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Identification of novel variants in retinitis pigmentosa genes by 
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INTRODUCTION
Retinitis pigmentosa (RP) is a group of genetic disorders resulting 
in inherited blindness due to the degeneration of rod and cone pho-
toreceptors1. RP is associated with significant genotypic and pheno-
typic heterogeneity, with more than 89 genes causing RP reported 
so far2,3. Despite this heterogeneity, RP patients have some com-
mon clinical features: progressive loss of photoreceptors, typically 
involving the rod system. The characteristic phenotype includes 
retinal bone-spicule pigmentation, pallor of the optic disk, and 
attenuation of the retinal vessel1-3. It is estimated to affect about 1 
in 3,000 to 1 in 4,000 people worldwide4. The genetic condition 
may be autosomal dominant RP (15–25%), autosomal recessive 
(31–41%), or X-linked recessive trait (12–22%) Moreover, approx-
imately 50% of RP cases are sporadic5. In recent years, the appli-
cation of next-generation sequencing (NGS), mostly as targeted 
exome sequencing (TES) and whole-exome sequencing (WES), has 
greatly increased the genetic diagnosis rates of different forms of 
RP6-9. The diagnosis rate of TES in RP patients ranges from about 

30 to 65%10-12. Despite the large number of disease-related genes 
identified, the majority of patients with RP do not appear to have 
any genetic defects in all known genes13,14. Nevertheless, WES is 
useful for identifying novel disease-related genes, albeit at a higher 
cost than TES15,16. As a result of the use of new-generation genetic 
technologies, the rapidly increasing new information leads both to 
illuminate the genetic etiology and to define new clinical entities 
with diagnosis and treatment options14-16. This retrospective study 
aims to describe the phenotype and genotype of Turkish patients 
with RP. This is the first comprehensive molecular diagnosis of a 
Turkish RP patient cohort using WES. Here, we report the genetic 
and ophthalmological findings in 20 Turkish patients with RP with 
17 variants, including 11 novel mutations in RP genes.

METHODS
This retrospective single-center study included the subjects 
who were investigated at the Department of Ophthalmology. 

1Eskişehir City Hospital, Department of Medical Genetics – Eskişehir, Turkey.
2Eskişehir City Hospital, Department of Ophthalmology – Eskişehir, Turkey.
3Antalya Eğitim ve Araştırma Hastanesi, Department of Medical Genetics – Antalya, Turkey.

*Corresponding author: dr.aycacelikmakas@hotmail.com

Conflicts of interest: the authors declare there is no conflicts of interest. Funding: none.

Received on December 16, 2022. Accepted on February 23, 2023.

SUMMARY
OBJECTIVE: Retinitis pigmentosa is an inherited degenerative disorder causing severe retinal dystrophy and visual impairment, mainly with onset in the 

first or second decades. The next-generation sequencing has become an efficient tool to identify disease-causing mutations in retinitis pigmentosa. The aim 

of this retrospective study was to investigate novel gene variants and evaluate the utility of whole-exome sequencing in patients with retinitis pigmentosa.

METHODS: The medical records of 20 patients with retinitis pigmentosa at Eskişehir City Hospital between September 2019 and February 2022 

were analyzed retrospectively. Peripheral venous blood was obtained, followed by the extraction of genomic DNAs. The medical and ophthalmic 

histories were collected, and ophthalmological examinations were performed. Whole-exome sequencing was performed to determine the genetic 

etiology of the patients.

RESULTS: The proportion of genetically solved cases was 75% (15/20) in the patients with retinitis pigmentosa. Molecular genetic testing identified 

13 biallelic and 4 monoallelic mutations in known retinitis pigmentosa genes, including 11 novel variants. According to in silico prediction tools, nine 

variants were predicted as pathogenic or possibly pathogenic. We identified six previously reported mutations to be associated with retinitis pigmentosa. 

