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HEZ] B xHH A HIE A L A% (inherited metabolic disorder, IMD) -5 1 A1 5L R 28 5 1F
15930, Fik MUBEHT 2018 4F 1 H—20214F 12 H Hl & A A~ BE 286 682 15151 A L IMD i (1) Hr I 5 4
P, O I R 0 S S AT PR B L TR AT SER 286 682 (iHTAE JL A& BH 28 N B0 S T8 23
FHIMD, IMD S B2 0.63%0 (1/1593), Hrh KN R AE s e fe s (0.32%0, 1/3083), HyCh I EHN — %
HMLHE (0.11%0, 1/8959) K VUS4 Wyt B = 5E  (0.06%0, 1/15927) 7E 28 E0 R b 55 1 166 Fh A8 5,
FLr O FER AP EAE I3 REIAE R, AR SE R e gt A2 R (R 20 22 23 F . SPBTE o 8o e =, 7T hv]
REEORZZ S, VRCNIRIRE R . i %S 1 IMD AR SCEOR I AR SR 22, 12 X IMD RS v i
Si2WiiAR R s SRRSO [HEHRILRIZE, 2024, 26 (1): 67-71]
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Disease spectrum and pathogenic genes of inherited metabolic disorder in Gansu
Province of China

ZHANG Chuan, HUI Ling, ZHOU Bing-Bo, ZHENG Lei, WANG Yu-Pei, HAO Sheng-Ju, DA Zhen-Qiang, MA Ying,
GUO Jin-Xian, CAO Zong-Fu, MA Xu. National Research Institute for Health and Family Planning/National Human
Genetic Resources Center, Beijing 100081, China (Cao Z-F, Email: zongfu cao@163.com)

Abstract: Objective To investigate the disease spectrum and pathogenic genes of inherited metabolic disorder
(IMD) among neonates in Gansu Province of China. Methods A retrospective analysis was conducted on the tandem
mass spectrometry data of 286 682 neonates who received IMD screening in Gansu Provincial Maternal and Child
Health Hospital from January 2018 to December 2021. A genetic analysis was conducted on the neonates with positive
results in tandem mass spectrometry during primary screening and reexamination. Results A total of 23 types of IMD
caused by 28 pathogenic genes were found in the 286 682 neonates, and the overall prevalence rate of IMD was 0.63%o
(1/1 593), among which phenylketonuria showed the highest prevalence rate of 0.32%0 (1/3 083), followed by
methylmalonic acidemia (0.11%o, 1/8 959) and tetrahydrobiopterin deficiency (0.06%o, 1/15927). In this study, 166
variants were identified in the 28 pathogenic genes, with 13 novel variants found in 9 genes. According to American
College of Medical Genetics and Genomics guidelines, 5 novel variants were classified as pathogenic variants, 7 were
classified as likely pathogenic variants, and 1 was classified as the variant of uncertain significance. Conclusions This
study enriches the database of pathogenic gene variants for IMD and provides basic data for establishing an accurate
screening and diagnosis system for IMD in this region.
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AL (inherited metabolic disorder, IMD)
VEJy A B B T A R o, = T s AR
T A T 1 T s Rl 3 R A S 5 | RS 0L D) RE R A
TEPEREAR Bk, FEWUARMR I AL — A%
5 U, HATCHRGE M IMD A 1450 280 ©, Bk
JL IMD i # 7] K Bk % IMD 2 L3 47 L1092 W Fn
BFE3, X ms HaEsE Y, BAHE RS
Mz s

XFIMD B LFEA 736 R oy B UK, B 3
DR 73 70 J T LIRS HE LTS 2S5 82967 . B i &
USE A, IMD (Y505 T B £8 0 877 7 b v 22
S HOR AL TR E PG X, PR S5 A BUAE A T
15t A% 9 JUHOZ IMD i GRAE R A B, 144 £ IMD 1
SRR B, LRI B T . IR
2 B IMD UL RN B B A A ES Wi T
FAITAS KB G . MEHR, WA H
R Hb DX IMID %5555 1% B2 S R A A SCF ST 4R

AHFFEHEAT T H 7 i X IMD %006 1% K B0 5
RFFT, DA S B AR s X TMD g8 LAY 540152 B
FURETTI, BB ms, A Hb X HES A R IMD
it 12Wr. TBh A R PR AR AR S R
1 #BER5RE
1.1 HRIFH
(o] P S 4R 2018 4 1 H —2021 4F 12 H Hl &
R EEBE 286 682 1711 A= )L IMD fifi £ 114 5 K 5t 33
BlE, ZARE TN OBk B HR A R 124
M. 2 AEMNE 234 E, 5 2018—2021 H
A AR N1 26.42% (108.577)

