATK) 
applied for calling mutations. ANNOVAR was used for 
variant functional annotation[9]. Mutations were filtered by 
hereditary pattern to obtain mutations with removing known 
and frequent single nucleotide polymorphisms (SNPs) or 
benign polymorphisms. Variants which were to be disease-
associated in the Human Gene Mutation Database (HGMD) 
and the Retinal Information Network Database or with 
frequency less than 0.1% in the population were selected. 
Variants and indels which located at coding regions, splice 
acceptor and donor site or lead to nonsynonymous mutation 

or frameshift indels were considered for the further analysis. 
The pathogenic variants were subjected to online reference 
databases, such as, 1000 Genome Project, ESP-6500, and 
Exome Aggregation Consortium (ExAC) databases. Publicly 
available servers, such as SIFT (https://omictools.com/sift-
tool), PolyPhen2 (http://genetics.bwh.harvard.edu/pph2) were 
used for mathematical predictions. Totally 3 mutations in 3 
gene on X chromosomal were predicted to be responsible 
mutation. Among them a large deletion in exon2 of RPGR was 
identified, which was a well-known causative gene for RP. The 
public servers, such as MutationTaster2, Mutalyzer, Variant 
Effect Predictor, PSIPRED, CADD, Human Splicing Finder, 
were further investigated for predict mechanisms of disease 
onset. The Phyre2[10] was used to predict 3D structure change 
of the gross deletion of RPGR. Modeling was subsequently 
confirmed using Chimera version 1.11.2 software[11]. The 
breakpoints of RPGR deletion and co-segregation status 
were detected by Sanger sequencing using the primer 
pairs (Fw:5’‐CCAGTTTCTATTAGGTGGAAAAGA-3’, 
Rv:5’-GACATCTACTTGGTGACAGCAGA‐3’) and 
(Fw: 5’‐TGCTCTTGATGACTTATTTTGTGA-3’, Rv:5’-
AGATGACTGCCTTCCTTGTGA‐3’) which covering 
the suspected borders areas, and further confirmed by gel 
electrophoresis.
RESULTS
Clinical Findings  Eight subjects were enrolled in the study 
and three persons in the family were affected by RP (Figure 1). In 
this family only males affected, the proband (case III-3) and his 
uncles (case Ⅱ-1 and Ⅱ-7) began to show night blindness at 6 
years old, and high myopic refractive error with best-corrected 
visual acuity (BCVA) decline in their teenage (Table 1), while 
the carrier took on myopic anisometropic amblyopia in left 
eye with no sign of RP appearance. The fundus of patients 
appeared typical RP sign including waxy and pale optic disc 
with attenuated retinal arteries, bone spicule-shaped deposits 
and tapetal reflex also pathological myopia degenerative 
changes characterizing with tilted optic disc, retinal pigment 
epithelium (RPE) and choriocapillary degeneration was 
shown on patients, but the left eye of carrier with myopic 
anisometropic amblyopia didn’t appear such severe signs even 
with long axial length of 25.91 mm (Figure 2). 
Genetic Findings  WES was performed on the male proband, 
his parents, his grandparents, his two affected uncles, and 
non-affected aunt. The analysis revealed a hemizygous large 
genomic deletion of RPGR: c.29_113del was responsible for 
this XLRP. The sanger sequencing was used for polymerase 
chain reaction (PCR) products to localize both the proximal 
and distal deletion breakpoints located at g.38182807 and 
g.38182692 respectively, including intron-exon boundary 
and within the splice site (Figure 1B, 1D). A genomic 
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deletion in the RPGR gene detected by WES alignment data 
show male patients (Ⅱ-1, Ⅱ-7, Ⅲ-3) lack of read between 

chrX:38182692 and chrX:38182807. Female carrier (Ⅰ-2 and 
Ⅱ-3) show heterozygous mutation, which lead to frame-shift 

Figure 1 A Pedigree of RP family with a novel frame-shift mutation of the RPGR gene  Black squares refer to affected male patients, 
unfilled circles or squares represent unaffected ones, and dotted circles represent female carriers. Arrow refers to the proband (B, D). Male 
patients (Ⅱ-1, Ⅱ-7, Ⅲ-3) lack of read between chrX:38182692 and chrX:38182807. Gel electrophoresis of male patients show a single lane 116 bp 
deletion compare to normal persons. Female carrier show double bands. Wild type of RPGR 3D structure (E) was predict to severe truncated (F) 
by the gross deletion. 

