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[ Abstract] Objective To describe the characteristics of genotype and phenotype in 3 families with X-linked
retinoschisis ( XLRS) due to RSI mutations. ~ Methods A cross-sectional approach was adopted. Three XLRS
families at the Ningxia Eye Hospital from October 2017 to March 2019 were included. Clinical data and peripheral
blood of patients and related families were collected and clinically staged were formulated through a comprehensive eye
examination. The disease-causing genes screened by panel sequencing underwent conservative analysis, pathogenicity
analysis and protein structure prediction by software tools. Analysis of the mutations pathogenicity was performed
according to the American College of Medical Genetics and Genomics guidelines. The research was approved by
Medical Ethics Committee of the People’s Hospital of Ningxia Hui Autonomous Region and followed the Declaration of
Helsinki. Written informed consent was obtained from each participant. ~ Results Total 5 young male patients and 1
middle-aged patient in these three families. The optical coherence tomography ( OCT) findings of 5 young patients
showed typical macular retinoschisis, which were characterized by stage I of XLRS. One middle-aged patient ( Il -9)
showed a stage Ill lesion of macular atrophy. The mutations of ¢. 668G>A ,c. 618G>A and exon 1 deletion in RSI gene
were found in the three families. C223 and W206 were verified to be highly conserved in mammals and were predicted
to be pathogenic mutations by software and the change of protein structure. Conservation analysis and prediction of

protein structure were not performed for the mutation of exon 1 deletion. All the mutations were pathogenic variants
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according to the ACGM guidelines.

Conclusions Mutations of ¢. 668G>A/p. C223Y,c. 618G>A/p. W206X and

exon 1 deletion in RSI gene are pathogenic mutations in Chinese XLRS families. The combination of Panel sequencing

with pathogenicity analysis and protein structure prediction have important effect to diagnosis and identify the

causative genes for the hereditary retinal diseases.
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Figure 1 XLRS pedigree of Family 1

[J: normal males; O ; normal

females ; Ml : male patients;®:female carrier; % :participants; /' : proband

JeiEF -1 % 36 % Bk, 8 % i R XUIR WA J) F B
W2, 12 W Sk AR S R AR L I BB 20 , RIGYT . B
FiHR BCVA 0. 1,700 0.2, JGiE#H LR B T
W ,25 B Ja o kasE (1) o AR AT U0 BUM 3 B X 76
KM, O MRS R AP EARTE, AR
] U034 4 By BT i A 0 (P 2) . OCT @i
XU 5 B0 DX A0 D) S 3 RS A B, s MR B R 603 um
MR 656 pm , BEHE AL B R JEE N A% J2 A — B RS E R
BB 55 A% )2 AT L K S Bl A o A B i /N B i ([
2,3) o BB IX AEIRERE K b AE T A% JZ ) B 2 R
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Table 1 The changes of visual acuityproband III-1

I [A] (4F) FR () BCVA(Hi/72)
1992 8 0.2 /0.6
1996 12 0.2 /0.4
1997 13 0.2 /0.3
2008 25 0.12/0.2
2017 34 0.1 /0.2
2018 35 0.1 /0.2
2019 36 0.1 /0.2

:BCVA I A7 IEAL )
Note; BCVA ;best corrected visual acuity
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Figure 2 Fundus manifestations of the proband Il-1 in pedigree 1
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Figure 3 Fundus photography and OCT of male patients I-1 in
pedigree 1  Changes in macular by colored fundus photographs and

retinoschisis , thickened thickness in macular by OCT
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Figure 4 Fundus photography and OCT of II -9 in pedigree 1

Changes in macular by colored fundus photographs and retinal atrophy in

the macula and thinner thickness
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w260 _ %, B AR T T B 2016 4F 12 W BUR e
0 e KL 5 B 2AE , B AT XLRS i AUIR K 2% . OCT
715 XS s AL I I 22 A B SR, O L IR0 B SR Il R
I IR, ERC BIWEIE ML b PPk i T Mo K &R HAt
ZRLH R RIYIEF .

