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Genotypes and phenotypes of hereditary eye diseases associated with early-onset high myopia
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[ Abstract] Objective To analyze the genotype of hereditary eye diseases with early-onset high myopia
(eoHM) and its relationship with phenotype. =~ Methods The families with eoHM were collected in Ningxia Eye
Hospital from January 2019 to June 2020. The medical records of the probands and their family members were
inquired and recorded in detail,and the relevant ocular examinations were performed. Peripheral venous blood samples
were collected from patients and their family members, and whole-genome DNA was extracted. Sequence capture

sequencing technology was applied to screen for disease-causing gene mutations in probands. The detected suspected
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pathogenic variants were verified by Sanger sequencing and were analyzed by family cosegregation analysis. According
to ACMG guidelines, the pathogenicity of novel variants was evaluated. The original literature about hereditary eye
diseases with eoHM was searched to analyze the relationship between mutated genes and clinical phenotype. This study
protocol adhered to the Declaration of Helsinki. All subjects or their guardians were informed of the purpose and
procedure of the study and signed the informed consent form. The study protocol was approved by the Ethics
Committee of the People’s Hospital of Ningxia Hui Autonomous Region ( No.2016018). Results A total of 20
eoHM families were collected ,among which pathogenic variants associated with inherited eye diseases were detected in
8 families. Of the 8 probands,two were diagnosed with familial exudative vitreoretinopathy,one with X-linked retinitis
pigmentosa,one with congenital stationary nightblindness, one with Stickler syndrome, one with achromatopsia, one
with Leber congenital amaurosis,and one with gyrate atrophy of the choroid and retina. The first diagnosis age of the 8
probands was 4-7 years old, and they were all diagnosed as high myopia, with a refractive status < -6. 00 DS. Genetic
tests showed that the 8 probands carried a heterozygous variant ¢. 313A>G (p. M105Val) in FZD4 gene,a heterozygous
variant c. 14_15insAAGA (p. AspSfs™ ) in TSPANI2 gene,a heterozygous frameshift variant c.2234_2237del (p. Arg745fs)
in RPGR gene ,a compound heterozygous variant of ¢.481C>T (p. GInl161Ter” ) and c.355>T (p. Argl19Cys ™ ) in GPRI79
gene,a frameshift variant c. 1659_1660insACGGTGACCCTGGCCGTCCTGG (p. Pro554fs™ ) in COL2AI gene,a compound
heterozygous variant of c. 1811C>T (p. Thr6041le” ) and c. 967G >A (p. Gly323Ser) in PDEG6B gene, a compound
heterozygous variant of c. 604_619delTCCACGGCACTCAGGG (p. Ser202fs* ) and c¢.995G>C (p. Arg332Pro) in GUCY2D
gene ,a homozygous variant c. 772C>T (p. Pro241Leu) in OAT gene. Seven of them were novel variants. Compared with
the previous literature ,the clinical and gene phenotypes of the 8 families were analyzed in detail in this study, which
provided the basis for the diagnosis of hereditary eye diseases with eoHM. Conclusions EoHM is closely related to
some hereditary eye diseases,which may be the reason for the early diagnosis of children and an important clue for
clinicians to detect potential hereditary eye diseases. Further clinical evaluations of ocular structure and function as
well as genetic screening in children with eoHM are recommended.

[Key words] Hereditary eye diseases; Mutation; Early onset high myopia; RetNet
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2.1.1 FEVR ZFZRMEFEAGHEM FlILIEH, &,6
L AR AR Ttz T 7 ZIRPHE R, IR A
BCVA 471 0.2(-9.25 DS/-1.25 DCx161°) , Z£HR 0.4
(=7.00 DS/=0.75 DCx94°) ;10 4F J5 P WL AR AL 7 T [ B
E A, A & B BCVA A5 R 0.15 (-15.00 DS/
=0.75 DCx155°) , 2 MR T3y, 2 MR AW IO B I 15 5 FFA. 5t