Figure 2 Fundus photographs of the one carrier case Ⅱ-3 (A1-1, A1-2) and two patients case Ⅱ-7 (A2-1, A2-2) and case Ⅲ-3 (A3-1, A3-2)  
Case Ⅱ-7 and case Ⅲ-3 bilaterally show the typical sign of RP accompanied with myopia change; Case Ⅱ-5 show no RP sign except for smaller 
and tilted optic disc with peripapillary atrophy on her left eye. SD-OCT examination of case Ⅱ-5 (B1-1, B1-2), case Ⅱ-7 (B2-1, B2-2) and case 
Ⅲ-3 (B3-1, B3-2), reveals retinal thinning along with both ellipsoid band and outer segment atrophy. Myopic changes of posterior staphyloma 
were observed and more serious in case Ⅱ-7. Computerized visual field test reveals a central reduction of retinal sensitivity and narrowing of the 
vision field in patients (C2-1, C2-2, C3-1, C3-2). No obvious abnormal is found on carrier (C1-1, C1-2). Full field f-ERG shows rod (D2-1, D2-2, D3-1, 
D3-2) and cone (E2-1, E2-2, E3-1, E3-2) response were extinguish on two patients , and carrier (D1-1, D1-2 E1-1, E1-2) was normal in ERG. 
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mutation[12]. Gel electrophoresis of PCR using the primer 
pairs (Fw: 5’‐CCAGTTTCTATTAGGTGGAAAAGA-3’, 
Rv:5’-GACATCTACTTGGTGACAGCAGA‐3’ 745 bp and 
Fw: 5’‐TGCTCTTGATGACTTATTTTGTGA-3’, Rv:5’- 
AGATGACTGCCTTCCTTGTGA‐3’ 562 bp) to verify the 
deletion (Figure 1C). Male patients (Ⅱ1a, Ⅱ7a, Ⅲ3a and Ⅱ1b, 
Ⅱ7b, Ⅲ3b) show a single lane on 629 bp and 446 bp position, 
116bp deletion compare to normal persons (Ⅰ1a, Ⅱ4a, Ⅱ5a 
and Ⅰ1b, Ⅱ4b, Ⅱ5b) at 745 bp and 562 bp respectively. Female 
carrier (Ⅰ-2 and Ⅱ-3) show double bands. The RawScore of 
CADD was 3.11, and the PHRED score of CADD was 23.9 
(http://cadd.gs.washington.edu/info). The MutationTaster 
(http://www.mutationtaster.org/) predicts that this gross 
deletion was disease causing mutation. The frameshift 
mutation generates stop codon at 7 animo acid behind Asp 
(D10Afs*7), which would serious truncate RPGR protein[12]. 
When termination codons appear in the front part of an 
mRNA, the premature stop of translation would lead to the 
incomplete polypeptide chain, which elicit nonsense-mediated 
mRNA decay (NMD)[12]. Due to the mutation occurs in the 
early exonic positions, exonic splicing silencers ESS), exonic 
splicing enhancers (ESE) and the acceptor splice sites could 
be also affected by the mutation[13]. Besides, the deletion was 
neighbor to open chromatin region[14], which were the regions 
of spaced out histones, making them accessible to protein 
interactions and the histone modifications was relative to X 
inactivation[15]. The regulator of chromosome condensation 1 
(RCC1) motif was also affected by this frame-shift mutation. 
The RCC1 motif was the conserved guanine nucleotide 
exchange factors and was responsible for nuclear assembly 
and regulation of spindle formation during mitosis, besides 
during interphase, the RCC1 motif participate in transport 
of macromolecules across the nuclear membrane[16-17]. This 
deletion appears as a hemizygous variant in the male probands 
and his two maternal uncles with RP, they were also affected 
by myopia. The proband’s mother and grandmother were the 
carrier of this deletion, which was further confirmed by gel 
electrophoresis (Figure 1). There were double bands of carrier, 
the upper band was normal and lower band including the gross 

