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ABSTRACT. Congenital heart disease in children is a type of birth
defect. Previous studies have suggested that the transcription factor,
TBX20, is involved in the occurrence and development of congenital
heart disease in children; however, the specific regulatory mechanisms
are yet to be evaluated. Hence, this study aimed to evaluate the
relationship between the TBX20 polymorphism and the occurrence and
development of congenital heart disease. The TBX20 gene sequence
was obtained from the NCBI database and the polymorphic locus
candidate was predicted. Thereafter, the specific gene primers were
designed for the restriction fragment length polymorphism-polymerase
chain reaction (RFLP-PCR) of DNA extracted from the blood of 80
patients with congenital heart disease and 80 controls. The results of the
PCR were subjected to correlation analysis to identify the differences
between the amplicons and to determine the relationship between
the TBX20 gene polymorphism and congenital heart disease. One of
Genetics and Molecular Research 15 (2): gmr.15027374

©FUNPEC-RP www.funpecrp.com.br

2

X.F. Yang et al.

the single nucleotide polymorphic locus was found to be rs3999950:
c.774T>C (Ala265Ala). The TC genotype frequency in the patients was
higher than that in the controls, similar to that for the C locus. The odds
ratio of the TC genotypes was above 1, indicating that the presence of
the TC genotype increases the incidence of congenital heart diseases.
Thus, rs3999950 may be associated with congenital heart disease, and
TBX20 may predispose children to the defect.
Key words: TBX20 transcription factor; Gene polymorphism; Allele;
Congenital heart disease; Single nucleotide polymorphism loci;
Genotype frequency

INTRODUCTION
Congenital heart disease (CHD) is a type of birth defect with a relatively high incidence
(Steeden et al., 2015), which ranges from about 4/1000 to 50/1000 (Webb et al., 2015). Each
year approximately 200,000 to 250,000 children are born in China with this condition (Beltrão
et al., 2015), endangering the lives and well-being of children as well as imposing enormous
economic and emotional pressures on the families and society (Karpawich, 2015). Therefore,
identifying the underlying molecular mechanism is essential for proper diagnosis and treatment
and favorable prognosis of CHD (Zipkin et al., 2015).
Previous studies have shown that the occurrence and development of congenital
birth defects in children were the result of multiple factors (Biglino et al., 2015). The major
factors include environmental factors and genetic factors (Li et al., 2016). While studies have
shown that genetic factors constitute the main cause of congenital heart disease (Gaynor et al.,
2015), environmental factors have not been emphasized enough in experiments (Amanullah
et al., 2015). For a more accurate study of the role of genetic factors, birth conditions and the
upbringing environment in both control and experiential groups should be the same (as was
the case in this study) to erase the influence of environmental factors.
TBX20 belongs to the T-box gene family (Liu et al., 2008; Butler et al., 2010). Animal
experiments have shown that TBX20 plays an important role in the normal development and
function of the heart (Qiao et al., 2012) through interaction with target genes and regulation
of gene transcription and translation processes (Töpf et al., 2014). An in vivo study has also
indicated that by using RNAi technology, knock down of TBX20 or expression of TBX20
mutants causes mammalian heart disease (Chen et al., 2015). Furthermore, human studies
have shown that missense mutations in the TBX20 gene is closely related to the occurrence
of congenital heart disease in children (Monroy-Muñoz et al., 2015). However, the role of
TBX20 in a Chinese population, especially children with congenital heart disease, needs to be
clarified (Chen et al., 2015).
The evaluation of single nucleotide polymorphisms (SNP) is a key approach to explore
and identify genetic predispositions to a certain condition (Lin et al., 2015), particularly for
polygenic disease research (Kwiatkowski et al., 2015; Knopp et al., 2015). Through the study
of SNPs in predisposing genes, the relationship between the gene and the disease can be
clarified, which is of significant value for disease diagnosis, treatment, and prognosis. This
study aims to identify the relationship between the TBX20 gene polymorphism and the
occurrence and development of congenital heart disease.
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MATERIAL AND METHODS
Patients
Eighty children with congenital heart disease and 80 healthy children from the same
family as the control group were selected for this study in accordance with the congenital
heart disease selection criteria (Kin et al., 2011) and congenital heart disease exclusion criteria
(Sendler et al., 2015) (from January 2010 to January 2015). The study was approved by the
Qilu Hospital of Shandong University Ethics Committee. All the selected patients (or their
guardians) signed the consent forms.