®2 RRALIPEENIRERIEN 3.0 ERCGKE
Table 2 Standard dark adaptation 3. 0 ERG for
patients in pedigree 1

e HR 531 a (V) b (pV) b/afif
-3 F iR 50.90 128. 00 2.15
ZEHR 101. 00 92. 80 0.91
-2 payiet 155.00 256. 00 1.65
MR 146. 00 232.00 1.59
-1 £R 101. 00 87.30 0. 87
IR 127.00 126. 00 0.98
m-9 g 3.98 8.13 2.04
MR 244.00 161. 00 0. 66
A >170. 00 320.00-470.00 >2.00

BS RRE1N2HWFERKREM OCT RY  # @ IRIK MR
TOREDC B RAE , OCT /R LI IR BS 22, B B b 0 JRE 3 I B 6 =R
Z1N-3WEEMREEBAM OCT RI B MR K IAHR 2 35 X 5F
U OCT 71 L I I B 28, B 3 oo 2 B2 084

Figure 5 Fundus photography and OCT of II-2 in pedigree 1

Changes in macular by colored fundus photographs and retinoschisis,

thickened thickness in macular by OCT Figure 6 Fundus :
photography and OCT of III-3 in pedigree 1 Changes in macular by B8 REIFEEREEFNHEMEREEM OCT XM EMOR

colored fundus photographs and retinoschisis, thickened thickness in JFE IERH 78 5 B XA BT 75 1E %, OCT 78 ¥ B X 40 I 5 T8 2 2
macular by OCT 1E
— =iCs Figure 8 Fundus photography and OCT of male patients and
= il normal in pedigree 1  Normal color fundus photography and normal
-_._._N\:/_Ib_ , :N I 1|> retina morphology in OCT
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Figure 9 Pedigree of family 2 []:normal male; O :normal females;
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Figure 7 Standard dark adaptation 3.0 ERG for four patients in
the left eyes in pedigree 1  Patients of I[-9, -1, -2 and II-3
showed reduced b ware by ERG
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ZHH BCVA OCT ¥ IEH . Fig.ure 10 P.edigree of family 3 [J: normal males; O : normal
KR WG, FRE WK 10, JiE# 1-4,21 females ; Ml : male patient; % ; participants; 7 ; proband

M : male patient;®;female carrier; % :participants; 7 ; proband
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®3 XLRSRABERMELRKRE HHRSIEFERE

Table 3 Basic ophthalmic examination,staging,and RSI mutation in XLRS families

RHR AR s g BCVA ExyLig RIS R o 5 v g JBE i . I PR R
ey A i ) 23 AR
px ) R Gow ERG W A/ ) JE ot g PR
11I-9 46 H %) -/0.15 XHR b R SUREEBE %% 86 B ARG E A, AR ER 1 F IR . 668G>
R 7™ 5 A B3 %K/122 0 KFE4E ok, 2 A/p. C223Y
AR 1 Py e
1II-1 36 8 % 0.1/0.2 W b ¥R UREBE  603/656 XN # BESE e, F 1 ¥ c. 668G>
i 4 A1 i ia BE 55 /N HE 0 /b 5 s BE A/p. C223Y
HEFE K i LR N | R = NG
11m-2 31 2 ) 0.2/0.3  XUIR b R  XURMEH  468/463 SR SR MR, m 1 WHREH c. 668G>
Wi VR AT B, i Bt 55 /0N A s ek /L, 4 RE R [ A/p. C223Y
SRR AR T, AN LR R A R
I {07 1
11M-3 28 E 33 1 0.2/0.2 SHR b o HR SR EBE 413/466  WUHRERE K /NH e o 1 WHREA W c. 668G>
W Uk AT B, i FELAIK K G218 45 /), Bl 55 i A/p. C223Y
AR RE AR % B R
2 11-4 26 [ 4h 0.5/0.25  WHR b B #E AUREBRE  336/548  KUNR W BEAE R pER, T ¥ c.618G>
i ok A1 L OO BES5 0L 2 A /N B s, 1B A/p. W206X
AR R AR X A1 FE L UL A A A
B {7 1
3104 21 B4 0.4/0.3 SHE b B3 SUR#EBE 349/412  WUIR S BERE s peil, m i 1 ¥ A 1R
WG Uk AT B, % BE 55 W20 A7 INBE i
AR RE kAR

TE : XLRS: X % B0 B BY ZUAE ; BCVA : Jig 15 1E A0 ) s ERG : 0L 19 5 Ay 8] 5 OCT < S A 1 Wi 2 41 4 5 - JE eIk
Note : XLRS : X-linked retinoschisis; BCVA : best corrected visual acuity ; ERG ; electroretinogram ; OCT ; optical coherence tomography

