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HE . B KT TBX5 AR 3 E8FER 55 SNPs 5 A K S Egs (CHD ) #i4E 5 Bores % &,
4 CHD # 5T WA LR E %, FFiE AR HaploView 344 55 & TBX5 A B 3' dE£1i% X o A B4 R
% &M (SNP), 88 &9 ¥R &en TBX5 AR 3 EHFER SNP, KA mH 3t BAF 5745 H SNP 12
&5 CHD #%£8%, £2  HaploView 3 4F 76 it & TBX5 A H 3 dE &8935 K A & LA 474 SNP 15883079, &4
B Ao 2K R T A 3% SNP A%, E( 15883079 )89 G/GLG/A B A/A 3 AP A B A TBX5 A H rs883079 ( G>A )
1o SR A F R AR A S FIREE, ZFAKTFENL (P<005); 5 CHD H KA, A% CHD )&
45K W, A/A ) CHD #98K R RA (P <0.05), Z5it TBX5 A K 15883079 42,4 SNP 5 CHD A X %,
15883079 (G>A) #F R E AT ARAE A/A MRE CHD 8 it 3,
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Association between single nucleotide polymorphism of TBXS
gene target sequence and congenital heart disease*

Xue-zhen Liu, Qiang Sun, Long Ji, Hua-min Liu, Qian-qian Zhang, Xia Feng, Wei-li Yang, Dong Li
(Shandong First Medical University & Shandong Academy of Medical Sciences,
Taian, Shandong 271016, China)

Abstract: Objective To investigate the relationship between SNPs in the 3’ untranslated region of TBXS
gene and genetic susceptibility to congenital heart disease (CHD), and to provide clues for the study of the molecular
mechanisms of CHD. Methods The functional SNPs of 3’ untranslated region of TBXS gene were screened by
HaploView software, and genotypes of the SNP locus were detected by high resolution melting curve. A case-control
study was used to analyze the association between SNP loci and congenital heart disease. Results HaploView
software screened a significant SNP locus rs883079 in the 3’ untranslated region of TBX5 gene. The high-resolution
melting curve method successfully detected the SNP locus (rs883079) with G/G, G/A and A/A genotypes. There was
a statistically significant difference in the allele or genotype distribution of rs883079 G>A locus between the case
group and the control group (P < 0.05). Allele A was the risk allele of congenital heart disease. Genotype A/A was the
risk genotype of congenital heart disease (P < 0.05). Conclusions TBXS gene rs883079 locus SNP was associated
with congenital heart disease, and individuals carrying the mutation homozygous genotype A/A had an increased risk
of congenital heart disease.
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e RO R ( congenital heart disease, CHD ) 1E
i IR B 2 B R B, RORRIEAE L, SR
JE St SR E R AT 4 " TBXS J& T T-hox
HERFH 0, SORE®ZEAXL, Rk
B, BEP 3 JEBIIEIX 52 microRNA ( miRNA ) # [ i
5, miRNAs #EP Y% H IR 285V (single nucleotide
polymorphism, SNP ) FJ 3 i3 5 M 8 356 K] 2 1K 7K SF- 1 1
S A AT 1) 5y Bk . (HEF TBXS 3' IR X
SNP 5 CHD BYAHICHERNSE M A2 UL, ARMF5ERT TBXS
3 AEEIIEIX SNP 5 CHD 5B 56 RT3 -

1 ARSI

— R

WL 2012 4F 12 A —2015 4F 5 A 76 LR K257
B ILEER 2 Y 186 fiFR /B4l CHD £ JL (Al
). FrARBIZImKZE . IR EIZE X ST
5 CT 864 (RS IERPI 2w ), HARRR.O M
B Z MY TSRS B AR SRS E CHD L.
AT R SRR A e [0 ) L2 PR AZ R 2 1 200 g FEfA
KrJLEE (XFRRZE ), PHRRRIs s o

