
Table 2. Genotypic and allelic frequencies of g.19163A>G and g.23298T>C polymorphisms in the studied subjects

Groups g.19163A>G g.23298T>C

Genotype frequencies (%) Allele frequencies (%) Genotype frequencies (%) Allele frequencies (%)

AA AG GG A G TT TC CC T C

Case group  
(n=367)

121 
(32.97)

166 
(45.23)

80 
(21.80)

408 
(55.59)

326 
(44.41)

191 
(52.04)

141 
(38.42)

35 
(9.54)

523 
(71.25)

211 
(28.75)

Control group  
(n=372)

161 
(43.28)

159 
(42.74)

52 
(13.98)

481 
(64.65)

263 
(35.35)

201 
(54.03)

151 
(40.59)

20 
(5.38)

553 
(74.33)

191 
(25.67)

Total  
(n=739)

282 
(38.16)

325 
(43.98)

132 
(17.86)

889 
(60.15)

589 
(39.85)

392 
(53.05)

292 
(39.51)

55 
(7.44)

1076 
(72.80)

402 
(27.20)

P = 0.003a P < 0.001a P = 0.098a P = 0.184a

Note: aP-value was evaluated by χ2 test.
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temperature (shown in Table 1) for 30 seconds, and 
72°C for 30 seconds, with a final extension at 72°C 
for 10 minutes. The PCR amplified products were 
separated on a 2.5% agarose gel including ethidium 
bromide. The g.19163A>G variant was genotyped by 
the PCR-restriction fragment length polymorphism 
(PCR-RFLP) method. The g.23298T>C variant was 
detected by the created restriction site-PCR (CRS-
PCR) method with one of the primers containing 
a nucleotide mismatch, which enables the use of 
restriction enzymes for discriminating sequence vari-
ations.40-44 Aliquots of 5 μL PCR amplified products 
were digested with 2 U selected restriction enzymes 
(MBI Fermentas, St. Leon-Rot, Germany) at 37°C for 
10 h following the manufacturer’s instructions (Table 
1), and then were separated by electrophoresis for 1 
h at 100 V in a 1.5% agarose gel. Random samples 
(10% of the total samples) were analyzed by DNA 
sequencing methods with an ABI 3730 sequencer 
(Bioasia Biotechnology Co., Ltd. Shanghai, China) 
to verify the genotype results of allelic variation, 
which were based on the electrophoretic pattern of 
the restriction enzyme-treated PCR products. 

Statistical analyses

Allele and genotype frequencies were calculated 
in the studied subjects. The chi-squared test (χ2) was 
used to assess the Hardy-Weinberg equilibrium of 
the genotypes of different genetic mutations. The 
BMD values were adjusted by age, height, and weight 
through stepwise multiple regression and logistic 
regression analyses. The one-way analysis of variance 
(ANOVA) and least-significant difference (LSD) post 
hoc test were utilized to compare the quantitative 

data. All statistical analyses were performed with 
the Statistical Package for Social Sciences software 
(SPSS, Windows version release 15.0; SPSS Inc.; 
Chicago, IL, USA). All data were presented as the 
mean ± SD (standard deviation of the mean). A P 
value of <0.05 was considered statistically significant.

RESULTS

SNPs genotyping

In the present study, two novel genetic variants 
(g.19163A>G and g.23298T>C) were detected by 
PCR-RFLP, CRS-PCR, and DNA sequencing meth-
ods, including A→G mutation (resulting in phenyl-
alanine (Phe) to leucine (Leu) amino acid replace-
ment, p.Phe117Leu) at position 19163 and T→C 
mutation (not resulting in amino acid replacement, 
p.Arginine (Arg)161Arg) at position 23298 of the 
human OPG gene, respectively in exon2 and exon3 
(reference sequences, GenBank IDs: NG_012202.1, 
NM_002546.3 and NP_002537.3). The PCR ampli-
fied products of g.19163A>G was digested with SacI 
restriction enzyme and divided into three genotypes: 
AA (256 bp), AG (256, 183 and 73 bp) and GG (183 
and 73 bp) (Table 1). The PCR amplified products 
of g.23298T>C was digested with the TaqI restriction 
enzyme and divided into three genotypes: TT (190 
and 20 bp), TC (210, 190 and 20 bp), and CC (210 
bp) (Table 1).

Genotype and allele frequencies

The result of the χ2 test for g.19163A>G and 
g.23298T>C variants in the studied populations 
indicated that these genetic variants were in the 




