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[ Abstract] Objective To analyze the disease-causing genes of families affected by retinitis pigmentosa
(RP). Methods A pedigree investigation study was performed. The clinical data of 51 Chinese families with RP
treated at the Renmin Hospital of Wuhan University from June 2019 to December 2022 were collected, including
patient history, family history and clinical data of ophthalmic examination. Ophthalmic examination including best
corrected visual acuity, slit lamp microscopy, color fundus photography, fundus autofluorescence, macular optical
coherence tomography, visual field and electroretinogram. Peripheral blood samples from patients and their family
members were collected for DNA extraction and whole exome sequencing. The mutation sites found were analyzed by
bioinformatics and verified by Sanger sequencing. The pathogenicity of the missense mutations was predicted using

SIFT, Polyphen and other online software. Conservation of the missense mutation site was evaluated using Mutation
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Taster. The shear mutation was predicted using varSEAK and spliceAl. The amino acid sequences of the newly
discovered mutation sites were compared using Clustalw software. This study adhered to the Declaration of Helsinki.
The study protocol was approved by the Ethics Committee of Renmin Hospital of Wuhan University ( No. WDRY2019-
K032). Results Among the 51 families, two proband patients had hearing impairment and were diagnosed as
Usher syndrome. In addition to typical RP features, the two proband patients also showed yellow-white crystalline
substance deposits in fundus imaging, while the other proband patients showed typical RP. A total of 38 single
nucleotide variants (SNVs) and 3 copy number variants were detected in 15 pathogenic genes in 29 of 51 families,
including PRPF6, PRPF31, RHO, CYP4V2, USH2A, EYS, MERTK, PCDHI15, ABCA4, BBS2, PROM1, SPATA7,
RPEG65,RPGR and OFD1 genes. There were 6 of the 38 SNVs that were novel variants that had not been reported,
which were USH2A gene c. 12523T>C(p. Trp4175Arg) ,c. 1723T>C(p. Cys575Arg) ,c. 1875C>G (p. Phe625Leu) ,
CYP4V2 gene c.1441C>T ( p. Leud481Phe ), MERTK gene c¢.2487-8A>G and PCDHI5 gene c. 5183del
(p- Argl728LysfsTer116) . SIFT and Polyphen prediction software predicted that amino acid changes caused by the 4
missense variants, USH2A gene p. Trp4175Arg, p. Cys575Arg, p. Phe625Leu and CYP4V2 gene p. Leu481Phe, are all
pathogenic or harmful. Conservation analysis showed that they are conserved in multiple species. The prediction
software spliceAl and varSEAK suggested that MERTK gene c.2487-8A>G may lead to abnormal shear and affect
protein function. PCDH15 gene c.5183del( p. Argl728LysfsTer116) is a frameshift variant that alters the downstream
amino acid sequence and terminates translation early. CYP4V2, USH2A ,and RPGR were frequently mutated genes in
RP patients, accounting for more than 50% of the families with pathogenic genes detected. The proband with CYP4V2
variants had late onset, but severe visual impairment and retinal degeneration. Conclusions  Six previously
unreported variants may be novel pathogenic variants of RP. CYP4V2,USH2A ,and RPGR may be the most common
