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3% I PCR-Sequencing F1 SNaPshot 4% R 7E 163 i) NTDs H # Fl 357 4| %t B AR i k47 WNTS5B £ K 28 4%
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BT A S A . X rs2270036 (e, 329-16T>C) , rs6489313 (c. 329-84G > A) Fll rs58317077 (c. 329-122T
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[ Abstract] Objective To explore the association between variants in WNT5B gene and human neural
tube defects (NTDs). Methods Mutation scanning and case-control study were carried out in 163
NTDs patients and 357 control participants through PCR-sequencing and SNaPshot.  Results Three
new variants,c. -57-123G> A, c. 622-38G> A and c. 622-99C> T, were identified in WNT5B gene of
NTDs patients. Among them,c. -57-123G>A was a disease-specific variant which was not detected in
all control participants. Association study on rs2270036, 156489313 and rs58317077 demonstrated that
C allele in rs58317077 was significantly associated with NTDs in dominant mode. Individuals with C/C
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and C/T genotype had 1. 62-fold risk to be affected by NTDs than those bearing T/T alleles (OR =

1.62,95%CI:1. 05 — 2. 52, P = 0. 028). Bioinformatics analysis indicated that C allele in rs58317077

would attenuate the binding affinity of transcription factors NF-kap and MZF1 compared with T allele.
Conclusions C alleles in c.-57-123G> A and rs58317077 are genetic risk factors in human NTDs.
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Tab 1 Case information of NTDs patients

Case information Shanxi province  Suzhou city
Cases (n) 142 21
Male (%) 46 48
Mean age (weeks) 23.2 25.6
Clinical Diagnosis(n)

Anencephaly 19 4
Cephalocele 4 4
Iniencephaly 14 1
Craniorachischisis 52 5
Spina bifida 53 7
WNT5B EFH PCR B REMFE KA Exon-

resequecing % R it WNT5B 3& K 45 15 X (4 4~ 4b
75 -UTR H1 3'-UTR 3 518 (£ 2) . 3R )5 ik
17 PCR ¥ 34 . I J7 5 iz A ] Bigdye i 71 & (3¢ [
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ABI 2w, I ABI 3730 3 J7 AR I, 45 2R ] Seq-
man A5 .

THRMUAHEESE W SNaPshot £ A X}
G000 1) ) 2% S A7 A A SNP Ay 5 i 47 3 R 43 Y, SNaP-
shot IXF &2k A 3£ E ABI A H], SNaPshot &35 T B
BCRE SEE fif iyt B ) i AT 3 LB 0 728 S o B

TREESE 51 ), A5 1 W) Z [ AH 22 5~6 bp ., 42 5437
S7E SNaPshot 43 Y & 4K K HETT . A PeakScan %14
XA AT oA o A SR A I A7 5 Al ) H S B
ARG ISR OR A ) 25 Y IR, B JE BE AL PR E
1001 SNaPshot £ S #4700 /¥ 35 UE (& 1) .
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Tab 2 Primers for amplification of the WNTS5B gene coding region

WNT5B gene coding area

Forward primer

Reverse primer

Exon 1 5'- AGGGTGGGAAGATGAGCAGT-3' 5 “TCCTCAGGGAACCCTTACAAA-3'
Exon 2 5'-CCTTTGAAGGCCAGCACTCT-3' 5/ GCTTCCTCGTGTGCCTCTCT-3'
Exon 3 5'-CAGCGGCGGAAGTAAAACAG-3' 5/ GTATGCCCATTGGGAAGTGG-3'
Exon 4 5"-TGAGCACCTGAGCATCTTGG-3' 5'-TCCTTTCCATTTTCATCTTTCCA-3'
A 1576001630 k < LI
31310 variant2 30180 152270036 29730 pariant3 30070 pariant3 i
27310} | 26180 bariant3| rs6489313 25730 26070 rs
< ' ST 2180 | G>AG ~ 21730 52T2>7C0$3r6?6489313 22070} || 152270036 C
O e 1 Sl W o
Tk 14180 J\ 13730 14070
11310 ’ ‘ | 10180 [ 9730 10070
7310 \ I 1 }\ 6180 o 5730 6070
3310 | [V UL 2180 : J
AN SVAW) \J J A 1730 2070

