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COL9A1 rs1135056 genetic polymorphism contributes 
to the susceptibility to congenital talipes  
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Abstract: We carried out a study to evaluate the relationship between COL9A1 rs1135056 and rs35470562 and 
susceptibility to congenital talipes equinovarus. Between October 2012 and March 2014, a total of 102 patients 
with congenital talipes equinovarus were consecutively collected from the Linyi People’s Hospital. The genotyping of 
COL9A1 rs1135056 and rs35470562 was carried out using polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP). There was significant difference between congenital talipes equinovarus patients and 
control subjects in terms of family history of congenital talipes equinovarus (χ2=14.33, P<0.001). By multivariate 
logistic regression analysis, we observed that the GG genotype of COL9A1 rs1135056 was associated with an in-
creased risk of congenital talipes equinovarus when compared to the AA genotype, and the adjusted OR (95% CI) 
was 2.30 (1.05-5.01) (P=0.04). Moreover, the G allele of COL9A1 rs1135056 was correlated with an elevated risk 
of congenital talipes equinovarus in comparison with the A allele, and the adjusted OR (95% CI) was 3.21 (2.05-
5.04) (P<0.001). In summary, our study suggests that the GG genotype and G allele of COL9A1 rs1135056 poly-
morphism could influence the development of congenital talipes equinovarus in a Chinese population.
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Introduction

Congenital talipes equinovarus is common 
deformity in newborns, and it is estimated that 
the morbidity of this disease is about 1-2/1000 
in Caucasian newborns and about 6-8/1000 in 
Hawaiian/Maori newborns [1-3]. The pathogen-
esis of congenital talipes equinovarus is involv- 
ed in multiple factors and is not very clear, and 
it is reported that skeletal dysplasia, neuro-
muscular disease, soft tissue contracture and 
vascular anomalies play an important role in 
the development of this disease [4]. Previous 
twin studies have indicated that monozygotic 
twins showed a 32.5% concordance rate of 
occurrence of congenital talipes equinovarus, 
while dizygotic twins presented a concordance 
rate of 2.9% [5]. Another study reported that 

family history of congenital talipes equinovarus 
is an important risk factor for congenital talipes 
equinovarus, and the heritability of clubfoot is 
30% [6]. Therefore, genetic factors may contrib-
ute to the development of congenital talipes 
equinovarus.

The COL9A1 gene is located on chromosome 
6q12-q13, and this gene shows expression in 
cartilage tissue, and contributes to the stability 
of the internal environment of articular carti-
lage [7]. Studies have reported that COL9A1 
genetic polymorphisms contribute to the sever-
al kinds of related orthopedic diseases, such as 
osteoarthritis, multiple epiphyseal dysplasia 
and lumbar spinal stenosis [8-11]. Few studies 
have reported the relationship between COL- 
9A1 gene polymorphism and susceptibility to 
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congenital talipes equinovarus [12-14]. In this 
present study, we carried out a study to evalu-
ate the relationship between COL9A1 rs1135- 
056 and rs35470562 and susceptibility to con-
genital talipes equinovarus.

Material and methods

Subjects

Between October 2012 and March 2014, a 
total of 102 patients with congenital talipes 
equinovarus were consecutively collected from 
the the Central Hospital of Xinxiang and the 
Maternal and Child Health Care Hospital of 
Zhengzhou. The diagnosis of congenital talipes 
equinovarus were based on physical examina-
tion by X-ray examination or surgery. The exclu-
sion criteria for congenital talipes equinovarus 
patients were other congenital anomalies, dev- 
elopmental retardation, arthrogryposis, myelo-
meningocele, myopathy, or neuromuscular.

At the same time, a total of 204 control sub-
jects without any food deformities were select-
ed from the Central Hospital of Xinxiang and 
the Maternal and Child Health Care Hospital of 
Zhengzhou. Two control subjects were matched 

with one patient using sex and age (±5 years). 
The control subjects were confirmed to be with-
out congenital anomalies, developmental retar-
dation, arthrogryposis, myelomeningocele, myo- 
pathy, or neuromuscular. 

The demographic and clinical characteristics 
were collected from medical records or a struc-
tured questionnaire, including age, gender, situ-
ation of congenital talipes equinovarus, family 
history of congenital talipes equinovarus, mate- 
rnal cigarette, and maternal alcohol as well as 
maternal coffee consumption.

Signed informed consent forms were obtained 
from study subjects before participating into 
the study. The Ethics Committee of the Central 
Hospital of Xinxiang and the Maternal and Child 
Health Care Hospital of Zhengzhou approved 
the performance of this study.

