202 4 WL AP
BFLEFFH

L.

v’

FHNEA: MIeEFEEFREDSR
el BEXTHANRER BHXTEFE HISEFaEFERLRE




WIS

—Bl v 3% Gly3136Iu EFSENREUREAEERRMESH
BRMHR

FEEK
M EE R B 4 BB
HHE X5 15 FGG s PR AR S Bl S0 383 A% 1k S o 41 4 5 1 B URE. (congenital
dysfibrinogenemia, CD) K RIEATINIRR AL B S04, RITHREBFMIRE HRZ K AR
KFR. ik WELIEE MK ZBR AR T A WilkKRTR, RE HME BT 5 FU5RE I ) e 7 2
R Sanger MFIEMHELF4EER AR (Fg) =AM [A FGA. FGB Al FGG FE R AZ A7 1, PLIAAfER
RUFNSER Y2 . {5 ClinVar. HGMD. ExAC. 1000G A1 gnomAD Z5%i¥g 28 &1 %o g 6 A8 S AT 44
X, HAYER SRATNAS B E8URTERIZRAE Fe TRk, 450 R R RA RN (FGG X
c. 938G>A) AT 4 4, IIRRIFELFBIYFFA CD izl JeibEE LR 5HIAE BN, A
FEMIEER RASAT o =ANEDE B T8 R . 938GoA & R HMA R HABBIR
Y Gly313Glu AL | Fg 4311 a MEEL, M #mHETER D XIhfRe. 3 5tik FGB AL
TF1E . 1472G>A( p. BB Arg478Lys) ¢ A2 &M . 451 p. v Gly313Glu A2 5H A1
p. BB Argd78Lys Z&MNL HIEH RERSA K, NEIEEFEEAEANENZH. KRBEE
WHIPEFSWR AL T KHE: c. 938G>A (p. v Gly313Glu) B F AR, % T FGG HapH 8
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— AN R AR SR R B PR RIS B
BAiTEAR
WM T A SR B
B X ZHE R PR G LR IR 238 5 K b R R A ] 5 B — N R RIEAT AN R A

. LSRRI, NER RBEE R . ik SHER KT 4N R IR 87 P
Sanger I FIAE, FHIELAEYIE BHAF M R L BRAR 207 s PRSP, B A8 556 B R ZhRE I
B, IR A S AT B AL T, AT IZR RHMT L R, R PR AR E L
6 ) LI s AR A 2000 S 75 3 B IR A 28 ), iR L B e R R R AR 8 s K R /MNE T AT
RIRE ) LAELE ACTAL LRI R 24 & 72 5 ¢. 355G>A (p. Glull9Lys) , FFHEHI T ReBUm A8 = .
2w A ARG EINE FHNF R, BILBSWONZRAENRE, HIR Ry ACTAL &R 4%
G R FONG LI PR RIS S R R B SRR AR TR



WIS

M= BERIILEHERERFIIRAMN TIN REEE
A
W T eI DR e

W TIN NSRRI, BA AR KA SE R 5 7 R SRR 450 . JRdRE, 7TV
B AL ST S — BRI RO IER SRR . A0 B AR A R S BU T IZ R, RILN
SeRMEBULE IR . XA R A BAR S 5 TTV AR RN fr BAE G

I3 SATRG R ARG )LIs 2 EbG A2 5 1) (FADS) K BIEAT 4 5h & 4L P, FADS 482
RN Z D MR 2245 . AT Sanger WP LAIIIAAE S, JFI8 1L RT-PCR JEAT DyRE s #r -

iR ERE=AKERTA BRI LSRR 7 TIVEER KT R R c. 38876~
200G, FFHAERALLE S HA — R . ST Ron, BTA )L A i AL 5 50BE . RT-
PCR MM 71 c. 38876-2A>G MM 5 BT H:, AH 199 5 A& T I 200 5 A7 8 4
BHHE (K B R -

Gt AEIX L, ARG T =ARIUN FADS [ DUl 77V AR SR T E X EE . tEah, AT
FIBE TR, BUREU O SR 77V AR5 AT PAR D5 35 B2 7 i T U0 R o
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GPSM2 Ry PE7E /D SEIFIERY RN BIIRR
Bl
TP KM E A4 ) LE R

HE: SN TERTT GPSM2 (1) P 3 B 2D 55 45 RE I BRI )

JiiF: ARTUH R siRNA AR /NE T 5 PRSR  GPSM2 i P /N BRUBE AL FFRI A CASA
Rl HE B f 6o 8 i B0 IR EE S e i BEAR A FIHH GC-2 K& BF4HI &= . 1P AT Pul 1-down %54
ARIRFT GPSM2 g b Ji5 o H B G 0k 7 3 1 4% B 1 NUMA. (R ATL A1 52

g ARBEIUIEIE GC-2 A5 REAH AR R AN S AL ARG NE ST siRNA /N BROAREAY, 4l AR K
BOUESE: AHEL NC XFHRZH, GPSM2 [ a2 T B0/ S8 L N B A5 ARG 7 44 o 5 Lt 49 ¥ =2 0k 2> (NC
ZH: 57.8%, GPSM2-siRNA ZH: 5.49%), —f54R4HM bLp) B &2 (NC 4: 10. 6%, GPSM2-siRNA
ZH: 53.8%) . CASA KM/ /D FFHERE; /N BSE R A AT GC-2 i € 9 9% 9% H 06 i «
GPSM2 17 [ FE 1 AT SR RS BRAH M 8 — KUk B 7 3403 41 2 T 2B W2 ks ARk 1) TP RERHIE
. GPSM2 & H 1Y N i o] L5 NUMA 2 Y C 3mfEfA N BAES &5 R4 Pull-down i3S EBH: GPSM2
BN A PLE NUMA 25 11 C s fEAR AN BAESE & . GPSM2 (1R P42 53 NUMA B A AR E ML 7E ST
BRI, GC-2 2 i Gt AR BEL YT 7 AR TE AR TCTE I P 3 55, A E I H A2 Dynactin-
Dynein HA & AR ENL

2518 GPSM2 MR P& 5y ok 7 B SRS 8 A NUMA 454, SBZESEALEE
PIAETEER IR, & RSORE BRI MT FARE A, 51 k> 59R5E -
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MEERRAMEE R IRB AN D2HG I+ FaUbE-B BEAL
HE{EH

MAeE
A R A B B R A A N R EE
TSR E A IR R R S R R R A B B2 4 . T A R A& A
TR B BB, 5 TR I 9 R A A e e AR AR R . A R IR AU E
REEIAR B TS R s R AR R, 2 B AR R 4% R 4 S W LA S AR S N R (A B/ o
FEARET o AT T8 Ik 7 e iR = 2 AR 0 i B VAL R s e, B 9 T FoRg st A R AR N T
AU A AU AR B A e ST Joid i e o

Jiide FRATIEE T SCHRAE R R AR DA =, A RSNV 7 (A AL SR 0 1 TP UL
WA AR . FEVEA A = Thae 5, FoA 1 i e 2 R S AR G 57 T AR oA 858, DLIERAR
W= S VLR FK AR . thAh, FRATS K& R AR, I Bk IDHL i) 7 3%
AR Th 6 75 P A e g S o AN AR AR VR T R T RE A o

g BASLEIE L 157 B B AR = A AR A P2, IR AR SN A B i
19 BRI =Y. D-2-8 R 8 (D2HG) ANE R ih AP SEUYE % FE 464, R8N B3 2
FIEFME Trim63 A1 Fbxo32 [ mRNA &JE. RNA WUl JF 7R D2HG 55 1 B B I S AR A8t . 44
5. RATEE T 149 LR 3%, FEAE 19 4 D2HG & TR R AT B 10 B vhiE S 7 IDHI A8
(p<0.0001) o UbAl, 8 44 HEA IDH1 JRAF RGN Ji 45 1 e £ 25 B W = Y D2HG
(p<0.0002) o FE/FUEIESIR BRI R, CT26 e iE4HHE F 2848 IDHI (R132H) i 1 L2
A PRAK T R AEAF 2R FEHE T SE[R] TDHL o /N B FE DPT 17 Kb AIFE 4 5 A= 784 g (1) 78 BRU 1)
DPT 22 AWM BEIR i . 75704 R AF VU Fid k(1) D-2 F2 3 I — R (D2hgdh) AJ LAY,
393 uM  D2HG if5 3 (L %6 FE 4 M A B3 i8R Ll . FE 22 AR 4 24487~ T D2HG 5 5 (1)
NADH/NAD+AE . th4h, TDHL 4 AR PG & Je vyt s MU AR . R & R
E3 B2 mRNA FRIAFIMLIE D2HG IR, IEL% T Jm e T o i i3k .

Shie: B RS ot A AR ZE S B AR R S, TDHL SR i g £ 5 2 ' 3 D2HG
B, UGB ERULE A AR, 51 B LS 4 A0 R s o A R R, 5 R 3 SR
SETR T e AR SR ILANE] TDHL $) m DA AE 2 i e 28 28 0008 o 1R e A, B e g 20 Jofd 78 3 3B AT
AMEACIETT T M, 0 AN A2 I RE A F F A SR B B
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SeRMOERARILNEEENEREFG
x4
7K T a4 R g B

HIY DR 2 SRS 48T (SNP array) fEZe RMECIER (CHD) & JLEHE %2
e e RN B A2 CHD BB LI TS . i %F 2016 4F 1 H & 2020 4 6 A WIE, ERN/K A4
fe Be A 4 L T I 2 PR B8 7= BT 12 T R Lo P2 RTAR 5 12 T CHD ARG L, 4 o B gl O JIE &85 44 S 4L
(76 B> FGIHCAIMGSERFFAE (296D o XTHTA IR LS T Gt k% 8 )2 SNP array £, FEXT
EURSE R CHD %% 9. Wt G kA% & J1k & 18 OLEEAT [l Btk 43 #r o &5 28 105 451 CHD i ) L3tk
et A% T S 16 B, LR kg B w9 . Jet kiR R 6 i, SNP array BIRf 77X 6
WG oA 8 b S8 E RGBS R, o 1 5 1943-g44 BURZEAIERI RBEIX 3. X iZ A IE
1) 89 41 CHD fifi )L, SNP array ZUAMEIH 9 B NEUR 4 CNV, b 7 8 S A1k / Tl
HEEEHE, 0N 22q11. 2 @ik L2 G 4E . DiGeorge ZEE/iE. Xa27. 3-q28 EE LA ME. 1p36
REEBIE. M LEAME. 16p13. 11 fUBKRLZESME. Miller-Dieker ZEAME. & O AMEE K 7% 41
Per A% T A R B R S TR AL O RS R (P<<0.05) , PAAEURME CNV, VouS. Rt
CNV RS RG2S (P >0.05) o FaliCofif g4 i 2R K HH ONV 2R B BAKR T-5 FF 0 A ¢
2 (69. T%vs. 44.8%, P < 0.05) . HALOHESE R EH R E & T &IF0 G 7 HA
(71. 1%vs. 34.5%, P<<0.05) . K#Eo@hitEr CHD fG)LTE BiF, BEVIZE 1%, X6 BIEAFE
TR A B IR BTG . 4518 SNP array nf3G 0 CHD 1A% 2200 RIRS HE o, B A L (A S
FrBA S, A Bk L IR ) i3k, & T CHD BB L= RS W, BaliCo fF 45 #5335 1K) CHD Jify )L 4%
ORAZ R Sw e ONV R HE R AR, TiE R 4T
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—GIFTE )L AR REY e R 1 S _ERR T FRIE4E FE
B
LTS R

—. B AT BT LS R S B R BRI AR E R R LIl AR 55 R IR AR
TH .

