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Analysis of Mutations of Retinitis pigmentosa by Sequencing
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Abstract
In our study, we aimed to provide the first source of regional data obtained from molecular investigations by sequencing of selected exons of
RPE65 and RPGR genes in Retinitis pigmentosa (RP) patients in Manisa province. Ethical committee approval was obtained and the study
group consisted of 100 healthy volunteers with no clinical history of RP and RP with approved clinical manifestations in Ophthalmology Clinic
of Manisa State Hospital. DNA samples were analyzed by Sequential Analysis and SeqScape software using ABI Prism 310 Genetic Analyzer
and mutation tables. As a consequence of sequencing the sequence in the RPE65 gene in four patients with RP, two mutations known to be associated with the RPE65 gene have emerged in the BBS.E352E G> A Glu352Glu (Syn; 1056G> A) and R91Q G> A homozygote mutations were
detected.Two RP patients had Bardet-Biedl syndrome.As a result of the sequence screening gene in RPGR , ORF15+1478 T>A heterozygote
mutation in ORF15 exon of RPGR gene in 2 women patients , ORF15+1643 C>T and ORF15+1677 G>A polymorphisms in ORF15 exon of
RPGR gene in 2 men patients were detected. Our results are originally given as regional first in Manisa and its region.
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INTRODUCTION
Retinitis pigmentosa (RP) is a clinically and genetically
heterogeneous group of retinal dystrophies characterized
by photoreceptor cell degeneration.The prevalence of RP
is about 1/4000 ~1/5000 according to studies in different
populations[3]. RP is an inherited retinal degeneration that
affects approximately one in 3,500 individuals,with an estimated total of 1.5 million patients worldwide. RP is caused
by progressive loss of rod and cone photoreceptors. Patients
experience night blindness followed by loss of visual fields,
usually culminating in legal and often complete blindness.
Clinical hallmarks of RP include bone spicule deposits, attenuated retinal blood vessels, optic disc pallor, visual field
loss, and abnormal, diminished or nonrecordable electroretinographic responses (ERG) [1].
Patients with RP usually present with a loss of night
vision and complain of progressive constriction of the visual field. Eventually, central vision is affected and worsens.
Clinical features such as age of onset and rate of progression
vary greatly between individuals. The identification of causative genetic variants is expectedto be the starting point of
RP treatment. Genetic counselling and gene therapy or other
patient-specifictreatment options can be suggested based
on geneticbackground. In addition to treating the disease,
molecular diagnosis is helpful for informing the differential
diagnosis. Hereditary retinal dystrophies have a slowly progressive nature and complete clinical features may not be
present at the time of examination. Therefore, many other
hereditary retinal dystrophies may be confused with RP at
certain phases of disease progression. However, the genetic
heterogeneity of RP is a hurdle for the easy application of
molecular diagnosis. At the time of September 2011, 53
genes and 7 mapped loci are known to be associated with
nonsyndromic RP (RetNet). These genes show considerable
phenotypic variability and multiple inherited retinal disease
shares certain causative genes with RP [5].
Over 50 genes have been identified to cause RP, but
still only explain no more than half of the clinical cases .
Therefore, there has been limited success with approaches

of screening of known candidate genes for RP by conventional Sanger sequencing. Fortunately, exome sequencing
technique has come to the aid by enabling the identification
of disease-associated mutations by sequencing the whole
exome of a small number of affected individuals [4].
RP can be inherited in an autosomal dominant
(adRP),autosomal recessive (arRP), or X-linked (XLRP)
manner, with rare digenic and mitochondrial forms. RP
also is associated with several syndromic disorders, such
as Bardet-Biedl and Usher syndrome.To date, mutations in
23 genes are known to cause adRP, mutations in 36 genes
cause arRP, and mutations in 3 genes cause XLRP. These
genes encode proteins involved in various retinal functions,
including phototransduction, photoreceptor outer-segment
structure, and pre-mRNA splicing. Despite the large number
of RP genes, mutations cannot be identified in 30 to 35%
of patients with adRP. X-linked forms of RP account for 10
to 20% of all RP families. Mutations in the RPGR gene are
the most common causes of XLRP, accounting for over 70%
of XLRP. RPGR mutations also may account for more than
15% of simplex (isolated) male subjects with RP. RPGR
localizes to the connecting cilium of photoreceptors and is
believed to have a role in protein transport. Approximately
60% of diseasecausing mutations in RPGR are found in
ORF15. ORF15’s sequence is highly repetitive and purinerich. This type of sequence often promotes polymerase arrest
and slipped strand mispairing, thus making ORF15 a hotspot
for mutations. ORF15 is a component of alternate splice
variants of RPGR that are expressed predominantly in the
retina, as is exon 9a [1].
RPE65 gene was discovered through its protein product
that forms a complex with an antibody raised against human
retinal pigment epithelium . The cDNA sequence predicts a
protein with 533 amino acid esidues and a molecular mass
of ‘61 kDa . The protein is associated with the endoplasmic
reticulum of the retinal pigment epithelium in vertebrates.
The protein is associated with the endoplasmic reticulum
of the retinal pigment epithelium in vertebrates . Although
the biochemical function of the protein product is currently
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obscure, the tissue-specific expression of the RPE65 gene
made it an attractive candidate as a cause for some retinal
degenerations because the retinal pigment epithelium has an
essential role in maintaining the viability of the neighboring
photoreceptor cells. In particular, enzymes in the endoplasmic reticulum are responsible for the recycling of the chromophore used by photoreceptor opsins [2).

