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tube defect, NTD), G ) LH WA EARIERE AR, HLIE
K, 24 CIZ40RF(E ).

L1 JPJCHh e B b

19704FAX, SEEHJE 145 H G & H (a-fetopro-
tein, AFP)IIZ L WMERT LY, K2 16~18/H,
BT LR 22 175 AFP/K 235 T &1, Bk, EFXF T
HCENTD ) b 22 31 B 1L 3 AFPYH 2 BN 55— 77 B
BRI .

TR A A A T DA E B B G ) LB AR, e 1)
PR FEAE W EERIG L] R i AR, 2
RN R B, 8 O A A A R A R N90%
~95%, R BATER 1 2 WY 55— 7 T, FE 2 RN 75
{EFENTD A 3 R R FEAK,  AFPH AT 1 FH 4 7l
W2 T, B BN 5 AFPIT &, BHHKH
A I AENTD.

12 LW WG AR AR A

AL WA R AR R fE I 221, 13118 =
A R I A S B A AN [E], AR 23 (1) BT BE
I3 A= AL PR A5 ) = 1 77 2% (maternal  serum  screening,
MSS). (ii) T i) LcDNARI =R A, BITGEIF=H
6 (non-invasive prenatal testing, NIPT).

(1) MSS. 19844F, MerkatzZ APV, 1R E21=
G LI E 5 AFPZKSFBRAK, BT T4 XT g
JL21 ZAREEAAER R 2 BAMSS, Briffats, W AZE
JE A2 M4 IR ¥ % (human chorionic gonadotrophin,
hCG). AK45HME =B (unconjugated estriol, uE3).

il A(inhibin A)SF ANKT R IR NI/ B 77 %8, EAE
TR TR = DUBRTR A 7 2. 19904FAX, S5
GILESFE S LRI, Z11~13"F I LB 1 2
(nuchal translucency, NT)I4J5 504 )L AEB 54 kE 5,
FENTI & 5 B 22 BB 7EhCG UE PR AH D¢ Il 2% 25
1 A(pregnancy associated plasma protein A, PAPP-A)f:
MARZS A AT B2 TR A, AR 2481 51186%, B &
BB PER6.7% . 20004 )5, [ Bx b 4T fE SUR-
USS. FASTERZEHFLA 5. s 22 HIMSS (1A [F] e g
BEAT T RGN G50 R, NT iy () A A
febr, EXURHEA SRR H 2. PAPP-AZ
7 25 R0 e B U 1 LT e Fa s, TES% BB T, K
ZNRES R AT . 4 20 A A H R AT E90% LA L.

L EFIMSSIA T 19984F A J5, b5t U A EE B T
20084F A=k 1 2 L ETHEVERE 7L, SR T EZ2E A
B2 =R SR B IR A R e, i 1 & I A fe b
Rl 201048, R EAERE N L KR E I
7 R LH WG AR R 5 I 2 5 R B 1R
IR S W ANRAEY |, P h 2 HIMSSHCA [H
WIT R Z IR, 20065E 2 )5, BEENTHH
BRI, BN ET YA FTiG T B4
TE A DRI

(2) cfDNAKL.  19974E A rh K2 Loss A1
HARE A BRI A A e LR B cfDNA F By, K H
AR ¥ (next-generation sequencing, NGS)Hi AR, 454
AEPE B oA, BIRITR A NG L2118, 13=44. 2011
4, Chiu%e AU 5o RIS 1 BF TEAE Sz AR 7T T
JL21 =ARB = HT R A, i I AR IE 2 NI IR,

NEHDIOE SRV MR EERVR A —_—
e RIERISIEL FREANET 0 gﬁg jg
SRR, 78] 2FEmas 19924 oDNAZIF 51 RSN
DUTRM 4B HIESIREYF= Al b NTRZFE T &, FRmait . i
BEFRR S : HEERS ARDFHER :

FFE AFPXYTT ° FISHANISZ 2IOMES 5 REARREEDS

HiEeeg a2 BEER IREART 8

graso~ 1980 37 oM s 201245 ey ~
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Figure 1 A timeline of changes in prenatal screening and prenatal diagnosis techniques from 1970s to the present
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FRIIH B B G N PRI R G X el ) LI
PEMICIDNAK A i3 4 Mg F= 4 i, Rtk H BT —4%
X — 02 7V EF N cFDNAK .

