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Clinical application of newborn screening based on chip capture second-generation sequencing technology

WANG Xin, SUN Yun, Wang Yanyun, HONG Dongyang, Guan Xianwei, JIANG Tao, Xu Zhengfeng ( Women's Hospital of Nanjing
Medical University & Nanjing Maternity and Child Health Care Hospital Genetic Medicine Center, Nanjing 210004, Jiangsu, China)
Abstract: Objective To explore the clinical value of newborn screening based on the targeted capture-based NGS. Methods Using
the retrospective dry blood spot samples on the foot of the newborns and the targeted capture-based NGS method, the reported pathogen-
ic sites of the pathogenic genes that cause the 169 common inherited diseases of the newborns were detected, and the pathogenic sites
were verified by sanger sequencing. Results It was found that 4 out of 150 samples were suspected positive samples, and the positive
rate was 2.67%. 88 cases were pathogenic genes carriers, and the carrying rate of pathogenic genes was about 58.67%. There are no
pathogenic gene variants detected in the residual 58 cases. Among them, as many as 40.7% of the samples carrying 1 pathogenic gene
variant, and up to 4 different pathogenic gene variants been carried also can be seen. The most frequently carried pathogenic genes were
deafness genes GJB2 and SLC26A4, followed by PAH, SLC22A5, DUOX2, SLCI2A3, USH2A and ACADS. Conclusion Newborn
screening based on targeted capture-based NGS can expanded the screening of diseases. In addition, the combination and analysis with
traditional biochemical screening results can effectively reduce the traditional false-positive rate and improve the positive predictive val-
ue which play an important role in clinic.

Key words: genetic screening; targeted capture-based NGS; inherited metabolic diseases; newborn screening

WL L B 5415 78 2B LIPS I 2 s 3 ™
A AL AR | SE A EAT AT £
ARSI WG TT | AT i S s 82 o iy R 19 18
H ARG A AT A 52 BT ARG 75k, G A
AR, BB PR , B B AP eI > B
PR 5% | 5 T R DRI 8058 A ) L o i A5 7
HANEMN B ARSI 169 R WL HSE
FE AETAE LR LA AL AR AR
AR 150 4+ i g8 ACR AEAS SEAT R, LLYI A i
RIT e il & PR R 2

1 X gfyik

1.1 AR5 % e at BRI 0 B B gt
Bt B R LA = BEALIRAE 2021 4F 1 A =
8 H Fa U b X A B A L i S8 40 R FE A3 150
8], JHe BRI BT TSB AR W  BH AR AR 98 451, R 97 B
PEREAR 52§, A58 0 e ot R B KA e
= i = 2240 B 2% 51 25 W AL T ( No.2021KY-071) ,
A LR B 2 B g R,

1.2 FEALES Bk ) NanoDrop G (3E
[E Thermo Scientific 23] ) , Covaris LE220 #8 7 % i

* EEWH . FZKEANE TR (2018YFC1002400) 5 7 5t BERF = BHE & R 3L 4: (NMUB2019215,NMUB2020122) ,
PEE RN TIK, 1991 4E2E Lo F000 0P 92k AT 2k Lot 51 Qb i A Bt A4 b MLk T 52

BIEMESE FF0E, EALHIH, E-mail . zhengfeng_xu_nj@ 163.com,



- 174 - IR AS B 27 2022 4F 3 H 45 40 545 3 M Chin J Clin Lab Sci, Mar. 2022, Vol.40,No.3

(S Covaris 22 ), Agilent 2100 A= 443 #14%
(5[ Agilent 23 7)) , MGISEQ-2000 1= 3 2 55 1%
(IR & FHE AT ) , ABL Prism 3500XL 53
1 FE AT (32 [ Thermo Fisher /3 F]) . QIlAamp
1M DNA $25GAF] & (551185, b I KR A1k
BT, B E DNA 2R 484 ( Phanta Max Master
Mix) FT W78 ( VAHTS Universal Plus Fragmentation
Module) W [ 74 5% i Ml B A &), PCR 4l 4k 3K 1) &
( 2 Invitrogen A F]) .

