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Abstract

Background: Bone morphogenetic proteins (BMPs) are involved in cartilage
and bone formation. However, the association between single nucleotide
polymorphisms (SNPs) of BMP genes and degenerative lumbar scoliosis (DLS)
has not been investigated yet. The aim of this study was to determine whether
coding SNPs (cSNPs) of BMP genes (BMP2, 3, 4, 5, 6, and 10) are associated
with DLS in Korean population.

Methods: Seven cSNPs in BMP genes were selected and genotyped for 66
patients with DLS and 127 healthy controls using direct sequencing.

Results: Of the SNPs examined, two cSNPs of BMP2 gene showed weak
associations with DLS in the codominant (rs235768, Arg190Ser, missense, OR
=2.28,95% Cl =1.19 — 4.36, p = 0.03) and dominant models (rs235768, OR =
1.99, 95% CI = 1.07 — 3.72, p = 0.03; rs1049007, Ser87Ser, synonymous, OR =
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1.93, 95% CI = 1.039 — 3.62, p = 0.04).

Conclusion: BMP2 may be a susceptible gene for DLS in Korean
population.

Introduction

Lumbar scoliosis is a three-dimensional deformity of spine
associated with structural alterations of vertebral bodies. Lumbar
scoliosis in adult stage could be from deformity developed at growing
age or de novo degenerative deformity after skeletal maturity [1-6].
Degenerative lumbar scoliosis (DLS), “de novo” lumbar scoliosis,
usually occurs after the fourth or fifth decade in patients without
history of scoliosis. The curve is composed of a few vertebral bodies
with its apex in the intervertebral space, most frequently at the L2 - L3
or the L3 - L4 level [7-9]. The causes of DLS development are various.
Degeneration of the spinal column is the most common cause.
Neuromuscular disorders, metabolic abnormalities (osteoporosis),
leg length discrepancy, long-standing pelvic obliquity, and outcomes
of prior surgical interventions are other causes [10]. Several
genetic variations have been linked to lumbar spine degeneration
or osteoporosis [11, 12]. Intra genic polymorphisms of vitamin
D receptor gene were reported to be associated with lumbar spine
degeneration and bone density [11]. Gomez et al. (2007) reported that
estrogen receptor alpha gene polymorphisms were associated with
osteoporosis [12].

Bone morphogenetic proteins (BMPs) are phylogenetically
conserved signaling growth factors belonging to the transforming
growth factor beta super family [13-15]. BMPs also play important
roles in the pathophysiology of several diseases, including
osteoporosis [16], arthritis [17], pulmonary hypertension [17, 18],
and kidney diseases [19]. Previous studies have reported that BMPs
(BMP2, BMP6, BMP7, and BMPI15) are associated with several
diseases such as ossification of the posterior longitudinal ligament
(OPLL), a vascular necrosis, and ovarian failure [20-26]. Wang et al.
(2008) reported a positive association between BMP2 polymorphisms
[Ser37Ala (T/G) and Ser87Ser (A/G)] and OPLL of the cervical spine.

Despite the potentially important role of BMPs in the development
of DLS, the association between genetic variations of BMPs and DLS
has not been reported. Therefore, the objective of this study was to
determine whether coding single nucleotide polymorphisms (cSNPs)
of BMP family genes (BMP2, 3, 4, 5, 6, and 10) are associated with
DLS in Korean population.

Methods

Subjects

All patients with DLS were from Kyung Hee University East-
West Neo-Medical Center, Seoul, Republic of Korea and National
Medical Center, Seoul, Republic of Korea. The DLS group included
66 patients with mean age of 69.1 + 7.7 years (7 male, 65.4 + 8.1 years;
59 female, 69.6 + 7.6 years). The control group was recruited after it
was confirmed in a general health check-up program that they had no
clinical evidence of DLS or any other disorders. A total of 127 healthy
controls with mean age of 68.1 + 8.6 years (17 male, 71.6 + 8.3 years;
110 female, 67.5 + 8.6 years) were recruited. All case-control subjects
used in this study were surveyed through the same center. Each
patient was diagnosed by a special spine surgeon. All patients fulfilled
physical examination and radiographic criteria (Cobb’s angle over 10
degrees) [27]. Informed consent was obtained from all individuals
according to the Declaration of Helsinki guidelines [28]. The study
was approved by the ethics review committee of the Medical Research
Institute, Kyung Hee University Medical Center, Seoul, Republic of
Korea.

