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Introduction

R etinitis pigmentosa (RP) is a clinically and genetically het-
erogeneous group of inherited retinal degenerations that 
cause blindness in humans. RP has a worldwide preva-

lence of 1 case per 3000 persons to 1 case per 7000 persons.1,2 
Progressive degeneration of the retina, typically start in the mid-
periphery and advancing toward the macula and fovea. Nyctalo-

-
tients. Although retinal changes start in the early teenage years, 
severe visual defects occur at ages of 40 to 50 years. However, 
early-onset RP such as Leber congenital amaurosis (LCA) and 
other late-onset forms have been reported.2

In some patients, a useful predictor of severity of RP is the un-
derlying genetic cause, but the phenotype alone is not a reliable 

predictor for the disease causing gene or mutation. Thus, the 
combination of clinical testing and molecular diagnosis of RP is 
the most powerful approach to resolve the complexity, eventu-
ally leading to diagnosis, treatment and prevention.2 RP genetic 
mutations are transferred under different modes of inheritance 
including autosomal dominant, recessive, and X-linked, which 
account for 30%, 20% and 15% of cases, respectively.2 Simplex 
or isolated RP accounts for about 35% of the remaining cases, 
probably including many recessive cases where there is only one 
affected individual in the family, but de novo mutations have also 
been reported in these cases.3,4 Some rare digenic and mitochon-
drial forms of the disease have also been described. RP can also 

syndromic types as part of more complex disorders involving 
multiple organs and pleiotropic effects.2

Non-syndromic RP is the most frequent form of RP accounting 
for around 65% of all RP cases.1,2,5 To date, over 200 genes under-
lying retinal diseases have been reported (RETnet web site: http://
www.sph.uth.tmc.edu/RetNet/). Vast efforts using various meth-
ods have contributed enormously to unraveling pathogenic muta-
tions responsible for RP. Among them, linkage analysis in large 
extended families uses genetic markers to localize the causal gene 
mutation to a locus,6–11 followed by different sequencing strategies 
to detect the underlying candidate genes.12,13

Massively parallel next-generation sequencing (NGS), as a 
promising technology to detect disease-causing mutations asso-
ciated with monogenic disorders,14–19 has been revolutionary in 
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terms of turnaround time and cost for generating large quantities 
of sequence data. Due to its high throughput and low cost, it has 
been very attractive to use the NGS for gene discovery and mu-

-
genic diseases including RP. Iran, as a country with a high rate of 
consanguineous marriages (~40%), provides an appropriate plat-
form to study gene mutations causing arRP.20 To assess whether 

performed WES for probands of 13 arRP families using an Illu-
mina HiSeq2500 sequencing system (Illumina, San Diego, CA, 
USA).

Materials and Methods

Subjects
The patients were a subset of family members with a high likeli-

hood of having arRP, based on their pedigree analysis (Supple-
mentary Figure 1). Thirteen Iranian families with a minimum of 
one child affected with non-syndromic arRP were selected from 
all around the country for this study. Detailed clinical and ophthal-
mic examinations comprising slit-lamp biomicroscopy, fundos-
copy, optical coherence tomography (OCT), and electroretinog-
raphy (ERG), if applicable, have been carried out to diagnose RP. 
The study was approved by the National Iranian Ethics Commit-
tee for Medical Genetic Research. We obtained written informed 
consent from all study subjects.

Whole exome sequencing
Genomic DNA was isolated from peripheral blood leukocytes 

using standard methods. The Agilent SureSelect Human All Exon 
kit (V5) was used to capture sequence target regions. The cap-
tured regions for each sample were bar-coded. Every four samples 
were pooled and used for paired-end sequencing for 100 cycles 

Illumina HiSeq2500 sequencing system.
The sequence reads for each exome sequence of each individual 

were aligned to the reference sequence of the human genome (hg19, 
NCBI Build 37) using the Burrows-Wheeler Aligner (V7.10).21 The 
mean depth of coverage was 71× (range 57× to 86×). On average, 
94.7% (range 94.1% to 95.3%) of the Consensus Coding Sequence 
(CCDS) exons were covered at 12 × depth of coverage and higher 

of the Genome Analysis Toolkit (GATK) version 3.3.0,22 was used 
for calling both Single Nucleotide Polymorphisms (SNPs) and in-
dels. The SNP & Variation Suite (GoldenHelix Inc., Bozeman, MT, 
USA) was used for annotating variants called.

