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Abstract: An important part of China's “Healthy China 2030” planning is to lower the rate of birth defects. Because
genetic factors contribute solely or collaboratively to about 80% of the occurrence of birth defects, genetic studies on birth
defects can provide precise molecular targets for clinical screening, diagnosis and treatment. Genetic research on birth
defects in China has developed by leaps and bounds since 1960s. At the same time, as related research achievements keep
accumulating, translation of these scientific discoveries to clinical applications, with genetic counseling and testing as
the core practices, has been developed and optimized. A close collaboration between genetic researches and clinical

applications would provide reliable technical support for giving birth to more "healthy children” in China. This article firstly
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reviews China's history of genetic research on birth defects, then introduces current situation and hot topics of the research

area at home and abroad and finally discusses about future trend and related clinical applications. In summary, an overall

view is provided here for the readers to understand the development route of genetic research on birth defects in China.
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Fig. 1 Around 2000, China’s genetic research on birth defects experienced a rapid development
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AR AE R Sk 5 4ETF R 10 J5 BIREAS (38 A= JLIE IR
R, A1 2 A R — A v el 26 L A Bk PR 2 a0
VB, AR IR ST R AR ) LA 28t A% 9 114 i R Gy I A
RieWbrdE. [RI4E 10 A 28 A, “ AZRBAAREE
AR e AR E L A B R R R
49 2 R A o M99 5 A1 2L F 7 30 1E A b v 3 38 R
B B IR B L 2R DR B AT TR
F X524y 2000 42 35 1 1 DU IRAE 76 P 1 JE 0 BB
J& 2000 {41 1 X BE 4T 4 56 DK 20 3 R e, 3l ek A2
BESLN 2P 9 Ak 08 5 IE SR Xt e, RS
FOERMOBER R FEIWBOR R, FE, %Rl
W R BMCAERAREHN R, RSB F1
Dy JE R —JE DN L B DR — PR 5% 38 A FH RO PR I
HEAT AT, DA & B0 22 9 S0 O s B0 1 5 B TR L
KA FRATIR A . Boh, A 2016 4Fide, E%
BHE IR IR 80 T A 5 Ak B 2 TR H A BB B s ik
AL, EFER 8RNI E e, X
F S AGEE T EEEE A O BAB AL AR D
BA , FF R AR FE Al AR DGR IR R BTG IE 9T . 4k
B R 55 A I A DG AL 5T A
AR ANZEASE R B BA R AR
L2 MM E SRS . BRI TR B R ER A AL
il R, AR R AR B Y 5 A A D ST G U
WER 22, NS ARG 0 I R 5 %12
I7 BT SR A RS LA

3 ARRHIE S A B ey i 4 2 W S MW H
Jie s

F 20 28 60 AEACLIK, FRIE AR bl 8t 2%
93 & R Bk, AN W7 BRI [ R — /K 18 T A AR o
I 25 T 5% 38 % 45 25 M A B 0 B TR AL T i DA R
SXof I DR ARG B AR o R G G2 T, T A B 2
I 0 8 A5 2 AR5 L 28 AT LA oo X 45 T o B R 1 A
VEHE LI AR AL 20 A ke A 5ot B R, 2 A DG
PR 1) AR TR [ HE A= e B 1) 2t A 2 AF 58 AN T
VEIRAT AR JUAN Jy 2 ilE— 25 1 & e F 58 3%

(1) WFFEREA A 2 A0 TE . LS KAk O 6 R
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SR N R X N S EZ AN G/ SN <87 5
RAR VL N Z2 BE R 1 2 R BUB RO IR, SER
PO IR AE LR B AR R T Z —, AT AL
B I S AETE o DR RRIABE 114 51 KA O I S R
FEA (B 7 R R REA) AR B AR & i st 4% 5 st
XA S BTk 2 BB RS, R AR A a5t A5 I
BRI TT o A7 REAR 4l 2 0 1% % R DL BE s S ok
XTPRIRFEA AT 73 Z A AL AL 38, T §E 5T S50 & B
FEA 2 ) AL 2 A 1 2 S BT