1 S EEUMMERRFRRLIEENIRKRIR
Tablel Clinical manifestations of probands in 8 families with inherited retinal diseases

RE UL M UCVA BCVA M A 4 JE (mm) ERG -

O - : - - - B A

WO OER M AR KR Hil i - B3 1 B3 1

FI 6% % 0.04 F5 0.15(-15.00 DS/-0.75 DCx155°) T3 27,69 21.59  iE%  HMBETR, HREETHE, FEVR

EREETHR EREETH

F2 4% B 0.4 0.12 0.8 (-10.25 DS/-1.75 DCx 15°) 0.6 (-8.50DS/-2.50 DCx180°) 26.29 25.98 % NA NA FEVR

F3 4% 1« 0.12 0.12 0.2 (- 5.00 DS/-3.50 DCx 5°) 0.2 (-8.00 DS/-2.00 DCx 10°) 25.18 25.53 F¥ NA NA XLRP

F4 5% B 0.1 0.15 0.6 (= 7.75 DS/-1.50 DCx130°) 0.4+(-6.00 DS/-2.50 DCx 55°) 25.82 25.65 5 BN R i i R CSNB

F5 5% B 0.2 0.2 0.2 (- 9.00 DS/-1.25 DCx115°) 0.2 (-8.25 DS/-1.25 DCx 75°) 24.84 24.91 % A BT Stickler
GRMIEITR

F6 6% % 0.08  0.10  0.15(- 5.50 DS/-1.50 DCx 10°)  0.15(-6.00 DS/=0.75 DCx130°) 25.55 25.79 4t@s i FKk ¥ Rz

2BEH
F1 4% B B/ 88/ 0.01(- 9.50 DS/-2.00 DCx172°) 0.01(-8.50 DS/-1.50 DCx250°) 25.70 25.53 4 @H LN by LCA
33 em 33 em
B 7% 4 0.1 0.1 0.15(-10.00 DS/-3.00 DCx110°) 0.15(-9.00 DS/-1.75 DCx140°) 26.41 26.05 i LN i i P GA

T A AR SR 2RI AT, R A UCVA# IR 7 s BOVA S A 57 1IE WL 5 s ERG . WU 9 JIE L 18] ; FEVR : 58 1 15 4 1 B 385 1 400 IR 5506 A2
XLRP : X 3t {0 A i Bi 0t J9 15 €0, 25 A8 1t 5 CSNB - S5 KAk e 1L PE T s LCA : Leber 45 oA BRI 5 GA - [5] FE 0K Jik 45 M5S0 0 1K 25 45 ; NA . R #F

Note ; Early childhood was defined as uncertain preschool age

UCVA :uncorrected visual acuity ; BCVA ; best corrected visual acuity ; ERG ; electroretinogram ;

FEVR :familial exudative vitreoretinopathy ; XLRP ; X-linked retinitis pigmentosa; CSNB : congenital stationary night blindness; LCA ; Leber congenital amaurosis;

GA ; gyrate atrophy of the choroid and retina; NA :not available

F2 SANEMGHUNERRERRLIEENEFRGN
Table 2 Genetic test results of probands in 8 families with inherited retinal diseases
KA UAREREN PR A HH R A Sk K] RAZ LA e I
F1 chr 11 c. A313G p. Met105Val FZD4 Bt g AR AD
F2 chr 7 c. 14_15insAAGA p. Asp5fs® TSPANI2 (RS AD
F3 chr X c.2234_2237del p. Arg745fs " RPGR T fith g A XLD
F4 chr 4 c. C481T p. Gln161Ter " GPRI79 ARG AR
c. C355T p- Argl19Cys”
F5 chr 12 ¢. 1659_1660insACGGTGACCCTGGCCGTCCTGG p. Pro554fs” COL2A1 A " -
F6 chr 4 c. CI8IT p. Thr6041le * PDE6B i LG AE AR
c. G967A p. Gly323Ser
F7 chr 17 ¢. 604_619delTCCACGGCACTCAGGG p. Ser202fs * GUCY2D i e p AR
. 995G>C p. Arg332Pro SRS
F8 chr 10 c. C722T p. Pro241Leu OAT i LR AR AR

