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[(FEE] B o0 4 AHREN RIRE (MMA) BIZR ALK AR, I IFE MMA 3K 5828904
KO HrZWii g L. Ak XF2Wih MMA B 5eik sl 1A B4 7R JCSE R ) sl sl e, i s R 98 AR o7 a1
IR A Tt S g A B2 PR R R AT — R RAE. KRR 1. 3. 4 THUEE BRI AR 11~13 JEI
AL TR, T RIS H. R KR 1BIEESOCERK MUT 3£ ¢.656A>ST 284 548, JEiE
FR SRR Y €.729-730insTT 24452875 s LA RTiZ W R IUIE LN c.656AST il ¢.729-730insTT M ZR G978, £
IEIRUR . R Z 2 JEIEEK ) MUT K ¢.1106G>A Fil ¢.755-756insA SLE 244 5878, ¢.1106G>A S AR, .755-
756insA K HEEE . FE 3 SGIEE R MMACHC ZEH ¢ 217C>T Fl ¢.609G>A XWH LA 5EAF, ¢.217C>T 2K H AL,
¢.609G>A e FEEE; PERTZWI R IG LEEH ¢.6090G>A J8 A 2848, B L HE A= Bk I kG 0 235 51 5 7 g W — 3.
FE A SCUEEK H MMACHC £ ¢.609G>A Hl ¢.567dupT RUE ZR G978, ¢.609G>A 3K A X3, ¢.567dupT 2 [ £155;
FERTSWHE R IR LB ¢.567dupT 2255878, BRIUAIH AL, BF A IS5 R 5 =il —8. 418 AR
A BT MMA RERTTP=RN2 W, b Gl LR
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Gene mutation analysis and prenatal diagnosis of four pedigrees with methymalonic
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Abstract: Objective  To study gene mutations in four pedigrees with methymalonic aciduria, as well as the
feasibility of prenatal diagnosis of methymalonic aciduria. Methods High-throughput sequencing was performed for
related genes in the peripheral blood of children or parents who were diagnosed with methymalonic aciduria to identify
the loci with mutations. Then amplification primers were designed for each locus, and PCR and direct sequencing were
performed to validate the sequencing in the first generation in the four pedigrees. Whether the mutations were pathogenic
were determined with reference to literature review and medical history. In the pedigrees 1, 3, and 4, ultrasound-guided
chorionic villi biopsy was performed at weeks 11-13 of pregnancy to perform early prenatal diagnosis. Results In
pedigree 1, c.656A>T and ¢.729-730insTT heterozygous mutations in the MUT gene were detected in the proband’s
father and mother, respectively. Early prenatal diagnosis showed c.656A>T and ¢.729-730insTT double heterozygous
mutations in the fetus. The couple decided to terminate pregnancy. In pedigree 2, c.1106G>A and c.755-756insA
double heterozygous mutations in the MUT gene were detected in the proband. ¢.1106G>A came from the father and
¢.755-756insA came from the mother. In pedigree 3, ¢.217C>T and ¢.609G>A double heterozygous mutations in the
MMACHC gene were detected in the proband. ¢.217C>T came from the father and ¢.609G>A came from the mother.
Prenatal diagnosis showed ¢.609G>A heterozygous mutation in the fetus. The baby was successfully delivered, and the
result of umbilical cord blood testing was consistent with the prenatal diagnosis. In pedigree 4, c.609G>A and ¢.567dupT
double heterozygous mutations in the MMACHC gene were detected in the proband. ¢.609G>A came from the father
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and ¢.567dupT came from the mother. Prenatal diagnosis showed ¢.567dupT heterozygous mutation in the fetus. The
baby was successfully delivered, and the result of umbilical cord blood testing was consistent with the prenatal diagnosis.
Conclusions Identification of gene mutations helps with prenatal diagnosis in pedigrees with methymalonic aciduria.