(2) P98 2 TR RCHIE oy WS B AR 3 I P AR KR
Pem TR E R RN AE B E RO, HTESRE
BN AR B SCIRBF g b, Gt v o B s
GRS . A W RERRRGEE S ZM
TR, A BE AL B 2 A A G 2 B0
[ Br /9 Human Phenotype Ontology (HPO)i H
(https://hpo.jax.org) ¥ >k [ B 2 SCik i) 2= 145 BalE AT
SGEAALITGN , I XF 2R TR DGR SR SUAH B G R
PEATAFANE L, S0 /2 K F R 2 2018 4E 3 )T,

x1 HERBEEZMRER
Table 1 Essentials for genetic studies on birth defects

HPO %uff 7 AL & 1 45 2R 815 % 19 13 000 4~ 5%
1 156 000 XJ “¥fp SEAR—RERIAN 5" A SCHRTERE
2015 4F 2 2016 4F ], AL RHE A7 45 BT F1 HPO A1 46
A Peter Robinson k& #HES AT T i SCHY AR T
bR FHiE B % (The Chinese Human Phenotype Ontol-
ogy Consortium, CHPO), HLt.}y 5271 4 OMIM ii
Z I T T 3% 44 (http://www.chinahpo.org) .

(3) M FPH A A& S FtiLAk . B iy i s = th
1) 22 02 J 1K (40 150 bp) i i e £ | 3 s Eie s H
FHH SNV FI/NE InDel, 75 Fa 15 5 K 20 14 5 1 5
5 X B A KA 25 M A AR AR B, A K
KRN 5 T 555 BT R AR R SR, J)
Ab B4 DU R e AR 1Y) R A A AR R i AR
DNA B A (9 R B8 78 50 B A 7 R 07 1
A 4 0 FH 4 AR AT 201, ok, b P LA AR
7% 2R S22 F “common variants” £ J& “rare variants”
PRz g, HEMIRAD®RE S, BAR BN T
HB AR S B 5t AR S A AT 8 22 S 4 A S 2L 0 R B AR

) g
B B T g;;zg
(ARG R R ) HEA é%ﬂﬁﬁ

5835 B 38 1 B PE AL A B BRIE

REERR BRI AR W B2 S

1. BIEHEZR 1. BHREEN 1

(1) Y frfh S H KEFR FrRUEIEA T2
R AR H S 2. BRARE 2. Btk ER
e LR L5108 5 (large BLRE 478 (HPO %
SVs) W Rr R
¥ DR S (CNVS) 3-?;fﬂm i)

(2) B 578 (SNVs, F o
small InDels) 4. Bk Ry
AU Lk B A weA iR
(o E RN e ey EEZN

X Y fo 4 b i 52 AR
X Yo {4 J itk 28 25
Y Bt il B ke A
(3) ez AR
SR RN
B35 5 K 28 AR
Hth: WA, HET
FEAR . 26 Mk 4
2. B ANFR B N B AL R
(1) R B+ B+
b R R B
(2) ZHRERE +H 5 3%
X
3. EEREE

JURR AR RIS 1. RAE TR ICIE (H)3E)

1. DNA JPHI 5B IE 10 S REARIS UE

(1) B—MRBfEhrid BT 55 (IE # A =
(RFLP) 2. WHERHEFE JFEAR)
@) BMBERIL (1) ApERBEHR 2. EHRAHS
GTR) S Rl
(ﬁiﬁﬁm%%” (2) T AW 3 S
Q) BRBHEG (3) 5% A8 Al %% i 2=
G patats RIS 5 41
FISH HA
2 BREE
CGH it A
SNP & H
(3) MFFH
A ] 35 L )
£ 4B T W F
(WES)
4 0 R A 22 )
(WGS)
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DRI 070, 2 0 P A () T e, R SR I R
A R 0 1 4 B DR 21 00 e (R 4 T ) 3] 45 26
AR S A B B 2 0

