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MTRR B Az R 2 A 1EN S rs1801394 A1 MTHFR U HiR 2 25 PEAV A5 rs1801133, FIH SNaPshot J5 k5172 [l
SR, IR 420 BIIE F R AREEA T LU . S5 R rs1801394 Fil rs1801133 Jp il 5 2N e KV B A 5, 1ER
PEBIT 151801394 GG FEPRIBUAN 151801133 CC FE R (1) AN e A SE R B I ABESRAIR L S HB A e 1) R4 1k PR
F.o 151801133 Rl R O Y 1 PR 25 5 SR 2 R0 PN R 23 25 T R IR A 2% ﬁ‘aﬂﬁﬂﬁﬁaé, rs1801394 [tk 4l &1
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Association of folate metabolism genes MTRR and MTHFR with complex congenital
abnormalities among Chinese population in Shanxi Province, China

ZHANG Qin, BAI Bao-Ling, LIU Xiao-Zhen, MIAO Chun-Yue, LI Hui-Li. Beijing Municipal Key Laboratory of Child
Development Nutrigenomics, Capital Institute of Pediatrics, Beijing 100020, China (Li H-L, Email: lihuili2011(@gmail.
com)

Abstract: Objective  To explore the association of polymorphisms in folate metabolism genes, methionine
synthase reductase (MTRR) gene and 5,10-methylenetetrahydrofolate reductase (MTHFR) gene, with complex
congenital abnormalities and to further investigate its association with complex congenital abnormalities derived from
three germ layers. Methods A total of 250 cases of birth defects (with complex congenital abnormalities including
congenital heart disease, neural tube defects, and craniofacial anomalies) in Shanxi Province, China were included in
the study. MTRR single nucleotide polymorphism (SNP) (rs1801394) and MTHFR SNP (rs1801133) were genotyped
by the SNaPshot method, and the genotyping results were compared with those of controls (n=420). Results ~ SNPs
rs1801394 and rs1801133 were associated with multiple birth defects. For the recessive model, individuals with GG
genotype at rs1801394 and CC genotype at rs1801133 had a relatively low risk of developing birth defects, so the two
genotypes were protective factors against birth defects. The homozygous recessive genotype at rs1801133, which served
as a protective factor, was associated with ectoderm- or endoderm-derived complex congenital abnormalities, while
the homozygous recessive genotype at rs1801394, which served as a protective factor, was associated with ectoderm-,
mesoderm- or endoderm-derived complex congenital abnormalities. Conclusions ~Among the Chinese population in
Shanxi Province, the SNPs in folate metabolism genes (MTRR and MTHFR) are associated with complex congenital
abnormalities and related to ectoderm, mesoderm or endoderm development.

[Chin J Contemp Pediatr, 2014, 16(8): 840-845]
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A B FE (birth defect ) S48 7776 T %2 )L ak
AT IR IS & B ZE AL S RS [R5 B 04 45 ha P
TE W, & FE R iy LA R A B A e R O
(CHD) . M Hfs (NTD ) KfimimeaE, H
HFT SR ISR (CL/P) Ay sl
(CPO) P, 1987 4FFf [ 945 T I B H A e pa 1
SRR, A EER T L A EE 2 AR R 131/
Ji, Hp ROLTE A s (2047 77 ) Bl 2002~2004
AEALIN T A T 2 7E 3 1L 7Y % B0 A B
KA 537.2/ T, H ILRIZEREN TEIGEIE ( Ane ) |
CHD. &% (SB) | S RMEMHUK (Hyd) FK
T (Enc)™, T H R BBEBR T HLR AL, H R
R W 0, R AT T A7 TR A 1 3 [ T
AR ECE L F LS, B RCRRE e

HRimFR R, SERMEREASS S5 T H
A BREE ) K Y RRAEAE IR RG IE R L T
FHAEWEEMER Y, A= 5L
AR R AR TR Y s A R = T S8
e B PR KR B B g A 2R
FerAR A ARG NTD FHAd S K a4 % A= 1