pathogenic genes in Chinese RP patients. Patients with CYP4V2 variants have late onset, but faster disease
progression.
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Table 1 Variant information of disease-causing genes detected in 29 RP families
CE W 210 R AARIEE B A AR S HAER A As S
1 i RP AD PRPF31 NM_015629.3 CNV - CNV
2 'y RP AD PRPF6 NM_012469.3 c. 514C>T p. Argl72Trp [ 9%
3 'y RP AD RHO NM_000539. 3 c.50C>T p. Thr17Met il L
4 n ZE S FE RP AR CYP4V2 NM_207352.3 c. 802-8_810delinsGC p. Val268_Glu329del A A g
5 L) 2k L RE RP AR CYP4V2 NM_207352.3 c. 802-8_810delinsGC p. Val268_Glu329del WA BRI
6 L) ZE S FE RP AR CYP4V2 NM_207352.3 c.958C>T p- Arg320Ter TG X
CYP4V2 NM_207352.3 c. 802-8_810delinsGC p. Val268_Glu329del FIPN S
7 s 2k BRE RP AR CYP4V2 NM_207352.3 c. 1091-2A>G - By
CYP4V2 NM_207352.3 c. 802-8_810delinsGC p. Val268_Glu329del EiPN S
8 b’y 25 ShEE RP AR CYP4V2 NM_207352.3 c.283G>A p. Gly95Arg il L
CYP4V2 NM_207352.3 c.992A>C p- His331Pro 38
9 L) 2k B RE RP 19,3 CYP4V2 NM_207352.3 c. 1091-2A>G - 57 4]
CYP4V2 NM_207352.3 c. 1441C>T p. Leu481Phe il
10 L) ZE S FE RP ok CYP4V2 NM_207352.3 c. 802-8_810delinsGC p. Val268_Glu329del EEPN S
CYP4V2 NM_207352.3 c.65T>A p. Leu22His [ 5
11 B ZE S FE RP Hk CYP4V2 NM_207352.3 c.992A>C p. His331Pro L7138
12 L) Usher Z£ & 1E AR PCDHI5 NM_033056. 3 c. 5254 _5280del p. Prol1752_Pro1760del Bk
PCDHI5 NM_033056. 3 c. 5183del p. Arg1728LysfsTer] 16 B
13 5 Usher 254 1F Wk USH2A NM_206933. 2 c. 12523T>C p. Trp4175Arg 3V
USH2A NM_206933. 2 c. 1723T>C p. Cys575Arg il L
14 Ui RP Hk USH2A NM_206933. 2 c. 13576C>T p. Argd526Ter T X
USH2A NM_206933. 2 c. 1875C>G p. Phe625Leu il L
15 5 RP AR USH2A NM_206933. 2 c. 13465G>A p. Gly4489Ser il L
USH2A NM_206933. 2 c.2802T>G p- Cys934Trp [
16 5 RP 19,3 USH2A NM_206933. 2 c. 12094G>A p. Gly4032Arg [ 5
USH2A NM_206933. 2 c. 6741del p. Ala2249ProfsTer30 il
17 L) RP wk EYS NM_001142800. 1 c. 9248G>A p. Gly3083Asp [
EYS NM_001142800. 1 ¢. 9209T>C p. 11e3070Thr 38
18 B RP Hk EYS NM_001142800. 1 c. 6557G>A p. Gly2186Glu 138
EYS NM_001142800. 1 ¢.2953_2961del p. T985_G987del (TN
19 b’y RP AR MERTK NM_006343. 2 c.225del p. Gly76GlufsTer3 f A
MERTK NM_006343. 2 c.2220G>A - EiRv]
20 5 RP AR MERTK NM_006343. 2 c. 2487-8A>G - Eiv)]
MERTK NM_006343. 2 CNV - CNV
21 Ll RP AR RPE65 NM_006343. 2 c. 1399C>G p. Pro467Ala [ 58
RPE65 NM_006343. 2 c.200T>G p. Leu67Arg 138
22 L) RP AR SPATA7 NM_018418. 4 c. 1112T>C p. 1e371Thr [7: 98
SPATA7 NM_018418. 4 CNV - CNV
23 i RP AR PROM1 NM_006017.2 c. 139del p. His471lefsTer12 b2
24 5 RP AR BBS2 NM_031885.3 c. 647G>C p. Arg216Pro bl L
BBS2 NM_031885.3 c. 79A>C p. Thr27Pro 5 L
25 'y RP AR ABCA4 NM_000350. 2 c. 1761-2A>G - oy
ABCA4 NM_000350. 2 c. 101_106del p. Ser34_Leu35del [N
26 L) RP XL RPGR NM_001034853. 1 c. 2293del p. Glu765ArgfsTer50 p 2t
27 Ll RP XL RPGR NM_001034853. 1 c. 1070G>A p. Gly357Asp [ 9
28 B RP XL RPGR NM_001034853. 1 c. 550C>T p. GIn184Ter Jo X
29 L) RP XL OFD1 NM_003611. 2 c. 1244C>T p. Ala415Val [7: 98
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Note: RP ; retinitis pigmentosa; AD : autosomal dominant; AR ; autosomal recessive; CNV : copy number variation; E: exon;I; intron; D ; deleterious/damaging;