Variants within 245 known retinal diseases genes (Supplemen-

a minor allele frequency of more than 1% in NHLBI exome se-
quence data (http://evs.gs.washington.edu/EVS/), G1000 project 
(http://www.1000genomes.org/)23 and also 300 in-house Iranian 
exome sequencing data were excluded. Since twelve out of the 

on homozygous variants and those that truncate the protein (in-
sertions, deletions and stop codon mutations) and variants on the 
consensus splice site, which are more likely to be dysfunctional. 
If we did not see any of those mutations in a patient, then we also 
looked for a causal candidate gene among missense mutations. 
The dbNSFP database was used to predict the functional effect of 

the missense mutations.24

Segregation analysis
-

for Polymerase Chain Reaction (PCR) 
mutations in each 

patient. We used Primer3 (v. 0.4.0) software (http://frodo.wi.mit.
edu/primer3/ ) to design PCR primers. 

PCR amplicons were sequenced directly on an ABI 3130 Au-
tomated Capillary DNA Sequencer using the Big Dye Termina-
tor v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, 
CA, USA). The sequencing results were analyzed by Codon Code 
Aligner Software. Reference sequences of all these genes have 
been recorded in Tables 2 and 3.

Results

Clinical characteristics of the patients
One affected individual from each of the 13 families was sub-

jected to WES and mutation screening for 245 known retinal 
diseases genes. Twelve out of the 13 families (92.3%) had con-
sanguineous marriages. Eight of the probands had an early-onset 
diagnosis of RP. 

All proband individuals underwent more detailed ophthalmo-
logical evaluations. From the slit
posterior subcapsular cataract or posterior subcapsular -
tion in 4 out of 13 (30.8%) probands. Fundus examination showed 
RP in all probands. Of 12 probands, 9 had vision of hand motion. 
All three probands who underwent an optical coherence tomog-
raphy (OCT) test demonstrated macular atrophy or cystoid macu-

and infertility were found in 1 out of the 13 families studied. An 
individual affected with Stargardt disease was found among our 
investigated families.

Identifying causal mutations 
After exome sequencing and focusing on rare homozygous mu-

tations within 245 known retinal diseases genes, candidate causal 
 studied. These 

included two frameshift insertion/deletions, three stop codon mu-
tations, one splicing site mutation and four missense mutations. 
These mutations were located in nine different known RP genes 
(Tables 2 and 3).

For these three remaining families, no potentially pathogenic ho-
mozygous or compound homozygous variants were found within 
245 known retinal diseases genes. For those samples, we checked 
the
eye, and found no homozygous variants. 

All of these 10 homozygous
sequencing and showed co-segregation in related families. Two 
known stop codon mutations were found in two of the 13 fami-
lies investigated. These included RDH12 p.Arg62* and PRCD 
p.Arg22*. None of these 10 mutations have been seen among 300 
in-house Iranian exome sequencing data. All four missense muta-
tions were predicted to be dysfunctional by dbNSFP.

Discussion

RP is known to be one of the most prevalent causes of inherited 
visual dysfunction in humans. Up to now, mutations in over 200 
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genes have been found to be responsible for retinal diseases.25

In this study, we investigated frequently mutated arRP genes 
to identify disease-causing mutations among 13 Iranian families 

-
ferent mutations among nine known disease-causing arRP genes, 
with various functions such as encoding rod and cone photore-
ceptor Rim protein (ABCA4), regeneration of the cone visual pig-
ments (RDH12), encoding a key enzyme involved in the visual 
phototransduction cascade (PDE6B), and regulating the stability 
and length of the microtubule-based axoneme of photoreceptors 
(RP1). CRB1 involves in photoreceptor morphogenesis in the 
retina and PANK2 plays a role in the regulation of coenzyme A 
biosynthesis. C2orf71 and PRCD have different roles in normal 
vision (Tables 2 and 3).