The age of onset of the patients ranged from 3 to 19, with a mean age of onset of 11.6. All patients had a loss of central vision.

CONCLUSION: As the first study of the application of whole-exome sequencing among patients with retinitis pigmentosa in a Turkish cohort, our 

results may contribute to the characterization of the spectrum of variants related to retinitis pigmentosa in the Turkish population. Future population-

based studies will enable us to reveal the detailed genetic epidemiology of retinitis pigmentosa. 
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Between September 2019 and February 2022, the patients were 
evaluated by an ophthalmologist and clinically diagnosed with 
RP. The patient’s age, gender, age of onset, family history, clini-
cal, and ocular examination findings were noted. The diagnosis 
of RP was based on the detection of topographically limited 
retinal abnormalities consistent with corresponding sectorial 
visual field defects. Best-corrected visual acuity (BCVA), fun-
dus color pictures as well as fundus autofluorescence (FAF), 
spectral-domain optical coherence tomography (SD-OCT), 
full-field electroretinography (ERG), color vision, and fundus 
photography were retrospectively collected and analyzed. The 
study was approved by the Ethics Committee of the Eskişehir 
Osmangazi Medical Faculty (Protocol number: 2022-111, 
Decision date/number: April 24, 2022/42). This study was 
conducted in accordance with the Declaration of Helsinki. 
Informed consent was obtained from all the patients. Prior to 
genetic testing, a diagnosis of RP was made based on a history 
of structural retinal changes and/or visual field defects consistent 
with the disease. Genomic DNA was extracted from periph-
eral blood using the QIAamp DNA Blood Mini QIAcube Kit 
(Qiagen, Hilden, Germany) as per the manufacturer’s instruc-
tions. After the clinical diagnosis of RP, we proceeded with 
next-generation sequencing of the whole exome in the pro-
bands, performing the TWIST© Human Core Exome® kit 
with 97.11% of targeted regions covered at ≥20×. Variants were 
filtered against dbNSFP v2.0, dbSNP v137, and population 

databases including the Genome Aggregation Database (gno-
mAD), the Exome Aggregation Consortium (ExAC), and the 
1000 Genomes Project. All variants with a MAF ≤0.01 were 
evaluated and classified as pathogenic (P), likely pathogenic 
(LP), variants of uncertain significance (VUS), likely benign 
(LB), and benign (B) according to the criteria and guidelines 
of the American College of Medical Genetics and Genomics 
(ACMG). The variants identified as pathogenic in ClinVar 
and/or Human Genome Mutation Database were consid-
ered to explain the phenotype. Deleterious effect prediction 
of the variants used multiple algorithms, including Sorting 
Intolerant From Tolerant (SIFT), Polymorphism Phenotyping 
v2 (PolyPhen2), and MutationTaster. The statistical analyses 
were done using the SPSS 15.0 software. In this analysis, clin-
ical data were expressed in percentages.

RESULTS
In total, 20 patients from 18 families with RP were included 
in this study. There was a male preponderance, forming 80% 
of the total cases (16/20). The mean age of the patients was 
38.46 years (a range of 19–57). The mean age at disease onset 
was 11.6 years (a range of 3–19). Whole-exome sequencing 
revealed one or more RP disease-causing alleles in 15/20 (75%) 
of the patients. In 5 of 20 cases (25%), a genetic diagnosis was 
not achieved. Table 1 shows demographic characteristics, age at 

Table 1. Clinical and demographic characteristics in 15 patients with retinitis pigmentosa.