deletion. This deletion co-segregated with the RP phenotype 
in the pedigree. There was interesting phenomenon, bilateral 
myopia was present on the male patients with RP, but carrier 
female showed unilateral myopia without RP. 
DISCUSSION
In the present study, we identified novel gross deletions of 
116 bp (RPGR: c.29_113del) was co-segregated with the RP 
phenotype in the Chinese family. Khateb et al[18] had reported 
the genomic deletion of exon 2-5 which was expected to 
cause an in-frame deletion and lead to early onset RP with 
mild myopia in a Ashkenazi Jewish family, but with better 
BCVA compare to our study. The deletion of exon 2-3 for 
RPGR gene display a severe rod-cone pattern in first decade, 
but whether the patients accompanied by refractive error was 
not mentioned[19]. The previous reported deletion areas were 
overlap with the RPGR: c.29_113del but the breakpoint was 
different. Mutations located in exons 1-14 usually lead to rod-
cone phenotype, and variants at the 3’ end of ORF15 more opt 
to cause cone-rod dystrophy[20-21]. The patients in the family 
exhibited a rod-cone pattern of degeneration agrees with 
previously. The frame-shift mutations located in various exons 
of RPGR gene could show RP phenotype with occurrence 
of high myopia among the patients and heterozygous female 
carriers. The members of XLRP family was apt to affect by 
mild-to-high myopia[22], which indicating that there may be 
a specific correlation between RP and myopia[4]. XLRP male 
patients with RPGR gene mutation in ORF15 region in a 
higher frequency to suffer from myopia compare to those with 
mutation in exon 1-14[21,23-24]. But as for female carrier with 
mutations located at exon 1-14 was more likely to have high 
myopia and worse vision[4,25], was not due to retinal pigmentary 
changes[6]. The deletion of this Chinese family located in 
exon2 lead to frame-shift mutation from 10th Asp and generate 
stop codon at 7 animo acid behind Asp (D10Afs*7), which 
would serious truncate RPGR protein. The termination codons 
appear in the early part of an mRNA would generate the 
incomplete polypeptide chain, which elicit nonsense-mediated 
mRNA decay (NMD). NMD pathway participates in the 
regulation of X chromosome inactivation (XCI)[26-27], which 

Table 1 General information of X-link RP family

ID Age (y) Sex RP (phenotype) Onset age BCVA (Snellen), OD/OS Refraction (SE), OD/OS Axial length (mm), OD/OS

