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[ Abstract] Objective To analyze the clinical manifestation and CYP4V2 mutations of Bietti crystalline
corneoretinal dystrophy( BCD) families. ~Methods Total of 234 patients (173 families) diagnosed as BCD were
recruited in Peking University Third Hospital from 2010 to 2018. All of the subjects underwent comprehensive eye
examinations to observe the clinical manifestations. Blood samples were collected and genomic DNA was extracted. The
Sanger sequencing or high- throughput sequencing was applied for CYP4V2 gene mutation analysis. This study was
approved by the Ethics Committee of Peking University Third Hospital ( NO.2012093 ). All patients and their family
members signed informed consent.  Results Some patients manifested the typical phenotype of BCD characterized
by yellowish-white crystalline deposits throughout the fundus. However, some patients in advanced stage were easily
misdiagnosed as other inherited retinal degeneration because the crystalline deposits diminished or even disappeared.
Forty-nine probands in our cohort were misdiagnosed as other inherited retinal degeneration at first visit, with a
misdiagnosis rate of 28. 3% . Genetic diagnosis results showed that 161 patients carried CYP4V2 mutation, and the
positive rate was 93. 1% . Eight novel mutations were obtained. The three known mutations c. 802-8 _810dell7bp,
¢.1091-2 A>G and c. 992 A>C accounted for 73.5% of the mutations, which were hotspots in Chinese Han
populations for BCD.  Conclusions Patients with BCD have characteristic fundus manifestation, but are easily
misdiagnosed in advanced stage. Molecular diagnosis is valuable in clinical diagnosis of the disease,thus contribute to
the prevention and treatment of the disease. A single hybrid mutation is not enough to lead to BCD. No apparent
genotype- phenotype correlation between the CYP4V2 gene and occurrence of BCD is identified.
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Bietti 45 /% #£ 0 M fE 4% £ ( Bietti crystalline
corneoretinal dystrophy, BCD ) J& — F 25 W, i 8t 4% P4 A1
PO S, AL FE ST W, I G2 o [ D H A AR Hh AR X 2
Ko BCD RRAEVE i R 2% B A MR I J5 A 78 Ok i I 5 1Y
B2 UKL, O PR AN R R B A (R TR, BE A&
TE R, MW IR 4 2 | | (retinal pigment epithelium,
RPE) 1 ik 46 5 6 40 I 45 28 47 , 3 Ff &4 fh e ] by B AE £
2% BAG Ik L Al o el BCD IR S5 M iz 25
A AR ME 55 7" F 1 A0 1 €0, 288 P BTG Ik 9% REAE 4 )
SRR TR 20 ~ 40 % I RAE IR, 32 B R BN B W
INE R E T R U4 78 S 55 O I R, 28T
50 ~60 A iy py ™ F A g KRR R A T 3 S E o
BCD o g 0 (% Pk 52 4%, BU L K oy CYP4V2, i T
4g35'" . CYP4V2 SR AL F5 11 A-5h B, JE 41 DNA
2K 19 kb, 4 B9 2K 8 T 40 M 5 R pd50 K 4 19
PO AL E 525 NEEER, T ZRBTZMHLAE.
CYP4V2 FE R 578 B0 22 AN AR D5 R & BB 43 i 4
WS A AR BCD A R0 H AT AR GE T 90
CYP4V2 A5 47 5 5 BCD #H & (https:// portal. biobase-
international. com/ cgi-bin/portal/login. cgi) , 3 A~ Wt #r
AR R ARV R A T, i PR 5 73 1Y 0 AL ] 0 PR Y
RAIR) KR BEADA WG, A TF ik — PR R, A
MRS T 7Edb 5t K250 = R Be IR Bl gk i2 1) BCD i
HUNEEHZ W2 0 BCD Y I 173 AR,
W12 B 1 B0 5L K, X BCD (19 Il R4 AIE F1 35t 4% 2% ¢
SERT B4 D HA2 BRI R R R

1 #ZREFTE

L1 —Bstr

WA 2010—2018 4R 7L b 5t Kov o = EBEIR B
L2 1) BCD 38 LA KFE N2 #1128 BCD (84
3t 173 N Z R 234 Gl E 20 BCD [
124 AR L2 W2 9 BCD 8 49 K R
FRFERBIR LA L RBIR N L. ek b H 95
1,2 78 Bl s 4% O 24 ~ 65 B 5 ¥ DU s A R 2 K
46 DR F Hop 42 A 58 21 5 AL B i g 8 R R st
B2 AN RAFIEGALBING, B RE T e @R B
%, 00 2 MR AR ZA 32 RE  TLIEhE W
1387 7 2, BRI 9] 127 ] 87 B3 1 AR IR
B ,86 Bl B AR L N . B
F 005 EOOL R P 45 i SRR A D0, 2 SR AR IR R G
PEG I DR 2 R A o R 22 | [l e IR 25 4 ) s AR ]
B IR G2 . AW R AR5 B R # e
B Dy e A (30502012093 ), H 3 SO AR 0