MATERIALS and METHODS
In the present study, disease-associated mutations were
identified in a large Turkish family with RP complicated
with subcapsular cataract , corneal thinning and high myopia
, Mistagmus (Figure 1) using the exome sequencing techniques.

Figure 1. Fundus photograph of the RP patient. Fundus photograph
of showing typical changes of RP including waxy yellow appearance of the optic disc, attenuation of retinal arteries and bone-spicule pigment deposits in the mid periphery of the retina.

DNA Extraction
The total genomic DNA (gDNA) was extracted using
RTA-DNA Isolation Kit (Gebze/Kocaeli, Turkey) according
to manufacturer instructions from peripheral blood. DNA
samples were stored at -20 C until used. DNA integrity was
evaluated by 1% agarose gel electrophoresis.
PCR products of exons 15;1,3,13 in ORF15 of RPGR
gene, exons4 ,5,10,111,13 of RPE65 gene were amplified by
polymerase chain reaction (PCR) (Figure2-A, Figure 3-B).

Figure 2. A.PCR products of exon 15;1,3,13 in ORF15 of RPGR
gene

Figure 3. B.PCR products of exon 4,5,10,11,13 of RPE65 gene.

PCR reaction for RPE 65 gene, Forward and Reverse
primers and Tm ratios for exons, PCR product bp are as fol-
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lows:
RPE65-Exon 4-Forward(22bp)(Tm:65,08 oC)
CCTAGCACTGTGTCCCACCTGC
PZR: 543 bp
RPE 65- Exon 4-Reverse (19 bp) (Tm: 63,22 oC)
CTGCCCTGCTTGGTCACCC PZR: 543 bp
RPE 65-Exon 5-Forward (21 bp) (Tm: 61,16 oC)
TGCAGTCCATTTGGAGCTTGG
PZR: 435 bp
RPE 65-Exon 5-Reverse (20 bp) (Tm: 62,98 oC)
TGGCACCTGTGCTTTCCCAG PZR: 435 bp
RPE 65-Exon 10-Forward (23 bp) (Tm: 62,06 oC)
TGGATCTGCACTATTCACCGAGG PZR: 600 bp
RPE 65-Exon 10-Reverse (20 bp) (Tm: 62,48 oC)
CTGTGTGGGCGGGAGGAAAT PZR: 600 bp
RPE 65- Exon 11- Forward (27 bp) (Tm: 62,94 oC)
TTCAGCTTACAGAGCTGTTTGTGAGAA PZR: 548
bp
RPE 65- Exon 11- Reverse (21 bp) (Tm: 63,56 oC)
TCCTGCAGTTCCTCCCTGCAT PZR: 548 bp
RPE 65- Exon 13- Forward (22 bp) (Tm: 61,45 oC)
TGCTCCATCGTGACACCAAATG PZR: 576 bp
RPE 65- Exon 13- Reverse (27 bp) (Tm: 63,01 oC)
TCCTAAGCATGTGCTCTATTTCGTAGCPZR: 576
bp
PCR reaction for RPGR gene, Forward and Reverse
primers for exons;
Orf 15-1R CTT TCC TTC TGA TGG CCC TG
Orf 15-1F CGG TAT GGC AGG AAA TTG ATT G
Orf 15-3R AACACGTAATGAGTGCCCGT
Orf 15-3F GTATCAGGAGACAGGCGAAGAA
Amplicons were screened for mutation with direct DNA
sequencing in ABI Prism Genetic Analyzer 310 instrument.
Sequence evaluation process were performed using the Sequence Analysis, SeqScape and BioEdit softwares with the
mutation tables. Families with a provisional clinical diagnosis of adRP, and a pedigree consistent with XLRP were
selected from a cohort of 100 RP.

