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Single nucleotide polymorphism analysis on ossification of posterior longitudinal ligament in Han population in China
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[Abstract] Objective To investigate the polymorphic loci of four candidate genes of ossification of posterior longitudinal
ligament (OPLL) patients in the Han population in China, so as to study the loci associated with diseases. Methods The
Sequenom system was adopted to analyze the 19 SNP of the four candidate genes (namely, COL6A1, BMP-2, VDR and Runx2)
in 180 Han individuals, with 78 in the pathological group and 102 in the control group. The genotype distributions and allele
frequencies of each SNP were compared between the two groups, and the polymorphic loci related to OPLL and their
relationship were analyzed. Results Allelic analysis found no disease related locus in the 19 SNP loci of the four candidate
genes. However, the genotyping analysis found that rs1321075 and rs12333172 of Runx2 were significantly different between
the two groups (P=0. 0339, P=0.0428), both loci were on the No. 6 chromosome and Linkage Disequilibrium (LD) analysis
showed linkage disequilibrium between them. The 11 SNP loci on the No. 6 chromosome formed two blocks, with the range
being 51 kb and 21 kb, respectively. One of the two blocks was a haploid (CTCG) made up of rs967588, rs16873379,
rs3749863 and rs6908650, with a patient/control ratio of 1. 75 and a risk rate of 0. 81, indicating the possibility of increased
incidence rate, but with no significant difference (P=0. 259). No polymorphic loci were found associated with diseases for
COL6A1, BMP-2 and VDR genes. Conclusion This is the first report that SNP variation of Runx2 gene may be a reason for
OPLL in the Han population in China, and there was no notable connection between the polymorphic loci of COLA1, BMP-2
and VDR and OPLL.
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L1 mbasd ABFSHE ZFEEREREE R
WAL, BB 2011 4F 1 H ZE 2012 4F 12 J i)
FRBHUIA B A A B R B A A B I 2 2 28
’ﬂlhﬁﬂi% S 56 2 051 [ — 2 I A 3 e o TPTL
AR AR A2 W OPLL i 8 3%, Jf 5@ i

Lo MIRT H b5 86 52 T5 HEAE T 25 LB 10 W) R/ B
W HL X R ABERYAE OPLL 3 . PI4LR
b ARDUB CHE R B R AR L ORI R R M
B K (diffuse idiopathic skeletal hyperostosis,
DISH) A5 HE G e i 1 301 1P 532 o -1 Q38 25 99)
AR HEBRAE Sh . ASBESE SN A 180 i 2 3%, 52 56
4178 i, Forp Bk 60 L Ao 18 i, OF 2 4R
(53.3149.73) % s W 41 102 ] J5 1k 75 9\ 2
27 B, AW (53, 79110, 06) %,

1.2 kR4 DNA 4{% AR A R B S0
EDTA $t ¢ & f7 . i 3 b5 E 72 )7 i Hl TIANamp
Blood DNA ﬁﬁu]ﬁ (KRB A RA A,

DP318-03) fifi 4 IfiL ¥ b5 A~ 7 /Y F1 40 il DNA, —80C
TRAF AR G 825317

L3 Amamay A i T3 A Bh O i ol B R
Frif 8] (MALDE-TOF) Bt i £ AR X% SNP 73 B 47 53
#r,2 I MassArray & 4t (Sequenom, San Diego,
USA) PrufEd /R Y . AR AN B BIF 5% 45 2R L 1e 4%
COL6A1 ,BMP-2 VDR \Runx2 #:[H & SNP 43 #I [
WFFEXF g, JeX & A H I SNP AL 19 56 A i Btk

fiZ®# PCR ¥ 4%, Z 8 PCR Jx i f& R H] Assay
Design software 3. 1 (Sequenom Inc. ., San Diego,
CAYKIT. RN &RRMH 10 ng/pl FEH 4 DNA,

12.5 nmol/L 5| 4,25 mmol/L. MgCl,, 25 mmol/L
dNTPs #1 0. 15 U HotStar Tag DNA polymerase
(Qiagen, Hilden, Germany), & b & & 3t 10 pL.
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FRARRELSE i K2 . K PCR OB ™ #1450, 625 ~
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S ARSEAPFIAE A 5 51 B9 AR XS 70 7 B LR 1L R
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Tab 1 Sequence of extented primers, molecular weight of non-extended primers and extended primers