L RS

L1EILL, WAESK, B “EE” AR, BILARGIPL, Rk 38 F+6 K, FreHd, Ak
#3150 7%, FMES LBRA TR, NBHER: S5 R TER. HYg, SR MAMERE S B AR
D&, FAFIERRIZE, KHEME. BOOXIIEWN DL, REFD IR,

1.2 N e e/ Ar: 17-$2 242/ >30ng/mL, “2M{ 79. 99nmoL/L, ACTH288.22ng/L, Wilj%h e
7 132mmoL/L—127mmoL/L, #f 85 4. TmmoL/L—6. 3mmoL/L, Z&JF MR “FFI+DWT $27 %Uil [ %€ iy
RILEEAL; BN FERMPEREEN, 78 KIE L SRMMERIE. 75 A5
P, MR Getadk: MRS, 46XX.

1.3VAIT4E: AP 4 K Na :127mmoL/L, K 6. 3mmoL/L, FFFEA B s/, FEMAATHIR
10mg/ (kg. d), Q8H &M, ERIKAMNG, DIRIKEARMAIEIT: AR 7 RECHBEERE AL AT B8
28mg/ (m2 .d), QSH Ak, #AR MR 0. Img/d, QI2H AR, A H RSN 1. 2g; AP 14 K
BUNBERR EACTT A B 14mg/ (2 . d), Q8H IR, FE T HIFAH 0.05mg/d, QI2H AR, &EHM
RN 1. 2g; FeAERE 22 KI5 HFE.

=. Jiik:

3. 1CYP21A2 A FERK, HUE )L KLACEESME I 3ml, M Sanger Tkt
W CYP21A2  BERIHI4mid)fF 51 R FLARUT +10bp P& FIX A AR S5 B H 2 SRR E 1
FAR (MLPA) #:9l CYP21A2 JEP (35 1. 3. 4. 6. 7 SAMET) M INKTR,

3. 2. il EAANE IR, BUE)LRAERAMNE ML 3mL, MRS A EE RN, X OMIM
B PR AL T B A 3505 0% R B R R AT 40T -

Ig. 455

K H A2 BEES) CYP21A2  JE[Rl ¢, 293-13COG &A%, HJLCYP21A2 JE[H c. 293-13C>G
AR,

Fi. g

CAH & —Fi H B b i 52 oI 3 RO 2 v o0 5 RS 5 RS 11 5 e AR B M i85 8, o H AT R
MR IR R 2 — . LA S T IR REYE L P N R R AL, B
f& Je A g, [RII pk i LR AM A AR AL D5 1t , W B g B e e, Ho G Ri2 ) RE 4, Btk
A JG 53 CAH TR A 2 dEH B, HLRR IR PR B A= 0t e A fst =i, SRR RT7, R
ST JE R e JARE T, B ERST TR, AR R B R i i A b



WIS

48892 5Bl TN AR ) LE R B FIEREH SR O

2= 4k
SAETTASR BT

HI BRI TCO = AU AR (NTPT) 7255 2 AR ) LPE Ze t R JE B A5 44 (SCA) IS IR L FAME . 7
% AR 2019 4E 1 A Z 2022 4F 12 H 19 48892 Bl HEAT LA RUAS I 12248, Forp 115 §4 NIPT
G 25 R L G G A AR S A5 AR 1 Z2 40 B 52 AR N P2 RIS AT G (A2 A2 TR 0 Bt B2 e AR AR 471 43 A
(CMA) , JFEBEVIIEURSS 5. 455  NIPT JRiar i) 48892 54240, # i 223 HiliG )L SCA, FHIEZR N
0.46% (223/48892) . NIPT 27~ M5 )L SCA iy RS Ff 4252 = Bz Wiy 115 #1Z2a, 112 43 filfia L
SCA, NIPT fiii &5 e gL AR AR AE AR I RH PR BUIE. (PPV) SN 37.39% (43/115) ; A#E 18 5] 45, X
CBRAHR) L 845 47, XXX, 15 f5i] 47, XXY F1 2 5] 47, XYY, PPV 43514 29. 03% (18/62) «
34. 78%(8/23) + 53.57%(15/28) . 100%(2/2) . #iiL 43 HlPE Gt R 28 fa )L 17 41
39.53% (17/43) IR IE YR, 258 A= ATR B ARLENG )L SCA i i B AT — 5 I AR A Il 2%
e, JRiAr SCA fmy MU T 45 & P Wiz Wrah e i H 75 B U
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1 FlFRE )L EBRIAE | B8 )LIGKRIFHEL, ASS1 EERT 54
B ZE
ENTAL B
HI BE7E 152 LI A% i N BR MAE T AL ER ) LIl PRAFAE M2 58 RIL R AR s I . Ty

BghE A ) LN BR IAE T B4 LIRPRBERE, R LR ILABERIAME ML,  FFHEBURE M REAR Y
FE[RIZH DNA, #HATmdE s, 5% ] fe 5 20500 1 RARAL ST Sanger MFIRAE. &5 BJL
ASS1 JER KA c. 1168G>A Ml . 773+1G>A B & G548, o c. 11686G>A /L HR A IEH 1 BE
26, . TT3+1G>A 8% H R M IEH AE . MKHE3E B R 2= sie 22 5 A %% 2 (ACMG) $574,
c. 1168G>A NEUHA T, c. T73+16>A NEBURZ T . 4518 ASS1 ZE[H c. 1168G>A Fl c. 773+1G
>ABERAERTRSHZHA)UNERIIE | i, £&8 7R EIGHAE ) LRERIIE 1 1
FER AR i
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48892 filF &l Far M s Lt R B R E RS RE ML 24

2= 4k
ST SR A B

HI BRI TCO = AU AR (NTPT) 7255 2 AR ) LPE Ze t R JE B A5 44 (SCA) IS IR L FAME . 7
% gE 2019 4F 1 H-2022 4F 12 H 48892 #il47 Jo il = skl (94219, Hob 115 fliidr a5 o L
SCA 1 AR 1 22 1 82 52 P B2 Wi AT G et AL 0 At S G AR BRI 51 20 i (CMA) ,  FEBE VT IR UR 45 )
i NIPT R 7E 48892 #l i H i th 223 filfii JL SCA iR, FHPEA A 0. 46% (223/48892) .
115 B2 = aris Wi 22 a v, #4512 43 Btk Ge R AEBEAE 4R, NPT X 4 G i A A B A% A (1) i A4 P
PEFMAE (PPV) SRy 37.39% (43/115) ; GG 18§ 45, X (HRAA) + 8 61 47, XXX, 15 1
47, XXY 1 2 51 47, XYY, FHAPEFIAE 2504 29. 03% (18/62) « 34. 78%(8/23)  53.57%(15/28) .
100%(2/2) « HhiZ 43 BIPE QLR R S IG )L 17 41 39. 53% (17/43) M F & LT YR. 456 LA
FERTA IR ARTERG L SCA i 2 BT — 2 I RAL I R fg s 972 SCA iR 35 7 45 B r= AT i i 45
eI AR

10
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) LSRR = RNR R R L R0 BB 534

i
ST L R
HE: R gy B ARBES 23 37 (chromosome microarray analysis, CMA) 27 ARAEE FR/K

hydronephrosis Pyelectasis i )L HOME . J53k: RIS 2020 45 1 H & 2023 4 12
H I 90 #1'E #27K hydronephrosi  FIIRJLF= RIS W vE kL, AW 45 43 2 GoiE AN [FIHE 75 S A
Bk RE IR R R 90 B 69 FlHESZ /A AVEF= RS, AR H 9 FlHE IE % 28 7%
R, AR 13.04%, YA H BH L 88.89%, LL21 =4k, 13 =4k NF. EQLORZA IE#AT
/RIS P EBUK G )L, CMA oM i #5 A 5% (copy number variations, CNVs)
B LOH 10 %, 55 26 BITCAI/ = jiif &R R, RiE—Lr=arizhr. #&REFUKIEI LRSS IFH
MR R E Y 2 4, IO EFUK SARISE B AR 4L, OVA K E0% CNVs BOH H 223751y 3. 33% A1
12. 82%, VUS (AL H 25051108 20. 00%FH 10. 26%, {H = 2H 2 [ 2% F¥ Lt #& L (P>0.05) , 1M
CMA B4 NIPS H HY 3507 S (KA HE R 20 51 2. 08%F1 11. 90%, S & 1 IS Hi 2243 51 9 14. 58%F
21. 43%, (H 202 (A 22 AN TS L (P>0.05) . #EBAFERALGESE H 4> 2 4, hEEE
HUKH 55 E KA CMA BA NIPS A H B0 5 IR H 2820 51008 0 A 11, 54%, dlA1 2 % B A 4%
TFER L (P0.05) o 58 BRUKREE SR OMTEHIC, BRUKIRILEE 5% RS E8n
Pt ik i R 0. BRS CMA HR BEAS HH e (R R AN (B0 R 51w, XHIRK
FEHT W R EEAME

11
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RPL13 EETRISHEMBENRE—HIHEE S
R4
P T A 2 AR R

BE /BT RPL13 BRI 7 S AMIB/DN R RIGIKRR BT CRE S HEE JGiE
HHE, 31%, WYMB/N(FE 135 cm) . XU “0” AIFZ0 18 J R be TR LBl . Z2d5
—¥ 12 %, MBS 126 cm), WU “07 B, ZE 4T B N4 A B T4 F 204 (whole—
exome sequencing, WES). [RZ2E&#, A LTI ERZAL. ek fFESE F, Sanger T
BSUEMG )L RPL13 HE[A AR . DL “RPL13 (K ” A ain], frZrhEEM . /577446 . PubMed,
OMIM. ClinVar %4 C2JF % 2023 4F 3 H), &HUA RPL13 FEKAR 5 HLIlf R 9k} 5 B 1) SR T
HoFRGZMIEIRRE ., SR WES KL TREEUHE 48 547 5 RPL13 (NM_000977. 4) :c. 548G>C
(p. Argl83Pro), %ZZ R Y5 Isidor-Toutain BVEHE 8 T8 X B B (spondyloepimetaphyseal
dysplasia, SEMD)#H5%. JifiJL Sanger il 5 36AIE &5 SN AR IE R Z AL T . KRGS RIH L
A 3, JLiE 9 Bl L, T SCCERIRIE. H AT SCERIERIE 7 6 MR A, Hh—AN A8
IR S, = ANBIUIN A, =AM ER. £ fE—/ RPL13 FER AR A KA Isidor—
Toutain %! SEMD 5K & . i CHRIHATR >, BEERA SIGKRER, RILT RPL13 LKA F 1 4h 5.
RAAF Tsidor-Toutain B! SEMD I PRE AL ZREALHRF AL, 75 BhIG RS ITHR s 5o 12 2 BB 11 %5
A2 W R4 5 A