(4) Z22H ~2 A DU AORS Ve 12~ B3 13 K . 60%~
70% f14 H A= i [ 2 38 A% A BR 5T [N R A AR I 45
Heo I, AL R S RGOS 2 T 2 [ A A A A 7 ]
PRSI AR B IA B A HL v 47 9 R YA
o XA AR HITE AR 4 A v vl LA B SRLE DX 4 Y
7 . mRNA BE F R OE | 0
Wy oA 3 % 25 22 A 5 T YRR o e DR A
KREERMFZUIENAE ¥ | Fesrdr, EORAF
FUACIS 20 2 25 BOR AT LA v i & 3t L AL A X S =
T B R, DT A B3 A 3 A% TR 3R 7 AR R P 25
ARSI, DA AT b 30 i 22 0 7 A g LR
Ko 2 2 B BR AR R B 8 R A DU BOR K
B ARG I S AR 22 57, AT A B
SRy LA BRI Ak, EAEANZ
TE 22 [F1) B 500 3 T LAAR B EDEFIAR 52, 325 i IR 12
Wi tednis g, w] RIZE AR P R
B B B TR RO MS IR 21 %47 78 1k DX e St OK K- 5
TR IR,

(5) BIAHKAE B R G SL . “ NI 4
B UM E VSR R LN N NI AW
PEAs BT IR AT B . BEE 25 SR T I A= SR B T 5T
ST Ak PR PR S DU AR 55 ) 0T Jig B A SR P 4 A
I R A S ECE 72 H A — H ™ A 2R, a5 2
WZHAR, REE | PRAF . R AR S R I S 5 B KL
B G R A SR 1 A S 0 AL A B — Rk
s T BN R U T AT AR A 5 2 (8] A AF
TEBUNBCA AL R MR T, #E RSB R
FF R, T X e IR IS RS K 34 i ofe
FIAINE - S 03t g 3 e R I 2 2l AR 55

(6) 35 1% i TR ARG, DU A H A= e 4 358 1% 2 T 5 A
Rl R IR o XA 4 a5 A% 1) Joi it
FIPPAGIE IR O P, BEREAE RS A 4% . BB
SH LK RIS WA PR o R R B R B L. R
AR BB W E CHRRT AR, R EURE
IR AR TR O 1% 16 25 5l R Ak, (2 UL A
gy, B AR R IR LA A Bk R, MIAE
A R IR S Pt A SR BE , 3 v T TN 1 it B UK