MR 2 5% IR PG R BB RS R, XoF
DNA FE H 5t i BB B AR 2, pF9E R W]
P i ] 75 > e 2 1 £ 3 78 A S 1 6 R LA
R 22751k (SNP) 55 AR Bl AR o 1 Horp
H LA ALEE 5,10 H L PO S FRIA IR B ( MTHFR )
SNP {i7 5 11801133 (c.677C>T ) FIEE & /R4 1 it
)5 (MTRR ) SNP 137 15 151801394 ( c.66A>G ) .
F 5% 2 W 1s1801133 5 J§ % 24 . NTD & CHD %
A o6 U 061801394 5 CHD M NTD A
O 11 3 B A A U T U i R 300 18 R [ R

JZ, DA SCHR 5 DA ERAS SRV 53 I 2 5 95 93 (1) A
K, XFF RS R B LA R IR 2 A8
W T (O BF 98 /0 LA, R AR F SR LRI 9 S A &
R R A S IRA G, E— P8R0t 11801133
F1 151801394 S5AGE B IHEAIZAH X,

1 #ZRSAFEE®

1.1 HRIIH

S 191 25 Ay v [ L1 P 4 R G SR 5 7 1
A= BB R IG 250 B, A I B g ST DL AR IREA LA
AR P BRC R B AR A B Y g BRI
I REE 28 BB R A2, 85 FEE A bt .
5 250 i) 5 A S e i 491 vh A0 4% CHD . NTD /i i
WL S8 222 mE, MR 13 ALl L. ikl
420 FiFE S H X P A R AZ 3B A R I R E . A
9838 1 B AR URHIF ST T B 2 By st o, JFARAR
ACEERE R
1.2 SNP ¥£EMEESE

35 5 9 19 2E 16 R 2 LAY 2 2 R IO [ 40
DNA, HIMEAZHZ! DNA #2867 & ( QIAGEN,
TEE ) I, FRER RO B T, DNA PR
A4 B 38 53 260 nm A1 280 nm W G AH PE AT % .
SNPs FI|FH SNaPshot 4347 ( ABI ) &R 730 H , fij 75 22,
FERIZH DNA, Al 3R 1 sl 5 1 4 3 .
SRIGalifl, SRR, Hro A HGH SNP 8,
WA, SEM5IY) (2 1) MZHE PR A
M NG ER SO ¢ 1 Bl fS BRI FE ABI3730 (GE,
KE) AP E#EAT B s tT, JfE
i Peakscan K113 4T o

#1 MTRRrs1801394 5 MTHFR rs1801133 #J SNP 52

Gene MTRR MTHFR
Refseq NC_000005.9 NC_000001.10
OMIM 602568 607093
SNP ID 11801394 rs1801133
Chr 5 1
Position’ 7870973 11856378
SNP type Missense (122M) Missense (A222V)
Alleles A/IG C/T

F: GGAAACACAGATTCAAGCCCAA F: TCAGCGAACTCAGCACTCCA

PCR primer

R: CCCAACCAAAATTCTTCAAAGC
AAAGGCCATCGCAGAAGAAAT

Extent primer

R: TCTTCATCCCTCGCCTTGAA
GCTGCGTGATGATGAAATCG

TE: SNPID (B RRZEMES S ) 5 Che (YER) 5 OMIM (7EZR AZSRAE/RIR LSS ) o * S8 NCBISNP {5 &L Chttp://www.

ncbi.nlm.nih.gov/sites/entrez?db=snp. )
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1.3 GITESH

1EH %) B 19 Hardy-Weinberg “F-1ff (HWE )
7 R, OR{E 95% BfFXIa] (CI) Z[aky
ORIK By THE 5 A {1 FH SNPStats 93 54 74F W8 AL
1EJ5 B9 logistic [11 5 73 #7 (http:/bioinfo.iconcologia.
net/snpstats/start.htm ) o XFEE SNP A S iE 473 i
PR, WA, BRI B X i 44T
IR I SPSS 15.0 B A (SPSS) w47 Ge 3t 73 #r,
P<0.05 WERAGE L,