TR I cFDNAK I R T 78 K 22 25T U A
B i 2 0 AR RTIE ERF R A 2. 2013
A, AR RIS B i UOIE SEAE(R IS 22 iE , ofDNAKS
T ATEUAS S . KU Z i AR s I i e 5
— WA R NE 2 A0 KR AHT IE 1 91K H Nor-
ton A7 SIF ST 7E T B cADN ARG I 4 97 25 25 %
EEMTMSS. 78 R 7t gL b, 38 BR 2E s AL 2
53R 4 %% 23 (American College of Medical Geno-
mics, ACMG) T 20165 KATH KNG ) LA kIR B A4
TP R A 3RS, BIHHE B DN AR I AL Fefi
BRI TR IL21. 18+ 13 =AREEA MR R i 2 R
FB. BT #E o R R, of DNARI X B G
gR21. 18+ 13=AREIKS HH #5051 0899.7% 97.9%-
99.0%, & H &AM SR ZHAG)LHE L5
AR A5 A 07 I A

B EIDNAKIE T20114E, &FE=arizk%
FA UL AR A B br 2052 H o DNAK I
(DI AR A5 I DA i L DL % B S 1 7 T O 2 B
AP MR, 824 R AR, TR E R PAEM R
R RSN T 2016541434 FH = wiie W & 5 414
EIRAT (ZFEAE G )L B DNA = J i & 5
EWHE AT , ANIZEARERENE. A7t R
BE5E T IR ST A

1.3 BIEPRR RS S T A

W8 S 0 7 A ) R e, P TR ) 485 7 2 O A I
T RSCR I O A ) B LA RGES A, TR R R N A
AR 5 5 M A 3 SO =R R, A O o A e ) R
B, OB Y. FARTFAREHS 0 e . 1R
MARNBE19T1FHE X Tay  Sachsi dh 4T #5 17 & i £,
FEI% 1R A e AR T 90% A Y B N VRRAE (1
MO, TR PR R Z, 0 E AR AT T
LA HOE PR R DR () Y AL 4 Y U 2 (expanded
carrier screening, ECS)HJ 0 E M ORI 7 4>, NGSH;
AR RBATECSINE AR ElovmTRe. T E= T
o E AN BB R AT REERE 5T, DA AT 2
xR EdEE, HETE N M ARERK LR
ECS.

2 PRNRAE D WIHOR IR R

FPERTEA 2 W RN HRE . K. B ILEERE
AN IR LB AR AT IZ M. PG B FROR A
Wik J&, 77 HI2 W R SIS AR [y 22 20 1 4 212 1
Ry T AL 2 WA 2 T AL s i = AP B BA
Pt AR S 43 T (chromosomal  microarray analysis,
CMA)MINGSHA NG 73 1 % E A2 W BRI
HOHERS) 1 G oA AL DR 1R P B2 W (R ).

(1) gHRREAEEL W, 1970448 F120104E, 7R
WAL A AL AR B AL T AL 2 B, R4S H, G
ST H) G VAR AL Y O3 W A SR 77 T A s A% 2 T Y
ShrAE, HAAREEFRFER G, B N ARk H 10 MbRL E
R B A2

(2) AL 7> TR 2 W, dIHL 5 T 1B AE a4
AREHEBLGIN TR A2 S, F EHOR A
PR AL 44 ZZ (fluorescence in situ hybridization, FISH)
5% 5% 58 #PCR(quantitative fluorescence PCR, QF-
PCR), AFHUGEMEMIAGILI3. 18 21 YA T
HH R, BEWLAEI~3RFELR, FISHSIREGE
LI AT I — B TE99% LA L, Uk . Ry S A
TR BB K F-99%4%). QF-PCRAE X 48 H Ik 5 /7
%l(short tandem repeats, STRs)iFHF/TPCRY 1, 1#Hid &
PE. B HTSTRIGZ AR H bR e (56 T4
g 5126281

FRPIECAR I AR T T AT MM TR, AT
JaIA%E, JUHZQF-PCREIM, W&, 2 T KBTI
J&&. FE M 1990EHRIT AR T FEIX I IRELA, /E 7 il
AL 2 W Ab FE R, A RO ok 1 B2 W
HRIRSS G IA L W RS ). B Bk
FARWAFAE—E R, Haeshx— e H B
BEATO3AT, AFAE— 8 B AR AR, Toidfs thix se e,
ARG SiR AR IC e Ok, ARETR
A A g R (5 BP0 20154, RERTZ
W H AR SR AT I T AT [ P9 82 FH A7 ) LA )
REHEAT TR IZ RS, TR 7 HAE = R i2
ISR B R AR,