T H I8 & g R 2
1.2 JFp:
1.2.1 A2miREPG A X2 K8 JE AT IR ARG Ar , £ 45
FAEHT IE#L 77 (best corrected visual acuity, BCVA) | %4
BT S BRI A AL SO R IRIR
1fil %8 15 5 ( fundus fluorescein angiography, FFA ) F14% %
Jix 51, [/ (electroretinogram , ERG ) 2§ 4R 45 46 7 25 3, %
BCD it A7 R 2 W7 R SH 0 1 30 J5 AR RPE 3%
a5 A TIZ BB A S SR TTRG Ty RPE 25 44
Y0 B AT 5 A ik 4% 55 6 4 i A8 22 4 5 T4 O IR
JIESZ /9 RPE FIBK 2% 115 6 40 145 28 4
1.2.2 SRR PR B H G 5 0L A )
Jikif4% 4 ml, EDTA-K, & HT5E, >R F 42 1 55 H 41 DNA $il
$ iR & (D3392-02, 3¢ [ Omega 2% w]) Hili 42 i [H 41
DNA, 49 fi B 2t AL 1k IR 2L P2 Wt B i sk e L 7
Illumina Solexa HiSeq 2000 il &3 & 347 155 18 1 ¢ .
Xof v 30 1 P 25 SR AT 4007, 7E UCSC %8s P b AR I 2
HILR A A, BWA T H K 4 5 51 HE 51 20 % Al 5
RS2 IE D A0, JF B LR 5 i BAM A% =X, SR 5 161
GATK XJ 7 51 AT BB RS, 00 0 A Bk R B ik . Bl
J5 8 1 Samtools FI Picard &8 %6y 51 IUT , 2 40 )77 TC
(5 BT B 2 BAM SCF, {f ] Samtools mpileup Fl
beftools, 75 % B0 4% H R £ A& P ( single nucleotide
polymorphisms , SNPs) A #f A 5l fift s 2€ 2% | {fi i CoNIFER
Gy MTHE DL EAE S {1 ANNOVAR %t SNPs Fll indels i
TTIReE R W T S A 2 i %2 \ESP 6500 \ExAC
M. SNP database X} SNPs fil indels #4720 87, iR 2 &
PEAE AL, I i TA e R RIS Y BUR AR . B, 1
PolyPhen-2 SIFT ,Mutation Taster %57 £& %X {f %} 75 S5 i3k
A1 03B o X v 3 I 4% 30 104 7T BE B0 137 5 Sanger
Wy ik — 2Bk . B JE , i M ACMG 38t 1% 748 7 4r Kb
548 A AR S R AT 2R

124 i i % AT CYP4V2 S HEE . 41 XF CYP4V2
FEHEFr A 11 A 7% it 519, B Touchdown PCR
AT, ABT 3130x1 I 2 AR 47 Sanger M 77 Il 5 45
R Sequencher B4 X L 73 A 40 Hh 8 AR AL o X Al BE
B L RTE SR LA AT 3 B I R R A 93 B 037

2 R

2.1 B IRIR R AE

BCD & B0 MR R i [N 5 19 88 1 @45 & B0RE, OF
P AN [FRR 9 €5 28 OB, RPE bk 4% JI5 6 410 if 45 7%
2R 4, DL A R (E R P T PR AR IE
R BE FR AL PE IR IR SO SR P T R (B 1A) 5 3
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H A A 32 4, T A
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Ell BCD BERMEMMBIKBE A 45 PR E S T 5B
B 45 i BORL O 20 A T AL Co G J0) BCD S8 HRRE &5 i A90RE A
B DT BE XA AT 4 R R