12
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Dual genetic diagnoses in a Chinese boy with Prader-

Willi syndrome and isovaleric acidemia
=H
M T 4R

Background

Genomic or exome sequencing is beneficial to identifying more than on
pathogenic variations causing blended atypical and/or severe phenotypes. Herein, we
first reported a five-year—old boy with the blended phenotypes of infantile
hypotonia, severe neurodevelopmental disorder, patent ductus arteriosus,
cryptorchidism, obesity, distinctive facial features and elevated isovaleryl
carnitine

Methods

Trio—based whole—exome sequencing (trio-WES) was performed on genomic DNA (gDNA)
of peripheral blood samples from the boy and his patients. Functional analysis of
the IVD variant in vitro was performed. Mutant IVD gene pcDNA3. 1(+)-MUT-3xFlag and
control pcDNA3. 1(+)-WI-3xFlag mammalian expression vectors were constructed. Both
vectors were transformed into HEK293T cells.

Results

Whole—exome sequencing identified a novel homozygous missense variant in
IVD gene (NM 002225.5) c.1006T>C (p.Cys336Arg) due to a region of homozygosity of
15ql11. 2—q21. 3, which is an unreported variant of uncertain significance. Our in vitro
functional and computer simulation findings revealed that the variant was associated
with haploinsufficiency, which resulted in dramatically reducing the formation of IVD
protein due to unstable mutant protein and not lack of mRNA expression.

Conclusion

the boy was diagnosed with dual genetic disorders of Prader-Willi syndrome and
isovaleric acidemia. This case provides a useful reference for genetic counseling of
complex and diverse clinical phenotypes. It was not “anomalous” phenomenon that
the presence of likely pathogenic or pathogenic variations in in an individual with
neurodevelopmental phenotypes

13
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1 GISRET AN S AL S Ange Iman LZEEE)LRIRIEE S
T O B B

BH X 14 Angelman ZEGMERR LT B AR 04, RIS HORAENLE], = ETi2 kAl
B RRAUKIE . FiE U 16 15 SR R 2 SRR IR LRI R Bk, B H Ytk
i, BT 2 SHMEY] (single nucleotide polymorphism array, SNP Array) 7
A, ZEEFEHREY I (multiplex ligation—dependent probe amplification, MLPA) & id
BRSNS B L TAE I, SCREA R I e AR AZ BUBGIE . G55 B LR R A
45, X2, rob (13;15) (q10;q10), BN 13 SH1 15 S Ytk B {5 hidsH & SNP Array K6l
SR SR 16 SYEARAAAE 10Mb RS MEB R, 28 MLPA J7iRERUE KB )L 15 S 4L (R 71
RIS, SQURYE UPD(15) o i@l 7 45 AR I 15 5 JetafRali & X 38 A7 75 B0 2l 54
Fo G AN Z R ARIZK—#] Angelman ZEE M2 RIR AT, HACIE P A 5 A7 5] #E ) mix—
UPD(15), AHZFKERAL = FISW . BA& SR AT A& KSRGS 7 Bk .

14
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HERD BIREEEEYMISEMATARR IR
BLHE

S TSR R

HY  RAFEFE4EA 2R D i 5w 323 E M & B A K (Bronchopulmonary
dysplasia, BPD) #74E BRI ST I E & & 1520

JiE BEAE SD KRREENL A A RA. mEA. KA ELEERD (LVD) 4. FHEMEERD
(MVD) HEFlEgEAERD (VD) A, 412 B, =RAE TP, HAib 4 HE TEHIREN
90 % [ A 7 R EES7. BPD A, LVD. MVD. HVD ZH T & s 4 309 6] 43 i 45 H IS s v 5 0. Bng /g
1.5 ng/g. 3ng /g 1, 25(0H)2D3. ZrAlfE A G5 7. 14 K, RHSH 6 RRREEIFRAENMH LR
A, HE Yeti 0 42 il 2H 2 25 5 000 s iy 58 SR i 8 (radial alveolar count, — RAC) ISR
#FE]F% (mean linear intercept, MLI) , MlEMiiZH4R CD31 P4kl & & B 150, qPCR. T
S E H WK .

gl HWAESET. 14K, STRAWE, mE4U8 4 R RAC B R/, MLT BIE3n, CD31
TSR, BMESZIH, BAWERET LC3B N, p62 FtE, ZERWARITFE LY PO0.05); 5
A EE A, LVD 2 RAC BHE 3N, MLT BHEJk/D, CD31 FRiXWI RN, HWEZPHELGH, B
[KF LC3B Fhiy, p62 P&, ZRIIA R L (35 P<0.05) 5 MVD ZANRECE = A 51 e 1 il
W B R &2, ABESEE HWZ B T HVD 200 B8 A BRI A i R 2, E 2
PHEE B, S gL, RAC W/, MLI 8400, CD31 Fikik/, HWER T LC3B Fi%, p62 Jf
w5, RS E L (3 P<0.05) .

4598 A S BPD Bk R W B B A2 BE, Rl A B R B 2 I, R E4EAE R D Al
AW, SeEmE G RN EIEAERE, wRRE R R D ARG & A ] R e A
ERESZM, ARecE HMESZE, miflEYEA R D InE e A i & & 52, I | bz .
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Clinical practice of noninvasive prenatal diagnosis for

21-hydroxylase deficiency in a Chinese family
M T A 4l R A Bt

Objective: noninvasive prenatal diagnosis for 21-hydroxylase deficiency in a
Chinese family

Method: One couple with high risk of having a fetus with 21-OHD was recruited and
tested by haplotype—based NIPD. At 12 weeks of gestation, targeted capture
sequencing-based multi-gene panel (more than 2000 genes) testing was carried out in
this couple, their first child (the proband) with 21-OHD and the fetal. The
pathogenic haplotype was constructed by the parental haplotype assisted with the
proband’ s genotype. The fetal inheritance of parental haplotype was then deduced
based on hidden Markov model. At 16 weeks of gestation, the amniocentesis was
performed, and the deduction of NIPD was further verified by Sanger sequencing of the
fetal.

Results: Based on haplotype analysis, the result of NIPD suggested that the fetus
inherited two pathogenic alleles (c.293-13C>G, c.1069C>T) from its father and mother.
The fetus had the same genotype with the proband, which was confirmed by Sanger
sequencing. After adequate genetic counselling and informed consent, the pregnant
woman chose to terminate the pregnancy at 18 weeks of gestation. The fetal karyotype
was 46, XX. Fetal autopsy revealed virilized external genitalia.

Conclusion: We have successfully utilized a combination of target capture
sequencing and haplotype—based analysis to determine fetal CYP21A2 genotype through
NIPD. Compare with routine prenatal diagnostic procedures, this new method can
extremely shorten the time of waiting for pregnancy test results and relieve anxiety,
and we build the new prenatal diagnostic workflow for monogenic disorders through
NIPD.
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— 5 X EDIWAS EE X ETRE Wiskott-Aldrich ZEAIEHNRE

BEESH

KEAR RANE

WL N REE R

H s X5 1 /NgR v 500 28 8 B L 5K R AT I R B FEA% 250 (R 20 AT, WA mT R (1 B0

A5E, N Wiskott-Aldrich ZEAHE B H PG IZWIHRAKIE . J7ik: RAAHb 4 RE il
FP 7 G5 B K R R ANE BT A4 B AL R (WES) , A& A R4 2 F41r 20099 43
DR (R A1 7 X3 B 55 &5 T IX 38 (20bp) , FHE AT S IMB0R « X EBM SN 7. it
Sanger M7 X} i 346 5 DR AR S A, s EATI0IE, AR 55 [H B2 St AL S I B IR A 24 Bt. (ACMG) 48 e %
HEURMEHA TSR R B 102, Bk, B LI 3 A a5 R 25 R 320 /MR S
3 AR H UM Rk s B, IR S B B R IR T B . AT B 2 R Bk R B A,
38%, FRIRIZ LLMEIRAR, BB gHim S KBUER, ZRWEIER, MMEYHHE 39. 5% RA%E
RUIRAN Sl , ad i WES Rl & LA 25 X Getaikafbaly WAS JE[A c. 223GOA 7 pi BB R, AR FE
WIS M 75 AR LR A A TR A R IR R, B WAS A RIAE K, Mm% R4
RIIER e, WAS BRI X BBt a4 5 5 Wiskott-Aldrich ZR& i X 340 ™ 5 5 R M b ki 4
HRIs /D L X OB I MR IS DE R A G, X5 B IRR RN . HRYE ACMG fa/, WK%
BRI 5w FE ) LA/, BRI TFEURR BF =5 Wiskott-Aldrich
CEOE. X BB S R R A R R X B INORE B R AR AR S . BRI A BT
BTRIS W, X Yeufh WAS FEIA c. 223GO A 7y 2 A 40 57 2 2% BB I /T B AR 33 A% 205 [
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—BIFI S BEENFB T AR 3p22. 2 #HINHEFH Brugada
FEERMAIBREFICH

kB, BRANR
WL N REE R
HE: xF 158 oA 5 B Brugada 3% (1) 5558 HEAT I R R B RHELA% 2299 IR 20 #r, - B T