I WNTSBEREZTS

Fig 1

i & Y SNaPshot % F 43 8

Genotyping results of variants in WNT5B gene by SNaPshot

A': The genotypes of 7 variants are G/G,A/A,G/G,T/T,C/C,T/T,G/G,respectively (from left to right) ; B: The genotype of
rs6489313 is A/G; C:The genotype of rs2270036 is C/T; D: Both rs6489313 and rs2270036 are heterozygous.and the genotypes are

A/G and C/T,respectively. Red peak:T; Green peak:A; Blue

21 Z 8] 45 SNP {3 f 1) 55 A0 J PR R 56 DR 78 01 %% 4 A
FE 5 XA R 2] A SNP A s S AT WA -1 A
#& -1 #5568 ( Hardy-Weinberg equilibrium, HWE)

45 xr

WNTSB ZEF # NIDs BILFWMFER X
163 ] NTDs & JL#) WNTSB 3 [] 5 A~ 2 fith X K 30

peak:G; Black peak:C.
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Fig 2

Locations of 8 variants in WNTSB identified in NTDs patients
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Tab 3 WNTS5B variants identified in neural tube defects patients

Variant Location Genotype Near Seq (30 bp) MAF
wi ortesimoea S0P OAD L AAD S-AGTGGGAGCGOASGC
variant2 Intron-4:c. 622-38G>A Gi ;1)(;2) (j)/.\(:): /(\)A“((:: ST,;:C,I‘(:;;:(;:/‘\A%SQ}/};CCTCTGGGCC NA
variant3 Intron-4:c. 622-99C>T Cft:; ) iT(J(fZ) ’(I;’I;]((:)) ;;éf{{?:t,?:é(ﬁ%?(ﬁgc NA
rs75001630  5'-UTR:c.-41A>G A:(:;:) /:'(}0(245) ((:(0((:)) ch’( g;\’ggLTTT ((I(T XS?GGGAAC NA
1s35177332 Intron-2:c. 81-114G>T G((i(;:j) ((‘:’I;)((:()) F(I)VI;)((:: ST,X:’QC'I/‘\'ISIT’I?(;[:I(‘}’I{\'I:FC{TA/E}%*3, 0.0437
e emsesprsc 109 TOSHCCODSGGGAGAGGAGAGEGCA 1y,
wois  onsiemacma  COUS) GA® L AADSLCOCAGGCGTOTCAGCA g
rs58317077 Intron-3:c. 329-122T>C T()T;::)) (()Ti:;) Q“u;)(;) iTT\TL((f(i/XA((((T(T AA/S(AE’ 0.3124

MAF : Minor allele frequency.

GGC CG CGETTET T TG C/CHIFBE/AME B NTDs X 2 3#nd T/T 3
¢.-57-123G>A FEEAER 1. 62 £ (OR=1.62,95%CI. 1. 05~

2.52), BUAHM. FRATTIE K 30 A 2L B M st AL R L 48
M C/C P E SR B NTDs 19 KUK &8 44 T/T
FERAIAK I 1. 87 £ (OR=1.87,95%CI. 1. 11~
3.15), Hiofth P 4~ SNP fii & rs6489313 #i
rs2270036 7ECHEME 58 H TG i # 25 % (P>>0. 05, %
4,

AGGCCGAGCTT

GO BT B9 45 R R W] L3 A SNP AL A5 AY 25 ir
FN L C-A-C LB SRR NTDs 19 XU 52 5% 3%
AR H PAEA G R GR S,

B3 RmOABFERHREAMS c.-57-123G>A B 5 &
Fig 3 Sequence data of the mutation c. -57-123G_>A in patients
Red peak:T; Green peak:A; Blue peak:G; Black peak:C.