ARG ARAT SRS AV [ I A s W
IR HoN B O IR P e 2 W A&
[ (2021) GSFY{EH 655 ],

1.2 EFEZHDNAREL

KA LA BN E # KU 2~3 mL, EDTA
Pk . N RAR A AR A B WA 7= 19 1
W EL P 2H DNA R USRI & (5255 DP348) 21
LR ZH DNA .

1.3 BEENFESH

K aA T E AR (b R AR Ty
LB 2Er L) SRR, HARIXIE 20 x DL,
BTG EIR95% K I X 38k A 45 40 ik 7 X R BY 421X

A X AR I AR S 2 A A R AT Xk
AR AR S . /N Bl AZBRE (<20 bp), DA
AT AI kB A RS DUBUAE S
1.4 BB

i PS5 R 5 2% 4 (GRCh37/
hgl19) L XT45 2 T 45 48 5 /) SNP_INDEL U4, %
G U 2] P B A AR AR AT O L R i AR O I B 2
it % 27 5 B A 2 % 25 (American College of
Medical Genetics and Genomics, ACMG) 35 g ™ |
BRSO
1.5 Sangerill FI&IE

FERANE TP 45 1Pk A T AV TR A
MRAFSEM . PCRYIGIRFR K 25 pl: 2 x Taq PCR
Mastermix (650 KARAEMBHELARRAF) 12,5 pL,
FERZH DNAARAR 1.5 ul. (M 20~50 ng/pl), B F
W51 % (10 pmol/L) 4% 0.5 pL, ddH,0 10 L.
PCR ¥ 38 7= Wy 2 B N W e e rpL VK 28 0, X —H
(R 257 11 7= W) % L PCR = gl Ak il & (dbst R
AR ARAR) gife)s, h ABI 3500 %!
(ABL, ) MFAGHETTINT, {fH SeqMan #4:
ESHRAEFEF I P 485 SR A T LU 234
1.6 IMDiZkRF

FRAE CHrAE JL g Hf T3 0 A e R & K3
PO P, FE T ARSI T AR B I DG A )
o 2 400 A 00 B N SR, R i R IR T A ) &5
W, 56 HE IR o B R ROLIG R 3R LR G 8 2 IMD
TS . IMD A IR 5 Hh S 50 % 5080 23 i A D1 S
PRI A SR P

2 R

21 #FEILIMD ST

286 682 5 87 A= )L 28 5& X K I BH A 12 W IMD
180 5, A% 28 M EUw KL I R B 23 Fp IMD, - 4
B R N 0.63% (1/1593) . N B R 4E
(phenylketonuria, PKU) SRR, H0.32%0 (1/
3083); HRKJEH RN W2 M SE (methylmalonic
acidemia, MMA) (0.11%0, 1/8959) . U &A= ¥y
Wy §kt = JiE  (tetrahydrobiopterin deficiency, BH4D)
(0.06%0, 1/15927) . A FEMREE HBEZAE (0.02%0,
1/47780) o AHIX AT 11FIMD (EILE=2) W2
HHEHRIE93.3%, WK1,
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F1 HFEHX 286 682 34 JL IMD &iFid

