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Correlation analysis of the relationship between the osteoporotic fracture and OPG-RANK-
RANKL gene polymorphisms
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Abstract: Objective To analyze the complex relationship between the OPG-RANK-RANKL gene polymorphisms and the hip
osteoporotic fracture at gene level. Methods In this study, the method of correlation analysis was applied. OPG-RANK-RANKL
gene was selected as candidate gene. The classification analysis of 75 single nucleotide polymorphisms ( SNPs), which were
selected from OPG-RANK-RANKL genes, was performed in 700 unrelated Han individuals. According to the results, the
haplotypes was identified using Haploview. And the correlation analysis of the relationship between the identified results and the
phenotype of the hip fracture was performed. Results Each haplotype of OPG-RANK-RANKL gene was identified using
Haploview. And the tagSNPs were selected. Conclusion The results of correlation analysis showed that 3 SNPs, rs2460985
locating in OPG gene, rs1805034 locating in RANK gene, and rs9525625 locating in RANKL gene, were correlated with the hip
fracture (1s2460985, P =0.0299; rs1805034, P =0.0234; rs9525625, P =0.0144) , indicating that OPG-RANK-RANKL system
played an important role in the regulation of bone metabolism. The results also showed that haplotype block 1 (CACC) in OPG
gene, haplotype block 1 (AAAAA) in RANK gene, and haplotype block 1 (CAAACC) and haplotype block 3 ( AAACACA) in
RANKL gene were associated with the fracture. The difference between the study group and the control group was significant ( P <
0.05).

Key words: Osteoporosis; OPG-RANK-RANKL; Single nucleotide polymorphisms; Haplotye

HEWH . HEAREFIE4 (30570875)
# WIAEH . T 4%, Email :mlltq@ 163. com



248 [ B BB AR A A

2014 4F 3 45 20 %55 3 ] Chin J Osteoporos, March 2014, Vol 20, No.3

i

BMC Bone mineral content

HH
BMD Bone mineral density e i
OF Osteoporotic Fracture B BB T
op Osteoporosis B BB A AE

B BAAE & — P DL w5 A
P2 B W I R0 B R BT A LU AN BB R
P T R T A B B T R A R A — T 4 AR
RS L PR | 1815 Ik 50% ~90% ., B 5
BAARE I B S R i T, AR B T e o T
BB AN AE AR BT A8 PR i 3T ( Osteoporotic
fracture, OF) &5 H WL IR B4R TE SR, B P &4
2 R B — RSN , B g AR B e B B
FASE R E ™ E 5 2R

OPG/RANK/RANKL F 48X 15 JFsh b 11 & i L
HANGYTY A & =2 RS20, R & RANKL F1 OPG
FEAR AR AT DL B S e B B AR B R, TR
M) 35

1 H&

PLOF VBN B4 o 27 FH 2k DRI AL X B SCBK
TRNEE R I3 P A TG I 1) DGR G 17 iR i o A
PR OF B HAHSCHEH Z B E R,

2 Fik

fIEEE T 400 KT 55 JE1 2 19 OF i o] ( &tk
246 N) 1400 KT 55 JE 2 BORRIEEATE (Lot 221
N, HA BSR4 700 B, BT A BIBF5E AR
HA FDUBREAR  IMAWFFE RS #0221 g R ST
[l 283k 1 ™A B HEBR AR Bl /DR 3845 PR R
JE BT FASE 5
2.1 DNA [#2H

DNA $2HIT 50 &t A B8 se 2B A w2k
R s R O A ) RS R W S O A R

JETRFT DNA T
2.2 SNP 737U S

1) DNA i 852 ) A5 SO IR A7 53 ) ik
4) B X 5E it (AQ) RN A5 ) AT Y 4
¥

SNP 3B PCR 4" 445 2 195 | AR5 e 471
Y 22 A8 T 0 R B G s AL 4 9 2 58 I, 56
I AR 2 48 (ABID) 28 7 A il
2.3 PR TR

Haploview J& M f 9] %) 35 PR U £ i rh 45 ) 32
AP ) TR SR B FR AU R s 1Y)
TH, Haploview TE 38 3 1A HEBR A AT A Hardy—
Weinberg ~F-iif i) SNP #1438 )15 2 % /N T 509% (194>
A&, Haploview 115 H B SNP Z [6]#9 D {H, JH4K
& D 5 U FT A E Y SRS B OC R &) ot e
& R RIR, 78I H Haploview 331 B4 1 2 R,
T 2 W A AU S I A B A A PR R AR R
Haploview FTRETR A SCIF AL,