SNP i mBIKBRA M FRATEH 3 4~ SNP fif
B rs2270036, rs6489313 F rs58317077 (#ii K >
SV HEATIRERBE S . M BN b a5 SRR
34SNP fi & Z [l A f7 76 3% 91 A °F 5 3 %
( 158317077  ws.  rs6489313, r» = 0.0249;
rs58317077 ws. rs2270036.7> =0.187), H 3 4> SNP
AL AR X RERE A op iy 56 PR RS 23 A #4F & HWE (&
4) o I -0t BRI 43 A 45 R B < TR 1 35 AL B
2N 9 ) AR BREH b rs58317077 7 i 55 o7 ik A
CHmESMAREEZR Hp CHEMERNE
NTDs Hi KU A& (P = 0. 028) , #7447 C/T 8§

rsS8317077 (L M EME B F W A A1
2%k S A F W 3K 14 Chttp://www. cbre. jp/re-
search/db/TFSEARCH. html) X} rs2270036.
rs6489313 Fl rs58317077 AT 4B » Wi 45 5 32 1] .
TE rs58317077 i i 5 AL HE R Tt U B s[5 1
NF-kap #l MZF1 5% A0 45 5 5 24 35 7 Bk B C
I 2 SRR TP L G TR RUIZ AL T RE
Z: 5L S F IR (B 4)

2] o
WNT 3 5K 1 Ax 2 5 i WNTSA,

WNT5B Fil WNT 11 3R 7EAE R A9 4 B g e st 2
2 5PCPlE S S RI3/ M 62, Hf WNT5AFI
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F 4 1s2270036,rs6489313 1 rs58317077 ZE VR Bl AN X BA WM E S
Tab 4 Distribution of rs2270036,rs6489313 and rs58317077 in NTDs patients and controls
SNP HWP Model/Genotype Case (n,%) Control OR (95%CD P value
1s58317077 0.2 Codominant 0.054
T/T 34 (20.9%) 107 (30%) 1. 00
C/T 79 (48.5%) 166 (46.5%) 1.49 (0.94-2.38)
c/C 50 (30.7%) 84 (23.5%) 1.87 (1.11-3.15)
rs58317077 Dominant 0. 028
T/T 34 (20.9%) 107 (30%) 1. 00
C/T-C/C 129 (79.1%) 250 (70%) 1.62 (1.05-2.52)
rs58317077 Recessive 0. 087
T/T-C/T 113 (69.3%) 273 (76.5%) 1.00
c/C 50 (30.7%) 84 (23.5%) 1. 44 (0.95-2.17)
rs58317077 Overdominant 0. 68
T/T-C/C 84 (51.5%) 191 (53.5%) 1. 00
C/T 79 (48.5%) 166 (46.5%) 1. 08 (0.75-1.57)
rs6489313 1.0 NA 0. 84
A/A 155 (95. 1) 338 (94.7%) 1.00
A/G 8 (4.9%) 19 (5.3%) 0.917(0. 39-2.13)
rs2270036 0.32 Codominant 0.56
Cc/C 94 (57.7%) 204 (57.1%) 1. 00
C/T 53 (32.5%) 127 (35.6%) 0.91 (0. 61-1. 36)
T/T 16 (9.8%) 26 (7.3%) 1.34 (0.68-2.61)
rs2270036 Dominant 0. 91
c/c 94 (57.7%) 204 (57.1%) 1. 00
C/T-T/T 69 (42.3%) 153 (42.9%) 0.98 (0.67-1.42)
rs2270036 Recessive 0.33
C/C-C/T 147 (90.2%) 331 (92.7%) 1.00
T/T 16 (9.8%) 26 (7.3%) 1.39 (0. 72-2.66)
rs2270036 Overdominant 0. 50
C/C-T/T 110 (67.5%) 230 (64.4%) 1. 00
C/T 53 (32.5%) 127 (35.6%) 0.87 (0.59-1.29)

HWP.Hardy-Weinberg P value in control group; NA:None available.

RS 1rs2270036,rs6489313 F rs58317077 RN EEZBI NI E R
Tab 5 Haplotype analysis of rs2270036,rs6489313
and rs58317077

rs5831 rs648  rs227

F 95%CI
7077 9313 0036 requence OR(95 % CI)

P value

T A C 0.4722 1.00 =

€ A C 0.251 1  1.63 (1.18-2.27) 0.003 5
© A T 0.216 2 1.23 (0.88-1.72) 0.22

T A T 0.0345 1.69 (0.74-3.85) 0.21

C G C 0.0228 1.37 (0.54-3.45) 0.51

WNT5B 7E & B BR 5 51 A s iR~y . FRATHE
FEHRE R 163 il NTDs i JLFEA X 4547 )™ 5 1Y
NTDs F8, WNJCIK  f0H AE 2 I 1 45 . AR A