1.3 ik

1.3.1 DNA #8528 QlAamp IM& DNA $2HGK
) i B A5 46 BT i 56 A 3% KT 20 DNA |, NanoDrop
ARG L DNA BEARVREE . H T IR 2L 305 iy
DNA ¥R % =1.6 ng/uL, T4 DNA FEACE F-20 °C
RAE

1.3.2 JLHGEHA Panel Wit B AR I 0 A 9
Tl e P s 2 M S T A= 4 40 (WHO ) 5 B s il
WEABRHES AL . (1) B 5 ™ 5, S e bR ]
REANIALE ; (2) 1 — 8 B3, A B T3 A
R (3) i A B TR YT 5 (4) 15 KRBT e,
Panel 18 7 I K 5 WL 3st 4 3 169 Fh | €045 H- 2 24
P (B 2R 255 B v W U o R ek B
) AR 21 Fl (RN AR LB =
SiE | DU SR YIRS i = G AE ) A LR AR 18 Ff
(FHEEN R IMAE 3 - FY 3 1 S MR A PR 1L g sk
ZAREAE) MG 16 B O R B P 2L AR
A5 MBS 11 A (RS A AU
Bz E Bk WAL A AU B 2 E ) A
PRICARE 13 (A T5 L JE 2 - VL 5o A/B Al
S5) MK RGP NE 8 T (o HurhHEST UL B b i
M) CEHEMZ RGP 12 Fh (FEIRIUE A
ROCAEHEA L ZE 4808 55 ) LN 0 W RGN 13 Fh
(11-B-FRAb il il = 14 56 KM B B B o 344 A4 o |
17-a P2 AL = P ok B 1 AR B o8 A R 55 ) |
o REBRBANG 10 Ffr (e €00 Bab 3 RE 1K 75 fo g Bk
B X Mk L R A 2 A RS ) LA AR 13 B
(FFEDIRAZAR M Gk e MH B 1 #8955 ) DA K
HAth35 1599 10 F ( Gitelman £ &1 | Leber it % 14
PRRR 2 A 5 ), Xof 7 1 850 3 PR 3 172 A4
1.3.3 iR AR R AR AR X
SO EE R 1) I A gt DX HEA TR AR Y . AR AT 8
PR SR IBUT P B 46 (3K 240 DNA ¥ —16 )5 47 W7 A%
100~500 bp # DNA /) B, 38 3ok 6 Bk R 43 25
200~250 bp [ DNA F B, X3k Je 047 42 3k 3% $2 fl

P R AEAL S B By AT Ak 22 TE
17 52 DNA SCIER -, SO 28 BMG #E47 A
Bok BRI, B B4 5, 7T T 428, I € il
[ IDT xGen R X H bR X UF 51 #E4T 4K, K 22
A2 SCESEAT pooling iE 18 3 SR JF K pooling SCJE#HEAT
R AR I ] BRL IS B9 SCEETE #] 1 DNA
UK ER G, I MGISEQ-2000 75 3 2t 35 PRI il ) 4%
HEAFIN ¥ 255k PE100+ 10, ¥ 58 U , 153
B 5 e Rt . A% R R A A 80 P TR BE = 100%,
LRI PR AT R PR B =300, H AR X3 20
BRI =95%,

1.3.4 EWFEL2E0H A Dlumina bel2fastq 1
RE A6 v 3 5 0 7 506 AN Bel M U Fastq
W, R IR TR B EUS , IF 2405 NCBL A
KB I F U (hgl9/GRCh37) XF 55, fdBE A REH
AR ST A BIICESKR H dbSNP (http ://www.ncbi.nlm.
nih.gov/snp) . 1000 F&H 411151 (1000 Genome Pro-
ject) (http://browser. 1000genomes. org ) F1 4k & -2
R4 B (Exome Aggregation Consortium, ExAC)
(http://exac.broadinstitute.org/ ) . AR 3¢ [F [ 2715

{22 25 ( American College of Medical Genetics,

ACMG) " (R AN T SCRFEIOR PR IO E 8 7K -1
SCHRTO R R AR Sl it OMIM (http ./ www.
omim.org) . ClinVar (http://www.ncbi.nlm. nih. gov/
clinvar) #1 Human Gene ZZ #8045 % (http://www.
hgmd. org ) S5 2 ff 22 S50 JE P RN B A7 s 0
H 5 %9 A & B, SIFT ( http://sift. jevi. org ) |
Variant Taster ( http://www. varianttaster. org ) .
PolyPhen-2 ( http ; //genetics. bwh. harvard. edu/pph2 )
#1 PROVEAN (' http ://provean. jevi. org/index. php )
SRR T T 32 78 S5 e ) AR )27 I RE