2.2 XLRS Z Rt # R

AL JEE Panel 7 % B, 58 & 1 f 4 RST BN 5 6
ShR TR A LR AE N e 668G > A/p. C223Y ([
1TA) o PR FR o HABZ K& 4T Sanger B UE43H7, &2
RELDGERR . ZKR 1P 4G BERES RS T
RS, AR RBE W A5 T #5 # . TEIEW AR
Bl 72 1000G A1 ExAC o DL S A 9B 95 0 &0 i 2
LOVD %4l (2011 48 55 ) ok K B R A2, (5 AE
HGMD 9 %45 2 v] & B 28 4% . 48 SIFT  PolyPhen-
2, SIFT ., Polyphen-2, MT, PROVEAN . REVEL , CADD .
HSF PhCons Fil phloP 9 A4~k {4 T. H.X} p. C223Y 17
O, 45 R A F R, R ACGM Fy ifE Al 45 7
R Z RSI S A K c. 668G>A/p. C223Y i & 2
A~ PSEHE 3 A~ PM UEHE AT 3 4> PP e , UFE 551 & A8
FEOR A T RSFE T B, 223 S s AR R (2K e
ZR ) TE 12 R 3L 30 ¥ e 91 v 5 v B AR SRS (I
11B) o B[ 45 A0 B0 & 30, 2% 11 R 668 13 %5 5 1 11
U 223 503 2 B R 2 D AR AR h I AR, A
MR HR IS5 K A B AL (BT 11C)

PG Panel 17 & BLAK & 2 B4 RSI JEES 6
ST B TE LR AN c. 618G >A/p. W206X ( [&]
D), ZREEMERZTRERXRZIL G EIAR, BN
G PR HBE SR g R M A, AC SR R I 4H TE AR

5o IEE ANBEECHE B 1000G Fl ExAC o 5k &k 3% %=
A5 AHAE LOVD ¥4 i (2011 4 5380 ) Al HGMD %% 5
Kds PE R A% 27, c. 618G >A/p. W206X ZRAZ A& T
RS1 %2 &5 M. MT, REVEL, CADD , PhCons #il
phloP 5 ANE {4 T HXF ¢. 618G>A HE47 HUINIE 55 4 A
ERAF, MG ACGM 47, iZ BHA 14 PVS IEHE .2
A~ PSHEHE (2 4~ PM IESE F1 4 A4~ PP SR , 6 AL B0 T
BRI, B G2 2848 S U M AR o R SRR T A1 L X
7R 206 52 e SRR AE 12 Fiuli 7L 2 ) v 52 e B R (I
11B) . RSI LR 618 (%01 G 287450 A, H i
BV 7 5 206 o B & AR 40k, AR K OE A
(EI11E),

P J5E Panel 7EX 7 3 BF Rz I RST LA 1Y
SN TR FEBL R R O A AR R R HoAth e A
IEH I Z K # R & B RST JER AR 5. 1E % AR &4
JF 1000G #1 ExAC & & Bz 2 45, (H7E LOVD £ 4is
JE (2011 4F 8 37 ) Al HGMD % 95 B P % B0 Ik 2 4%
A ACGM 40 #7, 284545 4 PVS PS1 . PS2 PS4 PM2 .
PP2 PP4 7 ANEHE , UESE AN W F 1 B2k R BUm PR S .
AN 1B 58 A v Ok % R B R A, AN RE E
FT AR ST 23 AT R AR 1 I 285 ) 1 000

R RIS AT Fe RST 3 R 28 78 3505 M 43 7 WL 3% 4
&P
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W206 C223
+ ¢
PR . Homo RFIRLIPLWVRIAIRM:LLuCVSHCh
¢.668G>A Pongo RFIRLIPLQWIVRIAIRM=LL-CVSHCh
AN Theropithecus REIRLIPLAWHVRIAIRM-LL:CVSHCh . .
Mus RETRLIPLAWHVRIATRM-LL-CAsHch RS1 €223 RS1 €223Y
Rattus RFIRLIPLAWVRIAIRM:LL-CASHCh
. Canis RFIRLIPLQWHVRIATRM-LL:CVSHCh
TRE R 3 Vulpes RFIRLIPLWHVRIAIRMI LL CVSHCh
ATV A8 ATATA 31 Felis RFTRLIPLAWHVRIAIRM: LL:CVSHCh !
Bos RFIRLIPLAWVRIAIRM:LL CVSHC
Sus RFIRLIPLAWVRIAIRM: LL-CVSHC
3 Physeter RFIRLIPLAWVRIATRM-LL-CVSHCE
gty @ Equus RFIRLIPLAW{VRIAIRM:LL:CVSHC
W VYUY L