1.2 FHi&

121 F#R% SNP #9R R (DRI TBXS FEP K X
N SNP {5 B : B JE M GenBank (4 2 Chttps - /
www.ncbi.nlm.nih.gov/genbank/ ) I N S TBXS H
B g AR B P IE B, Z M HapMap B 27
(http : //hapmap.ncbi.nlm.nih.gov/ ) % #& Project Data

1.1

HapMap Genome Browser release #28 ( phases 1, 2 &
3-merged genotypes & frequencies ) FA5H FE AL G
NH TBXS FEPR SNP 37 i FBE R RO 5 @F5 30759
b BT DU B TBXS JE R BT AT SNP 4 s 5 [
HIBHE 5735 A Haploview 4.2, % H fie/ NG FE I
. (‘minor allele frequency, MAF) = 5% 1% UL SNP,
TS A JE P A SNP A 18] A9 14 B F A (linkage
disequilibrium, LD ) FEEEEE (1), R4 o K/
e Block 1318 I e B A AR AIPRZE SNP L5, 5
@FR%%: SNP EFF « ARFEF Hh B AT +° = 0.8 1Y
SNP, SAJ5 1 iH 5 Block N A SNP Z [il] v = 0.8
¥z, H' FEEER— LT 3 JEBHIEX 1Y SNP
VENPRSE SNP, UNF (RIS A 20> SNP A5G 454F, W4,
BRI H L% 1 3 AEBIE X AYBR2E SNP.,

122 TBX5 %K 3UTR qPCR-HRM ¥ ¥ {25
B X 52 A1 J ok I %5 PR 41 DNA, -3 5o 45 ) NCBI

GenBank 15 TBX5 F:H 3" JEEIEX R 4G4, I1DU
R HERY, FIFHTEZL Primer 5.0 X441 R 0 BERAE
e & B 519, 1E LightCycler® 96 74 5E & PCR
R IRAR ) FH#EATY . Sk R B
10wl : JEF4 DNA 1], Mg 1.6 w1, m54r3Eysin
i (high resolution melting analysis, HRM ) Master
Mix 101, 1E. REGIY& Twl, WK 54l R
WA 2 95 CHAE M 10 min, 95°C7AEYE 10s, 65°C
B 15s, 60°CHEM 15, 45 NEFR. HRM 43 H -
95 CHIZEHE 1 min, 40°CAEME 1 min, 65CiR K 1 s,
65°C ~ 97°C (0.07°C /s ),37°CEH 30 s, WEERE,
i LightCycler® 96 BAH High Resolution Melting
BT S5 RS T 504, FEP 438
123 PCR =43 BEALEBCRH HRM B2 3
B TBXS KA 1s883079 {37 i 3 DAL B G/G. G/A
Ko AJA 4510 DFEAS, N Sanger XU S HE 2 1 F ik
AP, 45 55 HRM 435045 k4T Rt
1.3 SHZit=rHiE

BAE TR T SPSS 24.0 Gt it HHREOR
P « b2 (xxs) Foom, WWRH RS ; 114K
TERILLR (%) Fom, WA x A%, THHERE&
A Z2 SR R A DR R 3 RN A5 57 FE R R 5 s
Hardy—Weinberg V- 75 26 il F2 F7 4 30 A S5 AR AS 2 15
HARHREYE 5 L (odds ratio, OR ) K H: 95%
CI LAAEZ&AT Logistic [BIHAMHTITER, P <0.05 2 5%H
Gl

R

FAMR . FRELE

PN, AR A, ER TSI E X
(P>0.05),
2.2 FR% SNP ffik

R 4 3L Py SNP 2 [) 3% 4 A O i F2 B, R
HaploView % 1 # 1 TBX5 %E [F SNP [i] 1 Block &,
HaploView #2745 R W, TBXS JEPH N L4 1%
54~ Block, HZ55H HAG SNP rs883079 £5-4 ik iifi it 3'
LB AR SNP 64, WA 1,
2.3 TBX5 EMERESBER