2 #R

21 HEREREHEIRSS %

A FE R 2010 23 A7 19 95 95 FAT DG fgt B[]
KA ] BR 48 120 2445 10 IRIE 3T (ICD-10) JilRAs
(B 1A) AR By AR i 4 8, AR R L &
BRI BSMNRZE . HIREFNIRZE (B 1B) .
Ik A 2 sk 2 A S 1) EZE S PR RTIE
ANBEH 1 A IEARZEB AR R MR E LR E SRR
WTE 2 AR B2 SRR A B 2 A7 A 8 FRIRFIE o
22 f% fI 44  MTRR rs1801394 #1 MTHFR
rs1801133 54 [F i A R b Z B B9 HH X 1%

J B 5% SNP 37 15 rs1801394 il rs1801133 &
15 AR s AR ZE & B A G, SNaPshot 5
PRFIX 2 A~ SNP A sl A7 3R Ap Y, 25 3R 1,
rs1801394 X AL L 401 ], Hid GG LAY
16841 (17.0% ) o GG FEFAILE Ane H11 7.0%),
16 SB w5 74%, 1F Hyd W (5 7.3%, 1E Enc
07 4.2%, FEPEEE (IM) Hb 3.0%, #E%ER
PEIEIG RS W (CMRS) 5 7.5% (%2) .
rs1801394 [ Bk 465 19 OR 1 95% CI 1 Ane £
A4 0.37(0.17~0.79 ), SB) 4 0.39(0.21~0.72 ) ,
Hyd 7 0.39 (0.17~0.87 ) , Enc 24 0.21 (0.07~0.70 ) ,
LM 24 0.15(0.04~0.63 ) F1 CMRS >4 0.40( 0.19~0.86 )

(£3) . RFERMEBRT, #547 GG H K A
B A A e A e R B A BE SR A, $2 7R MTRR 1Y
151801394 [RIE 4l &5 2 A e REIE i R e R 22 o

rs1801133 (1) CC FE K 7 2y 85 i (21.1% ) -
CC FEAYTE Ane iy 11.4%, 7 SB Wiy 14.3%,
R HLEAIE (CFS) i 8.2%, £ CMRS H1 i
123% (% 4) . rs1801133 fatt4ali 40 OR F195%
CI 7E Ane ¥ 5 0.48 (0.26~0.90) , 7E SB N 0.62

(0.39~1.00) , 7 CFS 1 % 0.33 (0.12~0.95) ,
16 CMRS 14 0.52 (0.28~0.98) (% 5) . FWALE
FbERERITR | AT CC REPRHY B A4 & A= e K b
HYHERAE . #2275 MTHFR B9 rs1801133 Fatk4ti & 2
AR R %

A
B
SREEFE (n = 250)
T FEEE (n= 154)
MEER (n=106)
Ane (n = 114) CMRS (n = 108) CHD (n=18)
2B (n =189) SMDS (n =5) CMSBT (n = 38)
Encin=72) CFS (n = 49)
Hyd (n = 98) LM (n =67)
Cra(n=10) CMS (n=8)
Cle(n=6) CMUS (n=21)
CMAG (n = 88) Cel(n=4)
CMAG (n=68)
N I~ = (x4 1 N s
B1 kRETINHERENHERBSE i AKE

RIEEEN T 3 MRJZRIEIHLS ST B KX R IR T A
B2 L4328, 4y ANIRZ . NIRJZ AR ARIZE . Ane: JCHKL;
SB: HHEZ; Enc: MM Hyd: JeRPEMGFIK; Cra: Ji6 MY
JE; Cle: JSEZTELL,; CMAG: ¥ IR KWIE; CMRS: I
ARG RKWIE; CHD: Jo00; CMSBT: A FlE 1 i 38 () S K
W ; CFS: MHLEANE; LM: DUBIRIE ; CMS: NG KIRIE ;
CMUS: WIRARGICRIIIE; Cel: 12 CMRS: P R GE5E KIIE;
SMDS: THILR G KL