SRS 1 yE (i

¥ PRI 24 FR EX GRS I G U ) ) sk
1 PKU PAH 93 13083 517 51.7 AR
MMUT 12 AR

2 MMA MG | T 1/8959  17.8 69.4 AR
MMAA 2 AR

MCEE 1 AR

3 BH4D s 16 115927 10.0 79.4 AR
QDPR 2 AR

4 AR H SLC25A13 6 1/47780 3.3 82.8 AR
5 3-WER SBEAHRG A R ILREHLZ 5 meeet 2 1/57336 28 85.6 AR
MCCC2 3 AR
6 SRR BRI = hE orC 3 1/95 561 1.7 87.2 XLR
7 HREEIRGN BCKDHB 3 1/95 561 1.7 88.9 AR
8 ALACHERE LA A I S = hE ACADVL 2 1143341 1.1 90.0 AR
9 JINZER MAE 1 7Y ASSI 2 17143341 1.1 91.1 AR
10 FHARIARIE GNPTAB 2 /143341 1.1 922 AR
11 RIS R b = 5iE SLC25A20 2 1143341 1.1 93.3 AR
12 JE e A B B2 i ACADS 1 1/286682 0.6 93.9 AR
13 ARBRAEYE: i HZAE /2R AMT 1 1/286682 0.6 94.4 AR
14 3-WEL R RAE FEH A . ki M leigh FEZE 51 SERACI 1 1/286682 0.6 95.0 AR
15 3-WE G IR PRAEF1 R L i Zeiig S Mo A s /e CLPB 1 11286682 0.6 95.6 AR
16 RIRAARBE LG 2 B = SE CPT2 1 1286682 0.6 96.1 AD
17 BEEARRIMAE 1 FAH 1 1/286 682 0.6 96.7 AR
18 PRLBR ARG = E GALE 1 1286682 0.6 97.2 AR
19 PFUMHmIE 1 7 GALT 1 17286682 0.6 97.8 AR
20 JRERIMAE T 7 GCDH 1 1/286 682 0.6 98.3 AR
21 ZRARARI R A BTG Z AE HMGCS2 1 1/286 682 0.6 98.9 AR
22 NRRIMIE PCCB 1 /286682 0.6 99.4 AR
23 JER MR = AE SLC22A5 1 1/286 682 0.6 100 AR
5t 180 1/1593 AR

e [PRKU] RAEGRAE; [MMA] HZER FRIEE; [BHAD] WIS EYIRISELZIE; [AR] #W @Rkt [XLR] XGEmike ks
f&; [AD] Hye R PER L . +R7E 1805 IMD &L & L f5i]

2.2 IMDEEAKXSH 2.3 HTRMEHFEST
23FPIMD i, 21 Fh (91%) M Ye oA Bk 28 EURFER P, R 166 FAE S, HH9

WAL, PIBRERIR BE G B Il 2 e = RE A Yt 1A i v AFERFY 13 #4854 ClinVar - (hitps://www.ncbi.nlm.
A%, SR T A A% Tl Bl = E Sy X pa nih.gov/clinvar/) 1 HGMD (https://www.hgmd.cf.ac.
WL, W1, 180 B L, 1774 (98.3%) L uk/ac/index.php) HUHE i & A 19 B A8 . R R
PRI | ISR R AR ACMGHE, SRBE R NECRAE R, 7ROy TR
ARSEs 2008 B AR (XGEBRE MR gt BUWES:, 1FONIRRE ORI, W32,
R EIL) o
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F2 HFHMX IMDEBREEFTRMANEFESH
241 L2 N T AR IR AR ARG HomtE ACMG JE4
¢.2531G>A S844N ik AR S LP PM2+PM3+PP3+PP4
GNPTAB NM_024312 ¢.3654_c.3655insG L1219Vfs*12 AR S p PVS1+PM2+PM3+PP4
c¢.46delC H16Tfs*67 AL PVS1+PM2+PM3+PP4
¢.1016delT L339Rfs*5 AR LP PVS1+PM2
CLPB NM_030813 .
c.1087A>G R363G s AR S LP PM2+PM3+PP3+ PP4
¢.1060dupA T354Nfs*25 s p PVS1+PM2+PM3+PP4
Mcce2 NM_022132 .
c470A>G Q157R 5 AR Lp PM2+PM3+PP3+PP5
ACADVL NM_000018 ¢.1733dupT M5781fs*14 AR 5 P PVS1+PM2+PM3
FAH NM_000137 ¢.943T>C C315R s SUAR S Lp PM2+PM3+PP3+ PP4
GALE NM_000403 ¢.576delT H192fs*32 AR 5 P PVS1+PM2+PM3
GALT NM_000155 ¢.829T>C S277P s SUAR S LpP PM2+PM3+PP3+PP4
PCCB NM_000532 ¢.224A>C D75A Al AR S VUS PM2+PP3+PP4
SLC25A20 NM_000387 ¢.49G>C G17R il LA S LP PM2+PM3+PP3+PP4

e [P] Zo; [LP] TREEUN;

Ak JLIMD i £ H AR 2 191 Bl 5 B I IMD 5 4E
R, XS FILEA NER At 19 . B AL
IMD i & F A EAA WM, 455857 5 i 1 738
W, XA LT R DAL A AT R
09T, A RRAR LIS i 107 R S AL BB . R R
PR SETE PR I R SRIRAE AR = 1