1.3.5  Sanger MFHHIE R AHRHE S P15 DNA
F #r X 48, F] F Phanta Max Master Mix &£ E DNA
BOMATY RN, PCR 555 pL PCR /™
P 1 L 6XDNA loading buffer %], 28 20 g/L i
PEEEEIC LUK , B3I PCR =9 R/ B o i (55t
—, JC51 W —RAK) . A PCR 4l {17 & ali b
PCR 774, % ] ABI Prism 3500X1L 1 i f2: 3 K 43 Hr
ASCHEAT IR 234

2 i

21 AEEEEKMIEMN 150 FIREA AL 4
{5 AT S 5, FAPEZR K 2.67% (4/150) , B8 KB 4
SN2 YA SR 0], W g R R



I ARG 36 2 7 2022 4F 3 H %5 40 %5 3 8] Chin J Clin Lab Sci, Mar. 2022,Vol.40,No.3 - 175 -

Peig e B 1 i,

o MR IREBT AL 1 ], e il R I [T i A 45 S A il Z R ( Proline ) : 482.08 pumol/L

SiE T AU 1), B BLARIG PR IE B UL 1, Sanger B8IF (%X [8]:86 ~330 wmol/L) , %Ml B JLFE K fH 44
ZERILIE 1, Horp Il R i T 2995 151] i 3 Ik AIE A,

R 1OATBLRANE N

Cip29::83 PN B IR (R AR) HEF/NEFE B R EE HEHNT EuRtE

1 RAEMT 25915 MT-RNRI EXIE m.1095T>C Giliges p
FHHE (NC_012920.1)

2 W EAEMEE  GIB2 EX2E/EX2E c. 508 _ 511dupAACG/c. 176 _ HAERE P
H# (NM_004004.5) 191delGCTGCAAGAACGTGTG

3 o Mo PR ML HBA1/HBA2 -a3.7/ --SEA BHEME P

4 A RRMGE 1% PRODH EX12/1VS9 ¢.1322T>C/c.1011+1G>C

(NM_000558.3/NM_000517.4)

P
op
b
op

P/LP
(NM_016335.4)

PO LP, AT S0

A MT-RNRI m.1095T > C B GJB2 ¢.508_511dupAACG C PRODH ¢.1322T>C

c T c a

A N n !
/ [\ AWA
\/\A/\AZM A NV M

750 30 740
c 6 T L) c c A c T T c c c A a T k3

|

1

GJB2 ¢.176_191delGCTGCAAGAACGTGTG PRODH ¢.1011+1G > C

75 280 260 270
s c c a s s T T 3 c A A c A s 3 c

T 7Sk bR A S BT o7 B B 0 7 B B
Sanger M FFHIE AT SR 1(A) FTEERE 2(B) FIRTBERE 4(C) BUWHEH L 57 5

2.2 FURIEREA O LR 88 i EUR I A PAH SLC22A5 .DUOX2 SLCI2A3 .USH2A . ACADS %
ol & BUW B4 325 58.67% (88/150) , 7E 3L (3 3) o HAx 58 A I Hh Bop HE N AR &

i SR b BRI 1 AN BUR SR AR S RE A 2.3 St (BB BT RERR ) K i XS L
=ik 40.7% (61/150) , e 0l WHEHT A 4 AR TSR AR R 0T, SRR A 150 461 rb i A s mf
BRI A 2 15 0.7%(1/150) . X TFER AT BEPAME 1 BT 002, 910 PR 2R 0.66% , BHH: il

RERA TP 4

AT 5 F 3, e BRAT 4 Aty LAt 3 ME R 100% . B9 E = 169 4~ 18t 45 55 5 Fh ik, 7]

RBEORAS (£ 2) . HEBR T S8 BE 5, #E7 JIoR SEPHE 4 15, 3F 3 33 Sanger W5 32 B 12 W, B %)
E BN E- BN GJB2 1 SLC26A4 , Ho vk 43 ) & i BH 2 A 20% , BHA: FAE A 100%

R2 EUREEN AL

o s B R AT AL A 58 S5 2 B0 FE R AT 4L
- 14 24 34 44 14 24
BB n(%)]  61(40.7) 16(10.7)  10(6.7) 1(0.7) 3(2.0) 1(0.7)
B (n) 33 7 3 0 1 0

e (n) 28 9 7 1 2 1




- 176 - IR AS B 27 2022 4F 3 H 45 40 545 3 M Chin J Clin Lab Sci, Mar. 2022, Vol.40,No.3