e Zosas ||
:‘:n%}\’i |

c.618G>A RS1 W206 RS1 W206X

(EJ

11 EFERTFIIE SERRTEMBEOEMEE ARSI L ¢. 668G>A/p. C223Y JFFIE  B:RSI S €223 il W206 fRs¢ Mo C. AL
c. 668G>A/p. C223Y [ H AR Fim 45 5 D78 c. 618G>A/p. W206X 551K E: %75 c. 618G>A/p. W206X ZE [ 45 44 il i

Figure 11 Gene mutation sequence,amino acid conservation and protein structure A:Sequence of RS/ mutation c. 668G>A/p. C223Y B Conservative
analysis of C223 and W206 C:Protein model of mutation c¢. 668G>A/p. C223Y D:Sequence of mutation c. 618G>A/p. W206X E:Protein model of mutation
c. 618G>A/p. W206X

x4 RSIERARTHHRESH
Table 4 Pathogenicity analysis of RSI gene mutation

G 5 R EE $i A
c. 668G> PSL s P P T O A I 2 i g g
A/p. C223Y PS4 FRAE,ETRRE (K RRIE) FOBTER AT 4 kB, T B M 0 F1
PMI i T 58 78 #4  o oh fig 1X ok BT S e M e, B 2 3 il X K38 g B S
PM2  TE 5 AHE P 0 e 2 A8 A 5 A A T 1E# AR 5 (10006 1 ExAC) i Z 58 725 KU
PM5 BRI R g AR R R S e s 122 FIETRSR I T AETE B s (HGMD B4 1)
PPL KR RIBIE I BRI 9 2 4R 5 Sl sr B i s s 22
PP3 A0 Sk B P SIFT PolyPhen-2 , PROVEAN .MT REVEL ., CADD . HSF . PhCons I

phyloP 5k k40 .45 5y 47 95 57
PPA o R O PR , B SR LA B R ARG S, AT XLRS f S e

. 618G> PVS KA. LN B RGHEMG T O S BT RN EXEE
A/p- W206X ps1 g 2 e 5 L S 0 B0 A 1) 9 2 g
PS4 KU £ 45 BRI EL Y §:)
PM1 {37 T %€ 25 445 30 g 1 J5k 130T Dy Bl 2% H R, LR S ) i IX X 35 o ) B
PM2  TE 5 AR R 0k B 7 A A A TEH ABERCE FE (10006 Al ExAC) il 2 56725 $s
PPl KR st 8 T H Al O 1 5 R P 3640 g 0 s 5 O
PP2 %M PR B S R A i SCARE | RS SO R A A
PP3 Ty B A MT REVEL CADD PhCons .phyloP %5 {1 43 B7 45 5 Jy 47 % 58 25
PPA g B0 DA BSOS BT , 90 S 5 Sk FLAT T BE R S B PRB L ELILAT XLRS fg L e
exonl del PVS KA. X B RGEG T W SR TEE MR T LB
PS1 g a2 e e 5 O S O A IR A R e s 0
PS2  de novo 15 5 ( ZAXAR AL AR WA ) , JE 5 M T RBE | RBE TR TG SR S E A
PS4 XU HAbBH KRR g
PM2 TE 5 AHE R 30k 8 2 R AR A TEH ARERCR FE (10006 Al ExAC) i i 2 58715 $fs
PP2 %S BRI B SR OBk S8, T R

PP4 Oy BRL DRSO PR R B B A e RO, HOEA XLRS [ 4Ll 3 R

H:MT CADD Fl HSF Jg S0 4R 4 5 10006 : - A\ HE K A1 K04 12 s ExAC - b i1 3R 45 50806 P s LOVD « ST 480 P s HGMID : A 288k [N 5 A8 K504 e
Note: MT : mutation tastor; CADD : combined Annotation-dependent depletion; HSF : Human Splicing Finder; 1000G : 1000 Genomes; ExAC: Exome aggregation

consortium ; LOVD ; leiden open variation database ; HGMD : human genetic mutation database
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Table 5 Phenotypic of probands and patients with RSI gene mutations c. 668G>A/p. C223Y and exon 1 deletion in the literature
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