(3) 7 FIBRAE2EIZ . Toil 2 40 M5 AL ki A
I3 T AN AL 2R, HRAFAE SR BRI, B3 JTVERERT
IIPRERAR, T J5 2 ARl 3 4R 40 . CMAK IR
FEASE R ALKP EHEAT 4, AR 1/ T7100 kb K/
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CNV, FAT LTk L Ge pd o B B R B sk fe, PRk
NN TR 8L oM. AR A~ 5 2 F s
HIICNVERIFIRE, CMABARATH S MR #
R 2 &8 F (single  nucleotide polymorphism
array, SNP array) 15 T-FllBEZE 7 16 EU R DRI 40 52
(array-based comparative genomic hybridization, aCGH)
BR, HHllKZ RHCNVHSNPH & 455 1 .
201045 H, [ PR 38 R 40 1 bn i W E 2 (The
International Standard Cytogenomic Array, ISCA Con-
sortium)ZH 21 2. 25 7 21698451 J | 2 15t 4% 95 I AfF 70 45 31,
RIS T 128 53 v 45 R E % 1) 5, aCGH Al Al H
122%MIBURTECNY,  MITHETER aCGHAE %t TR A0
FHEPREIRG .. KT ZFRGERE LA B
SRE (8 A I 700 CMAREARTE ) LB 18 A% J93 12 7 470
SRR RN, Ao ELAR PR A i 3 7 RS b s,
AL G IR 40 BB AL 2 A T A B, CMARS I B R A 35
FE T REME A H S /NAS P 1 O . o R 4 5 5%
HEML AR PO 245 R, CMATERS AR A5 1A T7
[ B A 100% 1 HERAE, X T4 I R AR T AZ Y 1E 5 1)
55 151 T AR AL O g a2 i R B0 ek R IR
T 7 A LA JL GG #5551, CMATRT A 6%
sk T FR R, 20134E 3 [ i RHEE T
P42 (American College of Obstetrics and Gynecology,
ACOG) I FErg ™ IAI20 1445 B 1 1L 3L 2
X T 7 R 4 S R 48, AT AL B CMATE A (1)
FERTIE AL 2 W, 25T T 75 R G A AR Y R I
(I, CMATT LUK H 1. 7% R EEECNVEY, ACOG
NS [ B] R B 2415 2 (Society for Maternal-Fetal Medi-
cine, SMFM)7E20164F & AT SLEFR /e, i —DHEFEXS T
FI A G B AT R AN B2 B 1) s #HE AT CMA K
M 20184 E B2 AT 2 Wi 02> (International - Society
for Prenatal Diagnosis, ISPD). SMFM. /7 i &34
2=(Perinatal Quality Foundation, PQF) & i 145 7<= Hif
DNAMI 7 BB B, FCMAZI At T8 7 R IR L
23 ) S T G B P R A £ 292 W i),
PLAME D7 (exome sequencing, ES)F AN
(%) 25 A2 A A v 38 W B AR A SR AE iR ) LR 7 454
i PR AL A2 W U A B S . MR A I Y P AN
7], ESTEART] 43 Jy 44 2 -l ¢ (whole exome sequen-
cing, WES)HIIf5 R #} 2 Ml J¥(clinical exome sequen-
cing, CES)PI K. ESHAEEM T ILEBILHK L
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Wi, YangZs A *I5%12000/ 5 & AT 2 Wi HEES A I,
TE25.2% 0w Bl i R B R R4, MBS € T ESK I
X T 5 L A R T A% B R R 2 W (E. FICM AR
W—FE, ESHARTLE )L B AL 512 W7 S8 1 5 2 B2 H
AR P an e B R Wi 201948 R FRAE
Lancet & [ 5 43 590 >k 1 R A S [ 1 95 AN KRE AT
BErEr . S5 AR SR, S50 A
CMART I3 AA BH I R IR L, WESH I m] A% B
10%~12.5% K0 B 5L (R Ap 0052 78 Bk A e St b,
20204FACMG R Aifa R, 1EAEFEX T -5 R I L
GERY T HAZ A W ANCM AR I 45 52 TF % (R ), 80
HE— B ATESK I LHERR i )L 8 JE R A 7

T AR [ Py — L HL 2% B BE DR = 1 2 W R At =
JTHUIZ DI R WESKE I, B8 7 RIFHIRCR, fius
EAZ IR A TR AR P2 3E N = 7512 W Il R 8 FH 4
3@254,55].