SNP Genotyping

First, we searched for cSNPs of BMP genes originally known as
“BMP” (BMP2/3/4/5/6/8/10/15) in GenBank database (http://www.
ncbi.nlm.nih.gov/gene). The SNPs of procollagen C-proteinase (PCP,
same as BMPI), osteogenic protein 1 (OPI, same as BMP7), and
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Table 1: Sequences of primers.

SNP/gene Sequence(5'—3’) Product Size (bp) g::s::i:tgre )
rs235768 Forward TTATCACCTCAGCAGAGCTTCA 375 58
BMP2 Reverse GGCCAAAAGTTACTAGCAATGG
rs1049007 Forward GACGAGGTCCTGAGCGAGTTCG 339 58
BMP2 Reverse TACAGAAGCAAGAGTGGAAACG
rs3733549 Forward AGTTGTCCAGTGTCTGGAGGAT 351 58
BMP3 Reverse TCCCTGTAAGCTTGATACCACA
rs17563 Forward CAGTAGGTTTCCCCTGCATAAG 361 58
BMP4 Reverse TCCAGTAGTCGTGTGATGAGGT
rs3734444 Forward GAGGATGTTGTGCTCAGAAATG 399 58
BMP5 Reverse AGCATAAAGAGAGGTGCAGAGG
rs17557 Forward GAAAGGAGTGCTTTGATTCTGC 433 58
BMP6 Reverse ACAAGGCTTTCTGGAAACACAG
1s2231344 Forward GGTGTCTGGGGAGATATATGGA 326 58
BMP10 Reverse CAGGTCCACTGGAAAAGCTATC
Table 2: Genotype and allele frequencies of the BMP gene SNPs in degenerative lumbar scoliosis (DLS) and controls.
DLS Control
gene SNP Genotype Model OR (95% CI) p
Freq % Freq %
BMP2 rs235768 TIT 36 54.5 90 70.9 codominant 2.28 (1.19-4.36) 0.03
(Arg190Ser) TIA 28 42.4 30 23.6 dominant 1.99 (1.07-3.72) 0.03
AJA 2 3.0 7 55 recessive 0.52 (0.10-2.63) 0.40
BMP2 rs1049007 GIG 37 56.1 91 71.7 codominant 1.57 (0.92-2.67) 0.10
(Ser87Ser) G/A 27 40.9 31 24.4 dominant 1.93 (1.03-3.62) 0.04
AIA 2 3.0 5 3.9 recessive 0.78 (0.15-4.17) 0.77
BMP3 rs3733549 GIG 44 66.7 94 74.0 codominant 1.40 (0.76-2.58) 0.29
(Arg192GIn) G/IA 21 31.8 32 25.2 dominant 1.40 (0.73-2.70) 0.31
AIA 1 15 1 0.8 recessive 1.95 (0.12-32.05) 0.64
BMP4 rs17563 TIT 34 51.5 78 61.4 codominant 1.40 (0.86-2.28) 0.18
(Vall52Ala) TIC 27 40.9 43 33.9 dominant 1.46 (0.80-2.68) 0.22
c/Cc 5 7.6 6 4.7 recessive 1.74 (0.51-6.00) 0.39
BMP5 rs3734444 TIT 49 74.2 86 67.7 codominant 0.77 (0.42-1.42) 0.40
(Ser37Ser) TIC 16 24.2 38 29.9 dominant 0.76 (0.39-1.49) 0.42
C/C 1 15 3 2.4 recessive 0.61 (0.06-6.01) 0.66
BMP6 rs17557 c/C 37 62.7 7 61.1 codominant 0.83 (0.48-1.45) 0.51
(Val368Val) CIG 21 35.6 42 33.3 dominant 0.90 (0.48-1.72) 0.76
GIG 1 1.7 7 5.6 recessive 0.31 (0.04-2.64) 0.23
BMP10 1s2231344 TIT 51 77.3 102 80.3 codominant 1.15 (0.57-2.31) 0.60
(Asp242Asp) TIC 15 22.7 24 18.9 dominant 1.20 (0.58-2.48) 0.62
C/C 0 0 1 0.8 recessive 0.00 (0.00-NA) 0.41