SE :splicing effect; LSE :likely splicing effect; T : tolerated ; XL : X-linked ; — : not mentioned

E: M8 F 51N & F;5D: A FE M SE: B P52 i ; LSE



914 -

ARSI IR R 4 75 2024 4F 10 A 45 42 445 10 ] Chin ] Exp Ophthalmol, October 2024, Vol. 42, No. 10

TE BT A K B E0 2 [ A
ARSI R AR 2 AT 3 ALK IR
CYP4V2 USH2A 1 RPGR, Jy 15
Al 51.72% ) 58 & 1 B0 26 B
(B 24) 0 8 HF (15 27.6%)
Koy CYp4vz LA 7 A4
SNVs,4 KA ((h 13.8%) K il
H USH2A £ 8 /> SNVs, 3 4>
KA (1 10.3%) Kl i RPGR %

8852 PCOMIS gparaz
3458 345K 3 4cy

ABCA4
458 RHO

PrPE31 958
E =T R

E 2

P.HIsINPro.
polysan PiVal268_Ghi320del pumal 1Phe
cyravz [ ’ — |
| |
pleuzzHis PAGITar
cYPavz R R R
27.59%
Olya4295er

p.Cys934Trp

P PhoB2SLey PAL224SPrOlsTerdd S26Ter
P.Olyd032Arg
USH2A ma LamGLamitame I LamnT = LamEGh
13, 1G] LamGL PODAEY

pGulsdTer pOYISTASS PGhTEEArgh 80
reor ICTT'T [ T —

@ RCT ‘3

TER RP BREFE L fIE & CYP4V2 USH2A RPGR ZEAERMUATEE A HiEM

RP Ui BEH LIl B:CYP4V2 USH2A \RPGR %5 1178 507 /5 m 2 &

HHY 3 A~ SNVs, fEiX 3 3L
G 3 ) A S T R 1 5 R T
B A W1l 2B, Br RPGR & [
c.2293delG 2 S F 15 4h B T
JF i [ 132 #E ( open reading frame,
ORF) DX I A1 , HoAx A8 S s i 44 £
T 46 R S S DX

USH2A ¢.1723T>C

CYP4V2 c.1441C>T

nE

GTAAACCTCG T TCAATGEC
T W

e N A N Y
AAAGACCATTCTTTCGTGCAT
i » i

L .__Jf_ll\_.f.l'-_' UATATAV.FATAIAYAVATATA'S

Figure 2 Proportions of genes associated with RP and schematic representation showing variants
of CYP4V2,USH2A and RPGR protein
representation showing variants of CYP4V2,USH2A and RPGR protein

A ; Proportions of genes associated with RP B Schematic

USH2A ¢.1875C>G USH2A ¢.12523T>C
ATAACCAAATGGACTGCCATA AGCTGAGCTGGT CTGAG

PCDHI5 c.5183del

LE R A 119 38 A~ SNV o, e e o
Tfs/l\%/%(%g\g\lle3\l4\ USH2A p.575
N A . N Homo sapiens \f’(_-‘fl"-' ‘4_ Homo sapiens € Vil
20) AR B 6 A R HiRE i Y o L bwona S 1 R
ras vHaAF WHE s & i B
W, b W N USH2A 3 I e G d B
. 12523T>C ( p. Trp4175Arg) . Pehens s axsca VAR ou! B 4 M

c. 1723T>C ( p. Cys575Arg ).

Howma sapiens

Bos taurus Canis lupus di
c. 1875C>G ( p. Phe625Leu ), Cavia porceltus Rt porvegions
Fatroag) 1 b Y
CYP4V2 % c. 1441C > T ( p- Macaca mulatta Ictidamys tridecemlineatus
Pan troglodyies Pongo abelii
Panthera tugris attaica Mus musculus

Leud481Phe ), MERTK H [H
c.2487-8A>G Fl PCDHI5 & A
c.5183del (p. Argl728LysfsTer116)
(B 3A~TF),1X 6 & 7 78 /R
ST HR 00 A AR BT I
SIFT. Polyphen i | % 4 X
USH2A 3 [ p. Trp4175Arg,
p. Cys575Arg., p.Phe625Leu i
CYP4V2 Kt A p. Leud81Phe X
4 A SO S 5k Y R TR AR
PO ¥ o BUw B F L O
Mrig7s 4 A48 5 47 45 A9 PhyloP
& 43 % & 5.969.4.761,2.078
A 1105, 255K F 0, HZ Y57 510 H B R X 4 A4
SCAE S L RN LAY R R AE 2 A W Bl b ARy (3
G~J) . spliceAl, varSEAK T il 4k 1 ¥4 $& 7~ , MERTK
M . 2487-8A>G Al RES ST VIR W W EH 2
8., PCDHI5 %A c.5183del (p. Argl728LysfsTerl116)
RS AL S, 23 R TR W KL R Y 4 OF 1 RO 4 T
Kk,

%)

Figure 3
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J: The amino acid at position 481 of CYP4V2 protein (box) was conserved
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Sanger sequencing of 6 novel variants and multi-species sequence alignments of 4
A ;Base at position 1 723 of USH2A gene changed from T to C in family 13 (arrow)

B :Base at position 1 875 of USH2A gene changed from C to G in family 14 (arrow)
12 523 of USH2A gene changed from T to C in family 13 (arrow)

C :Base at position
D :Base at position 1 441 of CYP4V2
E:Base at position 2 487-8 of MERTK gene changed
F:Base at position 5 183 of PCDHIS5 gene was deleted in family 9
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Figure 4 Color fundus photographs of two patients with CYP4V2
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Figure 5 Ultra-wide field fundus autofluorescence images of 6 patients with CYP4V2 gene ’TTEPO

variants A -F: Families 5,6,8,9,10 and 11 showed widespread decreased autofluorescence in the

retina
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Figure 6 Macular OCT images of 6 patients with CYP4V2 gene variants A-F.Families 5,6,8,

9,10 and 11 showed severe retinal atrophy and the loss of the ellipsoid zone
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