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[ E]1 HE: HITETEBXDUEAR T AEE R D Z K (VDR) B K 4 4~ SNPs i AN 2815 2 B0 R
R (T2DMD By SEed:, B 46 T2DM B9 R0 i 42 (EBe B8 . 7. RAIR A s N R Bi-IRAIvE R B K £
A4 (PCR-RFLP) J7 ik % 7 B I 201 i) T2DM 83 J& 210 i) i 52 % B8/~ & VDR 3k [ rs1544410 (G> A) .
rs757343(G>A) | rs731236(T>C)Hl rs739837(G>T) k4 /> SNPs i s 9 2 AP dE A7 4G I 55 191 %o et 2 i) e PRl
TR S 07 B DR AR B 25 S LR o M08, BAf5 8 20 M R B SHEsis 228 0B 4. 455 . T2DM 41 Fnxd e 41
B, rs1544410. rs757343 fof i Jk A USR5 A 25 5 HLA G124 8 L (P<T0. 05) 5 rs1544410 {3 55 55 7 J PR S35 4y
5 22 5 A et 24 8 L (P<C0. 05), ZfiZEH G 78 T2DM 4 A% (93. 5%) i T3 R 41(89. 3%), OR [95%CI]H
1.738 [1.055~2.865]; 4 A~ S ALkt 16 A5, BAfFR GGCT £ T ZIUE T2DM B H A4 5 (10. 0%)
TR (6.1%), HiLHEEZESALEHFE X (P<0.05), H OR [95%CI]H 1.723 [1.03~2.883],
. T HXGEARET, VDR B rs1544410 A g S AL ALK G K HAE R GGCT w34 & T2DM A KUK .
(X1 VDR ERF,; WiRM. 28, THEIUE: PEEFRESME
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Relevance analysis on polymorphisms of four SNPs of VDR gene and
type 2 diabetes mellitus in Ningxia Han population

XU Jin-rui, NA Xiao-fei» YANG Yi
(Key Laboratory of Protection and Utilization of Special Biological Resources in Western China, Ministry

of Education, Ningxia University, Yinchuan 750021, China)

Abstract: Objective  To investigate the correlation between 4 single nucleotide polymorphisms(SNPs) of vitamin D
receptor (VDR) gene and type 2 diabetes mellitus (T2DM) in Ningxia Han population and to provide theoretical
basis for T2DM prevention. Methods  Polymerase chain reaction and restriction fragment length polymorphism
(PCR-RFLP) method was carried out to examine the SNPs at rs1544410 (G>A), rs757343 (G>A), rs731236
(T>C) and rs739837 (G=>T) sites of VDR gene in 201 T2DM patients (T2DM group) and 210 healthy individuals
(control group) in Ningxia Han population. The %* test was used to compare the allelic frequencies and genotypic
frequencies between two groups. The SHEsis online haplotype analysis software was applied. Results The
genotypic frequencies of rs1544410 and rs757343 had significant differences between T2DM group and control group
(P<C0.05). The frequency of allele G was higher in T2DM group (93.5%) than that in control group (89.3%),
and the difference between two groups had statistically significant difference ( P<C0.05). The OR [95%CI] value
was 1. 738 [1.055—2. 865]. There were 16 haplotyes in 4 SNPs in all and the frequency of haplotype GGCT had
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significant difference between T2DM group (10. 0%) and control group (6.1%) (P<C0.05), with OR [95%CI] =

1.723 [1. 03— 2.883]. Conclusion

The allele G of rs1544410 and the haplotype GGCT of VDR gene may be

associated with T2DM susceptibility in Ningxia Han population.