Gene SNP ID Forward Molecular wcigbt of VarAiation Molecular wc{ight of
non-extended primers sites extended primers
COL6A1 rs9978314 CTGGGTGCTTGCACAGT 5217.4 C/T 5 464.6/5 544.5
rs2276255 cttCGTGAGGGGAGCAGGCT 6 214 G/A 6 461.2/6541. 1
BMP-2 rs1005464 gaatGTCAGAGAAAGATCTTCGTATC 8 018. 2 A/G 8289.4/8 305.4
Runx?2 rs3749863 CCTCTCGACTCCTCCCT 4993.2 C/A 5 280.5/5 320.3
rs6908650 TTCAGGCCGTCTTCCTT 5103.3 A/G 5 374.5/5 390.5
rs7771889 CTTCTTTGGGCCTCAGCAG 5 770.7 G/C 6 017.9/6 058.0
rs16873379 TGCTTCCATTGTGGTTTGGC 6121 T/C 6 392.2/6 408. 2
rs16873437 GGCTTCCCTTCTCATGATTCT 6 314.1 G/T 6 601.3/6 641.2
rs2677108 ATTCTTCTGGTTAGTCTTAACG 6 706. 4 C/T 6 953.6/7 033.5
rs1321075 ggtggGAGGCTCCAGATCCTAAA 7 113.6 C/A 7 360.8/7 384.8
rs967588 TTAGCATAATCTCATGCATACTTG 7 301.8 T/C 7 573.0/7 589.0
rs1406846 gaTGACATGTTGTTTGAAATAAAA 7 438.9 T/A 7710.1/7 766.0
rs9296459 gTTTGCTATTTATTGGAAATTTTTC 7 658 A/G 7929.2/7 945. 2
rs12333172 ttccCTGCAGTAATAATTACAATTCC 7 864.1 T/C 8 135.3/8 151. 4
VDR rs2189480 GTGGGGTCAGTGTTCAGG 5 626.6 C/A 5913.9/5 953.7
rs11168287 TTGTTCTAATCTCTCTCCTAACA 6 899.5 A/G 7170.7/7 186.7
rs3847987 ccggt TGGGGTGGGAGCTGTGGG 7 248.17 C/A 7 495.9/7 519.9
rs12721370 ctgtGTGATGAGGGTTGTCACAGCAG 8 082.2 G/T 8 369.5/8 409. 3
rs11574079 tcttGAAGCACCATCTCTTGCAGTAGC 8 210. 3 A/G 8 481.5/8 497. 6
» & = X (P=0.033 9,P=0.042 8) , i P HE[H 7 5 1

SrAi AE 6 5 Y A fK Runx2 FE I (1),
T E 1R 4 A e BRI 19 4~ SNP {3 s 42 5 1 COL6A1,BMP-2 VDR ¥ [H % % W 5 %% & 4 &
£ HW P fif (P>0. 001), WZSFEMERB R FEMHCWZEMEMEGED,
(MAF)>>0. 001, &7 5 R 43 B A & 3055 95 95 4 ¢ fLF 12 S Y@k By 5 A4 SNP i 5 Z (Al Y
(7 s AL S A7 KR TR A R PR 43 B 43 B R B 151321075 D {H{EEIAE 0. 043~1 Z[H] . r* {6l 0~0.185,3X 5
5 rs12333172 FESL AL S A Z M 2 S A5 4 SNP S ARBEIE R — I (36 3) .
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Fig 1 Statistical distribution of 19 SNP loci
Two SNP loci on chromosome 6 (rs1321075 and rs12333172) showed disease correlation in genotyping. No disease correla-

tions were indentified in allelic genes
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Tab 2 Correlation of locus and disease