Ⅱ1 59 M Yes 6 20/400/20/400 -10.00/-9.75 26.90/26.77

Ⅱ3 55 F No Normal 20/20/20/40 -1.25/-8.25 22.54/25.92

Ⅱ5 53 F No Normal 20/20/20/20 -0.75/-0.50 23.24/23.18

Ⅱ7 50 M Yes 6 20/200/20/200 -9.25/-8.75 26.63/26.52

Ⅲ3 32 M Yes 6 20/60/20/60 -5.75/-6.50 25.46/25.58

RP: Retinitis pigmentosa; SE: Spherical equivalent; BCVA: Best corrected visual acuity. Due to poor health condition of Ⅰ-1 and Ⅰ-2, we only get 
the blood sample from them, no clinical data obtained.
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was considered as a biomarker of severity of clinical symptom 
in female carriers of RPGR-associated XLRP[28]. Besides, 
XCI was critical for the wide diversity of the expression of 
myopic traits both inter-individuals and inter-occulars[6,29]. In 
this RP recessive pedigree, a unique phenomenon was that, 
all male patients manifested refractive error was ranging 
from -6 D to -10 D, but the carrier females showed high 
myopic anisometropia with no photoreceptor dysfunction on 
electroretinogram. One possible explanation is skewed XCI 
may contribute to the dissimilar growth between eyes in female 
carrier. The N-terminal of RPGR protein contains the RCC1-
like domain (RLD), which play a key role on RPGR protein 
interaction network[30]. The deletion was neighbor to the RCC1 
motif and open chromatin region, which were the regions 
of spaced out histones, making them accessible to protein 
interactions. Besides, the stop codon generated by this frame-
shift mutation was located at RLD region and expect to disrupt 
the RPGR protein interaction network, which was regards 
as a common feature of missense mutations in RLD region 
of RPGR[30]. But for the female carrier, the less interaction 
with endogenous factors means less mutant protein complex 
produced, which would be benefit for RPGR normal function, 
because one normal allele would fulfill the role of RPGR 
gene. The carrier in the study exhibit no RP symptom may be 
benefit from this. Although the mechanism for the association 
of RPGR mutations and high myopia is unknown, but whether 
the mutation elicit the XCI and the interaction network change 
should be pay more attention for further study.
In conclusion, our study identified a novel frame-shift mutation 
result from a large genomic deletion of RPGR: c.29_113del in 
a Chinese family, which is the pathogenic mutation for XLRP 
in recessive pattern. Meanwhile the deletion was related to 
myopia of male RP patient and no symptomatic carrier. These 
findings expand the genetic map of RP and provide a new 
site for genetic counseling. XCI result from NMD which was 
elicit by the deletion may contribute to symmetric myopia 
in male patients and asymmetric myopia in female carrier. 
Further study needed to verify the relationship between RPGR: 
c.29_113del and myopia from XCI view.
ACKNOWLEDGEMENTS
We thank the patients and their families for their contribution. 
Foundations: Supported by National Nature Science 
Foundation of China (No.81760180); Key Research and 
Development of Ningxia (No.2017BY086); Nature Science 
Foundation of Ningxia (No.2019AAC03160); Key Research 
and Development Program of Ningxia (No.2018BEG03051).
Conflicts of Interest: Li HP, None; Yuan SQ, None; Wang 
XG, None; Sheng XL, None; Li XR, None.
REFERENCES

1 Stone EM, Andorf JL, Whitmore SS, DeLuca AP, Giacalone JC, Streb 

LM, Braun TA, Mullins RF, Scheetz TE, Sheffield VC, Tucker BA. 

Clinically focused molecular investigation of 1000 consecutive families 

with inherited retinal disease. Ophthalmology 2017;124(9):1314-1331.

2 Tsang SH, Sharma T. X-linked retinitis pigmentosa. Advances in 

Experimental Medicine and Biology. Cham: Springer International 

Publishing, 2018:31-35.

3 Hu F, Zeng XY, Liu LL, Luo YL, Jiang YP, Wang H, Xie J, Hu CQ, 

Gan L, Huang L. Genetic analysis of Chinese families reveals a novel 

truncation allele of the retinitis pigmentosa GTPase regulator gene. Int 

J Ophthalmol 2014;7(5):753-758.

4 Sanchez Tocino H, Diez Montero C, Villanueva Gómez A, Lobo 

Valentin R, Montero-Moreno JA. Phenotypic high myopia in X-linked 

retinitis pigmentosa secondary to a novel mutation in the RPGR gene. 

Ophthalmic Genet 2019;40(2):170-176.

5 Kurata K, Hosono K, Hayashi T, Mizobuchi K, Katagiri S, Miyamichi 

D, Nishina S, Sato M, Azuma N, Nakano T, Hotta Y. X-linked retinitis 

pigmentosa in Japan: clinical and genetic findings in male patients and 

female carriers. Int J Mol Sci 2019;20(6):1518.