RESULTS
In our study, 100 individuals who had autosomal recessive inheritance RP and whose clinical diagnosis were approved in Manisa State Hospital Eye Clinic were consisted
the study group .100 healthy volunteer individuals who had
without RP anamnesis and RP diagnostic report were consisted the control group. DNAs which were isolated with
DNA isolation kit from blood samples, were amplified with
PCR after then were sequenced with ABI Prism 310 Genetic
Analyzer instrument. Exons RPE65 gene ORF15 exon of
RPGR gene were selected for the mutation screening. DNA
samples were sequenced with ABI Prism 310 Genetic Analyzer instrument and were analyzed with Sequencing Analysis, SeqScape and BioEdit softwares by using the mutation
tables
Screening for RPE65 Gene Mutations
RPE65 gene which is expressed in the retinal pigment
epithelium containing 14 exons cause to autosomal recessive
childhood retinal dystrophy (%2) and Leber congenital amaurosis. We examined 4, 5,10,11 and 13. exons of this gene
in 50 unrelated patients with autosomal recessive retinitis
pigmentosa (RP), in 50 patients with isolate RP.As a result of
the sequence screening in 4 individual patients, , two mutations which were known related to RPE65 gene revealed in
BBS. Two brothers were Bardet-Biedl Syndrome consisted
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of our patients group. Individual patients were detected. 2
individual patients had Bardet-Biedl syndrome. E352E G> A
Glu352Glu (Syn; 1056G> A) and R91Q G> A homozygous
mutations were identified.
RPGR and RPE65 genes with di-deoxy sequencing.
Results of pedigrees drawings of mutations in the families of index patients having of genes RP65 (Figure 4-5)
and RPGR (Figure 6) tested with di-deoxy sequencing:

Figure 4. The pedigree of the patient No. 7 who detected the G> A
R91Q heterozygote mutation in the exon 4 of the RPE65 genes with
di-deoxy sequencing.

Figure 5. The pedigree of the patient No. 1 and 7 who detected
the G>A E352E mutation in the exon10 of the RPE65 genes with
di-deoxy sequencing.

Screening for RPGR Gene Mutations
We examined ORF15 exons of this gene in 50 unrelated patients with retinitis pigmentosa (RP), in 50 patients
with isolate X-linked Retinitis Pigmentosa .In our study,
ORF15+1478T>A heterozygote mutation, ORF15+1643
and ORF15+1677 polymorphisms were detected which
were caused X-linked RP and related with RP in RPGR
gene. They have found in different communities frequently.
Our results has showed compliance with the scanned publications.

Figure 6. The base change T→A in the ORF15 of the RPGR genes
with di-deoxy sequencing.

Statistical Evaluation of Data RPE65 gene and
RPGR gene
As a result of our study, G>A R91Q heterozygote mutation in Exon 4 of RPE65 gene in 1 individual patient (%
2), G>A E352E polymorphism in Exon 10 of RPE65 gene
in 7 individual patients (% 14) were detected. 36% of 50
individual patients were female, 64% male. 54% of healthy
individuals were female, 46% male. As a result of the se-

quence screening, ORF15+1478T>A heterozygote mutation
in ORF15 exon of RPGR gene in 2 women patients (4%),
ORF15+1643 and ORF15+1677 polymorphisms in ORF15
exonof RPGR gene in 2 men patients were detected.