(1) info 3CH

Info SCIF2 Haploview 51 B 44 7Y fp 75 X (1) 3C
PFZ— LB APIINER, 5 —FE SNP 1 id, 55—
FIESA SNP FE Ak FIALE , TEIC A
PRk 2605 BE R et S5 B SO info BN
Haploview FFHEIIA SNP data

(2) ped CHF

Ped SCIF L EHCHREA R SEA T B FIHE D B 5
E

RN

(3) BAPARTI P B A i
3 #£R

700 MRS
B SNP fR4r BILE AR RIS I R R TR (F 1.
23),

R 1 OPG P SNP 7P RILES:
Tab.1 The classification result of SNPs in OPG gene

SNP %% SNP £%% D % Geno'" MAF ) M. A,
1 SNP_A-2087412 151521154 98.6 0. 455 A
2 SNP_A-2177593 152514602 98.7 0.14 C
3 SNP_A-4258649 1510453061 95 0.183 A
4 SNP_A-2141150 152460983 99.9 0.148 A
5 SNP_A-4235348 152460985 98.5 0.273 A
6 SNP_A-4227654 17841489 90.9 0. 068 C
7 SNP_A-1859720 157000310 100 0. 464 C
8 SNP_A-1946690 13103970 99.3 0.283 A
9 SNP_A-1808265 153134093 100 0. 468 C
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SNP %i 5 SNP 4%k D % Geno" MAF M. A. &)
10 SNP_A-4213207 13890832 95.9 0. 309 A
11 SNP_A-1929189 110955911 92.6 0.129 C
12 SNP_A=2129369 13102724 92.9 0.413 C
13 SNP_A-2064673 13102725 94.6 0.129 C
14 SNP_A-2066991 1511573870 99. 1 0.153 C
15 SNP_A=2241736 153134061 99.9 0. 149 C
16 SNP_A-1994847 1511573838 93.6 0.141 C
17 SNP_A-1994849 110505346 99.6 0.164 A
18 SNP_A-1994852 110505349 97.1 0.158 C
19 SNP_A=2129326 151385495 98. 1 0.479 C

2 RANK [ SNP 43 B2 R
Table 2 The classification result of SNPs in RANK gene

SNP %5 SNP 2%k D % Geno'" MAF %) M. A,
1 SNP_A-1900856 154941125 100 0.394 C
2 SNP_A-958660 18086340 100 0.358 C
3 SNP_A1921364 151805034 97.7 0.308 C
4 SNP_A-1788857 1517069895 98 0.173 C
5 SNP_A-2276395 157231887 100 0. 164 A
6 SNP_A-921373 117069904 99.7 0.148 C
7 SNP_A=2278702 112959396 96 0.167 C
8 SNP_A-2005726 13017359 99.9 0. 348 C
9 SNP_A-921379 1517665435 100 0.074 C
10 SNP_A-=2277302 1517069956 95.7 0. 066 A