In this study, we found a novel frameshift deletion variant in the 
ABCA4 gene in one of the families investigated. The phenotypic 
features of our family included Stargardt disease and bilateral 
RP, each in an affected sibling. Previously reported studies have 
shown that various types of ABCA4 mutations have contributed in 
nearly two-thirds of autosomal recessive cone-rod dystrophy and 
some forms of Stargardt disease. It accounts for about 2% – 5% 
of arRP.26–29

A novel splicing site variant in exon 8 of PDE6B gene was found 
in a family with non-syndromic arRP in our study. Fundus exami-
nation of affected individuals revealed bilateral RP. This splicing 
site was found to be a disease causing variant based on the dbNS-
FP database. PDE6B mutations have been reported in 2% – 5% of 
patients with arRP.29

RDH12 heterozygous mutations mainly result in a relatively 
mild and a late onset autosomal dominant RP.30 In accordance 

RDH12 
mutation causing arRP.30 Age at onset of disease in our investi-
gated individuals was around 13 years and our fundoscopic ex-
amination showed bilateral RP. Although a known stop codon 
mutation c.184C>T has been reported previously in patients with 

this mutation can also lead to non-syndromic arRP. It may impli-
cate the wide variability of phenotype among RP cases harbor-

(2004) reported mutations in RDH12 in 3 out of 89 non-Austrian 
patients with retinal dystrophy. They found a compound hetero-
zygous mutation (c.146C>T and c.184C>T) in 1 out of 3 patients 
harboring mutations in RDH12.31 

PRCD gene mutations contribute in nearly 1% of RP cases, 
mostly the late-onset form.29,32,33 Nevet, et al. screened 24 patients 

pathogenic homozygous nonsense mutation (c.64C>T, p.R22X) 
in PRCD, which might suggest a founder effect.34 Interestingly, 
our study revealed this known stop codon mutation in a Persian 
family with the late-onset form of non-syndromic arRP. 

CRB1 mutations, have been known to be responsible for 
6% – 7% of arRP cases among Spanish populations.35 However, 
in our study CRB1 mutations were found in 2 out of 13 families 
with RP. These gene mutations have been found in a variety of 
retinal dystrophy with autosomal recessive mode of inheritance 
such as LCA, RP with preserved paraarteriolar retinal pigment 
epithelium, RP with Coats-like exudative vasculopathy, and 
early onset RP without preserved paraarteriolar retinal pigment 
epithelium.36 Our study revealed two novel variants in this gene, 
including a missense mutation (p.Cys904Tyr) in exon 11, and a 

frameshift insertion (c.1252dup) in exon 8, among two families 
with early-onset non-syndromic arRP. The p.Cys904Tyr mutation 
is predicted by dbNSFP to be disease causing.

Mutations in PANK2 have mainly been associated with an auto-
somal recessive form of neurodegeneration disorder characterized 
by mental retardation, motor symptoms, RP and brain iron accu-
mulation as well as pallidal degeneration (HARP syndrome; hy-
poprebetalipoproteinemia, acanthocytes, and Retinitis Pigmento-
sa).37 PANK2 encodes a protein which is a key enzyme involved in 
regulation of the biosynthesis of CoA, metabolism of neurotrans-
mitters and glutathione, energy metabolism, fatty acid synthesis 
and degradation.38 In our study, c.419T>C (p.Phe140Ser) muta-
tion was seen in one patient with late-onset, non-syndromic arRP. 
This novel variant is predicted to be disease causing by dbNSFP.

C2orf71 gene, with a high expression in photoreceptors, plays 
an important role in the development of normal vision. Mutations 
in this gene are responsible for around 1% of arRP (RP54).29,39 
Our study revealed a novel disease causing stop codon variant in 
exon 1 of C2orf71 causing late-onset non-syndromic arRP in 1 
out of 13 families investigated.

In this study, a novel missense variant in exon 3 of RP1 gene 
was found in a family with non-syndromic arRP. This missense 
was found to be a disease-causing variant based on the dbNSFP 
database.