=3 BURERAEHE O

e BURERE P AR SN A, 5 SRR

1 GJB2 WY EARBR PR 1A B ¢.109G>A
c.235del
¢.427C>T
¢.187G>T
¢.299_300del

2 SLC26A4 WYL AR B P E AT KK 4 7 ¢.1173C>A
¢.919-2A>G
¢.1229C>T
¢.2009T>C
¢.2168A>G
c.1547_1548insC

3 PAH 1R AN R I E c.611A>G
¢.728G>A
¢.516G>T
¢.510T>A
c.1174T>A
¢.1238G>C
¢.442-1G>A

4 SLC22A5 JE R A PR B e = 9 ¢.1400C>G
c.51C>G
¢.338G>A
¢.760C>T

5 DUOX2 FHAR IR A3 W b 1 6 2 ¢.1588A>T
¢.2202G>A
¢.3693+1G>T
¢.514-2A>G

6 SLCI2A3 Gitelman ZE&1iF c.179C>T
¢.1732G>A
¢.911C>T
¢.1456G>A

7 USH2A Usher ZEAAE T A 1 ¢.2209C>T
c.6325+1G>A
¢.8559-2A>G
c.1241dupA
¢.9570+1G>A

8 ACADS TR S A B AU B 2 ¢.1031A>G
¢.164C>T

9 mcecl 3—FH P S R A R R B = A 1 A ¢.639+2T>A
¢.1315G>A
¢.1074G>A
¢.1157delT

10  DUOXA2 R o3 s b i 5 784 ¢.738C>G
c.413dupA

11 UNCI3D RGN W 110 200 1 K L 2 2 A0 3 2200 3 7R ¢.2588G>A
¢.640C>T

12 ETFDH Z PP A U B2 e ¢.770A>G
¢.1211T>C

13 PRFI R I I 20 M L 2 2 A s 20 2 A ¢.98G>A
¢.503G>A

14 PRODH R AR M E T %Y ¢.1322T>C

15 SMNI HRE I LR S EX7 DEL

16 ASSI JNE R IMLAE 1 AY ¢.794G>A
c.190delG

17 BCKDHB WU R T b Y ¢.853C>T
c.550del

18  CFTR PP YAk ¢.1001G>A

—_
-

e s TS T NG B N T B S N T N R T N S T e e O e NS T N B I e T S R S B S B e Y




I ARG 36 2 7 2022 4F 3 H %5 40 %5 3 8] Chin J Clin Lab Sci, Mar. 2022,Vol.40,No.3 - 177 -

e BURERE P AR AR 5 SRR
¢.2374C>T 1
19  COL4A4 COL4A4 #HK Alport 551 ¢.4715C>T 1
c.407delC 1
20 MMUT FETN R IMAE MUT A ¢.323G>A 1
¢.1741C>T 1
21 HBAI/HBA2 o Hirpig4% 1M -a3.7 1
HBA2 o Hi P2 I ¢.427T>C 1
22 ABCBII HEF TG E I P IR IR B 2 Y ¢.908+1G>A 1
23 ABCGS 2 [ P MLAE 2 7Y ¢.1336C>T 1
24 ACADSB 2- UL Tl H 2R R AE ¢.655G>A 1
25 ALDH7AI M % B A P ¢.1004G>A 1
26  ALDOB AL MR 32 ¢.160_164dup 1
27 ALPL VR 2 PG AT c.407G>A 1
28  ATP7B JHF IR AZ AR ¢.1708-1G>C 1
29 CPSI S R & U T = i ¢.1933_1940del GTCACTGT 1
30 G6PC Wi A T a 2 ¢.648G>T 1
31 GAA R R TR ¢.2132_2133delCAinsGG 1
32 GALC Krabbe % c.1592G>A 1
33 HSD3B7 FE RPN IR A B e 1 Y ¢.1094delC 1
34 MATIA iea 2R SR I A ¢.188G>T 1
35  MEFV TR H TR ¢.863C>A 1
36 MMACHC LY R IMAE cb 1 C 7Y ¢.617G>A 1
37 RAGI B YL o A B AR IR A S RE B ¢.2918G>A 1
38 SLC25A15 o 1 I ML — fe I — ) 78 T R D R ¢.535C>T 1
39  SMPDI Je -V ridE A/B ¢.995C>G 1
40 TH ik R AL Bt Bk = JiE ¢.698G>A 1
41 T™MCI WYL R 7 A ¢.375delA 1