3 RANKL A SNP 43-#1%%
Table 3 The classification result of SNPs in RANKL gene

SNP %5 SNP &k D % Geno'" MAF M. A. &)
1 SNP_A-2151856 Rs7992970 100 0.329 C
2 SNP_A-816202 Rs9594738 99.7 0.084 C
3 SNP_A-=2118508 Rs7987211 100 0.131 C
4 SNP_A-2130898 Rs10507507 94.7 0.125 C
5 SNP_A-2130899 Rs17535675 99.7 0.136 C
6 SNP_A-2130901 Rs7994531 98 0.397 C
7 SNP_A-1804063 Rs12874142 100 0.136 A
8 SNP_A=2228057 Rs7326472 93 0.108 A
9 SNP_A-1894917 Rs12864265 99. 4 0.184 C
10 SNP_A-2188915 Rs6561045 97.1 0.233 C
11 SNP_A-2040821 Rs7316953 94. 4 0.198 C
12 SNP_A=2033727 Rs1324005 97 0.17 C
13 SNP_A-2226987 Rs9525625 99. 6 0.176 A
14 SNP_A-4283618 Rs720824 99.7 0.185 C
15 SNP_A=2130940 Rs9315919 94.6 0.21 A
16 SNP_A-1785767 Rs17536002 99. 4 0.186 C
17 SNP_A-923193 Rs7334307 99.9 0.43 C
18 SNP_A-2057875 Rs927623 99.3 0.187 C
19 SNP_A-2130954 Rs912423 99.7 0.22 C
20 SNP_A-4194801 Rs9594770 9.3 0.148 C
21 SNP_A-4273459 Rs4942131 99. 4 0.193 C
22 SNP_A-2023838 Rs17536071 95.1 0.164 C
23 SNP_A=2160867 Rs9525630 100 0.194 C
24 SNP_A-891598 Rs9533128 98.9 0.05 C
25 SNP_A-2214441 Rs9315923 98. 4 0.373 C
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SNP 45 SNP 4%k D % Geno'" MAF® M. A
26 SNP_A=2075745 Rs4941430 100 0.187 C
27 SNP_A-906544 Rs17458078 99.6 0. 496 C
28 SNP_A-2210007 Rs1038435 99 0. 061 C
29 SNP_A-2140234 Rs17596685 99. 1 0.311 A
30 SNP_A=2117454 Rs9594780 99.3 0. 146 A
31 SNP_A-4226628 Rs168312 98.7 0.316 A
32 SNP_A-1924297 Rs9533156 94.9 0.497 A
33 SNP_A-2200765 Rs9525641 100 0.477 C
34 SNP_A=2101665 Rs4942143 93.1 0.271 A
35 SNP_A-2202749 Rs2148073 100 0.305 C
36 SNP_A-2049917 Rs346591 94.7 0.287 C
37 SNP_A-4283636 Rs1325803 99 0.136 C
38 SNP_A-1945691 Rs9567011 98.7 0.341 A
39 SNP_A=2132587 Rs1325790 96. 7 0.414 A
40 SNP_A=2131126 Rs10507513 97.3 0.417 A
41 SNP_A-1821101 Rs9533208 98.9 0.265 C
42 SNP_A-1832439 Rs7994457 99.9 0.27 C
43 SNP_A 2230407 Rs2761147 92.4 0.236 A
44 SNP_A-1808093 Rs6561072 100 0. 406 C
45 SNP_A 2268650 Rs17597366 97.9 0.151 C
46 SNP_A-2167043 Rs7998938 100 0. 494 A

. (1) % Geno: SNP 43 B 3128 ; (2) MAF : Minor Allele Frequency , fit /NS FE PR ; (3)M. A, B/NER LA
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Fig. 1 The generated atlas of linkage disequilibrium (OPG)
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B2 A SN A P (RANK)
Fig. 2 The generated atlas of linkage disequilibrium ( RANK)
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Fig.3 The generated atlas of linkage disequilibrium ( RANKL)
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Table 5 The result of correlation analysis

CCCAAACAC .10 using Haploview (OPG)
CACAAACAC .012

CAAACAACA 012 D % Geno'"”  MAF®  M.A. ¥ P value

12 rs1521154 98.6 0. 455 A/G 0. 0690

152514602 98.7 0.14 A/C 0.9286

110453061 95 0.183 C/T 0.5749

B4 OPG HiRAIE 152460983 99.9 0.148 G/T 0. 8869

Fig.4 Haplotyte of OPG 152460985 98.5 0.273 C/T 0. 0299
157841489 90. 9 0. 068 A/G 0.2582

17000310 100 0. 464 C/T 0.8183

o o - 153103970 99.3 0.283 c/G 0.6101
by i g b 13134093 100 0. 468 C/T 0.4776
AACAA 513 AA 577 153890832 95.9 0.309 C/G 0.7612
CCCAA .176 CA .348 110955911 92.6 0.129 A/G 0.5908
153102724 92.9 0.413 A/G 0.5131

AAACC .147 AC.074 153102725 94. 6 0.129 A/G 0. 6249
CACAA .133 1511573870 99. 1 0.153 c/T 0. 6634
AAAAA 016 153134061 99.9 0. 149 A/T 0. 4295
1511573838 93.6 0. 141 A/G 0. 7602