L2 3k ) 1 BT A R DNA RE S VE A E &
HRM 43t TBXS FE R H 1) 7 Br. e HL HRM 3 Fif
Sy BURE S HEA TN B, I I EIUE S TBXS JEH 3!
JEBHPE X 15883079 fi i AFAE 3 FEEA AL, H 5 HRM

2
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55 41 XL, 45« TBXS JEPULF O A H IR 2 A8 5 S R ORI C &

CCTT i Weinberg V- fi7 £ W 1o 8, 2 53 LA T E X
Vo | (x’=0378, P=0.539), TBX5 3£ [ 15883079 (Gor)
F R AU XT BB P 43 A 75 Hardy—Weinberg “FAif, 7]
X R ANRER A SR AR, ANAEAEE R,
BARARERME. W 1.
2.5 Wit TBX5 SEREMENSmILE

W4l TBXS S5 LR A0 e, 23501
FREX (P <0.05), ARFAHRE Al CHD 1Y &K
PEEER (P <0.05) 5 H#EHF A/A FEDR YA AR X T4

B1 TBX5 EE#HE Block A GG HENHH B CHD IRt in, 875 A/A 7
s 5 E 2. 3. fEN CHDs RS BEA AL, WL 2,
04 TBXSEEZASMASEEMSA Hardy— 26 TBX5 EESEMSREXE CHD MX &
Weinberg &6l Eb 2 P I8 CHD EAAREALSYZ, XF TBXS FEH R SNP

TBX5 3 P 22 25 7 5 4% ik A B 3 47 Hardy— 1883079 HEAT/3HT &I, 45 rs883079 58754l 1 A/
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I /°C IR /C
A: TBXS5 JEH 3 Sk AVA iR th£R 1] s B: TBXS JEH 3 Fpb Al 22 R B, St i A A (G/G) , EERABIAA (G/A) , a0
HGEARAEER (A/A)
E 2 gPCR-HRM ERE 458

x1 TBX5 ERSHM A ZEREES T Hardy-Weinberg
EERNEE %

MMMW\M S S

G/IG 33.06 32.00
i 380 B -

G/A 48.88 51.00

A/A 18.06 17.00

A JER RS CHD Sy et AH G, HH U 2 BEAE AN TR
SRy CHD WA 25 . TBXS JEA 1883079 ( G>A )
i, Dl G/G BPAE 4l G L RIS Xl e, #5
, y Y (VY VN W GAR AL T IEIR R AZA A EB T B At 1) £ B8
e B GG B A SR GAs Cr difgetie 0T AT EMERBUEIL, LS G/C B ELIG T
I A/A. LRI T ER, TBXS JEIA rs883079 2745, G/A %t
B3 TBX5 EE rs883079 fi & 3 FEEENEE PRI AJA FER AT EY R G/A+A/A JEDRIRIEA 7R DLz 5
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S B RREA goiT A ocm . X bk L,
PAFERF G/G BpA: 4l G R R U5 X IR, TBXS LA
13883079 £ A Toit i A/A FL I & J& G/A+A/A

HIER S CHD XS A (P <0.05), $i7n TBXS %k
Itih X 225 55 CHD Brln)f@si Al oG, o2 g
Wz, W33,

#2 SNPmEMERMERNERFIANMNRATNS S

G 230 (57.50) 185 (49.73) 1.000
A 170 (42.50) 187 (50.27) 1.368
GIG 64 (32.00) 52 (27.96) 1.000
GIA 102 (51.00) 81 (43.55) 0.977
A/A 34 (17.00) 53 (28.49) 1.919
G/A+A/A 136 (68.00) 134 (72.04) 1.213