REMIEURAZ 5, N Brugada ZE & E A MG R S Wi (KR . J7i%: SR AL A IR i &
77 60 B A A AT I R A A B BRI T (cWES) A AN ZRAM R4 H 7099 /MR
AME T XS 55 N T X (20bp) IR BT Brugada ZEA EAHSCIEIR o JE RIS 547 55
(ISGAEE T Sanger MFFsE K. S58: BB NTME, BI4E 26 £, 2022 R FE R MR EEAT S
AR, RELAE. 2023 FAERIOEE RS . 31850 BEFOREEO=F. OENAEL T,
Brugada P2 HFIE . SR RBIRBN 4> TSRS, 76 B EFEA ARSI H G ik 3p22. 2
(Chr3:38648158-38655557) —ANFI KA A AL o X R X I ) Brugada ZR-A 1iF P D e
R BRI SCNoA B A (NM_000455. 4) 6-9 SAME FIERAgER (3 28 MIMET) o ZER
M HOND B8 22 . gnomAD ¥ P et o 4R ACMG $65F5, UK %AE Tl 8 N B EUR AL 5 .
ghit: EREEN T A T Brugada ZEA IR IR %12 . BEH YAk 3p22. 2
(Chr3:38648158-38655557) 7% i 2k i BER 1% B & HIIAL 20 Rl . TN IR EE A I jB B SRS
WiFEIT 4R S, VP B A LRI AL UK, I SRR SR AR
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ET UM S FiREa ol =l £ & E B R E R

e
P& SESILFR

FE PRSI OMT 235 FR 28 A0 B 7 i B0 25 DR S0 Ak 38 A% 0 A U0 A6 Ik PR N FH O T e . 7 ik
FEZA G SN ST 25 DNA, BT — AR FFEOR, &1xF 156 Fift B KL B AR B AH S 1K) 126 4> JE ]
BEATASIN, [ BEATSCR KR KPEA I SRAIE,  DARIRRT R A 5. [RIRAT P A2 i X R a4 12
R BEAT IS UE . S5 5R  IRWCER AE A R A2 16 1, Ferp o Al DR A I A 4
PR AR S, Ho s 1 BIEURTEAR SR, 3 BIFTREEUR AR S, Hoay 12 PIRK BRIt 5+, &
WAIE, 1 BlfR) LI AT AU, HoR 3 BIAR R K RAL . T A FEA A K trio-WES
A sanger JFFRAIE. 7 F2 Wralh K5 067 /i 52 88 AR B AR A 45 RAR EL B, 4 B 9
BRPE, 12 B9 EFIE, Pi 2 100%8)— . TEIBAVE S IEBIVER B, 2518 Toe0™ i s L
S P B AT R I T DA B 1R ) vy X 2 0T F B PR KT A i ) LEOR AR e, 5 ™ 2 BRI DR384 7
{177 i AR Al o
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Tl e E BN E SR A PR M AR
A 3
TR Bl R 2B I 2 — BB

H ORI IEEA I (NIPT) ZEEi 2. XA R 221 (IVF) 84k 2o i N RE T (A
TR A2, AFFCEE BT 5 G RAEFRBEHEAT NIPT A Aif & g5 5, g56 =002 W K
Vigh R, RV NIPT BRTEX L B R PG IRANE . 3% 208 2019 4F 1 H & 2023 4F 11 AAE
BBEHEAT NIPT A0 FRE R N BE R NIPT JRifr 25 51, 0o o m KU I Z2 @it A7 = aris b (e tifk
BB HT IR RS D K= EbEvi. FRitE s Ze . RS, R 2. FHYETOE . A
RIGCRESH, R L5 NIPT FEA 23680 51, A H v KU 250 208 Bl CELFE Gkt B 7w
A VAR ) o T21. T18.  T13 FHMEAL H 7514 96. 83%. 100%. 100%, T21. T18 F1 T13 &
ARBAMEZR (0. 15%) , T21. TI8 Al T13 A FHYETIMIME (83.52%) , A4 44 41
(0.19%) , BBAME 2 61 (1B GARL 21-= 4k, —HI A RHMARG R R &) Hd k42 4380 4
(/7 18.16%) , T21. T18. T13 BHMEAH R 478 95%. 100%. 100%, T21. T18 Al T13 &R
A (0.19%) , T21. TI8 A1 T13 EAFHMETMME (79.22%) , FadJme 8 41 (0.18%) , HJiE
FEPRALS AR Z G N L ZE R Ge 2208 o R UG et iR 2240 1224 ) (/5 5. 17%) , T21.
T18. T13 AR Hi 253 %M 85. 7T1%. 100%. 100%, T21. T18 F1 T13 H-&{HFEMEZR (0. 65%) ,
T21. TI8 Al T13 HARHVETMIME (63.33%) , MKW 7 6l (0.57%) , Hrp 2l =i, &
EABRAYEZE . A A TR AR W0 2 TR0 ARk 240 N L 2 B Giit s . Hrh ik
SRR R 2209 2980 4 (5 12.58%) , T21. T18. T13 BHEK: 240509 91. 67%. 100%.
100%, T21. T18 Al T13 E&MMHMEZ (0.55%) , T21. TI8 Al T13 E-&PHMETRMALE (58.06%) ,
R R 1145 (0. 37%) , Forp 21 =R R, EAMHMR . &4 BH M FINAE AR I 2% R A1
MARZE NBELUR Z A Gk i o 850 M e e Hbr HAd = sri2 Wide fiE 2 5 v] LI F
NIPT EATOREY, IS B S R AT = Jis W, o X086 A IVE 40k ud, NIPT Al f
—SE I E M, R T .
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Copy Number Variations Analysis and Candidate Genes

Screening in Recurrent Pregnancy Losses
E3V:
XA R R
Recurrent pregnancy loss (RPL) is frequently linked to genetic factors. This
study aims to systematically investigate the occurrence and distribution of
chromosomal abnormalities in RPL, and to analyze copy number variations (CNVs) and
single gene mutations related to RPL. The objective is to identify pathogenic
(P)/likely pathogenic (LP) candidate genes to provide valuable genetic guidance for
individuals at high risk.

A retrospective analysis of 400 RPL cases was conducted, with 393 cases
successfully analyzed using CNV-seq and SNP-array after excluding maternal cell
contamination (MCC). Additionally, 16 families with normal results underwent whole
exome sequencing (WES). P/LP genes were subjected to Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis. A protein-protein
interaction (PPI) network was constructed, and hub genes associated with embryonic
development were identified using Cytoscape software.

Among the cases, 187 (47.6%) showed normal results, while 206 (52.4%) exhibited
abnormalities. Among the normal results, WES detected 6 P/LP genes. Abnormalities
included aneuploidies in 152 cases (73.8%), CNVs in 37 cases (18.0%), and triploidy
in 17 cases (8.3%). Statistical analysis indicated a significant increase in
chromosomal abnormalities with age (P=0.032). However, no statistical difference was
observed in abnormal rates before 24 weeks of pregnancy or with two or more
miscarriages. A total of 28 P/LP CNV segments containing 909 OMIM-morbid genes were
identified. Enrichment analysis of 915 genes and construction of a PPI network
highlighted 69 genes in significant pathways, including 7.6, TNF, and ACTB as hub
genes.

In conclusion, our findings contribute to establishing a genetic marker—based
screening approach for RPL in the Chinese population. This approach promises to aid
in determining the etiology of miscarriage, assessing recurrence risk, and
facilitating prenatal diagnosis
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PIEZ02 Gain—of-Function Disease in a Chinese Family

Caused by a Novel Variant
-3
XA R R

Purpose: Gain—of-function mutations in P/EZ0Z2 have been identified as causative
factors for a group of clinically similar syndromes known as distal arthrogryposis
including distal arthrogryposis type 3 (DA3), distal arthrogryposis type 5 (DA5),
and Marden—Walker syndrome. This study reports the discovery of a novel
PIEZ02 variant in a Chinese family.

Methods: The medical history and phenotypes of this family were meticulously
documented and analyzed, alongside whole exome sequencing (WES) and Sanger sequencing.
Bioinformatics analysis was performed to evaluate the pathogenicity of the detected
variant and explore potential pathogenic mechanisms.

Results: The c.7009G>A (p.Gly2337Arg) variant in PIEZ02 was detected across
three generations of affected individuals, including three adults, one child, and one
fetus. The adults exhibited phenotypic characteristics such as flexion contractures
of the proximal interphalangeal joints, unilateral or bilateral absence of distal
phalanges of the thumbs with associated loss of joint skin creases, mild scoliosis
and ptosis, consistent with DA5. The child additionally presented with cleft palate
indicative of DA3. Notably, the fetal phenotype currently only includes Dandy—Walker
malformation, potentially associated with Marden—Walker syndrome. This variant was
classified by ACMG as likely pathogenic, with its pathogenic mechanism possibly
linked to alterations in the transmembrane structure of ion channels.

Conclusion: This study expands the spectrum of mutations and phenotypes
associated with PI/EZ02, validating the pathogenicity of the newly identified variant
Furthermore, it underscores the phenotypic variability of PIEZ02 gain—of-function
disorders, highlighting overlaps observed across three distinct syndromes
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Costel lo LR ERR)L 2 BlIRYIE 55 53 43 STk [B1 o
i
TP KM E A4 ) LE R

HI: #8552 5 Costello ZEAMERG ) LI PRAFAE A B0 22 R AR 5

JriFs WM LR FRBE R 53 IR PR BRI S 5, R 424 272135 (Whole exome
sequencing, WES) Z#T & JLEURIEIA, e vl 58487 5 6 Je il 3 & HALBEHEAT Sanger M5 56
WE, FEAEFRE I, 305 B DL & PUBMED $0#E ZEd LL “Costello ZE&1E” “Costello
syndrome. prenatal diagnosis” “HRAS” JNICHETA 2R 2000-2023 TEAH I Sk 24T [ 43
i

g JG)L VBRI EKEZ, I KRR, AOE MmN, BEas, BIEAEIR, N
WSS 4. RJL2 R FKREZ, OB, ZREME, AMRERE, BEoE, B
ik, THNGIS4E. WES 59 A5 % 1 iE)LIEH HRAS  JEEEIY c. 35G>T (p. G12V) Z+&4t WA R, X
% 2 R )L HRAS ZE[A c. 34GOT (p. G120) ZAH B SR, WANFRALXBEES NI AR, Sanger
T BEAE 2SS N R AR S S H] 14 55 SCHRIRIE 24 9] Costello LA HERR JLAHIRB, KEZAFAE
FKiEZ (85%) . IR (92%) . F7E (83%) . FFEREIA (81%) ZEIGHCEIR, FLAGH
HRAS  FE[RAR SR 7 Ff, Hrp c. 3460A (p. G12S) KA HIbE &S (8/26, 31%) .