Key words: vitamin D receptor gene; diabetes mellitus, type 2; Ningxia Han nationality; single nucleotide

polymorphisms

2 BB PR G (type 2 diabetes mellitus, T2DM)
S 35t AL AR B R 2R R [l TR 2 e P . H i
AR IR B BT A & 2 43 W B B 2 T2DM K
B# A RN, 4 A F D 2 R (vitamin D
receptor, VDR) J& — Fi 40 ffl 4% N 2 . J@ F IS [
g/ R IR M R Z R RN — 5L, W S54EAZR D
R 1, 25(0H), Dy 454 )5 50 B 5 B 41 sh
fig, MMiEF T2DM B &4 . AR VDR KA T
12 S YR (12q13-14), K25 75 000 bpt,
9 ANANE TR 8 AN A TR, MR VDR
HEHZEES T2DM kAR K, IFHEA —&
HFRERE . BT, ORI VDR R ZEMES
THEDUENHRE T2DM AH R WF 58 i 1 . A BE5R
XF7 EDUEE T2DM B 5 4d JE 0 BN A rs1544410
(G>A)., 1rs757343(G>A). rs731236(T>C) M
rs739837(G>T) I 4 4~ SNPs i i 3 K £ B K&
AR RI AT, PR K S gAY A S 5 T UG
AHE T2DM 5 [Pk i IRk

1 AMSFE

L1 —f A g 7 5[] b DXV AR K feke
N e T2DM H 3 09 50 J8 8 bk i #E A, Hoop
T2DM 4 201 ) (554 123 4], Lotk 78 #i), DM
ZWibRiE S B WHO F5 (1999 4F), fdt X # 41
210 I CH M 88 . L 122 #i)) ., LA EAS AR A
TM 2%, B 3R RIE, BETEHX)E
fE 3 AL b AR 0 ) R RN, SR IO R e K o
FEARFEIIEF 41 DNA,
1.2 B4 DNA K
PEHGEH 4] DNA,

1.3 SNP 42 &t # X UwiRiEREZH
rs1544410, rs757343, rs731236 Fl rs739837
4 A~ SNPs g AT R =

1.4 314t MW GenBank H VDR 3 [H 7 5]
WitgIy, P AN ST B R B, 51Y0H i
AT AV TREARRS A BRA RSB XA
(160 bp) B rs1544410., rs757343 i 5 3% FHAH A 51
My ¥ HEHM R B F, 5-ATAAGGAAATAC-

R L /05 P Gk

CTACTTTGCTGGTTT-3'; R, 5 -TAGGTGCT-
CAATAAATTGTTGCTAAG-3'", ¥ 1 K B K /h
4 580 bp, B KJRJE 58°C . rs731236 fii & 51 ¥ ¥
G H: F, 5-CAGAGCATGGACAGGGAGCAA-
3', R, 5-GCAACTCCTCATGGCTGAGGTCTC-
3% PHE T BE KN 745 bp, B KR E 65°C,
rs739837 (i G M F A . F. 5-GCAGGGCCTT-
GCCCA-3'; R, 5'-CACTAGGCGCTGGACAAG-
C-3', ¥ H R B R/NR 149 bp, B AR 64.5°C,
1.5 PCR R m  RIWMHFR 15 pL, Hi DNA K
(40 mg + L71)0.6 pl, ETFESI¥4 0.3 ul,
2XReaction Mix 7.5 pl, Golden DNA
Polymerase(2.5 U+ pl.7')0.12 pl, KK =7&K
6.18 ul, PCR B L 454 0. 94°C B ME 5 min;
94°C 78 M 30 s, 58°C/65°C/64. 5°CiB & 30 s, 72°C
FEM ] min, 30 NEIF; A5 72°C ZE A 10 min,
4°C RAFE. P E G, B PCR =9 3 pl, H
1 0 B B R AR U5 g v Tk 2R A T ARG

1.6 BEmA m FREIHENYIE Tagl ., Truo 1.
Bgl1 #1 Bsm 1 W4 FH 3¢ [ Fermentas 28 Fl . 435l
B 57 A B B 9 B0 X PCR P2 Wi 17 W 8], i)
KZ HJ 10 pl. 3 PCR ¥ 4 L, 10X 1]
Geohi 1 p L, BREIMENUIEE 3 U, JnK i = 287K %h
FE 10 pl, Taql . Bsm1 & Tru9 1 B985 YR
y65°C, Bgl | BgYI BN 37°C, S R B [A] 3 2
3hy RMZH)E, WEFYI ™Y 6 L H 1.5% M3
R I P K AT ARG