- - 4.680 0.031
1.030 1.817

- - 4.470 0.035
0.612 1.561
1.090 3.376
0.783 1.877

®3 TBX5 ERZHMSTEILE CHD WX R

1] et
G/G 64 32.00 32 23.02 1.000 - - -
G/A 102 51.00 74 53.23 1.451 0.863 2.439 0.159
A/A 34 17.00 33 23.74 1.941 1.024 3.681 0.041
G/A+A/A 136 68.00 107 76.97 1.574 0.960 2.579 0.071
5[] B i
G/G 64 32.00 23 26.43 1.000 - - -
G/A 102 51.00 46 52.87 1.255 0.696 2.264 0.451
A/A 34 17.00 18 20.68 1.473 0.700 3.100 0.306
G/A+A/A 136 68.00 64 73.56 1.309 0.747 2.296 0.346
J ] e
G/G 64 32.00 9 17.30 1.000 - - -
G/A 102 51.00 28 53.84 1.952 0.865 4.403 0.103
A/A 34 17.00 15 28.84 3.137 1.244 7913 0.013
G/A+A/A 136 68.00 43 82.69 2.248 1.033 4.892 0.037
3 itig 5 SNP it % A P BFSE ATk CHD F5 B0

Bl T AL A kR, CHD & R & 17
ZE T ORI Z N EM, ORI 5 ST
7E CHD &R B v i B 2R C A — 2o A e =
FENESE . 50 Mk B % YA OG0 e s IR S8 ]
FEOH B CHD. TBXS J&0 E R0 & & i 8 v i
FEBE SRR T2 —, BBl S 54 2 M T
GATA4, NKX2-5 7ERE AR FKE A EAEH, 14
TOERHE . BESRE RO OIERF R .

SNP 59 &y M pF R €)1z i iE ", CHD

WESESZ—, OAMREMR, —80F TBXS
[K] SNP [l Co AR P A G, LIU 55 ™ % 192 41 r ]
DU 2 () R Bt B LA SR 45 R R, 78 TBXS ZER 4R
FI) 52 ] R Bt ) 8% SN rs11067075 ), SINNER 25
X0 B sl R B B GE Z BL, TBXS JEH 1510507248 £
BHOEEA G, TR = (] B fei L
FVEE B XS BB % TBXS FE R 3" B3 X AH ¢ SNP i 17
LR ARSI AT, 455 R TBXS 3L 3' JEBHPE
IX. 136489956 ( C>T ) 22 A s AT 3 0 =[] Fi e 45 1)
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KT 0T, 45 o TBXS SEPISLFE S A IR 20 A5k 5 S R IR Y G 2

TR, SHRERFIE A L T A7 LN AEHESR miR-9 FlI
miR-30a F 7 [a 84, S8 TBXS SR RIKZE R

ARSI T I UE & B, 5 HRM 455 —%., &
BT ST B E, A ik R 43 5 SR )
rs6489956 ( C>T ) i i SNP 5 CHD iy HE, %47 5
LR A WAL o A LU A 22 5. 2B & R CHD (1)
FUARRRISEAT 53 2000, BT B (Rl B bt 8L,
TBXS5 M 15883079 Z 75 A/A FER RIS G/A+A/A
FLIRUARNT T G/G Wi A= 4l R AL E AT 38 i CHD
RIS, AR & IR 5 A 5 %= ] B il =2 ]
B SEIE, K5I TBXS rs883079 i s SNP ] fig /& CHD
J TR B ) fe sy PR 2

HEE o, TBXS 3 rs883079 1 i 5 D EAE
FIVG BhA . —Ii GWAS WFFE KB, %0755 QRS
iR RO = AL A " PAZOKI A5 " A0 % B 8
) — TR -t 2 B2 A0 A 5 0 B ] QRS B BRAH G
POLYMIRTS i i #0000 >4 22 25 VA £ 1883079 4547
B R G B, A hsa—miR-132-5p A AEHE (0] 45 5 1%
D3k, YA IEN A B, AUFE hsa-miR-1231 7E N 1)
11> miRNA "] GE#0 [ 2545 ™", [k, 4 rs883079
7 05, A S R e A AR I, AT BE S BZ TR IX 26 miRNA
FOME RS, 51 TBXS FERZEBIRK R RZE, M

EONELT , S8 CHD Bk . A% TBXS HEH

15883079 {37 45 SNP 5 CHD, 4 3] J& 2 [a] B B4t ¢ &
13U A e — 204101 5L SR I ik
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