%2 MTRRrs1801394 ZEZ A B MM BHHERE DI (7 (%) ]
, Xof e Ane SB Hyd Enc LM CMRS
SNP EHE (n=401) (n=114) (n=189) (n=96) (n=72) (n=67) (n=106)
151801394 A/A 156(38.9) 55(48.2) 90(47.6) 44(45.8) 35(48.6) 31(46.3) 48(45.3)
G/A 177(44.1) 51(44.7) 85(45) 45(46.9) 34(47.2) 34(50.8) 50(47.2)
GIG 68(17.0) 8 (7.0) 14(7.4) 7(7.3) 3(4.2) 2(3.0) 8(7.5)

e Ane (EHNTE ) 5 SB () 5

Hyd CeRVEIRAFUK ) 5 Ene (ZH) 5

LM ( PUCHRIE ) 5 CMRS (S RMEMFIRRGRIE ) o
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%3 HGIAFMITELA MTRR rs1801394 LS
@k ik 5845 SRR
OR95%CI),,  OR(95%CI),, P1E OR95%CI) P{i  ORO5%CI  Pf{H OR(95%CI)  P{H
Ane (n=114)  0.82(0.53~1.27) 0.33(0.15~0.74) 0.012  0.68(0.45~1.04) 0.075 0.37(0.17~0.79) 0.0046 0.66(0.48~0.91) 0.0084
SB (n=189) 0.83(0.58~1.20) 0.36(0.19~0.67) 0.0028 0.70(0.49~0.99) 0.046 0.39(0.21~0.72) 0.001 0.67(0.52~0.87) 0.0025
Hyd (n=96) 0.90(0.56~1.44) 0.36(0.16~0.85) 0.035  0.75(0.48~1.18) 0.22 0.39(0.17~0.87) 0.011  0.70(0.50~0.98) 0.035
Enc (n=72) 0.86(0.51~1.44) 0.20(0.06~0.66) 0.0056 0.67(0.41~1.11) 0.12 0.21(0.07~0.70) 0.0015 0.61(0.42~0.90) 0.01
( (
(

FA

—_ s = =

LM (n=67) 0.97(0.57~1.65) 0.15(0.03~0.64) 0.0026 0.74(0.44~1.24) 0.26  0.15(0.04~0.63) <0.01 0.63(0.42~0.93) 0.018
CMRS (n=106) 0.92(0.58~1.44) 0.38(0.17~0.85) 0.034  0.77(0.50~1.19) 0.24  0.40(0.19~0.86) 0.0099 0.72(0.52~0.98) 0.036

e Ane (JCINIE ) 5 SB CBHHEZL) 5 Hyd (ZERMERBUK) 5 Ene (IIEH ) 5 LM (VUIEIE ) 5 CMRS (SERMENIR ZSWHE )
het (Z25F) ; hom (4iEF) .

x4 MTHFR rs1801133 ERBHABAMMBHHERE ST (2 (%) ]

SNP SR X (1=402) Ane (n=114) SB (n=189) CFS (n=49) CMRS (2=106)
151801133 /T 122(30.4) 45(39.5) 72(38.1) 19(39.0) 40(37.7)
T/C 195(48.5) 56(49.1) 90(47.6) 26(53.1) 53(50.0)
c/C 85(21.1) 13(11.4) 27(14.3) 4(8.2) 13(12.3)

TE: Ane (JCHGWIE ) 5 SB (HHERL) 3 CFS (FHBIEZEEAE) 5 CMRS (SERMEMFRRGEMIE ) .

*R5 HROIAFMXTEEA MTHFR rs1801133 35S
gk ik 5445 PEOINAR
OR(95%CI),,  OR(95%Cl),, Pl OR(95%CI) P{i  OR(95%CI P {H OR(95%CI)  P1{d

Ane (=114)  0.78(0.49~1.22) 0.41(0.21~0.82) 0.028  0.67(0.43~1.03) 0.069 0.48(0.26~0.90) 0.014  0.68(0.50~0.92) 0.011
SB(n=189)  0.78(0.53~1.15) 0.54(0.32~0.91) 0.059  0.71(0.49~1.02) 0.063 0.62(0.39~1.00) 0.043  0.74(0.58~0.95) 0.018
)
)

et

CFS (n=49)  0.86(0.45~1.61) 0.30(0.10~0.92) 0.056  0.69(0.37~1.27) 0.24 0.33(0.12~0.95) 0.018 0.64(0.41~0.99) 0.042
CMRS (n=106) 0.83(0.52~1.32) 0.47(0.24~0.92) 0.073  0.72(0.46~1.12) 0.15 0.52(0.28~0.98) 0.032  0.72(0.52~0.98) 0.033

T Ane (MWL ) 5 SB (CHFFERL) ; CFS (FSMEZEAIE) ;3 CMRS (JeRMFFRRSIE ) 5 het (2¢5F) 5 hom (4i5F) .