TE: o B R B JE R 5878 5 AD « 3 e €8 UK P8 A% XLD X e 68 (A% 83 S VR 3347 5 AR - o s AR BV 8 4% 5 — - R

Note: * :novel gene mutation; AD ; autosomal dominant inheritance ; XLD ; X-linked dominant inheritance ; AR ; autosomal recessive inheritance; —; unknown
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e g e 2 o o B3 P2 RRAESRERERARFFARG ABARNAR
BRI A WS B (B 3) o RPTRMIGUER oy pewrin o b A0 5 k) 50 e
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. * ‘ BRCx)  CFXUR FRA B SURIBLA LA 530 % 0
15insAAGA (p. Asp3fs™) (B 4) 0 JelE & BRREIE  qummanimansiaim & (k) 0 I A A 7T LIS AL )

WA AR R S A, FRA A A 52 758 J) s W o JEE I 4 0 52 (C.D AR F: A2 AR
%%g ’ %EE;EIJ Hjtﬂjtﬁ ) ElzgureAS \ C((:)l?r flfm(tlus ph}:)tographs and‘FFA images of proband of
, B: Color fundus photographs of right and left eyes In the
posterior pole,the blood vessels arrangement was abnormal (arrow) in the
right eye, and the blood vessels were straight (arrow) in the left eye. Gray
and white lesions of the temporal macula were visible in the left eye,and
the tips of the two lesions were opposite to each other,forming a V-shaped
area ( * )  C~—TF. Binocular FFA images Peripheral retinal blood
vessels increased , and abnormal arteriovenous anastomosis at the end of
blood vessels ( arrow ), neovascularization and exudative lesions were
visible ( # ) (C-D:right eyes; E-F:left eyes)

Bl FIRXRRAEEHCRKRIER FFA BG A HIREORIE

M
BRA RIS 50 800K B2, S B 00 I 0L 4 £ 1, 1l B8O ¢ ir (A A
3o) BLCoATMAZZIN FFA PR IR RS I % 7 R, e e
I LA B 0 TF 3 60 1085 % 180 0 6 60 R 43 R Fe) 3 0 0 BBE i 85 43 A " 12 A AnaAaNcsamA

S AU G0 B (%) ' M A\
Figure 1 Color fundus photographs and FFA images of proband of

F1 A:Color fundus photograph of the right eye Tessellated fundus, I 12 WAl aaaReidaiaanl
M A M |

straight retinal vessels in the posterior pole pulling toward the temporal N 4
1 2 @ 1 Mhashsasah O

E4 FR2RZBERERNFE A:F2KXFRE B:F2 KR TSPANI2
SEPFE T2 001 ASEIERE (112) #4570 TSPANI2 JE [ M:c.
14_15insAAGA (p. AspSfs ™ ) Ze G 8 5 O IE#H Lt O IEH
Btk @ B W B B T RIER

Figure 4 Family pedigree and gene sequencing map of proband of

side (arrow) were seen B, C:FFA images of right and left eyes The
retinal vessels did not develop to the periphery,and the avascular area and
the normal vascularization formed a clear crista-like boundary. The
peripheral retinal vascular branches increased, and abnormal terminal

vessel anastomosis with a little leakage (arrow) were seen

F2 A Family pedigree of proband F2  B: Location of variant in the

M
v TSPANI2 gene The proband ( II 2) , her mother ( I 2) and her sister
T 6T 000 kk (II'1) all carried a heterozygous frameshift variant M:c. 14_15insAAGA
I (p- Asp5fs™ ) of TSPANI2 gene O :normal female; []: normal male;
M/+ i Mf\ A @ :female patient; ll : male patient; 7 proband
1 2
,nJM[\f\ ,JJU\[\/\ 2.1.2 XLRP BEMIERMSEN 3 RiEH, &,
I g _ 4% XA 220008 T 7 HIRAHE B, IR 2 .
n g i
e f\\/W MA BCVA 47 i 0.2 (-5.00 DS/—3.50 DC x 5°), /2 i
2 FIRRERERNFE A:FIKRE BFI KR FZD4 3 0.2(=8.00 DS/=2.00 DCx10°) ; BHR AR fif 17 A UL B\
PR Il%ﬂ?ﬁﬁ‘é‘( 1) 4% FZD4 FEH M:c. 313A>G(p. ey ke = - S 0
MelOSVal) 66 XSt O Actts @t ey O ORISR . SR SOR (1) RSB
s 7 S B2z WU AR AT 9 2R T B e, MRV A 7 1 78 U HR R

Figure 2 Family pedigree and gene sequencing map of proband of Fﬁ%@ﬁ;{kﬂ[/ Ubﬁﬂﬁ,\ , ml,fré:g:l: gm , Jﬁ [%H‘Jﬁl Mﬂﬁﬂ‘ﬂj(
F1 A: Family pedigree of proband F1 B: Location of variant in the - . . A .