6 Wang J, Zhou C, Xiao YY, Liu HQ. Novel splice receptor-site mutation 

of RPGR in a Chinese family with X-linked retinitis pigmentosa. 

Medicine 2018;97(41):e12779.

7 Chassine T, Bocquet B, Daien V, Avila-Fernandez A, Ayuso C, Collin 

RW, Corton M, Hejtmancik JF, van den Born LI, Klevering BJ, 

Riazuddin SA, Sendon N, Lacroux A, Meunier I, Hamel CP. Autosomal 

recessive retinitis pigmentosa with RP1 mutations is associated with 

myopia. Br J Ophthalmol 2015;99(10):1360-1365.

8 Li H, Durbin R. Fast and accurate short read alignment with Burrows-

Wheeler transform. Bioinformatics 2009;25(14):1754-1760.

9 Wang K, Li MY, Hakonarson H. ANNOVAR: functional annotation of 

genetic variants from high-throughput sequencing data. Nucleic Acids 

Res 2010;38(16):e164.

10 Kelley LA, Sternberg MJ. Protein structure prediction on the Web: a 

case study using the Phyre server. Nat Protoc 2009;4(3):363-371. 

11 Pettersen EF, Goddard TD, Huang CC, Couch GS, Greenblatt DM, 

Meng EC, Ferrin TE. UCSF Chimera—a visualization system for 

exploratory research and analysis. J Comput Chem 2004;25(13): 

1605-1612. 

12 Schwarz JM, Cooper DN, Schuelke M, Seelow D. MutationTaster2: 

mutation prediction for the deep-sequencing age. Nat Methods 

2014;11(4):361.

13 Desmet FO, Hamroun D, Lalande M, Collod-Béroud G, Claustres M, 

Béroud C. Human Splicing Finder: an online bioinformatics tool to 

predict splicing signals. Nucleic Acids Res 2009;37(9):e67.

14 Hunt SE, McLaren W, Gil L, Thormann A, Schuilenburg H, Sheppard D, 

Parton A, Armean IM, Trevanion SJ, Flicek P, Cunningham F. Ensembl 

variation resources. Database (Oxford) 2018;2018(10.1093):database.

15 Fang H, Disteche CM, Berletch JB. X inactivation and escape: 

epigenetic and structural features. Front Cell Dev Biol 2019;7:219.

16 Lim D, Park HU, de Castro L, Kang SG, Lee HS, Jensen S, Lee KJ, 

Strynadka NCJ. Crystal structure and kinetic analysis of β-lactamase 

Myopia with XLRP results from RPGR deletion



1311

Int J Ophthalmol,    Vol. 13,   No. 8,  Aug.18,  2020         www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

inhibitor protein-II in complex with TEM-1 β-lactamase. Nat Struct 

Biol 2001;8(10):848.

17 Linari M, Ueffing M, Manson F, Wright A, Meitinger T, Becker J. The 

retinitis pigmentosa GTPase regulator, RPGR, interacts with the delta 

subunit of rod cyclic GMP phosphodiesterase. Proc Natl Acad Sci 

U S A 1999;96(4):1315-1320.

18 Khateb S, Hanany M, Khalaileh A, Beryozkin A, Meyer S, Abu-Diab 

A, Abu Turky F, Mizrahi-Meissonnier L, Lieberman S, Ben-Yosef 

T, Banin E, Sharon D. Identification of genomic deletions causing 

inherited retinal degenerations by coverage analysis of whole exome 

sequencing data. J Med Genet 2016;53(9):600-607.

19 Zahid S, Khan N, Branham K, Othman M, Karoukis AJ, Sharma N, 

Moncrief A, Mahmood MN, Sieving PA, Swaroop A, Heckenlively 

JR, Jayasundera T. Phenotypic conservation in patients with X-linked 

retinitis pigmentosa caused by RPGR mutations. JAMA Ophthalmol 

2013;131(8):1016-1025.