Freq, frequency; OR, odds ratio; Cl, confidence intervals; NA, not applicable; p, p value. Bold characters represent statistically significant values and its rs number of

SNP.

GDF2/5/6/7/11 (same as BMP9/14/13/12/11) genes were excluded
from this study. Related information of cSNP sequences was obtained
from the SNP database (dbSNP #130) of the National Center for
Biotechnology Information (NCBI). The SNPs with unknown
heterozygosity and minor allele frequency (below 5%) were excluded.
Finally, rs235768 (BMP2), rs1049007 (BMP2), rs3733549 (BMP3),

rs17563 (BMP4), rs3734444 (BMP5), rs17557 (BMP6), and rs2231344
(BMP10) were selected.

Genomic DNA was extracted from blood samples collected in
EDTA using a commercially available Qiagen DNA Extraction kit
(Qiagen, Tokyo, Japan). Genomic DNA was amplified using the gene-
specific primers for each SNP (Table 1). PCR products were sequenced
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Table 3: The haplotype frequencies of the BMP gene SNPs in degenerative lumbar scoliosis (DLS) patients and healthy controls.

DLS Control
Haplotype Type Freq Freq Models OR(95% CI) p
Freq % Freq %
TGGTTCT HH 5 7.6 0.24 12 9.4 0.26 codominant 0.90(0.57-1.43) 0.67
H- 22 33.3 43 33.9 dominant 0.91(0.50-1.66) 0.75
39 59.1 72 56.7 recessive 0.79(0.26-2.33) 0.66
TGGTTGT HH 0 0.0 0.11 2 1.6 0.15 codominant 0.68(0.35-1.34) 0.26
H- 14 21.2 33 26.0 dominant 0.71(0.35-1.44) 0.34
52 78.8 92 72.4 recessive 0.00(0.00--) 0.99
AAGTTCT HH 1 15 0.15 0 0.0 0.11 codominant 1.57(0.81-3.02) 0.18
H- 18 27.3 27 21.3 dominant 1.50(0.76-2.96) 0.25
47 71.2 100 78.7 recessive NA 0.99
TGGCTCT HH 2 3.0 0.17 2 1.6 0.09 codominant 1.93(1.04-3.59) 0.04
H- 18 27.3 19 15.0 dominant 2.19(1.09-4.43) 0.03
46 69.7 106 83.5 recessive 1.95(0.27-14.19) 0.51
TGATTCT HH 0 0.0 0.08 0 0.0 0.06 codominant 1.39(0.60-3.19) 0.44
H- 11 16.7 16 12.6 dominant 1.39(0.60-3.19) 0.44
55 83.3 111 87.4 recessive NA NA
TGGTTCC HH 0 0.0 0.03 1 0.8 0.07 codominant 0.42(0.14-1.26) 0.12
H- 4 6.1 16 12.6 dominant 0.42(0.13-1.30) 0.13
62 93.9 110 86.6 recessive NA 0.99

Freq, frequency; OR, odds ratio; Cl, confidence intervals; NA, not applicable; p, p value. Bold characters represent statistically significant values and its structure of

haplotype.

using ABI PRISM 3730XL analyzer (PE Applied Biosystems, Foster
City, California, USA). Sequence data were analyzed using SeqManII
software (DNASTAR Inc., Madison, WI, USA).