IFT140 40 
which is a highly conserved process with a critical role in ciliary 
formation, signaling and maintenance.41,42 Mutations in this gene 
lead to the syndromic or systemic autosomal recessive diseases 
with retinopathy, mainly categorized as short-rib thoracic dyspla-
sia-9 with or without polydactyly (SRTD9) [MIM#266920]. It 
encompasses short rib-polydactyly syndrome (SRPS), Mainzer-
Saldino syndrome (MZSDS),43 Jeune syndrome or asphyxiat-
ing thoracic dystrophy (ATD), and Ellis-van Creveld syndrome 
(EVC). Mainzer-Saldino syndrome is mainly characterized by 
early-onset retinal dystrophy, phalangeal cone-shaped epiphyses, 
and renal disease,43 and Jeune asphyxiating thoracic dysplasia is 
a severe skeletal ciliopathy disorder with shortened ribs and a 
barrel chest restricting lung growth.43 Retinal dystrophy has been 

IFT140 43 The 
protein which is encoded by IFT140 gene contains 1462 amino 
acids with three domains and 14 repeats including 5 WD and 9 
TPR (tetratrico peptide repeat region). The vast majority (nine 
out of 10) of mutations causing SRTD9 were positioned among 
the WD repeats, particularly WD4 repeat (see http://www.uni-
prot.org/). Perrault, et al. (2012) found that six out of seven homo-
zygous and compound-heterozygous IFT140 mutations causing 
skeletal ciliopathies, affected WD repeats.40 Furthermore, disease-
causing mutations in the Ift140 gene in Cauli as a novel mouse 
model for ciliopathy had altered WD repeats.44

Our novel predicted pathogenic missense variant in IFT140 
(c.3827G>A, p.Gly1276Glu) co-segregates with late-onset arRP 
in 1 of the 13 families investigated. This variant is positioned 
between TPR8 and TPR9 repeats. Generally, the tetratrico pep-
tide repeat region (TPR), as a structural motif present in a wide 
variety of proteins,45 plays a role in protein–protein interactions 
and the gathering of multiprotein complexes.46 TPR acquires 
a  angle 
between helix A and helix B making a right-handed superhelical 

46 By altering the packing angle, our novel variant 



Archives of Iranian Medicine, Volume 18, Number 11, November 2015 779

Fa
m

ily
 ID

Se
x

A
ge

 (y
ea

rs
)

A
ge

 o
f o

ns
et

 (y
ea

rs
)

Sy
m

pt
om

s
M

ac
ul

a/
R

et
in

a
O

pt
ic

 d
is

c
L

en
s

V
is

ua
l a

cu
ity

Fa
m

ily
 h

is
to

ry
A

dd
iti

on
al

 fe
at

ur
es

In
he

ri
ta

nc
e

92
00

03
0

F
34

10
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P
N

or
m

al
PS

C
H

M
+

- -
 -

A
R

I-
39

28
0

92
00

03
1

M
42

13
–1

4
N

yc
ta

lo
pi

a
M

ac
ul

ar
 a

tro
ph

y/
R

P
N

or
m

al
C

le
ar

N
A

+
- -

 -
A

R
I-

39
30

0

92
00

03
2

F
21

7

N
yc

ta
lo

pi
a,

 
Tu

nn
el

 
vi

si
on

, N
ea

r-
B

lin
dn

es
s

N
or

m
al

/E
nd

 st
ag

e 
R

P
Pa

le
C

le
ar

H
M

+
- -

 -
A

R

I-
39

32
0

92
00

03
3

M
42

13
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P
N

or
m

al
C

le
ar

LP
+

st
ra

bi
sm

us
A

R
I-

39
34

0

92
00

03
4

M
35

28
N

ea
r-

B
lin

dn
es

s

M
ac

ul
ar

 a
tro

ph
y 

/C
on

e 
ro

d 
dy

st
ro

ph
y(

O
D

),R
P 

(O
S)

N
or

m
al

PS
C

C
F

+
- -

 -
A

R

I-
39

36
0

92
00

03
5

M
42

38
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P
N

or
m

al
C

le
ar

H
M

+
- -

 -
A

R
I-

39
38

0

92
00

03
6

M
31

29
–3

0
N

ea
r-

B
lin

dn
es

s
C

M
E/

R
P

N
or

m
al

PS
C

H
M

+
na

so
la

cr
im

al
 d

uc
t 

ob
st

ru
ct

io
n,

 in
fa

nt
ile

 
as

th
m

a,
 in

fe
rti

lit
y

A
R

I-
39

40
0

93
00

04
0

M
29

9
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P
N

or
m

al
C

le
ar

C
F

+
- -

 -
A

R
I-

40
20

0

93
00

04
2

F
31

2
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P
N

or
m

al
C

le
ar

H
M

_
- -

 -
Sp

or
ad

ic
I-

40
24

0

93
00

04
3

M
18

2
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P
N

or
m

al
C

le
ar

H
M

_
- -

 -
Sp

or
ad

ic
I-

40
26

0

93
00

04
4

M
28

< 
1

N
ea

r-
B

lin
dn

es
s

N
or

m
al

/R
P

N
or

m
al

C
le

ar
H

M
+

ny
st

ag
m

us
A

R
I-

40
28

0

93
00

04
5

M
51

49
N

ea
r-

B
lin

dn
es

s
N

or
m

al
/R

P 
(a

dv
an

ce
d)