FZD4 gene  The proband (II1) and her father (I11) both carried a HH éﬂjﬂ@#é%u{‘%( [g] 5> % K\Uﬂu%lﬂE% ( It ) #
heterozygous missense variant M:c. 313A>G (p. Metl05Val) of FZD4 % RPGR %%‘—3 Q%’A ,%TIE%‘Q%JE(Il)RPGR %.

gene O :normal female; @ :female patient; ll ; male patient; 7 :proband *%%izﬁgﬁﬁ‘ c. 2234_2237del( p. Arg745fs ) ( [E] 6) i
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Figure 5 Color fundus photographs and OCT images of patient of

F3 A,B:Wide-angle fundus photographs of right and left eyes in [ 1
Tessellated fundus, yellow optic disc, thin blood vessels, and a large
amount of bone-like pigmentation in the surrounding retina were seen in
both eyes C,D:Macular OCT images of right and left eyes in I 1
Macular edema with unclear structure and macular atrophy were seen E,
F: Color fundus photographs of right and left eyes in I 1 ~ No obvious

abnormality was seen
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Arg745fs” ) s 1 #54 RPGR LR Z& G ST O IEW ;W&
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Figure 6

Family pedigree and gene sequencing map of F3 A.
Family pedigree B:Location of variants in the RPGR gene 11 carried
a hemizygous frameshift variant M ; c¢. 2234 _2237del (p. Arg745fs" ) of
RPGR gene,and ]I 1 carried a heterozygous variant of RPGR gene O :

normal female ; ll : male palienl;@;female carrier;/:prohand

2.1.3 CSNB BEMBENI SRR F4 55004, 5,
31%,5 B WFRCE , IR B, kAT = . IR
BEK: A5 : UCVA R 0.1, Z2HR 0.15; BCVA 15 R
0.6(=7.750 DS/-1.50 DCx130°) , ZZHR 0.4+ (-6.00 DS/
—2.50 DCx55°) 5 ZLBUAT i A A6 A 0CHR IR iy 59 R DL
B IR 5, BUIR IR IS 59 SOR WO, A0 2803000 mT D Jok 2% s
Z 49K OCT £ 25 b s B B X )R8 B85 0F o, 45 #40 1 OA ,
212 N e B S QS A T Gl S S S 1 i 11
GPRI179 LN E ARG MRS . 481C>T(p. Glnl61Ter)

. 3555T (p. Argl19Cys " ) (I8 8) , STHR B8 )2 AR AT R
AR c. 355>T (p. Argl19Cys ™ ) B #H & 4 i , ClinVar
A PE TSIz A R BUR R BT A R LR F B A R B U RE
% A MBI P Mutation Taster HUM b S5

E7 FARRAEZEZBRKRBEM OCT A B AR AZE IR
GHRR AR ARJESVSOR AL BL AL AT ULk 4 I 22 49k €D
AR ZEIR BBE OCT &l 3 BE X5 J32 TE 9, 445 44 5 WA , A T i3 2k
Figure 7 Color fundus photographs and OCT images of proband
of F4 A ,B:Color fundus photographs of right and left eyes Tessellated
fundus and atrophic arc of choroid on the temporal side of the optic disc
C, D: Macular OCT images of right and left

eyes The thickness of the macular area was normal, and the structure

were seen in both eyes

was clear,and the ellipsoid band disappeared

'

M1/M2 +/+
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" @ oY\ D e
E8 FARZERERMNFE A:KXFRE B:GPRI79 HH )y
B RIEE (L) B4 GPRIZO SN AR A AR 5, 8 F i o
M1:c.481C>T (p.Glnl61Ter) ;M2:c.355>T (p. Argl19Cys™ ), 11
Bl M1 5878 O EW bk s M i bk s 7 SR iE s

Figure 8 Family pedigree and gene sequencing map of F4 A.