Statistical analysis

Hardy-Weinberg equilibrium (HWE) was assessed by SNP stats
in both controls and cases [29]. For linkage disequilibrium (LD)
block, Haploview version 3.32 was used [30]. Haplotypes and their
frequencies was inferred using expectation-maximization (EM)
algorithm [31]. Multiplelogistic regression model was used to calculate
odds ratios (OR), 95% confidence interval, and corresponding p
values. While controlling age and gender as co variables, SNP stats,
Hap Analyzer version 1.0 [32], and Helixtree (Golden Helix Inc., MT,
USA) were used to analyze association of SNPs and haplotypes with
DLS.

Results

Of the seven SNPs of BMP genes examined, all SNPs were
polymorphic. The genotype distributions of all seven SNPs (rs235768,
rs1049007, rs3733549, rs17563, rs3734444, rs17557, and rs2231344)
were in HWE (p > 0.05). Of the SNPs examined, two SNPs (rs235768
and rs1049007) of BMP2 gene were weakly associated with DLS in
the co dominant (rs235768, Arg190Ser, missense, OR = 2.28, 95% CI
= 1.19 - 4.36, p = 0.03) and dominant model (rs235768, OR = 1.99,
95% CI = 1.07 - 3.72, p = 0.03; rs1049007, Ser87Ser, synonymous, OR
=1.93,95% CI = 1.039 - 3.62, p = 0.04).

A haplotype-based association analysis was performed for
different combinations of SNPs within BMP genes between the
DLS group and the control group. The haplotypes were constructed

with cSNPs of BMP genes selected for this study [rs235768 (BMP2,
A/G), 151049007 (BMP2, A/G), rs3733549 (BMP3, A/G), rs17563
(BMP4, A/G), 13734444 (BMP5, A/G), rs17557 (BMP6, G/A), and
rs2231344 (BMP10, T/C)]. The order of SNPs in the haplotypes was:
1rs235768, rs1049007, rs3733549, rs17563, rs3734444, rs17557, and
rs2231344. Haplotype (TGGCTCT) showed weak association with
DLS. The haplotype was associated with DLS in the co dominant (OR
=1.93,95% CI = 1.04 - 3.59, p = 0.04, Table 2) and dominant model
(OR =2.19, 95% CI = 1.09 - 4.43, p = 0.03, Table 3). Therefore, the
TGGCTCT of BMP genes may be a susceptible factor of DLS.

To compare our genotypic results with different ethnic
populations, we searched the human SNP database (www.ncbi.nlm.
nih.gov/SNP, dbSNP Build 130). Database representing genotype
frequencies for the SNPs analyzed in this manuscript is shown in
Table 4. The genotype distributions of the control group of all SNPs
analyzed in our study are similar to those of Asian population,
especially Japanese population (Table 4).

Discussion

Several researches have suggested genetic associations between
BMP genes and some diseases [26-32]. The association between several
SNPs of BMP2 and BMP4 genes and genetic hemochromatosis was
investigated in the study. A SNP of BMP2 gene observed in this study
(rs235756) was reported to be associated with hemochromatosis
penetrance [26]. Wang et al. (2008) reported that SNP of BMP2 gene
(rs1049007 analyzed in our study) was significantly associated with
the occurrence of OPLL in the cervical spine [27]. The association
of a single SNP of BMP6 gene (rs3812163) was suggested to have a
potential role of BMP6 in the development of a vascular necrosis in
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Table 4: Genotype frequencies of the SNPs of BMP genes in each population.