Genot Experimental “ontrol
Gene SNP ID o e i]o: s £ P OR(95%CD
BMP2 rs1005464 AA 8 17 1. 66 0.435 4
AG 46 57
GG 27 44
A:G 62 : 100 91 ¢ 145 0.003 0.953 8 0.99(0.65,1.49)
Runx2 rs12333172 cC 53 85 6.77 0.033 9
CT 28 25
TT 1 8
C:T 134+ 30 195 ¢ 41 0. 06 0.812 8 0.94(0.55,1.58)
rs1321075 AA 5 2 6.31 0.042 8
AC 19 43
CcC 50 60
A:C 29 : 119 47+ 163 0.4 0.5255 0.84(0.5,1.42)
rs1406846 AA 14 17 1.85 0.396
AT 40 69
TT 28 32
AT 68 : 96 103 : 133 0.188 0.664 6 0.91(0.61,1.37)
rs16873379 cC 5 8 2.92 0.232 8
CT 33 61
TT 44 49
C:T 43+ 121 77159 1. 89 0.169 0.73(0.47,1.14)
rs16873437 GG 6 7 0.23 0.890 6
GT 31 43
TT 45 68
G:T 43+ 121 57+ 179 0.22 0.638 7 1.12¢0.71,1.76)
rs2677108 cC 10 12 1.33 0.5155
CT 37 63
TT 35 43
C:T 57 :+ 107 87 + 149 0.19 0.665 7 0.91(0.60,1. 38)
rs3749863 AA 28 33 2. 36 0.306 8
AC 42 73
CcC 12 ¥
A:C 98 : 66 139+ 97 0.03 0.863 7 1.04(0.69,1.55)
rs6908650 AA 13 22 2.1 0.350 6
AG 46 54
GG 23 42
A+ G 72+ 92 98 : 138 0.22 0.636 2 1.10€0.73,1.64)
rs7771889 CC 39 59 0.12 0. 944
CG 35 48
GG 8 11
C: G 113 : 51 166 : 70 0.09 0.758 4 0.93(0.61,1.44)
rs9296459 AA 1 1 1. 34 0.51
AG 15 15
GG 64 100
A: G 17 = 143 17 = 215 1.3 0.254 2 1.50(0. 74,3. 04)
rs967588 cC 43 49 2.64 0.267 8
CG 33 61
GG 5 8
C: G 119+ 43 159 + 77 1. 69 0.193 9 1. 34(0. 86,2.09)
VDR rs11168287 AA 13 19 0.5 0.779 6
AG 30 48
GG 39 50
A:G 56 : 108 86 : 148 0. 29 0.593 3 0.89(0.59,1.36)
rs11574079 AA 0 0 3.37 0.066 3
AG 9 5
GG 73 113
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Genotype Experimental Control .
Gene SNP ID 2 P OR(95%4CL
ene and allele N=382 N=118 X (9524CD
A: G 9+ 155 51231 3.25 0.071 4 2.68(0. 88,8.15)
rs2189480 AA 39 64 0. 89 0.641 7
AC 34 42
CC 9 12
A:C 112 : 52 170 : 66 0. 65 0.419 7 0.84(0.54,1.29)
rs12721370 GG 45 73 0. 94 0.623 8
GT 33 40
TT 3 4
G: T 123+ 39 186 : 48 0.71 0.4 0.81(0.50,1.32)
rs3847987 AA 10 17 0. 36 0.834 5
AC 44 58
cC 20 26
A:C 64 ¢ 84 92 : 110 0.18 0.668 7 0.91€0.59,1.4)
COL6A1 rs9978314 CcC 58 81 3. 46 0.177
CT 19 35
TT 5 2
C:T 135: 29 197 + 39 0.09 0.761 8 0.92(0.54,1.56)
rs2276255 AA 66 90 1.8 0.405 8
AG 13 26
GG 3 2
A G 145 ¢ 19 206 : 30 0.11 0.7354 1.11(0.6,2.05)
®3 RSEEEAESMAANIEE LD 54
Tab 3 Mutual linkage disequilibrium (LD) of loci on chromosome 12
SNP 1D rs3847987 rs11574079 rs12721370 rs2189480 rs11168287
rs3847987 - r2=0.024 r?=0.185 r?=0.034 r2=0.005
rs11574079 D=1 - r2=0.01 r2=0.087 r?=0.004
rs12721370 D’=0.725 D=1 - r?=0. 056 r2=0.003
rs2189480 D’ =0. 316 D=1 D’=0.69 - r?=0
rs11168287 D’=0.104 7=0.424 D’=0.078 D’=0.043 -
LT 21 S AR 119 2 A SNP L Z HD” = . e e e St — |
0,92,/ =0. 57,21 B e i fh I o % BUML KRR, 6 2R\ .
N . . s y AN @ ® 9 Q
SY K FHY 11 SNP L2 IR T 2 4 1k
N ) = = N o = ~ %) ~ el
IR 2), BRI 1 By rs967588., rs16873379, 2 § % 2 % ¥ ¥ 9 3§ %® %
rs3749863.rs6908650 £ A, 30 [l ik 51 kb, 4 v K Block 1 (51 kb) Block 2 (11
1 & 6 7 9 10 1