Family pedigree  B: Location of variations in the GPRI79 gene The
proband ( I 1) carried complex heterozygous variations of GPRI79 gene
at M1:c.481C>T(p. GIn161Ter) and M2:c. 355>T (p. Argl19Cys”™ ).
Il 1 carried M1 variant O :normal female; Il : male with disease; 7:

proband
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Figure 9

EF: A IRFZ R

Anterior segment photograph, color fundus photograph
and autofluorescence images of proband of F5 A, B: Anterior
segment photographs of right and left eyes Vitreous opacity with dense
membranous strip (‘arrow ) were seen G, D: Wide-angle fundus color
photographs of right and left eyes Fundus was normal in right eye, and
tessellated fundus was seen in left eye with a circular retinal hole (arrow)
of about 1/4 diameter of optic disc in the periphery retina at 5:00 E,F;
Fundus autofluorescence images of right and left eyes  No obvious

abnormalities was seen
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FEDIAGIN A BLSGUE# COL2AT RN 1 1 AN A A8 i 2%
A% ¢.1659 _1660insACGGTGACCCTGGCCGTCCTGG ( p.
Pro554fs™ ) , HLACEE ¥ A G I 31 i 3k [ % 48 (18] 10)
FEUEH AR RANEH , Bl SR RUIRAR 3 4L, A MR AR 10
AN AT DL — 4 0 R AL
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B 10 FSHRZERERMNFE A:FXRE B:COL2AI F:HEM T
BT L2 RGN RARIL, T 1 #5458 57 i M: COL2A1
A c. 1659_1660insACGGTGACCCTGGCCGTCCTGG ( p. Pro554fs™ )
BRI R AL I R A AR OB Lt O: EW B4,
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Figure 10 Family pedigree and gene sequencing map of F5 A

Family pedigree B :Location of variants in the COL2AI gene 1 1 and

I 2 did not carry variants. [ 1 carried a frameshift variant of M: COL2A1
gene c. 1659_1660insACGGTGACCCTGGCCGTCCTGG ( p. Pro554fs™ ),

a de novo mutation O :normal female; ] :normal male; Ml : male patient;

' .proband

2.1.5 AReMEOHEBRENERNA SR F6
FAEHE 5,6 B ORI LT k2. IRFHK £ .
UCVA 47 B 0.08, 2R 0.10; 25 & ¥ Y6 45 MR 0. 15
(=5.50 DS/—1.50 DCx10°) ,72HR 0. 15( 6. 00 DS/
=0.75 DCx130°) ; 4% i 21 4 {5, 55 5 BUIR IR i 5 & R
JE A UL B S O (] 10) o Jo ke iR K R SR IR
ARG R B AL, AR AR DT R R A A
SeiE #F PDE6B LR &E & 2t & % 48 ¢.1811C>T
(p. Thr604Tle " ) il ¢. 967G>A (p. Gly323Ser) , SRk 4L
W EARA 2 AL 5 B A OGP 48, ClinVar 504 2 TG
2 r B P T A R EYE B R A Y Re LR A 1k
T & AF MutationTaster T I by B0 € 48 5 28 55 UE 6
TE A o 1B 58 40 B 5 1 p.Thr6041le ™ & p.G323S
(KW 11,12),
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Figure 11 Wide-angle fundus color photograph,macular OCT and
fundus autofluorescence images of proband of F6 A B:Wide-angle
fundus color photographs of right and left eyes No obvious abnormalities
was seen C,D:Macular OCT images of right and left eyes Macular
structure was clear without no obvious abnormalities E, F: Fundus

autofluorescence images of right and left eyes No obvious abnormality

was seen
M1 M2
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12 FoRRZERERMFE A:ZKXFRE  B:PDEGB JEHM ¥
Kl 111 1E PDEGB H:R AT ) 52 45 ¢ & 58748 Ml:c. 1811C>T
(p. Thr6041le * ) FI M2:c. 967G>A (p. Gly323Ser) , [ 1. 12 4354
WML R M2 & LA mRaRE OEw Ltk O Ew Hk; M.
B S S RIEH