Gene SNP Genotype | DLS Control Europe China Japan ifurliac-:naharan
BMP2 rs235768 TIT 0.55 0.71 0.57 0.50 0.64 1.00
(Arg190Ser) TIA 0.42 0.24 0.28 0.48 0.32 0.00
A/A 0.03 0.06 0.15 0.02 0.04 0.00
BMP2 rs1049007 GIG 0.56 0.72
(Ser87Ser) G/A 0.41 0.24 No data No data No data No data
A/A 0.03 0.04
BMP3 rs3733549 GIG 0.67 0.74 0.90 0.67 0.73 0.88
(Arg192GIn) GIA 0.32 0.25 0.17 0.33 0.23 0.12
AIA 0.02 0.01 0.00 0.00 0.04 0.00
BMP4 rs17563 TIT 0.52 0.61 0.15 0.44 0.67 0.65
(Vall52Ala) T/IC 0.41 0.34 0.48 0.47 0.32 0.32
cIC 0.08 0.05 0.37 0.09 0.01 0.03
BMP5 1s3734444 TIT 0.74 0.68 0.40 0.71 0.76 0.07
(Ser37Ser) TIC 0.24 0.30 0.38 0.29 0.22 0.48
c/IC 0.02 0.02 0.22 0.00 0.02 0.45
BMP6 rs17557 C/C 0.63 0.61 0.15 0.47 0.71 0.05
(Val368Val) CIG 0.36 0.33 0.45 0.47 0.22 0.35
GIG 0.01 0.06 0.40 0.06 0.07 0.60
BMP10 rs2231344 TIT 0.77 0.80 0.82 0.78 0.87 0.47
(Asp242Asp) TIC 0.23 0.19 0.18 0.20 0.13 0.35
c/C 0.00 0.01 0.00 0.02 0.00 0.18

From database (http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp).

sickle cell disease patients [30]. These genetic studies on the association
of SNP of BMP genes with many different diseases containing spine
disease provided important information for our case-control study
with DLS patients. We hypothesized that BMP gene polymorphisms
might affect the susceptibility of spine diseases such as DLS. We first
investigated the genetic association between cSNPs of BMP genes
and DLS. Given the important biological and genetic functions of
BMP genes during developmental process, we investigated whether
BMP gene variations acted as risk factors for DLS in Korean sample.
Our results suggested that BMP genes may have no involvement in
the pathogenesis of DLS. Of all the SNPs and haplotypes analyzed,
only two SNPs (rs235768 and rs1049007) showed weak associations
with DLS. In addition, haplotype analysis between DLS and control
subjects revealed that TGGCTCT of BMP genes might be a susceptible
factor of DLS, indicating that there is a genetic association between
cSNPs of BMP genes and DLS.

We compared our genotype frequencies with the human SNP
database to show ethnic similarities and differences. The genotype
frequencies of our study sample resembled those of Japanese and
Chinese Hapmap populations (Table 4). Further studies are needed
to elucidate: (i) whether another case-control study with different
populations will reveal the association between SNP of BMP and
DLS; and (ii) whether cSNPs can affect the expression of BMP genes.
To confirm negative association between BMP genes and DLS,
replication studies with adequate sample size or an association study
with different SNPs not analyzed in this study may be required.

This study has several limitations. First, the sample size may
not have been sufficient to detect the associations of smaller effects
for DLS. Second, in this study, when we designed the experiment,
only cSNPs of BMP genes were included for the association study.
As a result, our selection of SNPs provided incomplete coverage
of currently knows common variation in BMP genes. Therefore,
additional studies with different SNPs, especially promoter SNPs, are
needed.

Conclusion

In conclusion, we investigated possible association between SNPs
of BMP genes and DLS. Our results suggested that cSNPs of BMP
genes may have influence on the development of DLS in Korean
population. However, additional genetic studies are needed to help
us understand the precise mechanisms underlying the pathogenesis
of DLS.

References

1. McPhee IB, Swanson CE . The surgical management of degenerative lumbar
scoliosis. Posterior instrumentation alone versus two stage surgery. Bull
Hosp Jt Dis. 1998; 57: 16-22.

2. Grubb SA, Lipscomb HJ, Coonrad RW . Degenerative adult onset scoliosis.
Spine (Phila Pa 1976). 1988; 13: 241-245.

3. Hanley EN Jr . The indications for lumbar spinal fusion with and without
instrumentation. Spine (Phila Pa 1976). 1995; 20: 143S-153S.

4. Sapkas G, Efstathiou P, Badekas AT, Antoniadis A, Kyratzoulis J, Meleteas
E . Radiological parameters associated with the evolution of degenerative
scoliosis. Bull Hosp Jt Dis. 1996; 55: 40-45.