S50 B T HRAS JEERI RS UFRAE N Costello ZEEEA JLIIEUR IR, Costello ZE&r
AiE T BEAFAE 25 (R Y 5 3R R AR DG R
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Comparison of Genetic, Auditory Features, and Systemic
Clinical Phenotype in 14 Families with Syndromic

Hearing Loss
&g
TWRF M E A 2 LE E R

Syndromic hearing loss (SHL) is characterized by distinctive clinical phenotypes
as well as genetic and phenotypic heterogeneity. More than 400 species of SHL have
been described, the majority of which are autosomal dominant. 11 forms of SHL were
obtained from 14 unrelated families with probands ranging in age from 5 to 78 months
The results of WES, audiological characteristics, middle and inner ear radiological
findings, and additional clinical phenotype characteristics were retrospectively
analyzed. Fourteen people with SHL were found. Two of them had Waardenburg syndrome,
two had Branchio—Oto—Renal syndrome, two had CHARGE syndrome, and one had Treacher
Collins syndrome, Kleefstra syndrome, Muenke syndrome, Ayme—Gripp syndrome, Tatton—
Brown—Rahman syndrome, Stickler syndrome, or Stapes Ankylosis with Broad Thumbs and
Toes. In this investigation, ten variants were first reported. The combination of a
neonatal hearing screening and WES can diagnose syndrome—type hearing loss in
infancy and childhood, according to our findings, expansion of the gene variant
spectrum and phenotype database for various age groups of SHL 1is essential and can
provide valuable guidelines for clinical intervention decisions. It is imperative for
medical practitioners to conduct diligent and prolonged patient monitoring due to the
inherent variability in both the auditory impairment and the comprehensive clinical
manifestation of SHL.
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ETESBENFHFEARN L e NE~aiFE PN AN E
&
TR R L LE R B
[HEY B 6= s (non-invasive prenatal testing, NIPT) fE7=Riff&x

BN A E . 73k EEL 2021 4 1 A& 2022 4 12 A Tk i o) L# E B4 NIPT #6301 1) 55057
BTN FERT S, 434 NIPT RIP= RIS gt SR, VP4l NIPT fii s aiie . 4559 NIPT XU 326 i,
AFE 21 =R E K 105 6, 18 =44k XK 52 7, 13 =4k 38 f4i], PEULtfRIERfEK (sex
chromosome aneuploidies, SCAs) /=X 90 1, FEXE# AR (copy number variations,
CNVs) K 41 1], 247 BIATP=RTiZ 0T, AFHE 21 =44 81 f5i]. 18 =44 31 f5il. 13 =44k 29 %, SCAs
71 5 F1 CNVs 35 fl, 21 =4k, 18 =4K. 13 =4K. SCAs F1 CNVs [*] PPV (positive predictive
value, PPV) 43514 80. 25%. 45. 16% 13.79% 50. T0%F1 45. 71%, R G555 98. 49%. 100%-
100% 100%F0 100%, ¢S4 51259 99. 97%. 99. 97%. 99. 95%. 99. 70%A1 99. 84%. %5i6 NIPT X}
13, 18 fl 21 ZAREEABAE, SCAs UL K CNVs Y E A RIFIIH & 2Re, EA EZEMIERN AN E .
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1 BIERAE 2 STRPE FF ATREFIS W A E ]
?%k%ﬁﬁégﬁnﬁﬁ_@ﬁ%

[T HEY R 1 1503 I A XU A 75 B 7 O i e 5 B G LadE AT A 22 oy 382 4% 22 4y
Mo ik EHE 2023 4F 8 H 21 HEtiz T T KRFEMIR a2 ) LE R 1) 1 W0 E N T &, i
B L AN & MAE AT 2243 A0 IR ) L 25 DNA P= R 46 01 (Non—invasive Prenatal Testing, NIPT),
XT2E KRBT G S Yo AR AL B o b, %o 20 S AR A1 B IR A2 K i R AT R R 24T
HIF (WES) ,  [RIS X RZERUTT A B M AT G AR Az T bt . 4558 22 24w PR RTIZI0EE S 32 iR L
SRR KN 20w, FEORARILE WAEK KR BIRGE (IUGR) s iR LI R s & (A bR Bdi, & 3h k%
5, EhBk4EAE . NIPT &R R AR L 134 18, 21 5 Yett ik dR e 4a KUK I 2 ARG . G a7
Mrdgm G )LAZ R 45, XY, —2[5]1/46, XY, 1 (2) (p25q37) [55]. WES k3R A5 )LLE 2p25. 3 X 48,1 g
TEEZ) 1614, 28kb HIZ& A H K, RN
Seqlhg38]del (2) (p25. 3p25. 3) chr2:g. 10500 1624775del. FRJLAEBHSARWTH . 458 AW ARG
JLI 2 SRR GO R, RN IR BRA SR B0 5 LI 9 2 ABL IX 3 ) e 2
gk FPREMEET 2 SHREEARIZRIGN, NEgrisW M E5ReETHES.
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Diagnostic and predictive biomarkers for Down’ s

syndrome through amniotic fluid metabolomics
KA A
T RZFWEE L) LE &R

Background: Down syndrome (DS) is a congenital disorder caused by the presence
of an extra copy of all or part of chromosome 21.It 1is characterized by significant
intellectual disability, distinct facial features, and growth and developmental
challenges. Additionally, it can result in alterations in fetal metabolism. The
utilization of metabolomics to analyze specific metabolic markers in maternal
amniotic fluid may provide innovative tools and screening methods for
investigating the early pathophysiology of trisomy 21 at the functional level.

Methods: 1In this study, targeted metabolomics analysis was used to explore the
changes in organic acids, amino acids, and fatty acids in amniotic fluid samples
from 57 pregnant women with a Down syndrome fetus and 55 pregnant women with a
normal fetus. The lipid metabolites were analyzed using the UPLC-Q-TOF/MS platform.

Results: Fifty differential metabolites (L-glutamine, eight organic acid
metabolites, and forty-one lipid metabolites) were identified in DS through
metabolomics analysis. Fourteen metabolites were identified to establish the
diagnostic model for DS, with an Area Under the Curve (AUC) of 1.00. Nine metabolic
pathways were significantly different in terms of metabolism.

Conclusions: Our results underscore the potential of metabolomics approaches in
identifying concise and reliable biomarker combinations that demonstrate promising
diagnostic performance in Down syndrome. This can assist in developing assays for
fetal disease diagnosis and offer additional tools to explore the etiology of fetal
disease.

27



WIS

Prenatal chromosomal microarray analysis in 200 fetuses
with increased nuchal translucency: single—center

prospective cohort study
LTS PR AR B

Abstract

Objective: To explore the relationship between fetuses with an increased nuchal
translucency (NT) and chromosomal abnormalities during pregnancy and the application
value of single nucleotide polymorphism-microarray technology (SNP-array) in prenatal
diagnosis.

Methods: This study is a retrospective study. The study included 200 pregnant
women whose fetuses with increased NT by ultrasound screening. An increased NT
combined with other abnormalities in 14 cases, and the analysis of fetal amniotic
fluid by conventional karyotype analysis and SNP-array analysis

Results: Of the 200 NT-increased fetuses, 61(30.5%) were identified with
chromosomal abnormalities. Among 61 cases, 28 cases of aneuploidies, 11 cases of
pathogenic CNVs, and 22 cases of VOUS were identified by SNP array , indicating a
diagnosed rate of 19.5% (39/200)

Conclusion: Fetuses with increased NT were significantly associated with
chromosomal abnormalities. For prenatal ultrasound, an increased NT or increased NT
combined with other abnormal fetuses, it is recommended to perform conventional
karyotype combined with SNP-array detection to improve chromosomal abnormalities
detection rate before delivery. The early detection is helpful for early intervention.
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£ EEBNFENE R ERZEPRIRRE RS
KEE
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[HEY B SR eRRANF (whole—genome sequencing, WGS) FEAN G o {4 M H1k
DRI AL P IS W R e o J7v2s TRl 20 B 2019 4F 8 H & 2021 4 6 H Bl sk ik it o )L E s
BEsli2 HI2E KA = iG ) LREAS, 5T 21 B4T YL B ARG %1 434 (chromosome microarray
analysis, CMA) . P A% (karyotype, KT) FI/BRA4ME T4HMF (whole exome
sequencing, WES) #& Hi4h 52w FIREASHEAT WGS. 8 I 5 BG40 B AS [R5 A B 4600 45 SR 1Al WGS 1E
PR EERIAE R (chromosomal structure variation, SV) FEARZFRRAS 7
(single nucleotide variants, SNV) [IRFHRRE. 458 78 21 BIFEAH WS HAS H 4 Mgt
ERBREEER. 6 M2 R, 44 SNVs, 4 ANTHETEGE AR R 1 Mk SRtk E 86
A, AR S KT, CMA F1WES —30, 536 4 NGOk ) /8 N EIA R 1 DGt fidfi A RR
S50 WGS RS UER S W e R A G ROk . 5 DLW S R 1 R A S A DB A It ey, Tl (E 7
A AR 12 Wbk 21 B EAE A .
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Background:

Although the third-generation long-read sequencing (LRS) technologies exhibit
advantages of at least 10kb readings in direct accurate haplotype for PGT-SR couples
without a proband or other relatives, high—cost sequencing still limits its extensive
clinical applicability. To date, an efficient and cost—effective NGS—based long read
platform that can achieve direct SNP haplotyping, remains unreported in de novo PGT-
SR pedigrees yet

Methods:

In this prospective study, we first proposed a novel NGS-based long read (NGS-LR)
method, that can generate long molecule of 200kb~300kb in a single assay, achieve
accurate breakpoint mapping and direct carrier’ s haplotyping. A total of 10 de
novo PGT-SR pedigrees (9 balanced translocations and 1 inversion) were enrolled for
NGS-LR analysis. Genotype identification of embryos was based on the established
carriers’ haplotypes. Euploid embryos with normal noncarrier/carrier haplotype were
selected to transferred into female uterus. Prenatal genetic diagnosis was further
performed by Karyotyping (KT) and chromosomal microarray analysis (CMA) to confirm
PGT-SR results.

Results:

By using NGS-LR all-in—one solution, precise breakpoints and informative SNPs
were successfully acquired for all 10 chromosomal rearrangement carriers and their
44  embryos. 7 families obtained totally 18 euploid embryos, in which 11 were normal
noncarrier, while 6 were carrier embryos. 5 females completed prenatal genetic
diagnosis. The outcomes diagnosed by KT+CMA were in 100% concordance with embryo PGT-—
SR results. One healthy baby has been recently delivered.

Conclusions:

In summary, NGS-LR method was initially demonstrated for its clinical feasibility
in breakpoint characterization and direct SNP haplotyping for de novo PGT-SR
pedigrees without other familial analysis. The potential of NGS-LR as a novel
efficient and cost—effective tool to solve de novo chromosomal anomalies in PGT-SR
cycle was further highlighted.
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[Background]) Inner dynein arms (IDAs) are formed from a protein complex that is
essential for appropriate flagellar bending and beating. IDA defects have previously
been linked to the incidence of asthenozoospermia (AZS) and male infertility. The
testes—enriched ZMYND12 protein is homologous with an IDA component identified in
Chlamydomonas. ZMYND12 deficiency has previously been tied to infertility in males
yet the underlying mechanism remains uncertain.

[Methods) A CRISPR/Cas9 approach was employed to generate Zmyndl2 knockout
(Zmynd12-/- ) mice. Sperm motility and fertility were analysed for Zmyndl12-/- mice.
Co—immunoprecipitation and mass spectrometry were performed to identify the
potential binding proteins of ZMYND12. Immunofluorescent staining and
western blotting were used to detect the localization and amount of PRKACA protein.
Whole exome sequencing (WES) analyses were further conducted to identify ZMYND12
variants in patients with AZS.