Figure 12 Family pedigree and gene sequencing map of F6 A
Family pedigree B:Location of variants in the PDE6B gene Complex
heterozygous variants M1; c. 1811C > T ( P. Thr604lle” ) and M2:
c. 967G>A (p. Gly323Ser) were detected on PDE6B gene in 1. T 1
and [ 2 carried a heterozygous mutation of M1 and M2, respectively O :

normal female; []:normal male; Ml : male patient; 7 :proband
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T T A IR R MR AR R A5 RIS ) B SUIR B s ERG A
A BUIR B W8 T, a P b P R T R (] 13)
XUIR 4= 8 5, MR BROK SF 72 B . 56 1 5 A % NUHR AR Bk
IR 52 B U IR ARG R 3 R O 5 B o R DRI AG T S
iE & eucy2D K W B & & & R &
¢.604_619delTCCACGGCACTCAGGG ( p.Ser202fs” )
M c.995G>C (p.Arg332Pro) 5 H AL 3% F £f 3% 43 5 %
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= s (OW],
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13 FIRRAZXIEZRIPHIY EERKEBHER ERG A B35t
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Figure 13 Ocular appearance, fundus color photograph and ERG

result of proband of F7 A ,B:Binocular appearance under strong light
and dark light environment  The proband was photophobic  C,D:Wide-
angle fundus photographs of right eye and left eye There were tessellated
fundus changes E, F: Binocular ERG examination results of scotopic
0.01 ERG and photopic 3. 0 ERG  In both eyes, a and b waves

decreased severely under photopic and scotopic conditions (1:right eye,

2:.left eye) ERG:electroretinogram
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Figure 14 Family pedigrees and gene sequencing map of proband

B: Location of variants in the GUCY2D

of F7  A: Family pedigree
gene Proband ( Il 1) carried two complex heterozygous variations, M1
c. 604 _ 619delTCCACGGCACTCAGGG ( p. Ser202fs” ) and M2:
¢.995G>C( p. Arg332Pro) of GUCY2D gene. His parents ( 1 1, I 2)

carried a heterozygous variant at M1 and M2, respectively O : normal

female ; (] : normal male ; ll : male palienl;/ : proband

2.1.7 GA BHEMILFA L LA F8 JeiE#, &,20
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Logan 25 " BE5E 27 ] eoHM E 3, % B 44% (12/27)
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AT R DN 38 5 5 A% P PR T B 9 9 R O TR T B0i 1
RAT(F4) o Zhou %X 325 ] eoHM B F k1T Ik
BN, & BL 76 ) (5 23. 4% ) i3 # 1E RetNet 4
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El15 F8HXHRFIEZR AP EMRIKRIE FFA NEHH OCTA A,
B A IRAIZAE I f % G IR IE BRAH OUHR IS 59 SOR BOR , WL I %
Jik 265 25 44, AR B B BRE X 3 R AL AR R/ T 30 R ) JE T AL
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Figure 15 Wide-angle fundus color photograph, FFA and macular
OCTA images of proband of F8 A, B: Wide-angle fundus color
photographs of right and left eyes In both eyes, tessellated fundus,
retinal and choroidal atrophy were seen with only 3 times the diameter of
the optic disc preserved in macula,and a large number of visible irregular
ring-shaped and cerebral gyrus-shaped atrophy foci in the peripheral
retina  C,D:FFA images of right and left eyes In both eyes, retinal and
choroidal atrophy with large exposed choroid vessels were seen E,F.
Macular OCTA images of right and left eyes In both eyes, damaged
macular arch ring, decreased local blood vessel density and macular
edema were seen, and no neovascularization was observed. The first line
was the interlaminar structure and blood flow signal of retina in macular

area. The second was the distribution of deep retinal blood vessels,

superficial blood vessels and capillary layers in the scanned region
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Figure 16

Family pedigree and gene sequencing map of F8
11 and
I 2 carried heterozygous mutations at the same locus of OAT gene, and
II'1 carried a homozygous variation M;c. 772C>T ( p. Pro241Leu) of
OAT gene O : normal female; []: normal male; @ : female patient;
. proband

A :Family pedigree B:Location of variants in the OAT gene
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Table 3 Reported type and frequency of ocular and systemic diseases associated with early high myopia in childhood
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Table 4 Reported types and gene mutations of inherited ocular diseases associated with eoHM
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Note ; eoHM ; early-onset high myopia
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