1.7 ARAREE S &AL EEY Y K i xt
7 4 F PR R L3 1,

1.8 %itF o4 KA SPSS 17. 0 B4t 17 4 1t
oM. NG UL BE o A e R I X RE 2 AN
T2DM 414 SNPs i s J& 5 £F & Hardy-Weinberg
A R 2 ) 5 DR R AR L A R R RO 25
FCECR A o K%, BAf% 553 B ok SHEsis 7 £k
4y M B fF #¥F 47 ( http: //analysis. bio-x. cn/
myAnalysis. php); Ztil AL /1 (statistical power) i
18K Stata 10. 0 #4217,
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2.1 PCR #3 &R KA T LRI
Bl 1~3, HERW, §3 5 B5 R/ —2,
HA W, AT R 5 2 S oKk,

2.2 Eu R KALAHK 3 MK AL,
rs731236 i 5 k. CC. TC Fl TT; rs1544410 fif
BN AA. GA Fil GG; rs757343 i 5K GG,
GA F1 AA; rs739837 fii #i k. TT. TG Fl GG,
W 4~T7 FNF 1,

2.3 ARABRFEARMHASA 45 SNP i 5%
PR R0 3 B AR X B2 KRR A A v By o e A S
Hardy-Weinberg V£, HA#KEMR LM, T2DM
20 55 0T R 2 [] e R AR 5 8 o 5 DR A 501 B B 4 R A
F 2 M3, rs1544410, rs757343 of 5 F PN 45 %L
£ T2DM 4 5 %f B 0 53 A LU A 25 S A Ge i 3
X (P <C0.05); f£ T2DM 4 5 X} B8 41 6], Bx
rs1544410 o7 5 FE PR E B9 0 Af A Ge 1 A
(P<C0.05), HANL 5550 JE PR ERCAE 2 4 1R] L 3%
ER TG HFE L (P>0.05),

1 AL R D B A A DD A B

Tab. 1 The digested fragments of 4 sites of different
genotypes
) Restricted . Digested
SNPs enzyme Genotype fragment(bp)
TC 494,293,251,201
s7
Z*T‘;l(z‘?‘j Taql TT 293,251,201
) CC 494,251
- GA 580, 414,166
22;4?\4)10 Bsm GG 414,166
AA 580
S GA 580, 322,258
Eiij\ﬂ‘; Trug [ AA 322,258
GG 580
P GT 149,110,39
27;(9?)7 Bell GG 110,39
T TT 149
bp Mo 2 i 1 5 T
| 000
T50 T45 bp

500

B 1 rs731236 {45 PCR =9 i ik A
Fig. 1 Electrophoregram of PCR products of rs731236 site
M:DL 2 000 marker; Lane 1—7: PCR products.

bp

M 1 2 3 i 5 B T
10080
TH0 i
00 asl hp

¥ 2 rs1544410 i g F rs757343 £ 5 PCR 7= 4 HL Uk &l
Fig. 2 Electrophoregram of PCR products of rs1544410 and
rs757343 sites
M:DL 2 000 marker; Lane 1—7: PCR products.

1449 by
h = -

Bl 3 rs739837 v i PCR ;=4 ik &l
Fig. 3 Electrophoregram of PCR products of rs739837 site
M:DL 2 000 marker;Lane 1—7; PCR products.

500 bp 1594
250 bp I‘r L
|| |

[ 4 rs731236 fini Taql BEYD™ e ik K
Fig. 4 Electrophoregram of products digested by Taq [ of
rs731236 site
M:DL 2 000 marker; Lane 1—5: Genotype CC; Lane 6: Genotype
TC;Lane 7: Genotype TT.

bp

M 1 2 3 i1 5 6 T 8
Tal =
: 530 bp
00 114 bp
2a0
166 bp
100

K5 rs1544410 i 5 Bsm 1 BEEI =4y e ik
Fig. 5 Electrophoregram of products digested by Bsm [ of
rs154410 site