ZIH DB N 0. 964~1 .7l N 0.299~1(F 4) .4
LA T 4 DI FE 0. 01 fY B A B, Ba fk R
CTGG 43 HITE 14 76 1) LI 41 & F1 8 0 iy ) HE 41 A&
FH I, LA/ X Rty 1. 75 (RR {H
0.807 35, P=0.259) , FRWiZ KK R 7] G 3% g
R AR (R 5D R AL 2y rs1321075,
rs1406846 .rs2677108 1A, [l 11 kb, 3 752
alA D’ {H R 0. 951~ 1.7 {8 F 0. 348 ~0. 753 (F
6,3 MLSTE R T 4 AR >0. 01 (1 ik, A
ARG RR (E AT LIS e A5 500 6% .
RIS 4

OPLL E#iFZ R EM N Z RN . ZHE S
B 35 4% 2 B0 o 1T AF e b L 38 4% 2 1 0 96 LB
I U 25 F i 3k B PR SNP A 51 A8 Ak 348 i 1 A iR 7
PR BREE T BB AE R . 3T 10 4Rk AN [R] A 4o ok 5

‘&

88 0 1
60 75 e 78 9 3
B0 B4 73 91 30 3 1
64 91 60 4 8 56

2 6SREMEL 114 SNP Lz LD H5#
Fig 2 Linkage disequilibrium (LD) of 11 SNP loci on chromosome 6
The values in box stand for D’of loci in the upper left and
?=1. SNP locus would be
excluded before LD analysis when MAF is less than 0. 05 and

right. The blank in box means

HW is less than 0. 001. The dark squares represent the link-
age disequilibrium between the two loci; the darker the col-
or, the greater the linkage disequilibrium. The white squares
Bold

indicate no linkage disequilibrium between two loci.

wireframe is the haplotype block
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Tab 4 Mutual linkage disequilibrium(LD) of loci on
haplotype block 1 of chromosome 6

SNP ID rs967588  rsl6873379 rs3749863  rs6908650
rs967588 rr=1 r2=0.629 r>=0.304
rs16873379 D=1 r?=0.623 r>=0.299
rs3749863 D=1 D=1 r2=0.472
rs6908650 D’=0.971 D’=0.971 D’=0.964

HSE G s S OPLL 19 & A OC . Z2 B0t 55k B
H A5 B JE R ) 2 PR i g —— K B,
Terayama''"" i 3o 8¢ {5 2% WF 55 6 & 1 347 4>
OPLL B %58 . K BLAE 1 030 K BE R b, B4l
AR FRIA OPLL 1B H AL BETR 26,520, S Il
IRrp & 3 OPLL 19 5 28.89% , Sakou 21 F 1991
AEXF 33 A~ OPLL 2 #E47 A28 F 4 a4 it (HLAD

xS oSHBHEAMEKIE 1 EHRGIAFMXRANKEE ST

Tab 5 Linkage disequilibrium (LD) analysis, risk and significance analysis of individual locus on haplotype block 1 of chromosome 6

rs967588 rs16873379 rs3749863 rs6908650 Experimental Control RR X P
C T A A 0.432 0.41 0.075 41 0.027 0. 869
T C C G 0. 255 0. 326 —0.354 37 0.853 0. 356
C T A G 0.166 0.179 —0.108 77 0.002 0.961
C T C G 0.14 0.08 0.807 35 1. 274 0. 259

F6 6SEEHAMNEE 2 PEMURMNEE LD 5
Tab 6 Mutual linkage disequilibrium(LD)of loci

on block 2 of chrmosome 6

SNP 1D rs1321075 rs1406846 rs2677108
rs1321075 r?=0.348 r2=0. 444
rs1406846 D’=0.97 r?2=0.753
rs2677108 D’=0.951 D=1 -

B BRI 5T R B B LA IR TR A 2 HLA
FAAE ALY 56 %0 2 B OPLL., i A A 54~ HLA $i
JE It R FE I 1 OPLL, Matsunaga 251 #f 5% %
WL OPLL 835 B9 2 53 7 HLA BuAE B0 Sy 3L
et OPLL & /E RN 53% 45 J BLER PR A5 1A, &
4= OPLL /) H Bl Ry 24% . b ik BF 5% #2785 3K
OPLL W5 2 il BEA7 72 T 6 5 Qe @k | HLA
LRI