3 itig

AT FE 8 A XF 150 5] [ B P A AR A N e 2
th 4 {5 AT BE PRV AR AR (O B R R R s A B2 1
1], o M FFOEESE 0 1 5] o il 2R I AE T B 1 ) K
G295 T HEEE 1) K 88 (il EU%
FEREEAT A, BRI W BOR SE R N GJB2
SLC26A4 , F:K J& PAH SLC22A5 .DUOX2 SLCI2A3 .
USH2A J& ACADS , 3509 3k P57 e 5 11fe R o 6 —
., TR R AL G A AR i A 2 40 Fhast A& AR e
iR 169 i, T A i 46 e g i )X R B L
FE I 5T 100, 0 27 L5 1) T A 7 2 A o B
THEBUEE, R RKIZE 5 i T7 AL 5 BER S 52

] P R R R U R R 194 4% 8 A= Ak T s 4
FHPE R 2 1.88% ~ 4.02% , FH I 1 I {85 2 Hy
1.05% ~2.68%"""" | LEAWIFERY 150 BIREA | 1%
B it A )0 BHPEFEAS (FE A i T A T (E) 2L 98
1], B A2 1 51 e i 2 R IR AR L, B 30
H°H 1.02%, TERFIAR R A1 BT, 150 il B A 2
DAL i A F4 A7) 9 B 1 2R R 0.66% , BH A T 0 A 25 ik
100% , fE5A AT A 5 3% 22 R 2 52, ) i i BH

Pt A I ABOR 238 BT A A N, L
P KGR Gy 7 HE AN B O BRARCAH T DA B
AT AL A FE R I TR AR S5 B BB LTSk
L HERR AR BH A, A A5 R AR T A B B R % B v P R
FRAEL, () A, DA 0 B ) 4 (] 717 4 2 W
W, BIERIABIFAEA LA IR, 575 v — 2 HM
FEA R XA S5 AT R AL,
RN PR G A 1 e R L 1 A L R
(1) XA LR, . AWFTR AR Al
AR AR J5 3%, BRiZJr ikoh, 16 Z 8 PCR W4k
AR AT Rk DL R 4 P A e A
Ak £ H PCR &4 AR I T AR
iKY (AZ R F 2 & PCR ¥ 540K 3% B E AN
(4 4 i X 4T 2 8 PCR 344 Ry IR Ak, TR IS
P B SR AR AR RN 10 54 A 572 PR A 5 ) 3 1
BURALA B, AR T S A R A
DA KA i (E RS I v, AR 52 20, A 00 ] 0
K, EO TR SOR B 98 R i i i 2
ANIE TR A LA P, 2B A8 Al
AR AR J5 1 AR , 5 5 g o, A 0 ) 30
U SR TR LA, (2) T T R ik



- 178 - IR AS B 27 2022 4F 3 H 45 40 545 3 M Chin J Clin Lab Sci, Mar. 2022, Vol.40,No.3

£, BIVHRE DA A5 41 S — 2R 0 4 7 208 02 — i £
I A e A G A A ) B R REAS A
PR A7 2 PR £, T 22 500 14 ik = 2B AL B
ARPREY, i H S NIk AR
Tl ) U 07 DRSS, 1 DRy — R A, 1 D114 1A B A
T F A 152 E i 1 A S0 A2 S K nl BE U L S5
T PRI TLA BB AR T, X 8 SOR A 5 A6 45,
BORPERI RN 2 0 I A BE N 4 55 2 ¢
AALTHE A AR S S  TERE N BRI B 2 AN J2 T E AT 1T
A, DT A g A Y R A ) T T sl S e PR KU
FIRi Al e A MG IR 58, (3) B IFTERIE
(19 i PRt A T ) A RS A ] S 5 A
TE BB A4 25 57 LSRR 73 B B R R 9
RORRMAFA Ko S R IE R I PRA2 W i 3
WOzt XL AR BT AT, FEAE 2 AR Al Ao
R, ARBEFEH 150 PIREA A 2 i 22 4L
ok DT | S/ VR 22 M R A TR A T~ 4T A PR
TRAEFR A —E M AR, BERTTERTRA 2
i Ao e 2 L 2 B 2 VA R R 52 3 | 8 T 5 3 R
PIRRIRATI AR B (4) B LK PR i A 3 17
AR PR AN, JCHIE XS T4 A BH A S B B ) 3t
feitif) OB AR

AR )L PR A 2 H A Sl B ¥ 1Y 26 B
DL, [ AN E R ARGE Y AL TR ST B B, iR ECOE
FAL I TR . AWETEOOA IR R AR
B WEIE A R sz IR RE T 40 4 Bt TN
i 255 ) B e PR (LR, T S5, A e — B TR
FREFIRE

4 Z%k

(LIRSS, BT BiA LB he i & 5 B2 Wiy iR 5
JRE[T]. PRI, 2021, 24(2) : 85-88.