[Chin J Contemp Pediatr, 2016, 18(10): 1013-1018]
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3L N — R JK JE ( methymalonic aciduria,
MMA ) & — B G 0 04 1 38t 4% %, 1967 4F
Oberholzer % fiz Se 4 i o AS [] [ 5% 5 X Y
MMA & 955 R A R, B KA 17115000, 1
E 4 17169000, 1 [E & ¥ 1/85000, 4t 5K
1/26000, #iiTly 1/64708% %k 3= B & h 1 H 3%
I R  A AR B SO A e = A
UHBRRE, R LN R . 3- BRILNER . N R
I F MRS S B R, S RASCIR IR
B, MMA W] 43 Sk SR alib B LD 8 PRE A1 R 3
T PR R E 25 4 TR AU 2 e 20 R R . AT £
MUT JE R 248 5158, MUT JE R A7 F 6p21.2-p12,
3AANE T, Gt 750 MEFER Y. 5 EHBUR
FH B8 WA MMACHC, i F 1p34.1, 7% 5 4M4h
BT, K10736bp, %282 MEEEM Y, T
s LRI, TR, TR 2E, Wi
IR E 1 MMA BILI R RT3 R 28504
AL EOR S AR A, FE R AL R
WSS, Rz sfa L A

1 ARSI

1.1 HRITHK
ANHENZRIRIERREWLE 1, &R 1

A 1RG4 B e Az, AR5 OR

3, IRWEAIRR TR TLIR . 3 FHAENIR.

EE KAER2

B1 41 MBER_BRERZRE

1.2 4hEMEREZH DNA $2EX
BUEIEH KA RSN I 2~3 mL, EDTA Hi#E,
% Gentra Puregene Blood Kit ( Qiagen INFEVETFE)

PN SRR

W R TR, BTN R, W IR MR N 4 2
FEORFLIR S R WU, AR S KRR
52 B R A B R, RS 1 G, EE
%6 KXY HBI3MITRW e, £R2M
1k, B, Hut 124, k@ B2k, B,
WA, B3 KRN, ., HNE e
B hhdE, PRWATHLIR 53 B 45 7 FLIR R 50 R
e, M FEALEBR AR IER, 84 RRIT. K
RZ3IME LG, B, )5 20 RN EE . Wi AE
Kefiti R ABE, 1LY g P DAY B 35 3 B 2 7~ TR D PR
(C3) / IR (C2) HAER 2.19 (S
0.04~0.25) , FEF KM TR 7R FF LN R IR,
AJE 100 R RAr. REAWSE LG, 5, hAs
T, AJE20d HHE. PEREfE. IR IE
LS B, LR TR T PA) B3 70 B i 7~ TR T PR
(€3) 7 9.3 pmol/L ( ZH53E[Hl: 0.5~4.0 pmol/L ) ,
ZEEPBE (C2) TEH, C3/C2 M 1.05 (% .
0.04~0.25) ; JRWA HLER 53 A 878 LN g K
S, KA S AUy, i [m R
IR >100.00 pmol/L( Z %535 [fl: 3.83~14.99 pmol/L ),
WO LN RRIRE, E)E 4 A K. WMERFR
| SR ACREEATSE RN, XK ZR 2. 3. 411
SeuEH MHACRATRERR, KR 1, 3. 47T
GILP=RTSW . DL EBJLCREARI R E5 1R, AR
SR K= Hrig Wit AR S R 3

KA 3 P

(O WIER T, O WIEH L, W G FIii Bk, & W5t FmrZott)

R S IREUGE R 4] DNA, $#2E+ B85 50017 .
Kl DNA i 5 Fe BE ( Nanodrop 2000 25 FAZ R 43
B ) , BERK DNA ZEEEATE 1.8~2.0 Z[H],
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1.3 #HEEEZH DNA 12

KER 1, 3. 40EUEH R T R AT IR
11~13 JA7E B 5|  F 171208 90 B0 K Al HL gk
£, W85 (Nikon SMZ800) T /r 4% FE, DNA
LS AN I DNA $EHUS 5.
1.4 5|¥igit

NCBI £ i) MUT % 5 )7 %] (NG_007100) F1
MMACHC %K 51 (NG_013378) , HIEA R &
AN S, 2% Primer Premier 6.0 %315 %731 H
AT ARG, 51503 1.