[Results]) These Zmynd12-/— mice exhibited significant male subfertility,
reduced sperm motile velocity, and impaired hyperactivation. Through a combination
of co—immunoprecipitation and mass spectrometry, ZMYND12 was found to interact with
TTC29 and PRKACA. Decreases in the levels of PRKACA were evident in the sperm of
these Zmynd12-/- mice, suggesting that this change may account for the observed drop
in male fertility. Moreover, in a cohort of patients with AZS, one patient carrying a
Z/MYND12 variant was identified, expanding the known AZS-related variant spectrum.

[Conclusions]) Together, these findings demonstrate that ZMYND12 is essential for
flagellar beating, hyperactivation, and male fertility.
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Noninvasive Biomarker Panel for Diagnosing and Subtype
Differentiation of Pediatric Mitochondrial Diseases
Revealed by Integrative Multi-Omics Profiling

P
WA NREE B

Pediatric mitochondrial disease (PMD) encompasses a spectrum of rare, diverse,
and fatal syndromes that manifest in children. Currently, PMD lacks reliable
noninvasive diagnostic biomarkers and molecular subtypes for precise medication.
Through in—depth multi—-omics analyses for the discovery cohort, we identified
significant disruptions in multiple energetic pathways in the PMD plasma (proteomics
and metabolomics) and blood cells (transcriptomes), validating the efficacy of our
working pipelines. Leveraging three machine learning algorithms, we pinpointed a
seven—metabolite biomarker panel showcasing the metabolic alterations inherent in PMD.
This panel comprises both classic and novel biomarkers, showing promising potential
for clinical application. In an independent validation cohort, this panel exhibited
exceptional performance with an AUC of 0.960. Additionally, we used this biomarkers
panel to categorize PMD into five distinct subtypes strongly correlated with disease
severity and future prognosis, partially linked to genotypes. In conclusion, our
study has introduced a biomarkers panel not only for diagnosing PMD but also for
enabling subtype differentiation, providing valuable insight into disease severity
and progression.
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THRMEX 19599 GlFTE )L EEEETFELE RS
HHEX
TP KM E A4 ) LE R

(2 B BT AR T3 i AR LE R IR R A 45 2, 1 T i b DR A2 ) LS L B2
Rl RAZ RN G ARy 26, TP Hb X B2 By 42 S ms ) i e 3 225 . Sl PR B 22 R I %
JRRIZWIR S K . ik EHL 2019 4F 12 H 03 H~2023 4 12 A 22 HEETHHd ) LEE
Bt i AR 1) 19599 HET A= ) LAVE R FixT G, SR A9 PCR G i i 2R75%T GJB2 (c. 35delG. c. 176-
191del16. c. 235delC il c. 299-300delAT) . SLC26A4 (c.919-2A>G. c. 1226G>A. c. 1707+5G>A.
. 2027T>A. ¢. 1229C>T. c. 2168A>G. c. 1975G>C Fl c. 1174A>T) + GJB3 (c.538C>T) FILEkifhk
125 rRNA (m. 1494C>T 1 m. 1555A>G) %5 4 FPFER] 15 ANTRAFALT f N F ¢ 6 PCR 44 fife ih 2753047 B
BRI . 253 AW FUSLE H IR RAE 917 ], A H %N 4. 68% (917/19599) , GJB2 FEHFR
A5 514 1], #HEN 2.62% (514/5563) ; SLC26A4 FE[FIZRAE 320 4, Ny 1. 63%
(320/19599) 5 ZRKifAk 12S  rRNA JERIRAE 39 #1, #&HF N 0.20% (39/19599) ; GJB3 FEK %R
A5 54 5, KEHIFN 0.28% (54/19299) ; [N ILE 10 BIE GREZER, 2518 16
c. 35delG G5B R EIF c. 235delC G R, 24 c. 176_191del 16 25 F A I c. 235delC 22 H
A5, 1] c. 235delC 2B FA 9 m. 1555A0G [H RIS, 3 4l c. 235delC A4 F4 5
(c.919-2. A>G) 28B4 5, 1 4] c. 235delC AR EH 1 NEFH m 14940T R HEAZ K, 1 4l
c. 235delC A A I m. 149400T AR R, 141 c. 299 _300delAT Z2 5748 74 JF 2168A>G ¢
B G510 AHIGEAE LB R RAS DL GIB2 FEKIA SLC26A4 N ¥, 5 E P HoAt i 7 ML
T3 5 R R 0 o) A Y oy AR B v T B SR N, R OR HE B A R I G N AR L R
TRETHE, $EmAH X BE IR AR,
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22q11. 2 NESZEMERILNZHISHE . REFTRIELRSAE
B
S T ASh R B
HEY 707 22q11. 2 SEBHG ) LA RN KRR AL SRAREGIE L AEURES R, A RIS &5 ) 42

PEARHE . D7k BB HT 2019 4E-2023 AR 57 % T I B OR A B S A% G 1) e (AR A2 2 2 i e B
MR Z S MEMEEFE H (single nucleotide polymorphism, SNP-array) A&ILH] 16 5] 22q11. 2
WMEZRING LI RT2 BRAE . A ke & SO0 RS R AT i, 4558 BHFciiE, 16 )
22q11. 2 EBRIG LR G AR 22911, 2 XAAAEREE 52 o BRJEYE 1, SQUEHE 2 91, Hrk 2
i, 11 BHEASCREGIE. 16 4] 22q11. 21 WS, 36 (77.4%) FEA S RMEQIER, Jid 1 H0A
MEBIRK T, 1 BIEEFEEE, AAERAG, | FIE RS, B85 376 AN H T HEIER,
16 i 22q11.21 WEEKILF, 4 FIZIEEGR, 1FI%Y, 1LEIHAE (10 FIRE TR WL B R
W oo g5 XTI RTRILE) 22911 2 EERRL, NS G A R A LRGSR AEIESR G 2 i F il
KRB SR YRES R, EEACH, eS8 LA S a7 R E BA 2 E L.
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3 f5l Noonan ZF&{ER RH RS ET 94
Rt
FOLT AL A

XF 3 4l Noonan 55 1iE (NS) ZX RN L 75 3R I R AR SR8 A% 2205 IR i, #R 0T A 4h -l
J¥ (WES) 7E NS F=aizWrh IS HME, H S SR bk . 75k X 2021 £ % 2023 5%
M A PRAEBEUSCIE T 3 A NS S AR PR 2 20 ) CASTUER /K B8 . UM o &1 ) B 184 9« 325 BH B
G5 . B haBSAEKEZ (BRE) NEERIAIG I UTESR G ORI B B A 5%
TR 2SS (single nucleotide polymorphism, SNP-array) , F£MHA4MNE =i
IR ARSI G ) LR LA B T A B AP, Sanger NP IAEAR R FHAEYIME B2 AF0HE
AR R AT EUR M. S5 3B LE R SRR R, ARG AR A% A S T +SNP-
array f SRR MG LR EARI R I 5, WES 20 #rie7s 3 N K &ML BIAFEAE PTPNLL e [H
c. 784C>T (p. Le u262Phe) Z2&48 5. KRAS LAl c. 108A>G (p. I1e36Met) Z4&748 57 Mz RAF1 F:[A
c. 1082G>C (p. Gly361Ala) F&A85:, 3 AR JILRARI JH R RAL . 3 [ PR 28 % 5 L (R 4H 2
SHEM, DBRIPRSAEURTER S, SEI0)LH R AR, HEMSHN NS, 45t BEK
FegR . S R TR BRI B P RR I I B R B ARkt 2 (w2 ) S HTH S R R
IAEFEBR Gt fR i fa, M5 R R IE PR ISR AR T BE,  REoilJE NS IPTRetE . NS A BRIE R R I
S PR JB AR B, WES BT REZHEE NS AR R A A2 WA ST B, AR TS TS, XY
WAL Bl B A EE A NME.
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1 ] Pitt—Hopkins RS {ERERIGKRIFIEIREFE D
E#EE
TP KM E A4 ) LE R

HE #R5F 1 5] Pitt-Hopkins ZEAME (PHS) HLHIGIR RIS AL 224 M. Tk WEE Pitt-
Hopkins ZE B E B E WMIRR TRl . X B3 L LA BT 2AME ANy (WES) , Hi#id Sanger
R AT B SR AR AT IO AE . S5 FERAG IR I ) LA TCR4 2K c. 990G>A (p. S330S) #4748
5, Sanger WFIUEXBEARIERT, SR NI RAD T AR [E 22 F a8t 4L 22 AL R 2H 5 22 2 M oG 4R
B, c.990G>A A5 S35 P4 A EUR MEAS - (PVS1+PM2 Supporting+PS2 Supporting) . 456 AW
B AN EHIL T 1] Pitt-Hopkins i & MEEFE, FE T PHS AR IEMEAIE, NEILHIE

PRAZ W AN 38 A% 45 i S (AR
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FaEAZEMEE MR XRAFENT
THRF
TR I R b LB E

Ptk Z B S BRI R R RN FIRT RBE WP R TERENEE ) LE
BBt AR SRR 2R S DR S0 =, WD 315012 T3 K= 10 Lo ) L3 B2 5 7 o i A A R e 05 B ¥
B SRIGE, WL 315012 3Bf51EE: 25, Email: lihaibo— 775@163. com [#HZ)Y HIK %
WA 2 BTSRRI R R 7k GBS T 7 KM E 8 o JLE BB 538 Xt
( 1076 ) B ARV K 271 5F ( 542 ) TEAFE 75 R AIT e AR AZ R 04T, ShE A& imAE ik
17 G BAF QLR 0T, GR ERMIRAAE ( RSA 4H) Jetihk At 126 6, 2Tk
H 1L 7% WHEETIEFHROAZEERAEZR 2.58% (P <0.01) . PFEAZEEF 1.9,
16 S YRR 4 IR G IR 49 61, D/G G s FBE AR IX e 31 ], ¥ Qetafk 2380 25
B, 9 SYREREAL 21 #], RSA HSRYEIRZ MR R E T IEE AN R AR
( P<0.05) o BEEWF=IRESE I, k2B EaHREE N, &4 ROan2SES5ER
PR B AR, AR B R E RIS R AL T HR S .
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MEF2C & 1-3 SR FEREFH 5q14. 3 WBLKRLEZEESIERI S F
BEESH
K0
TSR

HIY  #80 5q14. 3 Bl R SR A1E B LR PR R BURBAL 2L, R R &R A B A E ¥4
SRR .

i RABRZERLZ SIS (single nucleotide polymorphism array, SNP-array) 357
A, X1 BIREIREE LT EE, FREEA R OMRZRE TS FAHMNFHA (vhole exome
sequencing, WES) 434, A 2 i) /N AR S5l sk SR ¢ % € 7 PCR AT Sanger U 147 560 1IE .