2.2 BEFBEHE

FFA 255 57, ik 748 B 0T HIR Ve s 7428 DX AT D0 4 3R I
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JO7 Rk P T R 2E o (B 2A) 5 i s A E R, o AR X
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S AP R R A8 WU BH A 100 51, 5 80. 6% , BALBHE 12 4
07 9. 7% o Wi A2 Ay A0 00 5 €6, 28 A% 1 8 TG ik 45 B
I 28 38t 4 P IR 36 B2 WO R K D S 0 02 4
CYP4V2 BUw 278 1 B % L1 49 i), 1R 12K N 28.3%
h4 BE IR R SR, 112 M B BCD 3,
BCD K& 15 th3 Rk 6 il 2R paikD
PR A (B 6A), 3L 2 Wi 45 1 s B3 i E2
c.215-2A>G il E8 c.992A>C(p. H331P) & & e & %
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5 BCD 2EAM ERG & ] BCD i b il T/, Kl
BCD 3% b ik T4 K AR BCD B Scotopic 0. 01 ERG # 7
B: . #f BCD iR % Scotopic 3.0 ERG fx#  C. i BCD %
Scotopic 0. 01 ERG ¥ 4F D i }] BCD i34 Scotopic 3. 0 ERG ¥ ¢
ERG - 9 ¥ i B 12
A5 (E 6B) . BCD K Z& 16 gk & ik 3 AN B, L
R RZE A 3 Hl B E, R RE G 8
AL IS (K 6C) . SEHESWi g5 R Bon , A
E7 c. 802 - 8 _810dell7bpinsGT Fl E9 c. 1169G > A
(p. R390H) & & 44 %7 (B 6D)

BCD15
I:1 I:2
® m O 0 u|
m:2 I:1 I:3 1:4 I:s 1:6 In:7
5 5 5}
: B i3 : H
1]\]111/11»12 o 2 Mnll/xfz @

M1:¢.992A>C;p.H331P  M2:c.215-2A>CG

¢.992A>C;p.H331P c.215-2A>G

I 1 . "L
Control Affected Control Affected
80 - 110 110,
GGGCACGAT GGGCCCGAT CCCCAGAAT CCCCGGAAT

V:1 )%lz v:3 V:4 v:s V:6 @
M4/M3 M4/M3 M4/M3 M4/+ M4/+ +/M3
M3:c.1169G>A;p.R390H  M4:¢.802-8_810del 1 7bpinsGT
¢.1169G>A ;p.R390H ¢.802-8_810del17bpinsGT

Affected

Control

Affected
140 140 120 110
CTTCGCCTT CTTCACCTT CAAATTATA CAAATTATA

Control

VU S R 1 GRS PR B | ] II.'I I't. @

E6 BCD ZEZEEFRE ABCDERIS ZRE EFaiki
Higfe B:BCD R &R 15 HHNBWE BEHH c. 215-2A>6 Hl
. ONASCHAIRAEAE C:BCD XA 16 FRE REFZANBK
D:BCD K& 16 St His Wi 18 154 ¢. 802-8_810dell7bpinsGT FI
c. 1169G>A &A% %E O EWHEM; O EW Ltk M. B 1s
@ /B T SRIEE BCD :Bietti 25 S RE O 9 RS 1

BCD 5% 5 160 w46 iiE & o B & SR, a8t 4% M I
FEH 2 W Bk D & B ER S 5 4 CYP4V2 JEH AN B
T 7 4l A e 28 AF ¢. 802 -8_810dell 7bpinsGT, [F] B
B R DX S R U ) 7 R A L Al R A
I 50% IR BEAEAE BT K7 BLliftJk 9848, Sanger Il J§
Bk & B, Je ik # A R AT CYP4V2 I Ah B 7
c.802-8_810dell 7bpinsGT Z% & & 78, JeiF & £ 3¢
Sanger Jll J§* 45 5L 1E % o MLPA £33 32F — 25 56 4iF 6 iF
B MR A CYP4V2 FEH AN F T KA Bk
RA(KET),

.5
2
£4
£3
=
A -% 2N
MI/M2 £ 4
M1:c.802-8_810del17bpinsGC =
M2:E7 del Q 0 @

80
CAAAGCGAAC
LW

00 |
HOCAAATCGAA 3
;\;é | &
%_(;_Af\lgoi_TATA i
F WV O

El7 BCD#RBHEZEMEFMRN A.BCD HKAR 160 KRR Lk
R B 8 P AR i RS W A R B A 4 c. 802~
8_810dell7bpinsGT il E7 K Btk B G244 R4 B:Sanger Jll J7
SRR SEE F R CYP4V2 B RSN T 7 ¢ 802 -8 _
810dell 7bpinsGT e 5 R AZ  C 38t A% P MR 3k X 32 Wi s 4 28 R
JEUEF CYP4V2 BNAMNE 7 7 B 2 LB EREAMR  D:MLPA 4§
IG5 R R SE UL AR SRR CYP4V2 2RO 7 7 KR BEs
A O:EW B O EW LM MBS, 7 ks