TBX20 gene SNP prediction and analysis
The United States National Center for Biotechnology Information (NCBI) database
was used for TBX20 SNP prediction and analysis (Karpawich, 2015). The specific methods
used were as follows: search key words in terms of “TBX20” and “Homo sapiens” were
entered in the dbSNP database (BUILD138 version) from the NCBI website. A total of 942
SNPs related to human TBX20 were found. Human TBX20 had 17 SNPs.

Collection of blood samples and genomic DNA extraction
We extracted 5 mL venous blood from each patient using sodium citrate as the
anticoagulant. The blood genomic DNA extraction kit was then used for the extraction of
genomic DNA from each sample.

PCR
A pair of primers for the gene-specific sequence of the 5th exon of TBX20 was designed.
The primer sequences were as follows: upstream primer 5'-CCTCACTGTAATTTGGCCTG-3'
and downstream primer 5'-GCCCTGAAACTCAATAGCTC-3'. The primers were synthesized
by Sanboyuanzhi Biotechnology Company (Beijing). The PCR mixture contained 2 mL
genomic DNA used as the template, 2.5 mL 10X PCR buffer, 2.5 mL each dNTP mixture (2
mM), 0.5 mL primer 1 (10 mM), 0.5 mL primer 2 (10 mM), 0.5 mL Taq DNA Polymerase, 2.5
mL MgCl2 (25 mM), and 14 mL H2O. The PCR conditions were as follows: 94°C for 7 min,
94°C for 30 s, 50°C for 60 s for 28 cycles, followed by 72°C for 30 s, 72°C for 5 min, and 4°C
for thermal insulation.

Agarose gel detection for the PCR product
The PCR product was then visualized on 1% agarose gel. The PCR product (10 µL)
and 2 mL 6X sample buffer were added into the agarose gel and electrophoresed at 50 mV for
20 min. After completion of the electrophoresis process, pictures were taken using the gel
imaging system and saved. Thus, the PCR results were preliminarily detected.
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Sequences of PCR products
The PCR products were then sent to Sanboyuanzhi Biotechnology Company for
sequencing. The sequencing results were compared and analyzed to further validate the PCR
amplification products and the TBX20 genome sequence.

Statistical analysis
The SPSS 16.0 software was used to analyze the data. Data are reported as means ±
standard deviation (means ± SD). Comparisons between the groups were performed using singlefactor analysis of variance (one-way ANOVA). P < 0.05 was considered statistically significant.

RESULTS
Basic information regarding the study subjects
From January 2010 to January 2015, 80 children with CHD and 80 healthy children
from the same family (as the control group) were enrolled in this study.
The cases of the 80 children with CHD were in accordance with the CHD selection
criteria and other types of congenital malformations were excluded. In total, 48 cases of
septal defect types (including ventricular septal defects and atrial septal defects), 8 cases with
tetralogy of Fallot, 6 cases of patent ductus arteriosus with ventricular septal defect, 5 cases
of transposition with ventricular septal defect, 6 cases of closure of patent ductus arteriosus,
and 7 cases of atrial septal defect and ventricular septal defect with patent ductus arteriosus
were identified. Patients had an average age of 12.85 ± 6.16 years and the gender ratio was 1:1.
The control group consisted of 80 healthy children with an average age of 12.18 ±
6.82 years, and the gender ratio was 1:1 (Table 1).
Table 1. Comparison of basic information between experimental and control groups.
Group types

N

Age

CHD group
Control group
P values

80
80

12.85 ± 6.16
12.18 ± 6.82
0.10

Gender

40/40
40/40
0.5

No. of septal defect
cases

No. of tetralogy of
Fallot cases

48
0
0.0043

8
0

No. of patent ductus
arteriosus associated
with ventricular septal
defect cases
6
0
0.0012

No. of special
cases
18
0
0.0001

Agarose gel electrophoresis of the PCR products
The 260/280 value was around 1.8 in each group when blood genomic DNA
concentration was 226-360 ng/mL, which indicated that the quality of the extracted genomic
DNA was good and that it can be used for PCR amplification.
Results of the agarose gel electrophoresis of the PCR product of the 5th exon of
TBX20 is shown in Figure 1; the product size was 350 bp, which is the same as that of TBX20
genes corresponding to the designed primers. No non-specific bands were observed.
TBX20 gene fragments obtained following restriction enzymatic digestion by EcoRI
and XbaI are shown in Figure 2; these were consistent with the theoretical predictions.
Genetics and Molecular Research 15 (2): gmr.15027374
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Figure 1. Results of agarose gel detection for the polymerase chain reaction products. Lanes 1-6 show the PCR
products from genomic DNA isolated from blood samples of congenital heart disease patients; lanes 7-12 show the
PCR products from genomic DNA isolated from blood samples of controls.