#£1 MUT. MMACHC EE& RIS 1354

519 91 (5 — 3) I
)
MUT-656/729F GCTATGATTCAGACAACCCTC
MUT-656/729R TTCCTGCAAGTAACGACA 50.0
MUT-1106F ATAAGAGGCACTAAACAC
MUT-1106R AAGCAGCATCATAAACATCA 54.5
MUT-755F TAGGTACAGTCCTGATGATG
MUT-755R TACTCCAATCCATCTGCTAA 58.0
MMACHC-217F TGCATCACATAGCGTCAG
MMACHC-217R GGCTTTAGGGTATCATTTC 54.0
MMACHC-609/567F GATGGCAGTTGACTTGGT
MMACHC-609/567R GGGTGTGGTAAAGGGAAG 56.0

1.5 PCR ¥ 1%

1% F Thermo Scientific i 5] ( 57 K %8 ) , J2
B & Z: ddH,0 15.5 uL, buffer, Mg, dNTP %%
3uL, [ER5I#4% 1 ul, Taq DNA fiff 1.5 uL, DNA
2uL, BERFRA30pL, YIS 96°C AL
3min; 94°C ZF M 1 min, 1B K 1 min, 72 °C #Ef#

1 min, 35 PMEIR; 72°C ZEH 3 min, HLP 38 7=
Sul, IIATEE A AR GV-IT ZERYR 1 ul, 1]
%), 2% BEHE ( Biowest Agarose ) B it H 7k DL 56
UEF= e S
1.6 EENF

I PCR ¥ 34 724 25 uL, JH PCR 5144k il
sy, M b TR SE, A, 1777
HIZW I AE G L AR B B 2 mL B9 I, A7 AHG
FER 2R AR PP 5E DA BRI = HiT 12 W 114 4
it

2 #R

2.1 RZESEIM MUT. MMACHC ERE#MIZE R
K FR PR H SRR MUT 2 [ c.656A>T
(p.Asn2190le ) Z8G 5878, A7 13 I B0 Pk i AR
DL SCHR 8 s ek B SR At MUT 2 B e.729-
730insTT ( p.Ala243AlafsX40) Z& & R85, JE Al
BORRAE . AR 2 AR T MUT £ ¢.1106G>A
( p.Arg369His ) Fil ¢.755-756insA ( p.His252GInfsX6 )
WHEZA AL, . 1106G>A K H A3, ¢.755-756insA
KA, WHERBUREZ., KR 3TIEEK
H MMACHC #£[H ¢.217C>T ( p.Arg73%* ) Fll ¢.609G>A
(p.Trp203* ) WHEIG AL, ¢ 217C>T 2K AL,
c.609G>A Sk A EE2E, HHEHBEURREL ., KFR 4
SEUEF A MMACHC £ ¢.567dupT ( p.1le190fs )
1 c.609G>A (p.Trp203* ) WE I HRAE, ¢.609G>A
K AR, ¢.567dupT K A L%, B8 L AIEBUR R AL
W2,

x2 4ATHRER-BRRERRNEERREST

R FE[H ShET BHRSE ERRRE ANERT B R R HH L
1 MuUT 3 ¢.656A>T p-Asn2191le 3 ¢.729-730insTT p-Ala243AlafsX40
2 MUT 6 c.1106G>A p-Arg369His 4 ¢.755-756insA p-His252GInfsX6
3 MMACHC 2 c.217C>T p.Arg73* 4 ¢.609G>A p.Trp203*
4 MMACHC 4 ¢.609G>A p-Trp203* 4 ¢.567dupT p-1le190fs

2.2 TFERNMZHTER

FKZE 1 PPHTZWE iR L MUT & ¢.656A>T

F1 ¢.729-730insTT A A RAS, LIibidlk,. RE
3K HUIG )L MMACHC 25 A ¢.609G>A 2= & R 7%,

G ILIA A, KR 4K B JL MMACHC 2 A
c.567dupT 2252745, B LA A, F= Rz e
FFaE R ILAE 2,
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B2 FRTSETRE &SR

MHEAE R

A, BAFRINZZ 1)L MUT JE ¢.656AST Fll ¢.729-730insTT ZE45 M T 4558, HEILN
A5 CL DA E 3 B )L MMACHC J£H ¢.217C>T 1 ¢.609G>A {7 f il 25 59, HE LA c.609G>A FEAsHER 3, E

G AR R 4 BSEiEE MG L MMACHC £ ¢.567dupT (7 s P45 9:, T H AR R 4 BYJEIEH AR )L MMACHC JE [
c.609G>A {7 5 S AN PSR, B ILA o.567dupT SR ¥ o 5k Tds g 2728 s Fr 1

2.3 BEis

KE 3 FEF 4 BIRIL I BRI, A4S
LN RAENL AT, 45 SR W — 2. 1RE

24 MARTEANETN
JH SIFT F11 Polyphen2 £ /4% MUT £:[H ¢.656A>T
(p.N2191) #ATHE A BT REBUN, BIHeRA F.

He s

VR3S, WMMiss ks REf, MRAEMRILY]  SIFT Z0E i o Boh, i 8 DR Ok ;

WS

Polyphen2 . F Fil il 73 BOBZ T 1.0, 453 ] GEHE
MR, r BB 0, B Al et I 3.