TE CYP4V2 FEHiZ2 B BH M 161 4~ BCD K& &
310 4~ CYP4V2 Ui B R A48, B J 33 A 55 i 3
B H o 25 ANEHRIE N BUR R AR, 5 75.8% , H
R MDA KRB R, 24.2% (£ 1),
69 MR ARG RAL 80 MR R WHE ARG R
L2 ANRREW ARG KA

15 161 i 5 3iF % v I 3] c. 802 -8 _810dell7bp
S 173 A4S, S5 {3 3 IR 55. 8% 5c. 1091 -2A>
G A% 34 A~ B SE 7 3k A 1 10. 9% 5¢.992A>C
AR 21 A i BRI R Y 6. 8% , 3% 3 o€ AR
P RTEFT I CYP4V2 JE A8 i 73.5% , J& &
3 BCD {9 # WRA (A (F 1),
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&1 BCD & CYPAV2 EERTEMAEL

SBETF M a0

El  c.10delC p. L4Sfs 1 Bk
c. 65T>A p. 122H 4 Yin %)
c.77G>A p. G26D 1 Halford &
¢.214+1G>T splicing site 1 HARH
c.214+1G>A splicing site 1 Xiao 2l

E2  ¢.215-2A>G splicing site 3 Xiao %[0!
c.219T>A p. F73L 6  Yin Zgl12)
¢.237G>T p. E79D 6  Lizll
c.283G>A p. G95R 10 Shan ZE!13]

E3  ¢.335T>G p. L112 s 2 Xiong &
¢.367A>G p. M123V 6  Lizll
c.406C>T p. L136F 1 Bk

E4  c.414-4_414del4bpinsA splicing site 1 HRH
¢.518T>G p. L173W 1 R

E6  c.681_4delTGAG p. S227Rfs * 1 L HAM

E7  ¢.802-8_810dell7bpinsGC  splicing site 161  Xiao 4 (6]
c.802-8_810del17bpinsGT  splicing site 12 Yin 2012
¢.958C>T p. R320 * 4 Xiong %1
¢.965_7delAAG p.321delE 1 Yin %4
E7del 1 HEM

E8  ¢.992A>C p. H331P 21 Lj &l
¢.992A>G p. H331P 6  HEM
¢.994G>A p. D332N 1 Yin 2[4
¢. 1020G>A p. W340 2 Wada %)
¢.1062insA p. V355Sfs*3 6  Mamatha Z'¢)

E9  ¢.1091-2A>G splicing site 34 Liggl!
¢. 1168C>T p. R390C 2 Yokoi &7
c. 1169G>A p. R390H 8  Xiao 2!
c. 1198C>T p. R400C 1 Lai %
c. 1199G>A p. R400H 2 Shan %1

E10 c¢.1126-6_1135dell6bp splicing site 1 Shan %)
¢. 1297T>C p. F433L 1 R
¢. 1355G>A p. R452H 1 Jiao %1%

11 : BCD : Bietti 45 i 1 400 ) A% 1
3 itig

A ST LI B R B 173 4~ BCD K & B35 11l
RN EE B 2 W 45 2R, 76 161 > BCD K & &
CYP4V2 FEH 527 o 8 Ayl R B S8 i w3
A BN S A (37 45, ¢. 802-8_810dell7bp, c. 1091 -2A>G
Flc. 992A > C FE A WF 58 b i B0 i 00 4 e v, 4k N
73.5% , & E DU BCD 835 1 548 # i

BCD fy12 Wit A 02 5k T I R 3R B, 3 3o RIS A
IS W o SR, 0 I 30 S8 2 AT M 1) WA g 4
F 02 00 Tk 25 AL 0 S 25 4, O L 45 A AR 0 o R

5 A8 PR D, EE A 4k ERG R E KR X B &
S BCD SR 5 5™ 0 R R 2 AR s
ok 2% JCAE ARV 9 o ) L gD A R 0 O A LAY
158 A5 P A0 IO 6 A8 1 S0 S R AT DA AR AR e Ay T 2
W, LS B B A s B 0 1 I DR 2 W, AT A B 1 iR
I SRR 1) TR FR YT . AR ST 49 4~ BCD
K AR SGUEE VI I 1212 Ry HAt 35t 4% M A0 I RS2 7k, £
7500 ) I €23, 26 A 1 R G fok 445 S 3 ek 43 12 W IE S
i BCD, BCD R Z& 160 il i 43 M7 J6 1iF & A BF 1) 3
PR B985 E & 15 12 38 K R Bk R 58748 it — 45
TE W 5% 38 AR X6 35 IR 2 W7 11 o 24k