IMD A5 115 B S 87 4 [ A e b Sl 25 5
AR L IX TMID S B 5 0.48%0 (1/2085), Herf
SR R A = 1 MMA, - R R R R T 24 2 IS
(hyperphenylalaninemia, HPA ) | J5 & 1 PRI B it = i
(primary carnitine deficiency, PCD) . 3-H Bt [ & ik
MM A R LS Z SE  (3-methylcrotonyl-coenzyme a
carboxylase deficiency, MCCD) | %5 5% M FL 4 B A
. B Bt = 4F  (short-chain
dehydrogenase deficiency, SCADD) . Zo R AR A B
ZHE . R R IMAE T AYAE N WM DR A L
IMD LR R R 0.22%0 (1/4535), BB St (= 1
A HPA, H: X5 PCD. MMA. SCADD., MCCD,
AR AR Uk ZAE . AR IR MAESE o T
Hi X IMD BT FR R 0.41%0 (1/2451), HEIR I
I PCD, JLR A MMA . PKU, SCADD. 7
AR 1B 2 5 U o PR PE b DX IMD R 9 3R
0.65%0 (1/1545), IR0 1908 HPA, HKCH
MMA ., FfFeRE FBZAE . PCD. Pk ESL A A
it SR = hE

A Hh X IMD 9 335 B B R 5 A L

acyl-coenzyme a

[VUS] IR SCRI]; [TACMG] SE BEfggflap S AR A g

X UORTE . FEASHIFSY 286 682 il A L, &k
PRS0 42 W7 TMD 180 1], 4075 28 N EUR FE [ &
FHry 23 B IMD, B 3R A R 2 PKU,  HOROE
MMA . BH4D. ZHetREE A= 5E . MCCD, &4
e 54 F WY I % B Tl o = E B AROBE PR (maple
syrup urine disease, MSUD), MRk 0.63%0 (1/
1593), AHLIX IMD BB R AR TR A PH b b X 11
Bevh, (HEE T Py H At X X AT BE 2
FUAb X 2T K ER AR, NARshtEAR,
T2 o AT S E ROV T8, T REEAR
T .

AR IMD I 97 Bl 7 T R AR LI S
MSUD A Z MR AC R 1 —Fh, BILIRE 2 B2
RIS SR VY o —FP s . BUR I
PO RSP AGEOR , IRITRME, BUSAR., A
T 3 I MSUD L 2 6k ARl —% &, KR
FES 1 IR BLITRIZ WS 3 A T2, $EL
2Bt A MSUD, M, X HJLEBEDEFTA R
B E R M E IR S T EZE,

P51 i A F R 0] ARG H 457 [R] — o b it
955 B0 TR 1 v INUBS: R 2, 571 [] — B0 Bk A
(%) v RUGE i 22 1T 3 3k 7™ FiT 2 W ol IR i R A T2 W6
Fealt e LR . BEENF AR LR, VR
PR H AR 2 L AR L Ak Tt
5 I T B SR R AE e sk 22 5, Rk, R
(7] b DX ] 5 AS ] B8 0 A B P S o ARBIF SR 45
TR, ANIRAEY R 5 & 0 A 04 9 B b A
PKU, MMA. BH4D. A FppREE (k= 5E . MCCD,
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SR AR T B AT Z 5E . MSUD . R KA
ST A WS G Z0E  NERRINE 17 . ZEARIE
FRURE . PR BRIE B 5 AL Bl il = JiE 3 11 Fp IMD B, AT
HHH X 93.3% B IMD, 1] A R B AR AS b [X.
IMD &A%

g LR, AEEFENH R HL X 286 682 i 4k L
[ IMD %295 1% E 47 20 7, & 30 28 Fl IMD.,  PKU
MMA . BH4D g A< 1l X 55 % e i 1) IMD .- AT 5%
TEONFEH PRI T 1340580 S, F& T IMD
m%ﬁﬁﬁl SRR, b IMD [0 T L A
W, THRYY . AEF T LR iRt T
m%%%ﬁﬁiﬁc

YEH T B RO R R RAE. HES
M. BB EEHR. 2% 15, J R

HE. LR, HEH.
NI FIARAE . AT
7% . LA IR

*%’E«f}‘%\ & Fpeh
e XIRE 558, &
ciﬁ%i’i\ 2% LH.

B AR B ARA SR

(& % X #]
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