DNA extraction and genotyping

At recruitment, all participants were asked to 
provide five ml peripheral venous blood for DNA 
extraction, and the blood samples were kept in 
vacuum tubes with 5% EDTA. The genotyping of 
COL9A1 rs1135056 and rs35470562 was car-
ried out using polymerase chain reaction-res- 
triction fragment length polymorphism (PCR-
RFLP). The primers of rs1135056 and rs3547- 
0562 were based on a previous published pa- 
per [13]. The forward and reverse primers for 
rs1135056 were 5’-CTAGCATGGGCTCAAACA-3’ 
and 5’-CCTGGTCAGATGGGAAAT-3’, respective-
ly; The forward and reverse primers for rs- 
35470562 were 5’-ACTGTGGGCACTTATGAA-3’ 
and 5’-GCAATCTTGGGAGACTTT-3’, respectively. 
The restriction enzymes for COL9A1 rs1135056 
and rs35470562 were SmaI and MboII, respec-
tively. The product sizes for COL9A1 rs1135056 
and rs35470562 were 287 bp and 341 bp, re- 
spectively. PCR was performed in a 25 μl reac-
tion mixture involving 2.0 μL of DNA, 40 ng 
genomic DNA, l U Taq enzyme, 2.5 μL 10 × PCR 
mix (15 mmol/L MgCl2), 2.0 μL 2.0 mol/L dNTP 
Mixture, 20 μmmol/L forward primer and 
reverse primer. The PCR reaction was carried 
out for rs1135056 at 94°C for 5 min for initial 
denaturation and then at 94°C for 30 s, 58°C 
for 30 s and 72°C for 30 s. The PCR reaction 
was carried out for rs35470562 at 94°C for 5 
min for initial denaturation and then at 94°C for 
30 s, 61°C for 30 s and 72°C for 30 s. PCR 
products were analyzed by 3% agarose gel elec-

Figure 1. Genotypes of COL9A1 rs1135056. M: 
marker; 1 to 2: GG genotype; 3 to 5: AA genotype; 6: 
AG genotype.

Figure 2. Genotypes of COL9A1 rs35470562. M: 
marker; 1: GA genotype; 2 to 6: GG genotype.
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trophoresis to identify the purity and integrity, 
observed under ultraviolet light and recorded 
by photography.

The enzyme-digested product lengths of COL- 
9A1 rs1135056 were 287 bp for the AA geno-
type, they were 287 bp, 160 bp and 127 bp for 
AG genotype, and they were 160 bp and 127 bp 
for the GG genotype (Figure 1). The product 
lengths of COL9A1 rs35470562 were 341 for 
GG genotype, and they were 341 bp, 113 bp 
and 228 bp for GA genotype (Figure 2).

Statistical analysis

All the statistical analyses were carried out 
using the SPSS 20.0 statistical software (SPSS 
Inc., Chicago, Illinois, USA). The comparison of 
demographic characteristics between congeni-
tal talipes equinovarus patients and control 
subjects was performed using student t-test 
and chi-square (χ2) test. Deviations from Hardy-
Weinberg equilibrium (HWE) of the COL9A1 
rs1135056 and rs35470562 was carried out 
using the goodness-of-fit χ2-test. The relation-
ship between COL9A1 rs1135056 and rs3547- 
0562 and congenital talipes equinovarus risk 
was evaluated by multivariate logistic regres-
sion analysis. Genotype specific risks were esti-
mated using odds ratios (ORs) and their related 
95% confidence interval (95% CI). Spearman 
correlation was taken to analyze the correlation 

P=0.10), maternal alcohol drinking (χ2=4.64, 
P=0.07) and maternal coffee consumption 
(χ2=0.02, P=0.88). There was significant differ-
ence between congenital talipes equinovarus 
patients and control subjects in terms of fam- 
ily history of congenital talipes equinovarus 
(χ2=14.33, P<0.001).

The genotype distributions of the COL9A1 rs- 
1135056 and rs35470562 show in Table 2. 
For genotype distributions of COL9A1 rs1135- 
056, there were 34 (33.33%), 50 (49.02%) and 
18 (17.65%) congenital talipes equinovarus pa- 
tients carrying with AA, AG and GG genotypes, 
respectively; 90 (44.12%), 45.59 (45.59%) and 
21 (10.29%) control subjects carrying with AA, 
AG and GG genotype, respectively. For the gen-
otype distributions of COL9A1 rs35470562, th- 
ere were 98 (96.08%), 4 (3.92%) and 0 (0.00%) 
congenital talipes equinovarus patients carry-
ing with the GG, GA and AA genotypes, respec-
tively; there were 197 (96.57%), 7 (3.43%) and 
0 (0.00%) control subjects carrying with the GG, 
GA and GG genotypes, respectively.