Patients
Sex, age 
(years)

Age of 
onset

Consanguinity 
in parents

Fundoscopy Gene
Genetic diagnosis-

inheritance

Case 1 Male, 54 14 Yes ONP, ARA, PBSL ARL2BP RP 82 (AR)

Case 2 Male, 29 5 Yes ARA, CA with foveal sparing, ONP PCARE RP 54 (AR)

Case 3 Male, 32 7 Yes ONP, GRC, ARA PCARE RP 54 (AR)

Case 4 Male, 31 14 No ARA, CA with foveal sparing, PBSL CERKL RP 26 (AR)

Case 5 Female, 30 4 Yes GRC, ONP, PBSL NR2E3 RP 37 (AR)

Case 6 Female, 45 9 Yes PF, ARA, PBSL EYS/ RP1
RP 25 (AR) / RP 1 (AD/AR)

(digenic inheritance)

Case 7 Female, 57 16 No PF, ARA, ONP, PBSL CERKL RP 26 (AR)

Case 8 Female, 54 6 Yes CA, ONP, ARA, PBSL CRB1 RP 12 (AR)

Case 9 Female, 19 3 Yes CA with foveal sparing, ARA, PBSL ABCA4 RP 19 (AR)

Case 10 Male, 19 3 Yes CA, PF, ARA ABCA4 RP 19 (AR)

Case 11 Male, 37 17 No CA, ARA, PBSL EYS RP 25 (AR)

Case 12 Male, 40 4 Yes ONP, GRC, ARA, PBSL MERTK RP 38 (AR)

Case 13 Male, 44 16 Yes ONP, GRC, ARA, PBSL USH2A RP 39 (AR)

Case 14 Male, 52 19 No CA with foveal sparing, PF, PBSL RPGR RP 3 (XR)

Case 15 Male, 32 4 Yes CA, ONP, ARA, PBSL RPE65 RP 20 (AR)

ARA: attenuated retinal arteries; GRC: gray retinal color; ONP: optic nerve pale; PBSL: pigment bone spicule-like; CA: central atrophy; PF: pale fundus. 
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onset of disease, clinical findings, and the diagnoses of patients 
with mutations detected in genetic test results. A total of 17 
variants were found that could explain the RP phenotype. 
Among these, 11 were novel variants (4 missense, 3 nonsense, 
3 frameshift mutations, and 1 intronic variant). Of these 15 
probands, 12 were homozygous for causative variants (80%). 
Two probands had compound heterozygous mutations in reces-
sive-RP-related genes (EYS/RP1 and USH2A), and one patient 
had hemizygous for an X-linked gene (RPGR) (Table 2).

The in silico protein prediction results of the novel muta-
tions are presented in Tables 2 and 3. Pathogenicity was inter-
preted in accordance with MutationTaster, PolyPhen-2, and 
SIFT. According to the prediction tools, one variant (USH2A: 
c.4348G>A) was predicted as of uncertain significance and one 
variant (RP1: c.2386G>A) was predicted as tolerable/benign. 
Nine of the 11 novel variants were predicted as pathogenic or 
likely pathogenic (81%) (Table 3).

A mutation in the RPGR gene was detected in only one 
patient with X-linked RP (Tables 1 and 2). In 14 patients 
with autosomal recessive RP, several mutations were revealed 
in ARL2BP, PCARE, EYS/RP1 (biallelic variants), CRB1, 
ABCA4, EYS, CERKL, MERTK, RPE65, USH2A, and NR2E3 

(compound heterozygous) (Table 2). We also identified six 
previously reported mutations related to RP (NR2E3, CRB1, 
ABCA4, and EYS) (Table 2). The presence of attenuated reti-
nal arteries was detected in 13 patients (86.6%), bone spicule 
pigmentation in 12 patients (80%), and pallor of the optic 
nerve or fundus in 11 patients (73.3%) of genetically diag-
nosed patients (Table 1).

DISCUSSION
The present study recruited 20 patients who had received a 
clinical diagnosis of RP and had them undergo whole-exome 
sequencing with the aim of identifying pathogenic variants. 
A genetic diagnosis was possible in 15 cases in this study. To 
the best of authors’ knowledge, this is the first report to eval-
uate the diagnosis rate and causative genes among Turkish 
patients with RP using whole-exome sequencing. Previous 
results showed that the detection rate of genetic diagnosis in 
patients with RP by targeted exome sequencing ranged from 
30 to 65%17-19. We have identified 17 gene variants out of 15 
Turkish patients with RP; of these, 11 (64.7%) were novel. The 
rate found in our study was found to be compatible with recent 

Table 2. The disease-associated variants identified in 15 patients.