Foo FER—TTHIS2ERE, TR AL % R R A B
B, mfFoEHE., 2015 4E 2 A 9 A E B At
wil o atE R ER NS, BMMERERR . A
o ] 35 A% 2F 2 AR W ) Ay S TE UM BE L ST T
(K 3)FF b il 2 7 4 [ 45 3 B3 T FF I st 4% 5 1 U
BEIPE, HETC TP 13 WwgsE, 3 Mg pr
LR R, SRR SC A BT 4000 A, AAL
MR HE TR AL R R e R R R . R
it BTV 2 BT U A 5 = Uy st i ML 1547
e E L LW B WA EE T RGL, N
PEBR T BB A 6 N A B 75 B2 22 A 9 47k B
WE AR . 2016 4F 10 J1, WHDAMITAEFTZ
Rk T CHEA FpIF A 50 8 i G L TiE =
DNA 7= il i 25 52 W TAERY@EA ) 5 2017 4£ 2 /7,
o R e St W M RG22 AR R R
TR T b s AL  bn e & R AR ) A st
fers oy Hpn i 535 R ) 1. IS SCRER I AR i
) TAERL 2 T KB Tl A 20 48 52017 4 6 11,
g A P IE SRR S S BT R
27 R LT, BERKE BB L HEIBN, L
TR AL S AEAIN . N = 2 T A B R A
T, RO B A AT i M A i 7 S 9 R 55 A
R, JUHR AL 10 R S5 1 7 YR HE A dale o A
AREGF180, LUHATE UL JZ H 2l H A= i e 7 42 Sl
BYA P & o TR AR BRIy T, 241 09 Jo 8 7 i
% #¥ (non-invasive prenatal screening, NIPS)i%& H REF
B e R AR S ROR AT I — 2D R B X B
DRI 14 TC B A, s (Can R FH G LA A% 20 40 ) o itk 4h
A e 48 A (chromosomal microarray, CMA)7E
72 RS W B K8 FH, CMA 7E CNV il SNP 25
T ARG v LA B B A% FE AL i Y
i PREE B, im IR & 508 & 31 B skl o 2s 1 3K
TG R EAT I IR R BE 9 28 4 (variants of unknown
significance, VUS), iX $£ 2875 1 Euw M i B8 HE R AL
T 10%, WATLIEE 90%, FETEA KA ENE,
R 1 BB A% ST R A [ B 8 S5 8
PERECGERIT AN AR, 7T DR 6 & 5 B
DL g NBE), X — 28T B 28 A5 ] LAAS 51 o U (1) £t
T AT

(7) BEPUATT BB K e o A R 35t 4% 27 1 B
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Chinesg Board of Gen(».'c Cougselin

3 2005 2R 9 HPEERERFSEEESANSELBEXANIBEHNEEEER)
Fig. 3 Chinese Board of Genetic Counseling was founded in Shanghai on Feb 9, 2015 (Professor Lin He was

elected as the chairman of the board)

FE%F B IR A 7R AT DA S PR b A ) 3 R 3R
¥7 . B BETE L ZEYE 5E (spinal muscular atrophy, SMA)
JE— A E B AR B G, Horh L B R LIE A
ik 2%, SMN BEPR Y 2R 2 O S N, —H Lok
BN R ICZy A &, 2017 4, New England Journal of
Medicine Z%E R 1E 136 —UEXT | 7 SMA & LAY
I AR | 5256, 5256 K% FH IR AH 5<% 25 (adeno-associated
viruses, AAV ) A ) i 2 i 1% 326 1E 5 1) SMN A
GRS HXWIG IR 15 2 B ILEHERE
B TWE, TIERF ST RN E] 20 S SMA
JLRA 8%, B, 3k EH B CRISPR AR
FF I PR3 DR 37 1 A 7 T S R 310 %), g AL [N
HMERS K BREL A H 28 BUA R PGIT BOR , B Ak
T b 07 AR B R L AR 5 O SRR IR AT
DI HTERR G B Be,  BIAE R L i AR i 4 1F B0
ZE7AF AT 2k G5 T 0 14 1 A BB B S 2R T Ay
K AR 2 B ¥ A2 R BA 23 BT 2015 4R8I
2017 4E°IfE Protein & Cell 24 B4R 7% AZEHE
GHEATREESE B & 0 TR, gl RSB e
ZRF A AR . B, PAHBRYE
5 R BB 4 VR i TR G A0 9 BB 7 R I T (15
5537 LD

ST 2, TR AR S pE AL 0158 A 20 HHh2g
60 ARk E T T BRI & e, AHOCHUR HK H

VR S i las SN )7 SIVASEE 7 b B £ o8 R T
[RI AR, L3 A% 35 ) RS, DM S Ao 1) Wk PR 2 A AT 4F
WA S EMMEZ A, BRE R E"
A% s AN T Bl Y — 8 o B H A B 5 AR S IS
AR PRIV T AR BOTR ATT I, ARTE AR SRoRE Ui —
25 H PR | EANA R TAEA R IR,
e 1] 1) HE AR SIS A RO A AR, N @ K
R B, 2 A ACRERERS 5 AR B,
o LT .
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