2.3 MTRR rs1801394 5 MTHFR rs1801133 5§ 0.024, ZSFAGIT=E L, 1M rs1801394 1y etk
=R LA Z BRI X 1% 45 OR F195% CI 435120 0.37 (0.21~0.64 ) Fl
rs1801394 Fll rs1801133 155 £ Ff it J22 5 Y5 A [+ 0.40 (0.19~0.86 ) . 7EHINZ4H HA 151801394 1Y
S RAEBTE A5G, $27R 1s1801394 Fil rs1801133 FatEali A F UL (OR) A1 95% T {5 X ] 0.28
AR SRR R L A, IR AT N 34 (0.13~0.60) (£ 7) o #&/5 1s1801133 fatk2li &
2 (EIB) , ZREEREN TN ILFEK AR R R SH . SMNRZE RIS 258 K ETE
HIPE SRR Z M mRNEk =, ik, RUFRHETT I, 11801394 B tEai S AE MR N R S 34
rs1801394 Fl rs1801133 5 3 MIRJE (& 1B) K& JVR 2SR 5 A e R R T A O o
BB T . Z5REH, rs1801133 CC FEPH X
MR B 21.1%, TEANIRZE . RIREMNIRZ
o B2 15%, 16.3%, 12.3%, i rs1801394 GG
FERBIAEX IR AMIRZE . TR Z RN T b

%6 MTRR rs1801394 #1 MTHFR rs1801133 ZExf BN
SN REERRHIBH AR ERESE (2 (%) ]

SRR IR IR

B 17% . 7%, 5.4% F17.5% (F6) . 17EN . NP HBIEL M5 melsa)  (n=06)
AMIRIZEH, 151801133 BYBSPELL AT OR F195% CI 1801133 /T 122(304)  91(37.0)  54(36.7)  40(37.7)
4581 0.52 (0.28~0.98) 1 0.67 (0.44~1.02) | TIC  195485) 116475) 69(46.9) 53(50.0)

. C/IC 85(21.1) 37(15.0) 24(163) 13(12.3
HErf rs 1801133 FESTR G BB AL T A o P 151801394  A/A 156E38.9; 117E48.0§ 70E47.3; 48E45.3§
H°R 0.057, ZeXFEOIN AR B IE 434, H OR G/A 177(44.1) 11045.1) 7047.3) 50(47.2)
1 95% W] {5 [X 8] 4 0.77 (0.61~0.97) , P{H N GIG__ 68(17.0) 17(7.0%) 8(54)  8(1.5)
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%7 MTRR rs1801394 5 MTHFR rs1801133 5 =if E&LBE 2 [ 948 3£ 14

HEZ SNPID

I

TAES

Fatk

XA

OR(95%ClI),,

OR(95%ClI),,,

PH

OR(95%CI) P {ii

OR(95%CI)  P1H

OR(95%CI)  P{ii

rs1801133
rs1801394
rs1801133
151801394
PIRE 151801133
(n=106) 131801394

SR
(n=250)

hRZ
(n=154)

0.80(0.56~1.14)
0.83(0.59~1.16)
0.80(0.52~1.22)
0.87(0.58~1.29)
0.83(0.52~1.32)
0.92(0.58~1.44)

0.58(0.36~0.94)
0.33(0.19~0.60)
0.64(0.37~1.11)
0.26(0.12~0.57)
0.47(0.24~0.92)
0.38(0.17~0.85)

0.075
<0.01
0.26
<0.01
0.073
0.034

0.73(0.52~1.02) 0.07
0.69(0.50~0.95) 0.024
0.75(0.50~1.12) 0.16
0.70(0.48~1.03) 0.067
0.72(0.46~1.12) 0.15
0.77(0.50~1.19) 0.24

0.67(0.44~1.02) 0.057
0.37(0.21~0.64) <0.01
0.73(0.44~1.20) 0.2
0.28(0.13~0.60) <0.01
0.52(0.28~0.98) 0.032
0.40(0.19~0.86) 0.0099

0.77(0.61~0.97) 0.024
0.66(0.52~0.84) <0.01
0.80(0.61~1.05) 0.1
0.64(0.48~0.86) 0.0021
0.72(0.52~0.98) 0.033
0.72(0.52~0.98) 0.036

¥E: het (Z%5F) 5 hom (4i&F) .