Figure 2. Results of enzymatic digestion of the TBX20 gene.

PCR product sequencing results
Sequencing results obtained after a forward and reverse sequencing of DNA samples from
the 160 study subjects are shown in Figure 3; the success rate of sequencing was above 99%.

Figure 3. Sequencing results of the PCR products.
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Comparison of sequencing results
Sequencing results were compared with sequences of the TBX20 gene obtained from
the NCBI database; the corresponding results are shown in Figure 4. Sequencing results of
the PCR products of the TBX20 gene and the sequence of TBX20 obtained from NCBI were
identical, with sequence homology reaching 98%.

Figure 4. Results of the inter-group comparisons performed for the sequencing results.

Results of SNP analysis of the TBX20 gene
PCR products of the TBX20 gene were genotyped and subjected to Hardy-Weinberg
genetic equilibrium test to evaluate population representativeness. Results show that the
distribution of the TBX20 SNP among the study subjects was in accordance with HardyWeinberg genetic equilibrium. Sequencing results have shown that the TBX20 gene existed as a
single nucleotide polymorphism locus, rs3999950: c.774T>C(Ala265Ala), as shown in Figure 5.

SNP allele frequency and genotype frequency of the TBX20 gene
PCR products were subjected to Hardy-Weinberg genetic equilibrium test to evaluate
population representativeness. The distribution of the TBX20 SNP among the study subjects
was in accordance with Hardy-Weinberg genetic equilibrium (as shown in Figures 2 and 3).
SNP allele frequency and genotype frequency of the TBX20 gene were compared in both
the CHD patient group and the healthy control group. The TC genotype frequency of the
rs3888850 locus in the patient group is higher than that in the control group, similar to that
observed for the C locus. There are significant differences between patients and the control
group. OR of the TC genotype was above 1; thus, the TC genotype is associated with an
increased incidence of CHD.
Genetics and Molecular Research 15 (2): gmr.15027374
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Figure 5. SNP analysis of TBX20. Arrows in the figure indicate the TBX20 polymorphism loci.

DISCUSSION
Our study has two main points of novelty. First, we discovered a new single
nucleotide polymorphic locus on TBX20, rs3999950: c.774T>C (Ala265Ala). Second, the
TBX20 transcription factor gene polymorphism - rs3999950 - is closely associated with
congenital heart disease. Therefore, polymorphism in TBX20 can be considered a new genetic
predisposition for CHD.
CHD has seriously threatened the lives and wellbeing of numerous children (Welliver
et al., 2010); therefore, there are significant meanings to study it. Previous studies have shown
that TBX20 polymorphisms are closely related to the occurrence and development of CHD in
children (Chen et al., 2015; Kwiatkowski et al., 2015; Lin et al., 2015; Monroy-Muñoz et al.,
2015), results of this study were in concordance with those of previous studies. TBX20 SNP loci
that have been reported thus far include: rs6950175 and rs3999941. Through a strictly controlled
and double-blinded trial, we found that the TBX20 polymorphism, rs3999950, was closely
related to CHD in children. Experimental data from this study evidence the possibility of the
TBX20 polymorphism, rs3999950, being a genetic predisposition for CHD in children. First,
the TC genotype frequency of the rs3888850 loci was higher in the experienced group than in
the control group; second, the frequency of the C loci was the same as the rs3888850 loci; third,
OR of the TC genotypes were above 1, i.e., the TC genotype increases the incidence of CHD.
However, there were 3 major limitations in this study. First, the number of cases
might be considered low as only 80 cases of CHD were considered for this study. Therefore,
Genetics and Molecular Research 15 (2): gmr.15027374
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further studies should include a larger cohort and more random objects, multi-center doubleblind studies should be conducted to explore the relationship between the polymorphisms
in the rs3999950 locus of TBX20 and CHD (Yan et al., 2011); second, owing to the small
cohort size, we did not compare different types of CHD, such septal defect types including
ventricular septal defect, atrial septal defect, tetralogy of Fallot, patent ductus arteriosus with
ventricular septal defect, transposition with ventricular septal defect, closure of patent ductus
arteriosus, ventricular septal defect with atrial septal defect, and closure of patent ductus
arteriosus. This would further provide information in terms of the relationship between TBX20
polymorphisms and the occurrence and development of CHD. Third, patients were not further
classified according to their age, gender, and ethnicity.
To summarize, our results demonstrated that a TBX20 polymorphism, rs3999950, is
closely associated with CHD. Nevertheless, further research is warranted.
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