Relationship between COL9A1 rs1135056 and 
rs35470562 gene polymorphisms and their 
association with congenital talipes equinovar-
us was shown in Table 3. We observed that the 
GG genotype of COL9A1 rs1135056 was asso-
ciated with an increased risk of congenital tali-
pes equinovarus when compared to the AA 

Table 1. Demographic characteristics of study subjects

Variables Patients 
N=102 % Controls 

N=204 % t-test or 
χ2 test P value

Age, years 4.47±1.41 4.55±1.55 0.44 0.33
Gender
    Female 75 73.53 150 73.53 
    Male 27 26.47 54 26.47 0.00 1.00
Family history of congenital talipes equinovarus
    No 95 93.14 204 100.00 
    Yes 7 6.86 0 0.00 14.33 <0.001
Maternal tobacco smoking
    No 94 92.16 197 96.57 
    Yes 8 7.84 7 3.43 2.84 0.10
Maternal alcohol drinking
    No 96 94.12 201 98.53 
    Yes 6 5.88 3 1.47 4.64 0.07
Maternal coffee consumption
    No 94 92.16 187 91.67 
    Yes 8 7.84 17 8.33 0.02 0.88

between COL9A1 rs1135056 poly-
morphism and demographic charac-
teristics in the risk of congenital tali-
pes equinovarus. P-values <0.05 
were considered significant. All the 
statistical analyses were performed, 
using the SPSS 16.0 package (SPSS 
Inc., Chicago, IL, USA).

Results

Table 1 shows the demographic cha- 
racteristics of patients with congeni-
tal talipes equinovarus and control 
subjects. The mean ages of congenit- 
al talipes equinovarus patients and 
control subjects were 4.47±1.41 and 
4.55±1.55 years, respectively. The 
congenital talipes equinovarus patie- 
nts were comparable with control 
subjects with respect to age (t=0.44, 
P=0.33), gender (χ2=0.00, P=1.00), 
maternal tobacco smoking (χ2=2.84, 
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genotype, and the adjusted OR (95% CI) was 
2.30 (1.05-5.01) (P=0.04). Moreover, the G 
allele of COL9A1 rs1135056 was correlated 
with an elevated risk of congenital talipes eq- 
uinovarus in comparison with the A allele, and 
the adjusted OR (95% CI) was 3.21 (2.05-5.04) 
(P<0.001). However, no significant association 
was observed between COL9A1 rs35470562 
polymorphism and susceptibility to congenital 
talipes equinovarus.

Further interaction analysis was conducted to 
analyze the correlation between COL9A1 rs11- 
35056 polymorphism and demographic char-
acteristics in the risk of congenital talipes eq- 
uinovarus (Table 4). However, we find a signifi-
cant correlation between COL9A1 rs1135056 
polymorphism and family history of congenital 

talipes equinovarus (correlation coefficient va- 
lue=0.071; P=0.02), suggesting COL9A1 rs11- 
35056 is a hereditary factor for the risk of this 
disease.

Discussion

In this hospital-based case-control study, the 
role of two important polymorphisms of the 
COL9A1 rs1135056 and rs35470562 in con-
genital talipes equinovarus were evaluated. 
The results of this study revealed that COL9A1 
rs1135056 polymorphism is correlated with an 
increased risk of congenital talipes equinovar-
us in a Chinese population.

The etiology of congenital talipes equinovarus 
remains unclear, genetic factors may particu-

Table 2. Genotype distributions of the COL9A1 rs1135056 and rs35470562 

COL9A1 Patients
N=102 % Controls

N=204 % Chi-square test P value
P value for HWE

Patients Controls
rs1135056
    AA 34 33.33 90 44.12
    AG 50 49.02 93 45.59
    GG 18 17.65 21 10.29 5.01 0.08 0.96 0.67
rs35470562
    GG 98 96.08 197 96.57
    GA 4 3.92 7 3.43
    AA 0 0 0 0 0.05 0.83 0.84 0.80

Table 3. Relationship between COL9A1 rs1135056 and rs35470562 gene polymorphisms and their 
association with congenital talipes equinovarus