20 Mawatari G, Fujinami K, Liu X, Yang L, Yokokawa YF, Komori S, 

Ueno S, Terasaki H, Katagiri S, Hayashi T, Kuniyoshi K, Miyake Y, 

Tsunoda K, Yoshitake K, Iwata T, Nao-I N, JEGC study group. Clinical 

and genetic characteristics of 14 patients from 13 Japanese families 

with RPGR -associated retinal disorder: report of eight novel variants. 

Hum Genome Var 2019;6:34.

21 Talib M, van Schooneveld MJ, Thiadens AA, Fiocco M, Wijnholds J, 

Florijn RJ, Schalij-Delfos NE, van Genderen MM, Putter H, Cremers 

FPM, Dagnelie G, Ten Brink JB, Klaver CCW, van den Born LI, 

Hoyng CB, Bergen AA, Boon CJF. Clinical and genetic characteristics 

of male patients with rpgr-associated retinal dystrophies: a long-term 

follow-up study. Retina 2019;39(6):1186-1199.

22 Sieving PA, Fishman GA. Refractive errors of retinitis pigmentosa 

patients. Br J Ophthalmol 1978;62(3):163-167.

23 Sharon D, Sandberg MA, Rabe VW, Stillberger M, Dryja TP, Berson 

EL. RP2 and RPGR mutations and clinical correlations in patients with 

X-linked retinitis pigmentosa. Am J Hum Genet 2003;73(5):1131-1146.

24 Kurata K, Hosono K, Hotta Y. Clinical and genetic findings of a 

Japanese patient with RP1-related autosomal recessive retinitis 

pigmentosa. Documenta Ophthalmol 2018;137(1):47-56.

25 Talib M, van Schooneveld MJ, Van Cauwenbergh C, Wijnholds J, Ten 

Brink JB, Florijn RJ, Schalij-Delfos NE, Dagnelie G, van Genderen 

MM, De Baere E, Meester-Smoor MA, De Zaeytijd J, Cremers FPM, 

van den Born LI, Thiadens AA, Hoyng CB, Klaver CC, Leroy BP, 

Bergen AA, Boon CJF. The spectrum of structural and functional 

abnormalities in female carriers of pathogenic variants in the RPGR 

gene. Investig Ophthalmol Vis Sci 2018;59(10):4123-4133.

26 Ciaudo C, Bourdet A, Cohen-Tannoudji M, Dietz HC, Rougeulle 

C, Avner P. Nuclear mRNA degradation pathway(s) are implicated 

in xist regulation and X chromosome inactivation. PLoS Genet 

2006;2(6):e94. 

27 Makarov R, Steiner B, Gucev Z, Tasic V, Wieacker P, Wieland I. The 

impact of CFNS-causing EFNB1 mutations on ephrin-B1 function. 

BMC Med Genet 2010;11(1):1-10.

28 Fahim AT, Sullivan LS, Bowne SJ, Jones KD, Wheaton DKH, Khan 

NW, Heckenlively JR, Jayasundera KT, Branham KH, Andrews CA, 

Othman MI, Karoukis AJ, Birch DG, Daiger SP. X-chromosome 

inactivation is a biomarker of clinical severity in female carriers of 

RPGR-associated X-linked retinitis pigmentosa. Ophthalmol Retin 

2020;4(5):510-520.

29 Parmeggiani F, Barbaro V, de Nadai K, Lavezzo E, Toppo S, Chizzolini 

M, Palù G, Parolin C, Iorio ED. Identification of novel X-linked gain-

of-function RPGR-ORF15 mutation in Italian family with retinitis 

pigmentosa and pathologic myopia. Sci Rep 2016;6(1):39179.

30 Zhang QH, Giacalone JC, Searby C, Stone EM, Tucker BA, Sheffield 

VC. Disruption of RPGR protein interaction network is the common 

feature of RPGR missense variations that cause XLRP. Proc Natl Acad 

Sci U S A 2019;116(4):1353-1360.