Patient Family Gene Zygosity Allele 1 Publication Allele 2 Publication

P1 F1 ARL2BP Homozygous c.403C>T, p.Arg135Ter Novel c.403C>T, p.Arg135Ter Novel

P2 F2 PCARE Homozygous
c.1541delC, 

p.Pro514HisfsTer27
Novel c.1541delC, p.Pro514HisfsTer27 Novel

P3 F2 PCARE Homozygous c.1541delC, p.Pro514HisfsTer2 Novel c.1541delC, p.Pro514HisfsTer2 Novel

P4 F3 CERKL Homozygous
c.1566_1567insCCAA-

GACTTATCAGTCTTTA, p.
Gly523ProfsTer14

Novel
c.1566_1567insCCAA-

GACTTATCAGTCTTTA, p.
Gly523ProfsTer14

Novel

P5 F4 NR2E3
Compound 

heterozygous
c.309C>A, p.Cys103Ter Reported c.227G>A, p.Arg76Gln Reported

P6 F5
EYS/
RP1

Biallelic 
(digenic)

Heterozygous
EYS: c. 2949delC, p.Tyr983Ter Novel RP1:c.2386G>A, p.Gly796Ser Novel

P7 F6 CERKL Homozygous c.271G>T, p.Glu91Ter Novel c.271G>T, p.Glu91Ter Novel

P8 F7 CRB1 Homozygous c.2230C>T, p.Arg744Ter Reported c.2230C>T,p.Arg744Ter Reported

P9 F8 ABCA4 Homozygous c.1804C>T, p.Arg602Trp Reported c.1804C>T, p.Arg602Trp reported

P10 F8 ABCA4 Homozygous c.1804C>T, p.Arg602Trp Reported c.1804C>T, p.Arg602Trp reported

P11 F9 EYS Homozygous
c.8793_8796delATCA, 
p.Gln2931HisfsTer43

Clinvar
c.8793_8796delATCA, 
p.Gln2931HisfsTer43

Clinvar

P12 F10 MERTK Homozygous c.1604+5G>A Novel c.1604+5G>A Novel

P13 F11 USH2A 
Compound 

heterozygous
c.5386T>C, p.Cys1796Arg Novel c.4348G>A, p.Val1450Ile Novel

P14 F12 RPGR Hemizygous
c.2234_2237delGAGA, 

p.Arg745LysfsTer69
Novel Not determineed (-)

P15 F13 RPE65 Homozygous c.314C>T, p.Thr105Ile Novel c.314C>T, p.Thr105Ile Novel



4

Rev Assoc Med Bras. 2023;69(5):e20221073

Retinitis pigmentosa genes by whole-exome sequencing

Table 3. Pathogenicity predictions for the 11 novel variants in RP genes reported in the present study.

Gene Nucleotide change Protein change MutationTaster PolyPhen2 SIFT

ARL2BP c.403C>T (nonsense variant) p.Arg135Ter Disease causing Damaging Pathogenic

PCARE c.1541delC (frameshift variant) p.Pro514HisfsTer27 Disease causing – Pathogenic

CERKL
c.1566_1567insCCAAGACTTATCAGTCTTTA

(frameshift variant)
p.Gly523ProfsTer14 Disease causing – Pathogenic

EYS c.2949delC (nonsense variant) p.Tyr983Ter Likely Pathogenic Probably damaging Likely pathogenic

RP1 c.2386G>A (missense variant) p.Gly796Ser Polymorphism Likely benign Tolerated