COL9A1 Patients
N=102 % Controls

N=204 % Crude OR (95% CI) P value Adjusted OR (95% CI)1 P value

rs1135056
    AA 34 33.33 90 44.12 Reference - Reference -
    AG 50 49.02 93 45.59 1.42 (0.82-2.49) 0.12 1.49 (0.71-3.16) 0.30
    GG 18 17.65 21 10.29 2.27 (1.01-5.08) 0.03 2.30 (1.05-5.01) 0.04
Allele
    A 118 57.84 273 66.91 Reference - Reference -
    G 86 42.16 135 33.09 1.47 (1.03-2.11) 0.03 3.21 (2.05-5.04) <0.001
rs35470562
    GG 98 96.08 197 96.57 Reference - Reference -
    GA 4 3.92 7 3.43 1.15 (0.24-4.64) 0.83 1.26 (0.49-3.22) 0.63
    AA 0 0.00 0 0.00 - - - -
Allele
    G 200 98.04 401 98.28 Reference - Reference -
    A 4 3.92 7 3.43 1.15 (0.24-4.57) 0.83 0.68 (0.14-3.35) 0.64
1Adjusted for family history of congenital talipes equinovarus, maternal tobacco smoking, alcohol drinking and coffee con-
sumption.
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larly account for an individual’s susceptibility to 
congenital talipes equinovarus. Previous stud-
ies have reported that the congenital talipes 
equinovarus is caused by multiple factors, su- 
ch as skeletal dysplasia, neuromuscular dis-
ease, soft tissue contracture, vascular abnor-
malities and intrauterine growth retardation as 
well as maternal smoking [4]. The COL9A1 is 
found by Warman et al in 1989 [15]. The COL- 
9A1 is located in 6q12-q13 using fluorescent in 
situ hybridization method. There are two tran-
scripts in the COL9A1, and their full lengths of 
cDNA are 3704 bp and 2985 bp, including 38 
exon and 32 exons, respectively [16]. IX colla-
gen type can be combined with the matrix 
metalloproteinases inhibitor, growth factors 
and the surface of the cartilage cell membrane 
receptor, and protect the stability of internal 
environment and articular cartilage [17, 18].

Previous studies have reported that the COL- 
9A1 polymorphism is associated with several 
kinds of bone related diseases [7-11, 19]. Jak- 
kula et al. conducted a study in a Finnish popu-
lation, and reported that COL9A1 polymorphi- 
sms contributed to the development of early-
onset osteoarthritis [19]. Noponen-Hietala et 
al. reported that the COL9A1 polymorphism 
could not influence the development of degen-
erative lumbar spinal stenosis [9]. Shi et al. car-
ried out a study with 274 Kashin-Beck disease 
patients and 248 healthy controls, and they 
observed a significant association between rs- 
6910140 in COL9A1 and Kashin-Beck disease 
patients in a Chinese population [7]. Czarny-
Ratajczak et al. reported that mutations in 
COL9A1 can cause the susceptibility to multi-
ple epiphyseal dysplasia [8]. Alizadeh et al. sug-
gested that COL9A1 genetic polymorphisms 
was closely related to the risk of hip osteoar-
thritis [10]. 

[13]. Another study demonstrated that COL9A1 
rs1135056 plays an important role in the sus-
ceptibility to development of idiopathic congen-
ital talipes equinovarus [14]. Wang et al. did not 
find an correlation between expression of COL- 
9A1 and development of idiopathic congenital 
talipes equinovarus [12]. In our study, we re- 
ported that the COL9A1 rs1135056 polymor-
phism plays an important role in the develop-
ment of congenital talipes equinovarus in a 
Chinese population, and our results are in line 
with previous results. Further studies with large 
sample size are greatly needed to confirm our 
results.

Two major limitations should be considered in 
this study. The sample may not be representa-
tive of the congenital talipes equinovarus in 
China as all patients and controls were select-
ed from only one hospital (that is, selection 
bias was unavoidable); the sample size is rela-
tively small, which may decrease the statistical 
power of any significant differences identified 
between groups. Further investigations with 
larger-scale sample sizes are warranted to veri-
fy our results.

In summary, our study suggests that the GG 
genotype and G allele of COL9A1 rs1135056 
polymorphism could influence the development 
of congenital talipes equinovarus in a Chinese 
population. Further studies with larger sample 
sizes must be conducted in the future to con-
firm our results.
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Table 4. Interaction between COL9A1 rs1135056 polymorphism 
and demographic characteristics in risk of congenital talipes 
equinovarus
Variables COL9A1 rs1135056

Correlation  
coefficient value P value

Age, years 0.024 0.43
Male 0.015 0.67
Family history of congenital talipes equinovarus 0.071 0.02
Maternal tobacco smoking 0.039 0.07
Maternal alcohol drinking 0.031 0.13
Maternal coffee consumption 0.012 0.72

Currently, three studies repor- 
ted the association between 
COL9A1 polymorphism and 
development of congenital ta- 
lipes equinovarus [12-14]. Liu 
et al. conducted a study in a 
Chinese population, and repor- 
ted that the COL9A1 protein 
was highly expressed in pati- 
ents with idiopathic congeni-
tal talipes equinovarus and rs- 
1135056, and the genetic po- 
lymorphism in COL9A1 gene 
may be correlated with the 
pathogenesis of this disease 
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