[20 A%, SkEk, BAFT, 5. sEmi A LRI 00 2 F & 4047
[T]. sz A LRBHIG R 2435, 2020, 35(23) ; 1773-1776.

[3]Lin Y, Liu Y, Zhu L, et al. Combining newborn metabolic and ge-
netic screening for neonatal intrahepatic cholestasis caused by citrin
deficiency[ J]. J Inherit Metab Dis, 2020, 43(3) ; 467-477.

[4)ikik 5y, MM, MED). SR EiE 52 W AR R E A
WHRE BRI T ]. IRRR IR, 2020, 38(5) : 359-362.

[5] Wilson JM, Jungner YG. Principles and practice of mass screening

for disease[ J]. Boletin De La Oficina Sanit Panam Pan Am Sanit
Bureau, 1968, 65(4) : 281-393.

[6]Nykamp K, Anderson M, Powers M, et al. Sherloc: a comprehen-
sive refinement of the ACMG-AMP variant classification criteria[ J].
Genet Med, 2017, 19(10) ; 1105-1117.

[ 7] MacArthur DG, Manolio TA, Dimmock DP, et al. Guidelines for
investigating causality of sequence variants in human disease[ J].
Nature, 2014, 508(7497) : 469-476.

[8]Gelman H, Dines JN, Berg J, et al. Recommendations for the col-
lection and use of multiplexed functional data for clinical variant in-
terpretation[ J . Genome Med, 2019, 11(1): 85.

[9]Rehder C, Bean LJH, Bick D, et al. Next-generation sequencing for
constitutional variants in the clinical laboratory, 2021 revision: a
technical standard of the American College of Medical Genetics and
Genomics (ACMG) [J]. Genet Med, 2021, 23(8): 1399-1415.

[10] 9=, EE=, SERE, . matiX 175 767 {655 5ig
AL A L5 R AT [T]. PR R 2GR, 2020, 23
(4): 224-231.

[NHLE, Bux, T, % AZRERIX 128 399 §lHi 4 L2
Filvgse A A 5 106 5 % O A 25 5 A [ 7). e IR AS 36 2% Ak
2020, 38(5) : 344-349.

[12] Ryckman KK, Berberich SL, Shchelochkov OA, et al. Clinical
and environmental influences on metabolic biomarkers collected for
newborn screening[ J]. Clin Biochem, 2013, 46(1-2) . 133-138.

[ 13]Katsanis SH, Katsanis N. Molecular genetic testing and the future
of clinical genomics[ J]. Nat Rev Genet, 2013, 14(6) : 415-426.

[ 14]Zakrzewski F, Gieldon L, Rump A, et al. Targeted capture-based
NGS is superior to multiplex PCR-based NGS for hereditary BRCAI
and BRCA2 gene analysis in FFPE tumor samples[ J]. BMC Canc-
er, 2019, 19(1): 396.

[ 15] Adhikari AN, Gallagher RC, Wang Y, et al. The role of exome se-
quencing in newborn screening for inborn errors of metabolism[ J].
Nat Med, 2020, 26(9) : 1392-1397.

[16]Mu WB, Li B, Wu ST, et al. Detection of structural variation u-
sing target captured next-generation sequencing data for genetic di-
agnostic testing[ J]. Genet Med, 2019, 21(7) : 1603-1610.

[17]Roman TS, Crowley SB, Roche MI, et al. Genomic sequencing for
newborn screening: results of the NC NEXUS project[ J]. Am J
Hum Genet, 2020, 107(4) . 596-611.

[18]Hao CJ, Guo RL, Hu XY, et al. Newborn screening with targeted
sequencing ; a multicenter investigation and a pilot clinical study in

China[ J]. J Genet Genom, 2021 S1673-8527(21)00280-0.

( We#% B #9:2021-08-25)
(EXHE. FRE)