g BJLEEIGIKRINNEIN R EIRE. VK& A5 KA E . STk
JIFEIE ST, SR MR $7R A2 SSUAT (8] B Aot Ims 5, 2 MATER i N — /N fidk. SNP-array &2
L Bqld. 3 XAFAE K/ 128kbp 128 A2k, ¥ & MEF2C B [H 1-4 S5 4hE T H YAz
AT FR LSRR . WES A8 TR B L chr5:88100416-88119605 [X MEF2C JE[F NM_002397. 4:EX2-
EX3 Del ZBS5E, ACMG 2B 57 2KARUEIEYE S04y PVS1+PS2 Supporting+PM2. Mok XI5 ;4 i MEF2C
FE DR B FH S 96 ' 58 B PCR B6AIE, 45 R oK L MEF2C 27 1-3 S4ME T A &8k, BILREHY
AENZAE R

g5 %L MEF2C JE[A 1-3 SAME ARG R ITRE 2 S8 5ql4. 3 R ERBIEMA K E
B fE AH S I PR R Y ) LR ], Ll R R B mT AR 14 AT B850 49 32 BB AR Fr BER/NZE R R . SNP-
array. WES %5 ZFpH AR L& R Al /= B2 Wi st 48 22 K4 . 0 T 51N 748 DTUEUE S il
RS, B UCRH 58 Mo id2E il
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B NICU ABrSERy B HASE JLiIRE R EAE
TWRF A A 2 LE E B
[ Abstract]) Objective: To retrospectively analyze the genetic causes of death
using enhanced whole exome sequencing (iWES) and explore its clinical diagnostic
significance in critically ill neonates and infants with a history of NICU
hospitalization. Methods: From 2017 to 2019, among the 103 neonates who died during
or after hospitalization in the neonatal intensive care unit (NICU) of Ningbo Women
and Children’ s Hospital, 29 critically ill children with remaining samples were
retrospectively tested using whole exome sequencing technology to analyze their
genetic causes. Results: Among the 29 children, there were 19 males and 10 females;
the gestational age at birth was 234 (219, 270) days; the birth weight was 1850 (1450,
3050) grams; the age at death was 21 (13, 52) days; there were 18 preterm infants and
11 full-term infants. Among the 29 children, 11 possible genetic causes were
identified, including 6 cases of single nucleotide variants (genes: OTC, MTM1, COL1A2,
ATP7A, MUT), 3 cases of copy number variations (CNV), and 2 cases of single
nucleotide variants (genes: JAGl, POLR1B) combined with CNV, with a total diagnostic
rate of 37.9%. The detected related diseases included 2 cases of multi—system
abnormalities, 3 cases related to metabolic diseases, 3 cases related to
neuromuscular system abnormalities, and 3 cases related to circulatory system
abnormalities. At least 4 children could receive early clinical intervention based on
genetic causes, mainly including special diets, special drugs, surgery, and liver
transplantation. Conclusion: This study reveals specific genetic findings in early
infant deaths in the NICU, expanding the mutation spectrum of the neonatal death
cohort. Through iWES, obtaining early accurate diagnoses in critically ill neonates
and infants, intervening in possible symptoms, and providing genetic counseling to
affected families as soon as possible are of great significance
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FaEAZTMEELMRITXRAOFET
THRF
TR I R b LB E

Ptk Z B S BRI R R RN FIRT RBE WP R TERENEE ) LE
BBt AR SRR 2R S DR S0 =, WD 315012 T3 K= 10 Lo ) L3 B2 5 7 o i A A R e 05 B ¥
B SRIGE, WL 315012 3Bf51EE: 25, Email: lihaibo— 775@163. com [#HZ)Y HIK %
WA 2 BTSRRI R R 7k GBS T 7 KM E 8 o JLE BB 538 Xt
( 1076 ) B ARV K 271 5F ( 542 ) TEAFE 75 R AIT e AR AZ R 04T, ShE A& imAE ik
17 G BAF QLR 0T, GR ERMIRAAE ( RSA 4H) Jetihk At 126 6, 2Tk
H 1L 7% WHEETIEFHROAZEERAEZR 2.58% (P <0.01) . PFEAZEEF 1.9,
16 S YRR 4 IR G IR 49 61, D/G G s FBE AR IX e 31 ], ¥ Qetafk 2380 25
B, 9 SYREREAL 21 #], RSA HSRYEIRZ MR R E T IEE AN R AR
( P<0.05) o BEEWF=IRESE I, k2B EaHREE N, &4 ROan2SES5ER
PR B AR, AR B R E RIS R AL T HR S .
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—GIFI S BEENFBR SLC3A BEERZHRFIIERAFHFIH
i?%mﬁﬁﬁgfﬁﬁfﬁﬁﬁﬁ HOIR & IS HT

[=2)
WiT B N RER:

H: XF 1512 1 W i PR A R AT I R R B AN I8 A% 2206 (R 23, B mT e B B0 A2
S, ONBRER S5 A I RS W SR .

J7id: SR FA ML A IR R 8 S 51 6 5 324G 3 40 B AR R4 I R A1 S5~ 2 35 DR e
(cWES) , AWl NZEAME 7207 7099 ANFE R A 2 7 X 38 K 5500 Y &5 7 X 3 (20 bp) , FHEH
M AL . FERAE T AT S I IAEE L Sanger I K 5% Y6 € & PCR 58 o

it ke (tk, 14 %) BHEHER T HIABERERE, 208, o%OomKet, Jo AR I
PR, ATUWRZ CT Ko fn: A RE H B aS A PRI BRI TR BUK; ZA'EBUK. BV BR
A S ARSI RTREMER, HEHRS A BT IR E S ARG IR L
fR. IMiE R EHRART . B2 EFEATRN RS ZEERARE = (BRRESA, FBE
P TS AR 1 AN RRE IS R (SNV) Rl 1 AN ETFE AR (ONV) . &
7 SLC3A1 A NM_000341. 3: c. 1085G>A/p. Arg362His fif fi “F&7 A5, %R FH YL EH
(K56 362 1758 FE TR HoRs B AR IR AR » KHE ACMG F8 T, K178 P i LA
(PM2 Supporting + PP3 + PP4 + PM3) . 2 [EIII4EF SLC3AL JE[A chr2:g. 44502674
44541090 (hgl9) XIMZ:EELAA S, A8 SLC3AL #EH 1-9 S4hET GE10MMET) .« 1R
ACMG 3874, iz FiEE NEEEURA  (PVST + PP4) . FRBRAIAIFNELE R, 2
51 1) SLC3AT JE[RIAM 74 A i AR 7 YR T AL 38

ghit: Sk A 45T SLC3AL JE[R SNV A8 S fAR R+ ONV 28 5%, Al Beje R EL I R4 A 1)
WAL ZI R ol I P A S 3 DB R T SO 2R TR AR BT 8 DU 5, X SLC3AL
FASEA B R RAR B S R, T B AR R (1) A0 5 5 DL S 3 MLPA B PCR #E4756
e
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PR 2 R fE /R BEALAL 53 4 J 4 1 /S5 BB ) BRI fiE S5 AR 2 14 O AL B9
ERXH

kB, BRANR
WiT B N RER:

H e e FE ] 2 I0RE A A D A B Mo IV R T R R 2 2 —, — St 5 4ol 7 e O ] e of
JEXT O UARE sz, (HIE RO RVIATERE . FRATR A 4 2L R A OB FU 5, R XUFE AR
BB IR BEATLAL 23 AT, R 1 A A v I ] e A 5 A S A O UL 22 ) R R AR 56 &R

J7ide WFFRAE AR B EE Sk B ATF TR GWAS %354 (GWAS ID: ukb-b-12651) . %%
PEEESE R H MRC ZEA AT~ AL (MRC-1EU)  BRER A I E AV FEME, BE 463010 44 RRM
N (22622 95 F1 440388 FIXTHED , JHAG 9851867 4™ SNPs. &5 =4 WAf A A HF o T GWAS
A% (GWAS ID: ebi-a-GCST90018861) . TEULEHEAES , T 489727 LZRKINA (507 4199 {5 F1
489220 BIXFHE) HEAT 74041, FH%E T 24199797 4> SNPs. #EF% 7 68 N5 B EE F R MK B
RZ &M (SNPs) 1E AT HAR R, XU SNPs 7E KAV RN BA BE KT (p<6X10-6) ,
H/NTEHAFHEKE (r2<0.001) o EBRAFHEGEAIEFM SNPs. HA A (8] 557 52 R A 1) [A]
X SNPs J&, FIFHFE 4 64 4 SNPs, i TVW. MR-Egger H1 WM 77 yidb47 IR SEHEWT . SR
Cochrane” sQ fIIRHRFT T SNPs 7K 2 RPERI T i i, B — 3k THRFU B SNP X o #/K BEHLAL
P Al

ghE L. TVW 3% 0 v ML B AE 55 08 SO0 UL 2 T 2B A R RS R (p<0. 05, OR<L) , HA
FELE K 22 300 A0 5 T

gV e e JIEL L] P AR JE O LS 2 AR 35 T A R SR O R, AR ST Bt 1 v L B ot
JiE -5 D0 o UL 2 1) TR SR 50 2R (AR, D M JEE A O JULYF ()38 A T T4t 17 3 1) L fie
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Compound Heterozygous Variants in SLC45A1 cause
syndromic intellectual disability by localization
failure and activity attenuation in cells

ST IR

Background: Intellectual disability (ID) is a nervous developmental disorder and
affects a great many of people worldwide. Genetic deficiency is a vital cause for ID
and the potential regulation has not been clear completely.

Methods: The proband received whole—exome sequencing (WES) to explore the genetic
cause and the variant of SLC45A1 was selected as the pathogenic candidate. The
tertiary structure of SLC45A1 protein was modeled by I-TASSER server and the
alteration of hydrogen bonds was analyzed by UCSF chimera software. Then construct
the recombinant pcDNA3. 1 plasmids respectively with the gene of wild-type SLC45A1 and
its variants. The distribution of targeted protein in cells was observed by confocal
microscopes. Moreover, the activity to transport glucose across the plasma membrane
was compared between the wild—type SLC45A1 and its variants.

Results: The mutation of c.103G>A (p.V35M) and c.1211T>G (p. F404C) in SLC45A1 was
predicted to be hazardous by the software and accorded with the rule of recessive
inheritance by family analysis. Responding to the missense mutation, the hydrogen
bonds surrounding the 35th and 404th amino acid were changed. The SLC45Al1 variants
failed to fix on the cytomembrane, their activity to transport glucose was also
significantly decreased to contrast with wild-type SLC45Al.