DIEETE 58 5 W0, #8 3 95% (9 BCD 3% ¥y 4 45
CYP4V2 JEN A" X Bk % BCD S — Al ilfi K L A
AL BBV BB . ASHIE ST T & B EL AT BCD HRAE
TR 12 DR R CYP4V2 JER B 5 5848 | i 55
SN2 KRB KB CYP4V2 FH 548, BCD K& 6
HEIE & 5 LA ok 5 A A IR 1 48 A e 802 -8
810del17bpinsGC 5845 K1 I K K i , e W B — 1 % 5 58
AR LA 8 BCD, 4 M 4 BCD J8 % h R &k B
CYP4V2 JLH AR 2] fE 1Y SR A < (1) Sanger Il J5* AN 58 &
PR B R B AL R 7% 5 (2) P REAFAE CYP4V2 B[R T
WM & F 2748, 3 3 mRNA 35 Y] 7%, fH7E Sanger
TN 0 v 3 RS R R s (3) A WFSE R
ORI 4 DX i 2R A8 5 (4) A HERR A HoAt 2= 5 08 i
AR Y 3 R o AT 530 BCD, R X b 3R AT BB AE 78 19 5
R, A R B DLR fift e J5 582 (1) 41 2R Sanger I J7 HE #
CYP4V2 3 PR I 45 5 52 o BH M s A 79 & e iR B
PRI AL A, HEIORT B3 S HDBEAT MLPA K, DL
IESA CYP4V2 JEPH L+ DUEOE S5 (2) I H & i
S AT A R T DL B AR S (e T R 4 AR
7 2 MLPA i — B30 iE 5 (3) i BE M BEAFAE CYP4V2 Kk
PRLUR T P 75 1 DX 8 4 X 5 A% 1) 9 9] A7 4 3k PR 4 T
o, B BOR 948 5 (4) X CYP4V2 3£ K12 Wi 14 1 1%
AT HT 0 B0 B R AT

RUFFEHAH 2 4~ BCD K Z& B3 B S 4% 358 Bl
R PURPE R Qe AR B L, S 2 4 BCD KR
5 RFIE AN 2 6] B, %112 I 3k L] A gt
L. LG AR AR SR R S CYP4V2 JE B 2848
A R B, A 0.5% U0 AR GT 45 SRR R &
XA A E TR BCD SR, W S5 1 e, dl O
B HE1T CYP4V2 L HEAY , b o F — A AR 3
BCD ¥,

CYP4V2 $:H 5 BCD %) % A R 2 90 HY B 3 1 35 7
R - F2 A P, BN, BCD K & 18 L iF H #74 E7
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G4 2R 2 SR 5| R AR 1 28 78 R 1R 2878, T 4% 3%
mRNA 2338 #f NMD & 42 F5 i, 8RB ag sk ok (0
HBH I 40 SR B EN S (hoW R
0.6). #RiMi,BCD % & 26 LIk H 42 T8 F
2 £ % SCZEAE (H331P) | 4 B ™ A i K 6 1, 30 %
i B A R ek (R R T ) I k4
PR 25 45 R ERG 48K . BCD B 5 J3E I IR 2% 53 1k 3k
WK T CYP4V2 1 Ji s 56 DR e b o, AR f 45 B 8 DY &%
L2 A ER e W N AR E i

AT 5 B A R A RS BCD il CNV,
53 BEPE WA R SR AR VP CNV [ fE e N 2,
AEPRAR SR B BEAS PR . Li 45 WEEF] BCD B ML
5 Drusen KE45 #4345 5 CNV, [H gk, A BCD
F It CNV AT BE 2 i 45 & 4 Bruch [ 9 18 1 4034 5|
LB (E R U B AL R A L AR BES R S s
BRHR RS B ol 78 A, 3 26 B0 M O T R 3 JR kb Ak IR BE
BCD il 0 i A 3 57 3 2 7549 Tk 2R 7 B ik — S 9T

B ARBEFERT 173 4 BCD 582 K I A 2 780 A 5%
RO HEAT 55, F B T CYP4V2 SR 2 A8 4 1 | Ay ok
BCD JERS W 3 14 ¥ ) FJE IR Y 2958 T JE 0
PR A 1EE S WA R 45 w2

&% ik
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