M:DL 2 000 marker; Lane 1: Genotype GA; Lane 2—7: Genotype
GGjLane 8: Genotype AA.

rs1544410 £ S 4 FEH A £E T2DM 4 Y
WEC (6.5%) Ik F XM 4 (10.7%), H OR
[95%CI] & 0.575 [0.349~0. 9487, i %5 {v 3 A
G £ T2DM 41 i) 45 B0 (93.5%) & F X 1R 41
(89.3%), H OR [95% CI] J 1.738 [1.055~
2.865], M ILEZEFBEAGITFEL (f =4.8,
P<<0.05); power=0.269 5,
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bp M 1 2 3 4 5 6 T 8 (¥ =4.378, P<<0.05), H OR [95% CI] H
o 0 b 1,723 [1.03 ~ 2.883 7. # 5% % i 5 7 2 8% i
G 322 bp
250 258 bp T2DM A B RS . W3 4,

P06 rs757343 fiis Trud T BEHI =4 vk
Fig. 6 Electrophoregram of products digested by Tru9 | of
rs757343 site
M: DL 2 000 marker; Lane 1:
AA;Lane 3—8: Genotype GG.

Genotype GAj; Lane 2: Genotype

2.4 FAER M 4 ADASIEREH 16 Fhp AR AL,
Hrp A58 GGCT 7EXF BB 40 K T2DM 2H H 1 45 5%
S 6. 1% F0 10. 0% . HIF L E R AL FEX

145 bp
110 bp

Pl 7 rs739837 st Bgl T AU ¥y s vk &1
Fig. 7 Electrophoregram of products digested by Bgl | of
rs739837 site
M: DL 2 000 marker; Lane 1,4; Genotype GT; Lane 2, 5— 7;

Genotype GG; Lane 3: Genotype TT.

2 T2DM 4 54 VDR JEH SNPs {37 15 55 K855 84 23 A

Tab. 2 Distribution of genotypic frequencies of SNPs of VDR gene in T2DM group and control group [nCy/ 2%6) ]
rs1544410 rs757343 rs731236 rs739837
Group
AA GA GG GG GA AA CcC TC TT TT GT GG
T2DM  1(0.5) 24(11.9) 176(87.6) 124(61.7) 72(35.8) 5(2.5) 182(90.5) 19(9.5) 0€0.0) 35(17.4) 73(36.3) 93(46.3)
Control 0€0.0) 47(21.5) 172(78.5) 145(66.2) 60(27.4) 14(6.4) 188(87.9) 25(11.7) 1(0.5) 23(15.5) 55(37.2) 70(47.3)
XZ 7.739 6.233 1.510 0.216
r 0.021 0. 044 0.470 0. 898
F 3 T2DM 4 53 Hi2H VDR J[H SNPs i 57 55 (o7 K PR 43 A
Tab. 3 Distribution of allelic frequencies of SNPs of VDR gene in T2DM group and control group [ n(z/ %) ]
. rs1544410 rs757343 rs731236 rs739837
Group
A G G C T T G
T2DM 26(6.5) 376(93.5) 320(79. 6) 82(20. 383(95. 3) 19C4.7) 143(35.6) 259(64. 4)
Control 47(10.7) 391(89. 3) 350(79.9) 88(20. 1) 401(93.7) 27(6. 3) 101(34. 1) 195(65.9)
XB 4. 800 0.012 0.991 0. 158
P 0.028 0.912 0. 319 0.691
OR 0.575 1.738 0.981 1.019 1. 357 0. 737 1. 066 0.938
[95%CI] 0.349—0.948 1.055—2.865 0.701—1.374 0.728—1.427 0.742—2.481 0.403—1.347 0.778—1.461 0.684—1. 286
3 W i HWRHEDHIT LM VDR HEMH rs1544410
T T