PROVEAN Protein Batch Result (Download)

'VARIATION PROTEIN SEQUENCE CHANGE

PROVEAN PREDICTION SIFT PREDICTION

PROTEIN_ID RESIDUE_ALT, PREDICTION #CLUSTER PREDICTION
(cutoff=-2.5) (cutoff=0.05)
1 ENSP00000274813 219 NI ENSP00000274813 219 N

1 -8.98 Deleterious 206 30 0.000 Damaging 344 391 A

PolyPhen-2 report for P22033 N2191

Query

Protein Acc  Position AA; AA;  Description

22033

210 N | Canonical; RecName: Full=Methyimalonyl-CoA mutase, mitochondrial; Short=MCM; EC=5.4.99.2; AltName: Fulli=Methyimalonyl-CoA isomerase: Flags: Precursor;
Length: 750

[=] Prediction/Confidence

PolyPhen-2 v2.2.2r398
HumbDiv
This mutation is predicted tobe  PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00)
—_— T ——————
0,00 0.20 0,40 0.60 0.80 1.00
[=) Humvar

3 MUT E [ c.656A>T & B IhgE Tl

B

A g SIFT FPFBIMES R, L HRRR e 3 o4 %; By

Polyphen2 Z AT EEF, HumVar #0425 - M ZE A A IR Z6 7R benign ( L4F) , possibly damaging ( 45 AT REEUR ) , probably
damaging (R AJEE0R ) o

it

PR P R PROAE 2 T A LR UL RS AT PILIRR il

iE, J& TR kR . RIEERE RS
A MCM it ¢3R04 Tt 45 T 25 1088 s A I b S A8
& AL S MUT, AR 95 B 76 PR AR B 4 A ok
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ATEPE (mut 8) M2 TEIEE (mat B |, 5
# 41 45 cblA. cbIB. cblC. cblD. cblF F1 cblH,
chlC XF 1 4 5 %& [ & MMACHC, mut’, mut™,
chIA . cbIB. cblH ¥ 3 81 4 B 3 N — FR JR 4E,
chblC. cbID. cblF FM A F IEN % FRAE & I [7] A
PMERRIMAE. 7EFE, i 80% £ i MMACHC
B R AE, c.609G>A A # g AR BRI N LU
c271dupA Z UL, 25 409, Nk A A,
¢.394C>T 4l 5587 F B UL FENSE % N pRIGE o
AP REEZR 3. KZR 4 c.609G>A KL,
[F] A, MUT JE [H o A7 76 Fh % 22 5, ¢.2150G>T .,
c.1867G>A Fl ¢.281G>T EZIL TR, c.1280G>A |
¢.1630.1631delGGinsTA FZ LTI A, ¢.655A>T
FHEILTHEMA, ¢34965T FERLTHAANT,

HEN ZIRIRIE IR R R e 2 M, BT
SR R, AT RMON Z AR, B
KA RGN SR, W RIOVEIE . W, L5k
IR . B IREIRES™, dnl e
(=N iS S I 15 7 TN | 7 e o N 75
JUARERL, 1 BN, WG 2E . BAER
Pr BEMBFEW, T 12K, WKE
PR = FE Sk, FEAREER, PSR, PRikE,
MMACHC %t [ c.482G>A . c.1ASG. ¢.394C>T %%
GEAR R R IR LA Mut B, mut BUE
mut” BUERFE, B HRIE mat’ B 25, 60%
BILAET- ", MMA AYIGPREPLEA S, Morel
A PTHF ST ebhlC 7Y Y L Y — R J o 35k R 74 5 26 A6
IR 2, B33 c.271dupA Fl ¢.394C>T WHE 44
RARBILZEZR D, GRS R I R B R AR K
B[] R A AN [R) S AR IR ] 5| AN [F] e 78 5
c.440G>A Fl ¢.271dupA XL E 24 G 548 RN &
A, T ¢.440G>C Fl ¢.271dupA W A 3R & A AHF
FHANKRAWMBILY R A, i, Wik
ENT PN