UL AR OPLL 1E ) 35t 4% 2 J7 Thl A AIF 58 3 i T
B A 18 5 PR ) i S SNP o7 o5 9 B . U
Jif 6 Z g ik HLA DX FC 6 58 86 8 1 g 5 12
JEXT o i3 COL1TA2™Y 55490 485 4 4k % 9 1 5%
BB OPLL sh¥ BB fF 58 & B NPPS 21 5
PR & A B L AR A MY, Kawaguchi %
& M TGE-R1 KW 5 & 6 JF B 8 [l A K,
Tanaka % %t H A A OPLL g 3 1 3% K 41 1 F
GENEHUNTER-PLUS #17 £ (5% 8140 #1 . Bk T
21 SY R i 7 AR 5 PR A G, i — 25 LD
AT KB COL6AL 2 A ) SNP 5 OPLL % ) #
5, BA &5 (single-point) P {H > 0. 000 000 7, Wang
LeU81 BF 9% % B BMP-2 3t 1 ) Ser37Ala

Ser87Ser SNP 5 [ A OPLL it 1% 5 &% I ™ & 2
JEAH G

Kamiya 2172001 4EXF H A 319 BiE A1 56 4~ 4
#4T TGF-B iy HE B 1 43 T 5%, Horfr OPLL 3 46
i) s Xt 273 il SR KM, TGFB HPH Y T869
B b C S5 H 2 OPLL 38t % 5 I Mk 14 1 [ R
2, Z 0 4T B OPLL 8B 5% 07 52 C 24
B DR B L 9] 8 37 e T X BB

Tsukahara 2/ 2005 4F % ¢ 3% & [ COL6A1
iy Bk — 28 B 5T, M AT SR R A I Y O s X
COL6A1 B A E /Yy 7 A~ SNP it 47 7 5 A 73 54,
OPLL & MM B R A5 97 il H A DISH f#
K 298 R IRZH ARESEAT T HLAL [R) N 96 4]
i DISH 835 K 96 £ 58 wi % FNHE LA 25 Rk
M,COL6ATL [N & F 32(—29)SNP 5 H 4 DISH
BE W FH AN 55 DISH 838 A B LR,
M 7R 2L 5 B A AR OPLL # DISH % %%
FHOC 2 T EOF AL B S L B A i E B A

Horikoshi 1'% 2006 4 %} H 4 OPLL f# % it
1T KL 51 % BEBAF 5 4 %o STk © 4 3 3k 1Y 35
AN e L Pt 109 A4S SNP A7 5 JE AT 1 3 43 10, 4%
BRI TGF2 HH Yy SNP (1 — W& F 550
)RR OC, LA ET 4 18 B9 AH G B COL11A2,
NPPS J¢ TGF-p1 SR #AGEE K , 73 4b ik — 20 3
T AR S B AHER Y 23 BTN R BoR oA
iIRT P

[ P 2% & Kong 551 2007 4R 41 X o [ 00 A

AN
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# OPLL 5 OLF ## i COL6A1 SNP W5 % ¥,
TEZIEE I 4 ST %0 SNP i i, 3 8 7 (—572T)
F0 45 37 e PR %6 7 OPLL 41 )2 OLF 1% W] i i T
STHRAH LIRS B F(—572) VN & F 32(—29) RN &
T 33(+20) Ry AR, OPLL 5 OLF 41y
IR AH BN L Hor COL6AT K H 7] fig & v [
DU N HEA AT 3070 85 10 300 1) 5 8 sk ﬁ

Kishiya 45712008 442 38 , fth {136 2F DNA 73 4
%1 (microarray) ¥ Il Runx2 3& R ik, 45 R Z M)
WAL IE B H Y Runa2 L E k5, Runx A
S A KRR Y] Runx2 58 41
A A Ao A s R SR %) 40 i B 40 M P - O &R
) U A A A A T AR L BT A
M4 K [ F (fibroblast growth factor, FGF) ., TGF-
B ML AE P Bz A= K H 7 (VEGF) Z5852020 | fK p 4 52
K 2 W] Runx2 JeF 8 7] 75 5 1 41 g (MSCs) BB 43
AL FNE KR I A T 19 D% 58 R, X MISCs /\xiﬁﬁﬁi
M AR B R A SE B E B Runx2 ik F
I R R A = G O A i =
Iwasaki 2209 38 1) 2848 OPLL /N BB 1) Runx?
f)— A5 BERd Runx2 B9 2R38 &AW B T,
RIS/ B GBI 0 5 A6 T8 B 75 21 2 2% ek
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