Pa
le

PC
O

H
M

+
- -

 -
A

R
I-

40
30

0
93

00
04

6
M

31
23

–2
4

N
ea

r-
B

lin
dn

es
s

N
or

m
al

/R
P

N
or

m
al

C
le

ar
H

M
+

- -
 -

A
R

I-
40

32
0

O
S:

 le
ft 

ey
e.

Ta
bl

e 
1.



Archives of Iranian Medicine, Volume 18, Number 11, November 2015780

may interfere with the function of this gene. So far, Perrault, et al.40 

and Schmidts, et al.42 have reported disease-causing mutations 
(p.Ala1306Glyfs*56 and p.Cys1360Arg, respectively) located 
between TPR8 and TPR9 repeat regions.

Two affected individuals in this family reported nasolacrimal 
duct obstruction and infertility. One affected individual had a his-
tory of infantile asthma. Funduscopic examination showed bilat-
eral RP and cystoid macular edema (CME). To the best of our 
knowledge, this phenotype has not previously been reported to be 
associated with IFT140 mutations
clinical heterogeneity in ciliopathy disorders.42

Using WES, we are able to identify this heterogeneous spectrum 
of disease-causing arRP gene mutations in a country with a high 
rate of consanguineous marriages. Recessive mutations in genes 
causing retinal dystrophy that are found in both consanguineous 
parents might be easily inherited to offspring in the homozy-
gous form.47–51 Although disease phenotypes overlap and lack of 
knowledge on the phenotype–genotype correlations makes iden-

 causing RP more challenging, high throughput 
DNA sequencing brings advances in detection of RP gene muta-
tions.52–56  attributable mutations in 76.9% 

of our non-syndromic arRP patients. This approach has recently 
been used by other researchers to identify known and novel muta-
tions causing RP.57,58

Fu, et al. recruited 31 well-characterized arRP families, extract-
ing DNA samples from one affected member. They used their 
custom capture panel, comprising 163 retinal disease genes and 
achieved a diagnostic rate of approximately 40%. Notably, around 
63% of their pathogenic mutations were novel.59 

families affected with autosomal recessive Inherited Retinal Dys-
trophies (IRD), Liu, et al. used NGS. Their targeted sequence 
capture of IRD-relevant genes applied two in-house-designed 
microarrays and followed by NGS. Finally, they determined ho-
mozygous and biallelic variants in 11 of the 20 families (55%) 
as very likely disease-causing mutations. Their results supported 
genetic evaluations using targeted NGS to improve genetics and 
clinical diagnosis.60

In fact, using NGS to identify RP disease-causing genes, par-
ticularly among patients with autosomal dominant form of RP, led 
to a detection rate ranging from 40% to 70%.61–63 Overall, these 

64 economic, and accurate63,65 

Family ID Gene Exon# Nucleotide change Protein effect MutationTaster

9200030
ABCA4
OMIM# 601691
RefSeq NM_000350

20 c.2927del p.Leu976Argfs*55 Frameshift deletion - - -

9200031
PDE6B
OMIM# 180072
RefSeq NM_000283

8 c.1060-1G>T - - - Splice site Disease causing

9200035
RP1
OMIM# 603937
RefSeq NM_006269

3 c.679T>G p.Phe227Val Missense Disease causing

9200036
IFT140
OMIM# 614620
RefSeq NM_014714

28 c.3827G>A p.Gly1276Glu Missense Disease causing

9300042
CRB1
OMIM# 604210
RefSeq NM_001257965

11 c.2711G>A p.Cys904Tyr Missense Disease causing

9300043
CRB1
OMIM# 604210
RefSeq NM_001257965

8 c.1252dup p.Ser418Phefs*3 Frameshift insertion - - -

9300045
PANK2
OMIM# 606157
RefSeq NM_024960

4 c.419T>C p.Phe140Ser Missense Disease causing

9300046
C2orf71
OMIM# 613425
RefSeq NM_001029883

1 c.712A>T p.Lys238* Stop codon Disease causing

Table 2.