MCM Hy (o/B)s barrel . %l i K 45 A X A &
BRI ", Ko AR BT BRI
PRI KT (a/P)g barrel X BE I FEAS, 22K
mut” B, A HF 5% Fr, MUT 35 P c.656A>ST . ¢.729-
730insTT. c.1106G>A | ¢.755-756insA Y07 T (a/P)g
barrel N, BOLWE™E, EHAE 1 ENRIT.
¢.729-730insTT. ¢c.1106G>A . ¢.755-756insA ¥ K
SCHR 8 2 9 B R B, c.656AST oK ¥ i iH,

1% 98 A8 B 219 4 IR R A Tk AR Ry 5
SEER (pN2191) , 78T A3 PR A3 Rl 4 e
( www.1000genomes.org ) PR N 0; fEIE
PIAE K HE P AR 1Y KT 200 451 A4S 3 1F A R
AR R AR A (R AR 0~0.01 4 A;
0.01~0.05 25 B; 0.05~1 & C) ; A& MutationTaster
FRR, #RIZELEUEME N 0.99; 1E UCSC
Genome Browser [ 47 [RURZ IR T 51 04T, 2
LSBT Z W] = BEARSF . 48 SIFT 1 Polyphen2
A AT A BT DI RE TN, 25 R AT
A SCHk M R R MUT JE ¢.655A>T (p.N219Y )
HEFEOR AR, MASCEE RN p.N2191, HiieR
MUT $£ K55 219 {7 Z LWL e 2E T3 T REEUR . A
fF 52 H, MMACHC 2 [H ¢.217C>T. ¢.609G>A Fl
c.567dupT H R L HIBOR RS, ¢.217C>T (p.Arg73*)
G B AT 2 TR M R 45 G IXHT, .609G>A
(p.Trp203* ) Hl ¢.567dupT ( p.1lel190fs ) ZEAL A F
MMACHC % R 1) C— A i 25 44 op 1), Chang %5 '
3B 166 7 L ¢.609G>A Fil ¢.567dupT %
T O A AR 22 2535 6] F B T R R i A
58, WAIGIKRFRI., AW, 1697, FEH ™
AI2Wr, AR U 22307 21 () sl F 3L Y g
PRAE HRE HY 17 B MUT 2R RS, A5G4S SCH R
1 1 MUT £ [ ¢.729-730insTT 28 755 7F 28 il B
FEPS R PRAE B 91 [ B e 22 8 I s 10 Fp
MMACHC 5&PH €78, A 4548 SCH 18 19 MMACHC
H A c217C>T. ¢.609G>A Fl ¢.567dupT % 2%,
FEFERS W T, RUAE N R R i,
ER R BT B A G5 DT T B AR A T S K P T A
FH L TR R B HHY A R A ) D 2k 3] = i iz W H
(o KRN K 2E 20— E s Be 2 3 2 T4 T MUT 2
K. MMACHC & B /9 7 fif i2 W, f4% MUT A
c.1880A>G (p.H627R ) , IVS9-1G>A, c.1741C>T
(p.R581X) , ¢.729insTT ( p.D244fX39 ) , ¢.616C>T
(p.Q206X) , ¢.1280G>A (p.G427D) ™ LI K&
MMACHC % A ¢.658-660delAAG (p.220delK ) ,
c.609G>A (p.W203X) , ¢.616C>T (p.R206W ) P!,
KFE 1. 3, 4 AT B4yt fE 22 g
Wr, 4345 MUT % [ ¢.656A>T. ¢.729-730insTT .
c.1106G>A . ¢.755-756insA 1 MMACHC %t
¢.217C>T ., ¢.609G>A | ¢.567dupT, ¢ ik, 3k
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AR, BEE B LA AR, [#i
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%Eﬁ%ﬂﬁél% SR L — B A L
Tt F s e Rig W, ke UL
T%F%?}\D)EEO A% 58 7= T2 W i A A1 PR
7 I AR, H TN R RAE Y R R 2
Wi A I
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