AACAC .012 110505346 99.6 0. 164 G/T 0.5776
A2 1510505349 97.1 0.158 c/G 0.8543

131385495 98. 1 0. 479 G/T 0.2427

5 RANK FikRI[E
Fig. 5 Haplotyte of RANK

6 FIH haploview 47 BT HT 45 5 RANKL
Table 6 The result of correlation analysis
using Haploview (RANKL)

D % Geno'"”  MAF®  M.A. P value
Table 4 The result of correlation analysis

using Haploview ( RANK) 157992970 100 0.329 A/G 0. 5453
159594738 99.7  0.084 C/T 0.0533
1D % Geno' MAF®  M.AL P value 157987211 100 0.131 c/T 0.1525
154941125 100 0.394 A/G 0.4168 1510507507 94.7  0.125 C/T 0. 3094
s8086340 100 0.358 Cc/G 0.3765 1517535675 99.7 0. 136 A/C 0.3944
rs1805034 97.7  0.308 /T 0.0234 17994531 98 0.397 e/t 0.4079

1517069895 98 0.173 c/T 0. 1005 1512874142 100 0.136 c/T 0.538
157231887 100 0. 164 A/G 0.117 7326472 % 0- 108 MG 0.3172
1512864265 99.4  0.184 A/G 0. 8786
1517069904 99.7  0.148 A/G 0.2829 561045 o1 0.3 o 0 5638
1512959396 96 0.167 G/T EEZE 17316953 94.4  0.198 /T 0.8036
153017359 99.9  0.348 A/C 0.162 11324005 97 0.17 C/C 0. 6284
rs17665435 100 0.074 A/T 0.3378 rs9525625 99. 6 0.176 C/T 0.0144
1517069956 95.7  0.066 c/T 0.767 15720824 99.7  0.185 A/T 0.7712

AAAAAC 5592 AAR TT73 ACACAARA
AACCCA 135 CCC .180 CCCaccce
ACAACC 117 ACC .036 AAACACAA
CAAACC .085 ACACACAC
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J184 AACA 165 CA .1 BE%AA Lk ACAAAACCA .250 CCCCCC 264
A75 CCAC .157 CC.187 AC .062 CACAACAAC 123 CCCAAA .175