3 iTig

ENIS Y2 W U NI RPN PN
H1, MTRR GG Bl MTHFR CC B2 58 2445 K
F AP PE ] &£ . MTHFR 9 rs1801133 Fil MTRR )
rs 1801394 Bavith: 4l & #1 Je A/M IR J2 Sk U5 RN A IR 2 8 Ut
WEHREMRIHERZE ., 1 MTRR 19 rs1801394 [
PAi G RTIRERESRE R FHIRPHEE,

AR LR NRREA S, WA B G 5
BRI R ERANG, X5 LRI —5801,
LA o R B A /N RS TR 1, SR i 4 e 32 1
Ferroportin (Sled0al ) FEF R FEUE B A T
TE B IR JZBREE , Ferroportin & PR 2875 A IR IG AT
WRBIRG ., BERWRIE . /NIRRT 4 5L K i
RPN Tao 25 PN /N BB R, 167 40
oA PEiE % (PCP) #2003 K — PRICKLE1 A {5k
RKIEBNIEZ TR MERIE S5, NisiH
2 K BB, Bassuk 25 ' & 34l 4 PRICKLE]
AT D5 | 7 Yl o A e T 0 LR 2 0000
PR LEAAE, i H X — AR 2t B
Jo VS 2 T Sl o T 7= A R L R e AR X IR
ERIGE BRI B, REnSIRIRZEE S
W BRI R B G . tkah , Ferroportin FE[H
F1 PRICKLEL PR 98 722 34 3 BN IR )2 & 7 B
BAM R T RN R E R TR T
T =INE R S HINER,

MR — P EE R E R E R, AT
HeFFIEFMREBIEFEHEE, SHIKFHR AT
BN & A NTD 09 KU, 1 4B 58 0.4~4.0 me/d (1)1
FRRETBT 2 50%~70% HIPHEAE WL &4 1, i
Ml —m bR, 2 5 RR M A BUR S5

N, % DNA FIEE 50 H A B e w E 2L,
FIt AT G HED A & B BRI, iR =L
TR ER, #EMSR=REEERE, &E
FEARRIL E 22 . BEE R, R AR AH 5
rs1801394 F1 rs1801133 SNP J2& 5 £u4% NTD 7 P Y
A2 7y W T2 IR A O ) T B2 A A b, B HoAT
iR NTD 25658 Z<mHE R R 2 — 1T e iR
KA, MTRR fEMGEART, IEARE S
FBEIR LR P IF bR 5k B, JRREIS A A TEAh 2
FHABAL L /B MTRR 356 PR Rl 5 S SR iR
FET A A Bl P X R MTRR 1E # /KXt
RRG % B ELEE, 1 MTRR rs1801394 2875 #p
ML AT HE 2 1 T SNP 7 55047 T MTRR 2 A (1) T g
iR, MTRR 2878 %20 MTRR 5 8 2R & il
MTR 4456 IS M0 R AN — B A . MTHFR
MONEEAH & B iRk, /N MTHFR R AR
FECS- PR B R IA KT BRI, R
A S- B R E R AT TG, S- BT
It R K- TH = T 5 1S 7Z 19 DNA FH b K- j&
T T 20N i & B R A iR Y XS AR
PRAZH DU T i e v [ L v A, A
T B4 & DNA R B0 K Je— 0y P20 i
BE A 5F #B 4% 78 MTRR F MTHFR 75 % /N G % Ak
IR, I HETRY SNP AT RER ARG & &
F AR B, PRI S8R AR (1 2R

A B 5E 3 W AR R AR BB R Il ve A
FEFEAR T, i R A A OC L N 2% 17 1R 2 A 1
rs1801394 Flrs1801133 522 & H A= B A XU AH &
HEMZEBTHL, RFRERGAT R4
BB I SR AT e R, N A A TR s AR
PR AL SRS
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