Submit your Manuscript | www.austinpublishinggroup.com

J Fam Med 1(2): id1009 (2014) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/9553698
http://www.ncbi.nlm.nih.gov/pubmed/9553698
http://www.ncbi.nlm.nih.gov/pubmed/9553698
http://www.ncbi.nlm.nih.gov/pubmed/2968664
http://www.ncbi.nlm.nih.gov/pubmed/2968664
http://www.ncbi.nlm.nih.gov/pubmed/8747269
http://www.ncbi.nlm.nih.gov/pubmed/8747269
http://www.ncbi.nlm.nih.gov/pubmed/8771354
http://www.ncbi.nlm.nih.gov/pubmed/8771354
http://www.ncbi.nlm.nih.gov/pubmed/8771354

Hak-Jae Kim

Austin Publishing Group

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tribus CB . Degenerative lumbar scoliosis: evaluation and management. J
Am Acad Orthop Surg. 2003; 11: 174-183.

Bradford DS, Tay BK, Hu SS . Adult scoliosis: surgical indications, operative
management, complications, and outcomes. Spine (Phila Pa 1976). 1999;
24:2617-2629.

Benner B, Ehni G . Degenerative lumbar scoliosis. Spine (Phila Pa 1976).
1979; 4: 548-552.

Daffner SD, Vaccaro AR . Adult degenerative lumbar scoliosis. Am J Orthop
(Belle Mead NJ). 2003; 32: 77-82.

Pritchett JW, Bortel DT . Degenerative symptomatic lumbar scoliosis. Spine
(Phila Pa 1976). 1993; 18: 700-703.

. Oskouian RJ Jr, Shaffrey CI . Degenerative lumbar scoliosis. Neurosurg Clin

N Am. 2006; 17: 299-315, vii.

Videman T, Gibbons LE, Battié MC, Maravilla K, Vanninen E, Leppavuori J,
etal . The relative roles of intragenic polymorphisms of the vitamin d receptor
gene in lumbar spine degeneration and bone density. Spine (Phila Pa 1976).
2001; 26: E7-7E12.

Goémez R, Magafia JJ, Cisneros B, Pérez-Salazar E, Faugeron S, Véliz D,
et al . Association of the estrogen receptor alpha gene polymorphisms with
osteoporosis in the Mexican population. Clin Genet. 2007; 72: 574-581.

Canalis E, Economides AN, Gazzerro E . Bone morphogenetic proteins, their
antagonists, and the skeleton. Endocr Rev. 2003; 24: 218-235.

Reddi AH . Interplay between bone morphogenetic proteins and cognate
binding proteins in bone and cartilage development: noggin, chordin and
DAN. Arthritis Res. 2001; 3: 1-5.

Attisano L, Wrana JL . Signal transduction by members of the transforming
growth factor-beta superfamily. Cytokine Growth Factor Rev. 1996; 7: 327-
339.

Wang EA . Bone morphogenetic proteins (BMPs): therapeutic potential in
healing bony defects. Trends Biotechnol. 1993; 11: 379-383.

Miyazono K, Kusanagi K, Inoue H . Divergence and convergence of TGF-
beta/BMP signaling. J Cell Physiol. 2001; 187: 265-276.

Morse JH, Deng Z, Knowles JA . Genetic aspects of pulmonary arterial
hypertension. Ann Med. 2001; 33: 596-603.

Yanagita M . Modulator of bone morphogenetic protein activity in the
progression of kidney diseases. Kidney Int. 2006; 70: 989-993.

Milet J, Dehais V, Bourgain C, Jouanolle AM, Mosser A, Perrin M, et al .

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Common variants in the BMP2, BMP4, and HJV genes of the hepcidin
regulation pathway modulate HFE hemochromatosis penetrance. Am J Hum
Genet. 2007; 81: 799-807.

Wang H, Yang ZH, Liu DM, Wang L, Meng XL, Tian BP. Association between
two polymorphisms of the bone morpho-genetic protein-2 gene with genetic
susceptibility to ossification of the posterior longitudinal ligament of the
cervical spine and its severity. Chin Med J (Engl). 2008; 121:1806-1810

Lin JY, Chen YJ, Huang YL, Tang GP, Zhang L, Deng B, et al . Association of
bone morphogenetic protein 4 gene polymorphisms with nonsyndromic cleft
lip with or without cleft palate in Chinese children. DNA Cell Biol. 2008; 27:
601-605.