3 FEHISWRAE R AR IE AR R

RS W S R R . 9B BURE (chorio-
nic villus sampling, CVS)S 5 i ik 2% il AR SR FREUREA.
BEA S S 51 S EORII I, RAE RS £
VERH SRR ™ KU B PR, 20154F /) —TRZE 273
BB, CVSHNF I s 5 I R4 A A SR IR XU 73
511 491/4507%01/9005,

Ir T AR AT IR IR R B 32 A4 A ATTH 2R
A PR RS W AE RN R A B, 2 AR
FELL N =ANJ7 1 224075 W (advanced maternal age,
AMA). HEEIEFR. fDNAKIE ILER21. 13,
18 = A LA B oAt % (44 7t 5 (LA T fif FR DN A G il
IR AI).

3.1 AMA

TE 5T & AT N F IR Z /T, AMASE B
WP R AE. BB)L21. 13, 18=AKLESIEMI K
H FRE Z AR RS B N T R T, ZE19704E 4R, AR
YHE 0 727 R 5 7 2 F AMLA Z T 4 ik 2 5 s 2 o) R
DAREIAG LR AR e Qe i, FRE (R AR
S B AR BRI T, NG RIS AT
FERTIZIL. BEE AMAZLIE (R WS I ATMSS 12 JF
J&, XSG % B AR,
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CIDNARE I 1)) BN AR R HI 20 7 AATTRE = 7
AT A WAL 20164EACMGHER" L & 38 iy
B RBEAR PGSR i, NME T2, ofDNA
RS2 S BBUR T X R JL21 . 18+ 13 =AREESUER ™
AR A FB, AMAZ AT LUk DNAKI, 1 T 75
BT R A=A W 2RO, cFDNAJR 2 5%
i, LR21=AK80), EEIRI0M, S5 EER N
20, 35, 4055, cfDNAK I 1) BH M T AE (positive
predictive value, PPV)735°438%~80% 73%~95%-
91%~99%. FTHA)L18 13 =4t 2tk ® ix sefjf
T2 45 F 5 N 5 AMA Z2 405K F cfDN ARG I 2 A7
.

52 AR A S IR LY 0 S 5 R 21
I8N =AREEATE, AR )Lk e o fAc JE B 15 (A AN B0 1t
CNV [ 5 e % 5 2 g o k07 R Ge k] A
LR MF S R EoR, 364 LR 2 G ) LEOR T
CNVIIRAEFR & T2 =ik A F Y s a1
EPIREREN A QU S SR RN [ R N T g TR
CNVs. UPD)MERE KA, A HER 205 1), if
JLGE R S0 B R AR 2R N 1/122, M AR 40
B, %R R EL 1407,

BT FRWE R R, ACOGTE20204F K AT % T i
JUH AR R B PR 4R T, 48 AT T 2t T
DL R AT cEDNAKL I 835 A2 AN VE P~ RT2 W, TG
WHAFERZ /LY, WREREE, WRETEE
CMARITE P AL 2RI, Z b, 725 R 2 TH b, %
AMAZ 0 B BEAT 12 N P2 112 W ) S s C i 37 37,
AMA R 2 N B2 W R FR 1.

3.2 BAEEKEEAR

7 R P S B iR LA S R RER 7R R
AT EAEAE TR LI AR PR Fr e,  HB AN L EL 45
Pt b JH . BURMECNV. B0 M s 5 AR R
UPDZE, I il BB o H Rl A A% 2212 W
EEE E/‘J ?E ﬁE [39,51,52,71~73]'

7 AR BRI — SR IR R P ARRAE,  FLI PR
OO, WOy —tE, AR A
ARVERIEIR, KRZHIGILFEARE R, (HIX&LE
TRVR AR S G LR O AR W A/ B IR A R &5 R 2
[ — € RIK, BA — 2 MgEit 27 L. fEcfDNAKT
2P TR Z BT, P Fdabr — G 1R

NPT WHEBAE. 5z b, HAE27%M921 =440 ) LE
o Z L5k 7 R 2 rh ] DUR IR ST 20134R 10—
RN, KZ BN 2 e bt iR L
21 ZARHT VR R IEARA PR, i B 2 I cfDNA KR
MY, IRiZ21 =R et AR AR, 7EIXFh
BT, A AR T21 AR A8 JE 5 A BR.