T2DM R B 5 R AR HT 5 e & R AH R =
FYRRAE . DRI AR B A AR T 5 R AR M i . B
HIXf VDR 2K 285 T2DM %Eééﬁﬂ@b}?%_ﬁﬁ
B T2DM & 95 AL i BF 58 b B9 $4 5, ASBF 58 i i
JeHy 4 A SNPs A g i, AW rs1544410 (i 5T &
% T2DM W kA B A Gk, SF 0N G 2T
HOUGENH#ES) B T2DM R T, i rs757343
rs731236 Fl rs739837 fii i 2 &M 5 T2DM By &4
ANAFAE B

B AL LR G AT RE S 5t DU A H#E T2DM Y X
B PR 25 W /N AR AED W VI DU N L SRS S
XFREEDUGE AR TR £ W] . VDR £ rs1544410
7 A A SRR T2DM R 5 RN &, A
i N SR ISR 45 R R rs1544410 7 5 £ A
59 Jdb %k N BE T2DM ) k& A4 B k.
Malecki %14 B BF 5% 45 H 8 7R rs1544410 F
rs731236 (i sl B 2 A8 59 2= A\ T2DM /) & 4 J6
R



e Hr, & . FEIEARE VDR K 4 4> SNPs 7 55 N L2 505 2 TSR 89 Bt 20 989
F 4 T2DM 4155} RE41 VDR [ 345 RUAT B 84 43 A

Tab. 4 Distribution of haplotypic frequencies of VDR gene in T2DM group and control group [nCy/ %) ]
Group AATT AATG AACT AACG AGTT AGTG AGCT AGCG
T2DM 0 (0) 0 (0) 0.16C0) 0 (0 8.63(2. 1) 0 (0) 10.79(2.7)  6.42(1.6)
Control 0.85(0. 2) 1. 05(0. 2) 0.29¢0. 1) 3.31€0.8) 17.82(4.2) 3.04(0.7) 6.99(1.6) 13.64(3.2)
Xz — — — — 2.756 — — 2.237
P — — — — 0.09 — — 0.134
OR — — — — 0.503 — — 0.492
[95%CI] 0.220—1. 149 0.190—1. 270
Group GACT GACG GGTT GGCT GGCG GATT GATG GGTG
T2DM 75.71(18.8) 4.76(1.2) 7.23(1.8) 40.26(10.0) 244.91(60.9) 0.23(0. 1) 1. 14(0. 3) 1.77¢0. 1)
Control 74.81(17.6) 4.69(1. 1 4.24(1.0) 26.00 (6.1) 267.26(63.0) 0 (0.0) 0 (0.0) 0 (0.0
XZ 0.247 — — 4.378 0.263 — — —
P 0.618 — — 0.036 0. 608 — — —
OR 1. 095 — — 1.723 0. 925 — — —
[95%C1] 0.767—1.563 1.030—2. 883 0.687—1. 246

The order of SNP sites in haplotypes: rs1544410, rs757343, rs731236 and rs739837.

Fuat ZM B 97 45 S B 7. VDR 3L A rs731236
PR 285 L HH AR T2DM B & 4 ToAH .
MM rs757343., rs739837 i S 2 & ME5 T2DM K
K MERF T N A8 i A WL AR .

25 LRTR . XA TR HE B 5T 45 A E A — 3L
PE, TTRE AR AL 45 . T2DM g 22 3 A 38t 44 0
H 2 MR VR T A TR PR 1Y 3 B AR
Ny FRBY R 35T DR R ORI 85 R 3R AL R A FH B 2
R, BHHEEHERRLEA 0T BT AR R R
FEH R EORT . M2 R RERTE . teAh, X
TE RN Z I, AU F I A i 2 3
PES BT AE AN A5 Hh 56 DR 5 0 1) BL S OGP L T
IR 22 A o 2L B B R R AT A BT, A BBV A b
55 B A DG B A i A AR I

ABFFEXT 4 4 SNP A7 R A R 43 Hr 45 R 3%
Wy FAEAS GGCT mI 3G fin7° B BLE B T2DM 1y XL
B, X—45 R ¥ VDR 2 A rs1544410 {7
SRR A R PR GGCT W ARERIAE I T B
UG T2DM — 2 10 B i 5 5 A BE
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