Devaney JM, Tosi LL, Fritz DT, Gordish-Dressman HA, Jiang S, Orkunoglu-
Suer FE, et al . Differences in fat and muscle mass associated with a
functional human polymorphism in a post-transcriptional BMP2 gene
regulatory element. J Cell Biochem. 2009; 107: 1073-1082.

Ulug P, Vasavda N, Awogbade M, Cunningham J, Menzel S, Thein SL .
Association of sickle avascular necrosis with bone morphogenic protein 6.
Ann Hematol. 2009; 88: 803-805.

Freedman BI, Bowden DW, Ziegler JT, Langefeld CD, Lehtinen AB, Rudock
ME, et al. Bone morphogenetic protein 7 (BMP7) gene polymorphisms are
associated with inverse relationships between vascular calcification and
BMD: the Diabetes Heart Study. J Bone Miner Res. 2009; 24: 1719-1727.

Zhang P, Shi YH, Wang LC, Chen ZJ . Sequence variants in exons of the
BMP-15 gene in Chinese patients with premature ovarian failure. Acta Obstet
Gynecol Scand. 2007; 86: 585-589.

Aebi M . The adult scoliosis. Eur Spine J. 2005; 14: 925-948.

Rickham, PP. Human experimentation. Code of ethics of the world medical
association. Declaration of helsinki. Br Med J. 1964; 2: 177.

Solé X, Guind E, Valls J, Iniesta R, Moreno V . SNPStats: a web tool for the
analysis of association studies. Bioinformatics. 2006; 22: 1928-1929.

Barrett JC, Fry B, Maller J, Daly MJ . Haploview: analysis and visualization of
LD and haplotype maps. Bioinformatics. 2005; 21: 263-265.

Stephens M, Smith NJ, Donnelly P . A new statistical method for haplotype
reconstruction from population data. Am J Hum Genet. 2001; 68: 978-989.

Jung HY, Park JS, Park YJ, Kim YK, Kimm K, Koh IS. HapAnalyzer: Minimum
Haplotype Analysis System for Association Studies. Genomics & Informatics.
2004; 2: 107-109.

J Fam Med - Volume 1 Issue 2 - 2014
ISSN : 2380-0658 | www.austinpublishinggroup.com

Kim et al. © All rights are reserved

Citation: Hyung-Ki Kim, Lee H, Jun-Tack Kwon, Kim KT, Hak-Jae Kim. Association between cSNPs of BMP2
Gene and Degenerative Lumbar Scoliosis in Korean Population. J Fam Med. 2014;1(2): 5.