.036 ACAC .038 3 1) CCCAACAAA 066 CCCAAC 137
032 91 CACAACAAA 016 CAAAAA .0OB3
.94 CCCCCCAAC 013
.88 75

Bl 6 RANKL F{ARI]
Fig. 6 Haplotyte of RANKL
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X6 R7T  OPC HYREISCHRSFHras R
D % Geno” MAF?®  M.A.® p value Table 7 The correlation analysis result of OPG haplotype
159315919 94. 6 0.21 A/T 0.8143 Block SNPs hiSNP Freq. P Value
1517536002 99.4 0. 186 C/T 0. 6924 Block1 15 1,4,5
rs7334307 99.9 0.43 A/G 0. 1362 CACC 0.362 0.0277
15927623 99,3 0. 187 C/T 0. 6864 AACC 0.304  0.0608
15912423 99.7 0.22 A/T 0. 9938 CAAC 0.18 0. 651
159594770 96. 3 0. 148 A/G 0.2141 ACCA 0.143  0.8909
154942131 99. 4 0.193 A/G 0. 5071
1517536071 95. 1 0.164 C/T 0. 7497 16,17,19.21, 16 17 21 25
i : ‘ : Block2 22,23,25,26, 0 05 e
159525630 100 0.194 G/T 0.5187 27 28 .29 26,28
159533128 98.9 0. 05 C/T 0. 1666
159315923 98. 4 0.373 C/T 0.4277 CAAAAAACA 0.265  0.4054
14941430 100 0. 187 A/G 0.4308 CACAAAACA 0.246  0.6857
1517458078 99. 6 0. 496 A/C 0. 7489 AAACACACA 0.147  0.547
151038435 99 0. 061 A/G 0. 4746 AAAACAACA 0.143  0.6533
1517596685 99. 1 0.311 C/T 0.9199 CCCAAACAC 0.14  0.3921
19594780 99,3 0. 146 A/G 0.7348 CACAAACAC 0.012-0.5252
13168312 98.7 0.316 A/G 0. 9925 CAAACAACA 0.012 08501
159533156 94.9 0. 497 C/T 0. 8257 e "
159525641 100 0. 477 C/T 0. 8382 R8  RANK ARSI AR
14942143 93. 1 0.271 A/G 0. 5405 Table 8 The correlation analysis result of RANK haplotype
152148073 100 0.305 e 0.8819 Block SNPs htSNP Freq. P Value
15346591 94.7 0. 287 A/T 0. 8973 Block 1 19 45789
151325803 99 0. 136 C/T 0.9773 AACAA 0.513 0. 5868
159567011 98.7 0.341 A/G 0.7199 CCCAA 0.176 0.1314
151325790 96.7 0.414 G/T 0. 4455 AAACC 0.147 0. 3831
1510507513 97.3 0.417 A/T 0. 5395 CACAA 0. 133 0. 2445
19533208 98.9 0. 265 A/T 0. 0694 AAAAA 0.016 0. 0228
157994457 99.9 0.27 A/G 0. 0586 AACAC 0.012 0. 6554
152761147 92.4 0.236 A/G ANFFH HW Block2  11,12,13 11,13
156561072 100 0. 406 C/T 0. 1453 AA 0.577 0. 0629
1517597366 97.9 0. 151 A/G 0.779 CA 0. 348 0.1614
157998938 100 0. 494 A/G 0.2628 AC 0.074 0. 3378
1) P {H/NT 0.05 By LI BRMA TR R RANKL SIS Hr 45 5
( 1 ) MAF ; Minor Allele Frequency , % /J\%fj% Table 9 The correlation analysis result of
WA (2)M. A. :Minor Allele , fit/INFAv A RANKL haplotype
2) haploview I 43 M7 19 45 5 58 BH rs2460985 | Block SNPs hiSNP Freq. P Value
rs1805034 19525625 B ASMEXTE a2, Block 1 29 2,5,8,9
. AAAAAC 0. 592 0. 1816
. . s A Y, :':
3.3 FIH haploview #E17 ) BRI SCIHE /3T 45 R AACCCA 0. 135 0.3918
R .
FH AT A = AN DR ) B R AT Al ACAACC 0.117 0.3634
P 1f SNP 2R, 9 SNP S5 A7 7 el cance 0.05  0.039
S = 3 AAAACC 0.053 0. 3939
ARRASA) 5 B AR Y X R BV A5 52, 7] BE SNP .
ACAAAC 0.014 )
. _ A - N
Z IR 2 A F S BT 2 SN
BT AR BRIEAS [ A9 B AL 5 OF 22 [R] 1 AH 5 AAA 0.773 0.6231
M. cce 0. 18 0.9616
C e . " ACC 0. 036 0.2953
FIH] haploview FEAT (1) FARHY SCHK 73 A 45 2R 1
Block 3 1422 15,16,20,22
T(#789): ACACAAAA 0.572 0. 1595
CCCACCCC 0. 184 0. 8046
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ZR6
Block SNPs htSNP Freq. P Value
AAACACAA 0.175 0.0152
ACACACAC 0.036 0.2802
ACAAACAA 0.032 0. 4907
Block 4 2327 23,26,27
AAAA 0. 639 0.4371
AACA 0. 165 0.7302
CCAC 0. 157 0.2413
ACAC 0. 038 0. 3407
Block 5 29,30 29,30
AA 0. 625 0.5268
CA 0. 188 0.9982
CC 0. 187 0. 4308
Block 6 32,34 32,34
CA 0. 495 0.7737
AA 0. 443 0.9622
AC 0. 062 0.487
3643 ,45, 39,42,
Block 7
46,51,52 45,52
CCCCCCAAA 0. 463 0.7297
ACAAAACCA 0.29 0.928
CACAACAAC 0.123 0. 9485
CCCAACAAA 0. 066 0.3702
CACAACAAA 0.016 0.2951
CCCCCCAAC 0.013 0. 4376
55,5760, 55,58,60,
Block 8
63 63
AAAAAA 0.334 0.5787
CCccee 0.264 0. 0583
CCCAAA 0.175 0.2761
CCCAAC 0.137 0. 8569
CAAAAA 0. 083 0.7178
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