DISCUSSION
RP is inherited as an autosomal dominant trait in about
15–20% of families, an autosomal recessive trait in about
20–25% of families, and an X-linked trait in about 10–15%
of families, with digenic patterns occurring rarely. In addition, about 50% of RP cases are sporadic, although many
of these cases may represent autosomal recessive RP1. Xlinked RP (XLRP) is the most severe form of RP in terms of
age of onset and progression, with affected males generally
showing more severe clinical features than affected females.
They usually experience night blindness and loss of dark adaptation in the first decade of life. Peripheral visual fields
begin to constrict in the second decade and complete loss of
central visual acuity generally occurs in the fourth or fifth
decade. In contrast, female carriers show variable clinical
symptoms of the disease with visual impairment usually beginning in middle age[3].
Over 40 loci for human hereditary retinal degenerations
involving the photoreceptors and retinal pigment epithelium
are known
(http:yyutsph.sph.uth.tmc.eduywwwyutsphy
RetNetyhome.htm). Most of these loci are unidentified
genes that have been recognized by linkage studies alone. To
explore the possible role that defects in RPE65might play in
the etiology of retinal degenerations, we screened a large cohort of unrelated patients with retinitis pigmentosa or Leber
congenital amaurosis for mutations. Since RPE65 is particularly visually expressed, in this study, forms not related to
syndrome are concentrated on patients. These results have
substantive implications for calculation of recurrence risk,
genetic counseling, and potential treatment options, and illustrate the importance of screening families with a provisional diagnosis of autosomal inheritance.ORF15 mutations
have caused 50-60% of XLRP cases in Europe and North
America. Furthermore ORF15 mutations seen in only male
patients (simplex male) whose families have not got another patient . Retinitis pigmentosa which is on of the inherited retinal dystrophies leads to night blindness, progressive
loss of peripheral visual field and the complete elimination
of central vision at the last stage. Performed fundamental
scientific studies in our country are very low than abroad
with this disease grup that is clinical and genetically highly
heterogeneous.It’s very important to evaluate hereditery eye
diseases in Turkish patients from molecular aspect, to obtain
the genetic informations of our society and in order to establish database. Since relatives are marginally widespread in
our country, clinicians have a lot of work to prevent Retinitis
pigmentosa disease, which has an autosomal recessive transition.It is important to inform their parents about consanguineous marriages and the cause of the disease.
Compared with the literature, our study showed that
the RPE65 gene has the same results in terms of the R91Q
mutation (pathogenic) at the exon 4 ‘and the E352E polymorphism (nonpathogenic) at the RPE65 gene Exon 10
(2,6,7,8,9,10,11,12). Our mutation and polymorphism results were found to be lower than previous sequence studies
[14]. This is due to the fact that the ORF15 gene is a very
long exope and contains repetitive sequence extensions, so
we do not have difficulty in optimizing the primers we use
in sequencing and we are working with fewer primers (2
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primers).There are publications on working with 5 primers
[13] . It is stated that 80% of the mutations in XLRP patients
occur in the ORF15 region of the juice, but very few mutations were found in the findings.The reason for this is that
the number of primers we can optimize and the mutations
in the patient group are not ORF15 mutations but other RP2
gene mutations [14]. The other important issue is that family
relationships are well defined and the clinical diagnosis must
be precisely addressed.Clinicians have a lot of work to do at
this point, and as we are in the group of patients involved
in this study, we propose that the only male patients in the
family should be examined clinically for their mother and
sisters.
In conclusion, this study is the first data in selected
exons of RPE65 autosomal recessive-inherited and XLRPinherited RPRG genes with Retinitis pigmentosa patients
obtained by DNA sequencing method in Aegean Region
in Turkey. Total 100 patients and 100 control individuals
were included.In Turkey, identification of selected exons of
RPE65 and RPGR gene mutations in Retinitis pigmentosa
patients will help to examine the molecular pathogenesis and
we hope that our results will guide researchers and clinicians
working on this issue in near future to obtain more data in
different regions of Turkey.

ACKNOWLEDGEMENTS
This research was supported by Celal Bayar University
Scientific Research Projects Foundation Unit. The authors
do not have a conflict of interest.