5 NTDs 5 WNT5B J [H Z [8] i) A 56 M I A fig £
#£ NTDs Ji§ JLFE AR o 2R A5 0 2] WNT5B 3L [ 4 15
X 28 745 X — 45 L Jr 56 0F , {H Xt 9F — 45 il
WNT5B & 17 41 1 & B O <7 P e H 3 B i &
Bk,

AT WNTSB 3k B 35 i 7 & il 180
bp &b M5 — W & F AT E] 14 . -57-123G> A
8 78 S 67 A s ERCBR FRATT TE 1 SR 4R B WK MR A D))
AL ST N R BXF 357 ] 1F % BRFE A Ay ik
A B R E W] ¢ -57-123G> A J&— DI AE ) LR
I R S AR LG AR A . A o A AR AR H R
ZEAR FLAG AR R 1) 16 B 1 L 1 22 S0 56 5 E AT 2 5
L2 A8 A A B N'TDs F JR Beb g 20>,
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rs58317077(c.329-122T>C)

AGCGTTAGAG CTACGGGAAG CGM@G:C TGCCCCAGGG GTGTCAGCAG entry score
........ > MO0032 c-Ets—- 88.2

{mmm—————e Mooo08 Spl 87.7

________ > MO0108 NRF-2 86.0

AGCGTTAGAG CTACGGGAAG CGAAGRECCC TGCCCCAGGG GTGTCAGCAG entry score
........ N M00032 c-Ets- 88.2

F S M00008 Sp1 87.7

sy M00108 NRF-2 86.0

P — M00054 NF-kap 85.7

(mm————— M00083 MZF1 85.2

4 rs58317077 (i S EREFHEATME R
Fig 4 Transcription factor predictions of rs58317077

3 4~ SNP fii & rs2270036. rs6489313 Fl
rs58317077 (1) - % BEOCHK BF 90 45 SR 3R B, 78 B v
WAEEL T . rs58317077 1 C S RN S B E T &
AR NTDs (19 XU 598 78 3k DR 4 15 XK 48 3] 52
£ WNT5B 3 [H 5 NTDs A 5 3 45, {2 7
WNTSB 3 [ (1) 3E g 15 X FR AT A1 & B rs58317077
PSS C 5§ NTDs BB M %, TERA
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SN T 2 A SNP AL 5 08 BRI 1 & A B
A2 AN WINTSB IR A 3k 4 25 55 2 0 11
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MAEARME 7 P ATT & 5 NTDs % A4 W& M K1
rs58317077 {37 45 119 C % {7 3k P [F B¢ 7 F WNT5B
HEHEME =NE T,

38 HIN K SNP A 5 1] LU 3 MicroRNA %% 53%
HF Ah 37 Y55 2 Ay kg L K Ui fg. b
THARSE 158317077 i gi. C 557 e H 2 5 A T 1E 1Y
T ae = SO AL A — 3L b, AT FH7E 46
A E B2 B X rs58317077 {3 55 #E4T T &% 5%
Al F1 MicroRNA [ 5l , 45 R & Bl rs58317077 i
U C S FE R S 6 5% [N F NF-kap fl MZF1 5
XIS A 7 AR B S A B N C O e,
Bk F NF-kap il MZF1 TGk 5 % X 5 0F % 45
4. NF-kap(NF-kappaB) f&& — Fl #% §% 5¢ [l -F , {7 16
TR b It 2 5 40 M JE T AR 22 0 2L R AE
TERN 2 R G S Mg WF 58 b A 15 £ 56 T NF-kap
MIHRIE . sk MZF1 AR B2 —Fhidrds B E . 5
DNA J& 5 5 1R & 8 45 & 8 5 k. W o 4
rs58317077 i 5 FY R R AL C/C F1 C/T W55 B &,
R T B MR AR W A A I T 25 2R, FRATT 4
C S B R A] BB 23 52 W B s PR 7 5 i K 45 &
AT B2 5 R 1) 1 6 6 38 7K 7 AN 3 3 F 4 5
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