Family ID Gene Exon# Nucleotide change Protein effect

9200033
RDH12
OMIM# 608830
RefSeq NM_152443

4 c.184C>T p.Arg62* Stop codon

9200034
PRCD
OMIM# 610598
RefSeq NM_001077620

1 c.64C>T p.Arg22* Stop codon

Table 3.
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of gene mutations causing RP.
In conclusion, developing an accurate molecular diagnostic 

method is essential for disease characterization and clinical prog-
nosis in patients with RP. To the best of our knowledge, this is 

diagnosis to Iranian families with non-syndromic arRP with a 
76.9% detection rate. These data from a country with a high con-
sanguineous marriage rate may provide supporting evidence for 

-
lar diagnosis can improve clinical diagnosis, potentially affecting 
treatment options, current systems of family counseling and man-
agement throughout the country.
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ABCA4 CA4 DFNB31 HTRA1 MVK PEX1 ROM1 TTLL5

ABCC6 CABP4 DHDDS IDH3B MYO7A PEX2 RP1 TTPA

ABHD12 CACNA1F DHX38 IFT140 NDP PEX7 RP1L1 TUB

ACBD5 CACNA2D4 DMD IFT27 NEK2 PGK1 RP2 TULP1

ADAM9 CAPN5 DTHD1 IMPDH1 NMNAT1 PHYH RP9 UNC119

ADAMTS18 CC2D2A EFEMP1 IMPG1 NPHP1 PITPNM3 RPE65 USH1C

AHI1 CDH23 ELOVL4 IMPG2 NPHP3 PLA2G5 RPGR USH1G

AIPL1 CDH3 EMC1 INPP5E NPHP4 PRCD RPGRIP1 USH2A

ALMS1 CDHR1 ERCC6 INVS NR2E3 PROM1 RPGRIP1L VCAN

ARL2BP CEP164 EYS IQCB1 NR2F1 PRPF3 RS1 WDPCP

ARL6 CEP290 FAM161A ITM2B NRL PRPF31 SAG WDR19

ARMS2 CERKL FBLN5 JAG1 NYX PRPF4 SDCCAG8 WFS1

ATXN7 CFB FLVCR1 KCNJ13 OAT PRPF6 SEMA4A ZNF423

BBIP1 CFH FSCN2 KCNV2 OFD1 PRPF8 SLC24A1 ZNF513

BBS1 CHM FZD4 KIAA1549 OPA1 PRPH2 SLC7A14  

BBS10 CIB2 GDF6 KIF11 OPA3 RAB28 SNRNP200  

BBS12 CLN3 GNAT1 KIZ OPN1LW RAX2 SPATA7  

BBS2 CLRN1 GNAT2 KLHL7 OPN1MW RB1 TEAD1  

BBS4 CNGA1 GNPTG LCA5 OPN1SW RBP3 TIMM8A  

BBS5 CNGA3 GPR125 LRAT OTX2 RBP4 TIMP3  

BBS7 CNGB1 GPR179 LRIT3 PANK2 RD3 TLR3  

BBS9 CNGB3 GPR98 LRP5 PAX2 RDH11 TLR4  

BEST1 CNNM4 GRK1 LZTFL1 PCDH15 RDH12 TMEM126A  

C12orf65 COL11A1 GRM6 MAK PCYT1A RDH5 TMEM237  

C1QTNF5 COL2A1 GUCA1A MERTK PDE6A RGR TOPORS  

C2 COL9A1 GUCA1B MFN2 PDE6B RGS9 TREX1  

C21orf2 CRB1 GUCY2D MFRP PDE6C RGS9BP TRIM32  

C2orf71 CRX HARS MKKS PDE6G RHO TRPM1  

C3 CSPP1 HK1 MKS1 PDE6H RIMS1 TSPAN12  

C8orf37 CYP4V2 HMCN1 MTTP PDZD7 RLBP1 TTC8  

Supplementary Table 1. https sph.uth.edu retnet sum-dis.htm#A-genes)
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Supplementary Figure 1. 