Submit your Manuseript | www.austinpublishinggroup.com

J Fam Med 1(2): id1009 (2014) - Page - 05


http://www.ncbi.nlm.nih.gov/pubmed/12828447
http://www.ncbi.nlm.nih.gov/pubmed/12828447
http://www.ncbi.nlm.nih.gov/pubmed/10635525
http://www.ncbi.nlm.nih.gov/pubmed/10635525
http://www.ncbi.nlm.nih.gov/pubmed/10635525
http://www.ncbi.nlm.nih.gov/pubmed/515844
http://www.ncbi.nlm.nih.gov/pubmed/515844
http://www.ncbi.nlm.nih.gov/pubmed/12602636
http://www.ncbi.nlm.nih.gov/pubmed/12602636
http://www.ncbi.nlm.nih.gov/pubmed/8516697
http://www.ncbi.nlm.nih.gov/pubmed/8516697
http://www.ncbi.nlm.nih.gov/pubmed/16876030
http://www.ncbi.nlm.nih.gov/pubmed/16876030
http://www.ncbi.nlm.nih.gov/pubmed/11224872
http://www.ncbi.nlm.nih.gov/pubmed/11224872
http://www.ncbi.nlm.nih.gov/pubmed/11224872
http://www.ncbi.nlm.nih.gov/pubmed/11224872
http://www.ncbi.nlm.nih.gov/pubmed/17953702
http://www.ncbi.nlm.nih.gov/pubmed/17953702
http://www.ncbi.nlm.nih.gov/pubmed/17953702
http://www.ncbi.nlm.nih.gov/pubmed/12700180
http://www.ncbi.nlm.nih.gov/pubmed/12700180
http://www.ncbi.nlm.nih.gov/pubmed/11178121
http://www.ncbi.nlm.nih.gov/pubmed/11178121
http://www.ncbi.nlm.nih.gov/pubmed/11178121
http://www.ncbi.nlm.nih.gov/pubmed/9023056
http://www.ncbi.nlm.nih.gov/pubmed/9023056
http://www.ncbi.nlm.nih.gov/pubmed/9023056
http://www.ncbi.nlm.nih.gov/pubmed/7764084
http://www.ncbi.nlm.nih.gov/pubmed/7764084
http://www.ncbi.nlm.nih.gov/pubmed/11817654
http://www.ncbi.nlm.nih.gov/pubmed/11817654
http://www.ncbi.nlm.nih.gov/pubmed/16871237
http://www.ncbi.nlm.nih.gov/pubmed/16871237
http://www.ncbi.nlm.nih.gov/pubmed/17847004
http://www.ncbi.nlm.nih.gov/pubmed/17847004
http://www.ncbi.nlm.nih.gov/pubmed/17847004
http://www.ncbi.nlm.nih.gov/pubmed/17847004
http://www.ncbi.nlm.nih.gov/pubmed/19080362
http://www.ncbi.nlm.nih.gov/pubmed/19080362
http://www.ncbi.nlm.nih.gov/pubmed/19080362
http://www.ncbi.nlm.nih.gov/pubmed/19080362
http://www.ncbi.nlm.nih.gov/pubmed/18771417
http://www.ncbi.nlm.nih.gov/pubmed/18771417
http://www.ncbi.nlm.nih.gov/pubmed/18771417
http://www.ncbi.nlm.nih.gov/pubmed/18771417
http://www.ncbi.nlm.nih.gov/pubmed/19492344
http://www.ncbi.nlm.nih.gov/pubmed/19492344
http://www.ncbi.nlm.nih.gov/pubmed/19492344
http://www.ncbi.nlm.nih.gov/pubmed/19492344
http://www.ncbi.nlm.nih.gov/pubmed/19093115
http://www.ncbi.nlm.nih.gov/pubmed/19093115
http://www.ncbi.nlm.nih.gov/pubmed/19093115
http://www.ncbi.nlm.nih.gov/pubmed/19453255
http://www.ncbi.nlm.nih.gov/pubmed/19453255
http://www.ncbi.nlm.nih.gov/pubmed/19453255
http://www.ncbi.nlm.nih.gov/pubmed/19453255
http://www.ncbi.nlm.nih.gov/pubmed/17464588
http://www.ncbi.nlm.nih.gov/pubmed/17464588
http://www.ncbi.nlm.nih.gov/pubmed/17464588
http://www.ncbi.nlm.nih.gov/pubmed/16328223
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1816102/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1816102/
http://www.ncbi.nlm.nih.gov/pubmed/16720584
http://www.ncbi.nlm.nih.gov/pubmed/16720584
http://www.ncbi.nlm.nih.gov/pubmed/15297300
http://www.ncbi.nlm.nih.gov/pubmed/15297300
http://www.ncbi.nlm.nih.gov/pubmed/11254454
http://www.ncbi.nlm.nih.gov/pubmed/11254454
http://www.researchgate.net/publication/228887967_HapAnalyzer_minimum_haplotype_analysis_system_for_association_studies
http://www.researchgate.net/publication/228887967_HapAnalyzer_minimum_haplotype_analysis_system_for_association_studies
http://www.researchgate.net/publication/228887967_HapAnalyzer_minimum_haplotype_analysis_system_for_association_studies

	Title
	Abstract
	Introduction
	Methods
	Subjects
	SNP Genotyping
	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4