CMAFIES KB AAE 7 i 12 W Sk 61172 B
FRURIET T AT A 0 2 AR B, DANT A4,
EHINTH N RN W21 RS IEbR ey, H—2
WA R, NTHEREURECNY., FEEdi L L A4 DL
T IGREE WA BIEIRSS R 31k %7, Choy2 A7
XFS0FINT>3.5 mm FJi 1] 12E 4T HE I ZH I P4 7, 32%
P 3RAS T BifE H s g R, R aRE kR
W BURTECNY LA B M IR T AR, AR H,
XFFNTHE B, I R AT P B 54 2 A

P AR AR IE R GRAS R &5 R B A5G, Hurt
2t N8I3 Welshith [X 2008~20114E i A5 72k Zo e fr)
W R GG L AR A 0 45 SR AT RS R 7T, X3
Hh 5L AR PR R bR R ) AT B R R U, 45 R EOR,
;45 A BRAE AR ) LG A 145 A i 2 &5 SR ko 8 7 R
PRE BT A AL 8T, NBEVI IR LA KGR BREETh
A DL SAH DG4 1R 3 1 O, A AN TR R 256 A1) B
GG

ZEA DMEIIBF R 4551, ACOGTE20204E % T 5 )L
Gt S i 1 5 2 1 8 T X 7 O A A R SRR AT
JAGEO) g Y IR YN8 JEE M0 7 R IRG 5 £51 134T 1 4
(1383 A% TR B L= A A% 2 A . %4 o) 22
FEEFE AR AR AR B B T MR BT . X —HR
P PRI R A, ST 7S CH R A 1D I R A B SR AT AR K
EERS S-S

3.3 cfDNAKIN RSN LB

cfDNAK M AP KHM K EZE N0 12%
~1.03%"™ L JERKECAT B AR =26 (1) BRL
et fk i, (i) R RPEMG LKA 14 (confined placen-
tal mosaicism, CPM); (iii) BMACNV. fif 225256 % (1) 0
B F= HU A B R4S BT 7T (Trial by Dutch laboratories for
Evaluation of Non-Invasive Prenatal Testing, TRI-
DENT)™ %2527 cEDN AR 11 £ 5 S s KUK 17 364712
O P S O P s 1) 8 SR BE AT A 7T, cfDNARI ) = 40 K
WG A= ATE W 1.6%, 163X 58 A R I,
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24.4% MR ) LG AR R 5, 53.6% AR Gtk 7w (O
H159.1% & I 0 ) Loe R PR S50 B ™ E I AR K2 TR,
2.4% N RGO R T H R NS s A
22 5 AT cFDN ARG I (149 253 34451 45 5 32847 131 i 12 23 4,
BANRIL R EZN0.79%, FrH70.8% K B Ak G
oA AR A A KUK, 29.2% 96 1) R 55 DL et A
AR EA. R R RIOR, o DNAKLIf = Ak
RIHAD W, KE 53951 &R 15 K BIIG LB 5 1 e
AR, RO RO T R A= RTi2 W, JEE
WU YR 2 Fs BE Vi

FE 7RI O AL IE AL BT I2 WU, S M A% S 1 40 g
FIFAREEA BN 70 A, AT B H ARSI [
et R AR B OB Y R B BURECNY . AL
T~ UPDAEAIUE, CMARL I O 28 il bR 8 1% A A6
BORIBED R AR 1 NATTH B LU 7 i 7
AP RTZ WA, AR PRV i a5 BB PP, A 280 AR
WeAwFE. R AR 22 A AT DAL R0 (R A S Atk 1
R AT RAEZ WA, AR B, 2
e i AN PR N REAT P B2 BT SR AR B, R I R S
Berh, BTSN 2 A AR I R AT I e R, R

4

S 30

1

11
12

13

14

0T RN EARAE R HF RO KU, 25 TS A A DN 45
AREVHER KR F ARG JRRIE . A, 2
A, B2 AR R R AR EARYE B B e AT
EFE

Bei5 Ry
Lk LR, BEE B AE AR BOR K R A R, Toik
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Development of the technologies and cognition of prenatal screening
and prenatal diagnosis in an era of molecular genetics

QI QingWei, ZHOU XiYa, JIANG YuLin, LV Yan & LIU JunTao

Department of Obstetrics and Gynecology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences & Peking Union Medical
College, Beijing 100730, China

Original prenatal diagnostic testing focused primarily on chromosomal aneuploidies. Advances in genetics and genomic medicine
have led to a dramatic increase in the availability of genetic testing, including in the prenatal period. Prenatal diagnosis is available for
an ever-increasing number of disorders, including copy number variants, single gene disorders, and uniparental disomy. Prenatal
genetic testing has stepped from the cytogenetic era into the molecular era. At the same time, prenatal screening has improved with
development of cell-free DNA (cfDNA) screening, as well as expanded carrier screening for a broad array of inherited conditions.
The advances in the technologies promote scientific research in this area and have altered people’s cognition of prenatal screening and
prenatal diagnosis.

prenatal screening, prenatal diagnosis, chromosomal aneuploidy, ¢fDNA testing, chromosomal microarray
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