REFERENCES
[1] Jennifer D. Churchill, S. Bowne J, Sullivan S.L.
Lewis A .R, Dianna K. Wheaton, Birch G.D, Branham K.E,
Heckenlively J.R, Daiger S.P. Mutations in the X-Linked
Retinitis Pigmentosa Genes RPGR and RP2 Found in 8.5%
of Families with a Provisional Diagnosis of Autosomal
Dominant Retinitis Pigmentosa.Investigative Ophthalmology & Visual Science, February 2013, Vol. 54, No. 2
[2] Morımura H, Fıshman A.G, Grover S.A, Fulton A.B,
Berson E.L,. Dryja T.P. Mutations in the RPE65 gene in patients with autosomal recessive retinitis pigmentosa or Leber
congenital amaurosis .Proc. Natl. Acad. Sci. USA Vol. 95,
pp. 3088–3093, March 1998. Medical Sciences .
[3] Jiang,J, Wu X, Shen D,, Dong L, Jiao X, Hejtmancik
J.F, Li N. Analysis of RP2 and RPGR Mutations in Five XLinked Chinese Families with Retinitis Pigmentosa. Scientific Reports | 7:44465 | DOI: 10.1038/srep44465 .Published:
15 March 2017.
[4] Wang Y, Guo1 L, Cai S.P, Dai M, Yang O, Yu1, Yan
W.N, Zhou X, Fu J, Guo X, Han P, Wang J, Liu X .Exome
Sequencing Identifies Compound Heterozygous Mutations
in CYP4V2 in a Pedigree with Retinitis Pigmentosa.PLoS
ONE | PLoS ONE.| May 2012 | Volume 7 | Issue 5 | e33673.
[5] Yoon C.K, Kim N.K.D, Joung J.G , Shin J.Y, Park
J.H., Eum H.H, Lee H, Park W.Y, Yu H.G. The diagnostic
application of targeted re-sequencing in Korean patients
with retinitis pigmentosa.Yoon et al. BMC Genomics (2015)
16:515 DOI 10.1186/s12864-015-1723-x
[6] Jacobson SG, Cideciyan AV, Aleman TS, Sumaroka
A, Schwartz SB, Windsor EAM, Roman AJ, Heon E, Stone
EM and Thompson DA. RDH12 and RPE65, Visual Cycle
Genes Causing Leber Congenital Amaurosis, Differ in Disease Expression. Investigate Ophtalmology & Visual Science. January 2007, Vol. 48, No. 1: 332-338.

14

[7] Philp AR, Jin M, Li S, Schindler EI, Iannaccone A,
Lam BL, Weleber RG, Fishman GA, Jacobson SG, Mullins
RF, Travis GH, Stone EM. Predicting the Pathogenicity of
RPE65 Mutations. Human Mutation. August 2009; 30(8):
1183-1188.
[8] Thompson AD, Gyürüs P, Fleiscer LL, Bingham
EL, McHenry CL,Apfelstedt-Sylla E,Zrenner E,Lorenz
B,Richards JE,Jacobson SG,Sieving PA and Gal A. Genetics and Phenotypes of RPE65 Mutations in Inherited Retinal
Degeneration. Investigative Ophthalmology & Visual Science, December 2000, Vol. 41, No. 13: 4293-4299.
[9] Simovich MJ, Miller B, Ezeldin H, Kirkland BT,
McLeod G, Fulmer C, Nathans J, Jacobson SG and Pittler
SJ. Four Novel Mutations in the RPE65 Gene in Patients
With Leber Congenital Amaurosis.Human Mutation. August
2001, Volume 18, Issue 2, page 164-168.
[10] Matri LE, Ambresin A, Schorderet DF, Kawasaki A,
Seeliger MW, Wenzel A, Arsenijevic Y, Borruat FX, Munier
FL. Phenotype of three consanguineous Tunisian families
with early-onset retinal degeneration caused by an R91W
homozygous mutation in the RPE65 gene. Clinical Investigation. 2006; 244: 1104-1112.
[11] Jacobson SG, Cideciyan AV, Aleman TS, Sumaroka
A, Windsor EAM, Schwartz SB, Heon E and Stone EM.
Photoreceptor Layer Topography in Children with Leber
Congenital Amaurosis Caused by RPE65 Mutations. Investigative Ophthalmology & Visual Science. October 2008, Vol.
49, No. 10: 4573-4577.
[12] Mamatha G, Srilekha S, Meenakshi S, Kumaramanickavel G. Screening of the RPE65 Gene in the Asian Indian
Patients with Leber Congenital Amaurosis. Ophthalmic Genetics, 2008, 29: 73-78.
[13] Pusch CM, Broghammer M, Jurklies B, Besch D,
Jacobi FK. Ten novel ORF15 mutations confirm mutational
hot spot in the RPGR gene in European patients with Xlinked retinitis pigmentosa. Hum Mutat. 2002; 20(5):405.
[14] Kellner U, Kellner S, Weber BH, Fiebig B, Weinitz
S, Ruether K. Lipofuscinand melanin-related fundus autofluorescence visualize different retinal pigment epithelial
alterations in patients with retinitis pigmentosa. Eye (Lond).
2009 Jun;23(6):1349-59.