CERKL c.271G>T (nonsense variant) p.Glu91Ter Disease causing Damaging Pathogenic

MERTK c.1604+5G>A (intronic variant) - Likely Pathogenic Probably damaging Likely pathogenic

USH2A c.5386T>C (missense variant) p.Cys1796Arg Disease causing Damaging Pathogenic

USH2A c.4348G>A (missense variant) p.Val1450Ile
Uncertain 

Significance
Uncertain 

Significance
Uncertain 

significance

RPGR c.2234_2237delGAGA (frameshift variant) p.Arg745LysfsTer69 Disease causing - Pathogenic

RPE65 c.314C>T (missense variant) p.Thr105Ile Likely Pathogenic Probably damaging Likely pathogenic

SIFT: sorting intolerant from tolerant; PolyPhen2: polymorphism phenotyping v2.

studies reporting novel gene mutation rates ranging from 62 
to 68%20,21. Variants in four genes (NR2E3, CRB1, ABCA4, 
and EYS) have been reported to be responsible for RP12 (AR), 
RP19 (AR), RP25 (AR), and RP37 (AR), respectively. Based 
on the genetic findings, inheritance turned out to be autoso-
mal recessive in 93.3% (14 out of 15) and X-linked in 6.7% 
(1 out of 15) of patients. The AR RP (93.3%) was detected 
in the majority of the patients in our study. No proband was 
found with AD RP in this study.

The mutations in ARL2BP are a known cause of RP82 
(AR)22. To the best of authors’ knowledge, approximately 10 
cases have been reported with RP82 due to a homozygous 
mutation in ARL2BP in the medical literature23. Herein, we 
report the 11th patient with RP82 in the world and the first 
patient from Turkey.

The EYS mutations can cause RP25 (AR). The RP1 muta-
tions have been associated with RP1 (AR/AD). The segregation 
analysis showed that the parents were carriers of this variant24. 
Segregation analyses pointed toward a digenic inheritance. 
Gao et al. reported the co-existence of EYS c.7723+1G>A and 
LRP5 c.3361A>G heterozygous mutations in a patient with 
RP25. Herein, this is the first study in which EYS and RP1 gene 
variants were found together in an RP patient with a digenic 
biallelic disease.

In this study, we present a comprehensive clinical and genetic 
evaluation of individuals with RP. To the best of authors’ knowl-
edge, this is the first retrospective study that includes a cohort 
of subjects of Turkish origin with RP. The genetic results of the 
present study conducted with a Turkish population showed that 
most of the patients were predominantly compatible with the 

diagnosis of AR RP (93.3%). The rate of genetically resolved 
cases was 75% in our study. The overall diagnostic yield of tar-
geted gene sequencing is 55–65%11.  

Herein, we also identified 11 novel variants in RP-related 
genes. These results will contribute to expanding the muta-
tional spectrum of RP genes. Approximately 81% (9/11) of the 
identified novel variants are pathogenic or likely pathogenic. 
The rate in this study is higher than that observed in similar 
studies from Europe and the Far East, where approximately 45 
and 63% of the pathogenic alleles were novel18,19. These results 
confirm the utility of WES as a powerful method for mutation 
identification in the diagnosis of RP.

The limitations of our study are represented by the rela-
tively small sample size, the retrospective nature of the study, 
and, as explained above, the fact that we did not use the same 
section as a reference for all follow-up examinations.

CONCLUSION
The WES analysis may help to provide a more accurate clin-
ical diagnosis in the detection of genetic diseases with high 
heterogeneity, such as RP. Meanwhile, we are highlighting 
the importance of comprehensive NGS-based tests in screen-
ing genetically unresolved cases for known RP genes as well 
as other retinal disease genes. Our current knowledge of the 
mutation spectrum underlying RP in other populations is lim-
ited, as most studies of RP have been conducted with patients 
of European origin. Identification of the molecular diagnosis 
of RP patients in different populations will expand the global 
spectrum of RP-associated gene mutations.
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