Conclusion: The compound heterozygous variant of SLC45A1 might be  the genetic
etiology for syndromic ID. The de novo mutations of SLC45A1 c. 103G>A and c. 1211T>G
probably attenuated the activity to transport glucose by the alteration of tertiary
structure and misguidance of intracellular location at the level of protein.
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—fi CHD7 BRI A BHRERMRE

B &S
WL N IR BB

H I X —11 7= 1 8 75 $ s A = 0] B A v] Re I JL A e K RIEAT R4S 2 40 H, DA L a8
RN . ik N PERTIRIR A4 K R BT 7041, HH Sanger 75 6 R 4% 71 5 -0 7 45
RAATIRAUE . 45 RILSGUEE CHDT FERIGH K AL S+ c. 6157C>T/p. Arg2053%  (NM_017780.4) .
OMIM %4 & 2.7 CHD7 JEDRI A e ta ik B %78 S 5 CHARGE ZE4&fiE (CHARGE syndrome) #H2K
(OMIM: 608892) . CHARGE Z=&fiF (OMIM: 214800) &—fhse R IEmiIE G, RAOIEE &L
B, OBESE (ERBREN. RS Wik Sk SE R  BHRE (REHE
HEIRGBE AL SHEE) |« WNERIERR IR, Jeibd KA CHARGE 4 & E X
AAHRF. MR ACMG 55, AT ZZRIPAEURL R, BAKEWN: D R ToMET 31
(&iF 38 MNMMET) , TPKAESE 2053 A& &M (&K 2997 MERER) FAERES
(PVS1); 2)iZA R 2/ 2 9] CHARGE L& 1E B FhAG %] (PMID: 22462537, 33844462)
(PS4-moderate) ; 3)iZAFIE gnomAD ¥ P A id3 (PM2- supporting) . Z5 FAIE—
1) = (R B A T BE A AR ) LHR R B —191) CHDT 2 JRUB R B0 AZ 5% ¢. 6157COT,
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SLC25A4 ER TR S HFEMA AR ER CAFRZRIEKAIEEF
Sth

ES
WA N EER

H: B H SLC25A4 [R5 55 5 S50RH [ 14 L JE- 28 0o UL 5% 28 140 s DA AR st 0 356 DRI AR S 155
NN —RAE B IR AT S WK .

J7ik: R A AR A e a2 DR A A O PR AR S, A EEL A3 AR B0 LS A DG ) 2k
[Kl, J83d Sanger 7 X % 3 R AR S0 ;SBEATI0IE , X H8um M AT A A5 8 22 4 M

iR JCUEE N 5T % Bk, MR OREE R, O NEHE A A R R A PR AE R AL O L, DLE
(B RN T RE AR BN 3, AR, JeiEEAE. 2 NMHM . 1 MR 1A 0 IR E
RLC LI 5, A M TR AR I A ISR 4 5 Jefufhk SLC25A4 JE[R 28 2 MR T 217 #1218
Prrok G ldE, Bl c. 217 218delGG/ (p.Gly73fs) , ilid Sanger BGUFHE %A MAFLE, AR XK
WA AR Y S5 AT % AT AT Sanger BiE, A . %A AR R SRS E L 73 MR LR
HHZRRR T ANKILZFL T, BAERBIERATZL L, "RERM SLC25A4 JER & A~ TR e &
(PVS1) , H HRTAY: HDMD 4 ZE AT gnomAD %k FEUs % (PM2_Supporting) , Kk, R#E3EE
ACMG 165, I NEURAE R (PVS1+PS2+ PM2 Supporting) .

4518 SLC25A4 FE[K c. 217_218delGG/ (p. Gly73fs) AXSF ] e il 3 K H R Rl 7 AE JE 7Y
OWURRREER, B HN — AR A F e bt — P R S = aris by &
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—HIRAMWELZ B REREWBEEZFE S
TR
WL N R EERE

HE X—"MME R A R KRG E AT IR R RAE SR AR 5 0 #r, B R L84 220 A1
NEZEZBAE AR K . vk NHSINE FITFE AN K REATERFERN,
H Sanger JU 7%} &l S0 7 45 A TINE . g5 7R L R ILASERI R 2H DNA ke I3 CRX
c.592dupG p.Alal98fs Z+&AF R, FESEARIEN CRX K c. 592dupG  p. Alal98fs &8 .
5t CRX ZE[A c. 592dupG  p. Alal98fs 285748 7 v G N B LA IR & A R EUR R, 12748 5
KIRTALE . MWK AN AN 5 SAVHEAUAT A IS 72 AN R 2 AN Leber SR 1 B 7 1Y
FHR, WIEEAAER, XWFERERE T ik B gE
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SR BERRTH B ERREEFIIEAREBRRTRESE
PHI N A ERR

I
SR T o E B

BR5HM: BRWS, THAEZREY, 2—MELNERETIS, Y EHEERKES
FERISR, Horp etk em oo, sl B REr Y 1 (HLPA) S5 HEBEE TS (STR) 4
MrEIZE S, BRI IR 2 Wi ok T 8077 A FCEC T T 9FA4d HLPA AT STR H AR B
EEHARR B2 W 8GR, BERME MR, SRsHE 2w ikng, PlyRiMER AR
AR, IR BRI B R R IR EIR A% .

MR TTEE: ARG T 2022 4F 11 H & 2024 4F 1 F a4 AN T O ERR L2 ) 85 16 FH 4R
e . HOEAIH STR ARG ARBATHIT, HEFR 2 8 Ry e, W38 iR H 7 SR
SRR (UPD) SEMARIREAS, BN 2 B M A AR HLPA B ARBEATIR AN 0T, RN CNV
R0 H A B 7 PR Y o AR 5 R S 5

WEFLEE R 78 85 BIFEAF, HLPA FI STR HiARECA K H Yotk S5 56 1], & %N 65. 9%.
Hh stk Sw e, o5 52. 9%, Z5ERHE 7.05%, FUWEME CNV A 5. 9%, TM4REKE4 UPD %% &
%, X 1. 17%. FE4y 28 ] (32.9%) FEAAKS HY B 5 53 .

ghit:  HLPA 5 STR HiRMI&E &5 TSI RUN Je i S50 R M AVRCR e 1 8 HL Ak
AAEHE, FraliES TR EARBFEHIZH . X —BGHRGERE ROt EER 225 R, MBEAE
BEAT KSR 2 W FNYE T D3R
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110 Gl mER LR REE ELE RO
o 2 %
LTS R

H I BRSO iR LR B AL 22 26 RS RS MU B AR RS %, LR P2 BTt A% 2212 W 7E S0
AR ILIZ B . ik 4 2017 42 6 H E 2022 4 12 HAE XM A4 R B i ) LEE 2
D2 BB A 2N DR AG L 110 BEATFE AT %, o8 A4 FAdey; B4l &4
Jols; C: IISZMESEL, DAH: ol B IFOIbaE R . Horb 102 BIEREA N F= /T2 W, @it
2B 2 AR AR 2 KR AT Y AR AZ R R0 i A, 8 B A 2 b Ja ELHEEEFR 51 77, BUEI =G L
HAUT RO RS, B IR 13 BT 2422 (WES) o SR [ : 4347 754 50 AT DA
EREMEE R, 8T Pearson RTALS LA S A B BH RS tHFR . 455 110 flseoifa L, Rl 5
BIGL AR ARG AR, K ZRN 4. 5%, 18 Bt ATERTME S, M H 2N 16. 4%, H 4 HIE06%
A5, 6 WITREEURAR S, 8 WIE AMAS, @i WES A, BRI 7 HIRRFEAR T, KRR
53. 8%, H 1 BIEURA S, 1 BINSEEURA R, 4 BIE AR, 165 RAAH 51 20m A2
&, PBHVERE RN 25, 5%, A ZH 85 5], PBHVERTH RN 9. 4%, B 4H 35 5], PHVERSH 2N 51. 4%,
WA ZE R BAR IR . CH 91 4, FEIYERHZ 9 19.8%, D4 19 %1, FHYERHZA
52. 6%, PIALIE]Z T EA SRR L. G Jo0min LR gL o B8 N, 45 50 B 2R 5t
IR IG LB A FE A5 57 5 B S O IR L6 G Bk 5 B AR R ORBE Jnn, WESS A8zl B2 48 RE3%
BN R AR S R I, AH R ZHOA R A R, RS BRI I 1 MERE, XTT WES £E7= 11
W RN AT R A
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SLC30AY EEITRSHME A BREPHBEFRESKLENRBEMR
&Mt
R T BE B

HIY: fEMEREEREY, Zn2+/K-FIEgn R M sh &8 156 B FATE IR % A2 2 TR . SLC30A9
Z 5N Zn2+3h A Vs, I BEST SLC30A9 A8 AR A R B R E A, W) HAE pp
ZREFERPRENS . ik WEMERKEREXR, KA SEENFETRN, o8rihR
MG FAL SR, WP AW A7 ISR B . S55R: EMAEREREXRT, Sk
FZiK W R GIEE, BIET, 2901 . 248 FHEER S B2 RiZ% 85N SLC30A9 K
c. 598 602dup (p. Y201%) F1 c. 983A>C (p. H328P) H &4 &4 5. [EINfE4E POLG K[
c. 158 159insGCA (p. Q53delinsQQ) 1 c. 3024 3025insTTG (p. N1009delinsLN) & & 4545 . ki
PRI RERERG K 3 DUBUR 3 O SE G 45 R W, SLilE & 2ok ik s DUBE IEH VSR N . AT AHERR POLG 3%
RO YE . @i Pfam P3SN A ThAEE LG, 25 E/R p. Y2010 FFHE FiR 52
A, AP R R R R AT I, AR R E T RESE M IO, T p. H328P SEAR IE AR T AR
HIhAE R B X Ik . #7278 SLC30A9 FE[H p. H328P RAFLFLME AThAE, SEURZA KR. 45ik:
SLC30A9 ZE R J& F SLC30 K% (ZnTs) , = ELTHRE AN A5 (14 2 7512 2 40 i /b sl 3 40 it 2%
P, FRRAERR RS T, A N fa S iIZ IR AT RE S BMA RS, DAL WIRAR
SREINReEG . SLC30A9 A E ARG T E eI F N6, M5 B0SAE 5% -
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—4* GABRA1 EE TR BWAE HE NIEBRRNBREEST
Bk
BRI A BERE GEN TR EEBE SR 117 5 25 R 0F 70T

[FEY HM HT— KR GABRAL 3[R A8 5 B 8UEUH & £ 8 Jkhs i) L R 36 4 f st
FEERRAE . ik BRER 2023 G 7 A TN TGO BERER R, B IEERS T B2 M ESRIE R
SRR o o0 KRR (4 3L 9 N AME AW G, AR SailE s A Jeib = o6 o I IR Bk, 28X
%K F RGN MRS R L2 K FE R ZH DNA, I TR B v i & 4 S (R A 4 DA Rl P (CNV—
seq) MIASMEFHNT (WES) K Sanger W7, FHIAUFHRIEL RO A, FATHKREUE, FEXT
22 RS HIRG JLHEAT PRl i2 . 455 J6iFE N 20 % &bk, IR RBUNER . BT E5KE
G ST FRERTHA . SCUEH BN 12 B B, b HE RN 45 B 4ctk, B 5uEEH
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