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ABSTRACT:  To identify whether an association exists between RFC1 gene polymorphism (rs1051266) 
and the development of non-syndromic cleft lip and palate. Twenty-five patients with non-syndromic cleft 
lip and palate (NSCL/P) with ages ranging from 1 year to 17 years belonging to both genders (Group 1) 
and twenty-five patients without cleft lip and palate malformations as controls (Group 2) were included 
in the study. Genomic DNA was obtained from whole blood drawn from the patients. The region around 
the RFC1 gene polymorphism was amplified with sequence-specific primers using polymerase chain 
reaction (PCR). RFLP technique was used to identify the genotype of the patients. The genotype and 
allele frequency distributions in both groups were determined. Statistical analysis was done with the Chi-
square test. In both groups, the frequency of the GA genotype was greater compared to the GG genotype 
and AA genotype. There was no statistically significant deviation from Hardy Weinberg Equilibrium with a 
P value of <0.247 and <0.815 in the case and control groups, respectively. The frequency distribution 
of the dominant genotype GG had an odd ratio of 0.3506 (0.0791-1.5544) and a P value of 0.1678 and 
the recessive genotype AA had an odd ratio of1.5556 (0.4187-5.7795) and a P value of 0.5094. The 
distribution of G allele and A allele between the two group had an odd ratio of 0.6169 (0.2798-1.3597)
and a P value of 0.2309. Classification of the genotypes based on genetic models such as dominant, 
recessive, or additive did not present any significant association between the polymorphism marker 
and NSCL/P. There was no significant association between RFC1 gene polymorphism (rs1051266) and 
NSCL/P in the South Indian population.
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RESUMEN: Determinar si existe una asociación entre el polimorfismo del gen RFC1 (rs1051266) y el 
desarrollo de labio y paladar hendido no sindrómico (LPHNS). El estudio incluyó a 25 pacientes con 
LPHNS (Grupo 1), con edades entre 1 y 17 años, de ambos sexos, y a 25 individuos sin malformaciones 
de labio o paladar, quienes constituyeron el grupo control (Grupo 2). Se extrajo ADN genómico a partir 
de muestras de sangre periférica. La región adyacente al polimorfismo del gen RFC1 fue amplificada 
mediante cebadores específicos de secuencia utilizando la reacción en cadena de la polimerasa (PCR). 
La genotipificación se realizó mediante la técnica de polimorfismo de longitud de fragmentos de 
restricción (RFLP). Se determinaron las frecuencias genotípicas y alélicas, y se realizaron comparaciones 
estadísticas mediante la prueba de Chi-cuadrado. En ambos grupos, el genotipo GA fue más frecuente en 
comparación con los genotipos GG y AA. No se observaron desviaciones estadísticamente significativas 
del equilibrio de Hardy-Weinberg en el grupo de casos (p = 0.247) ni en el grupo control (p = 0.815). 
La distribución de frecuencias del genotipo dominante (GG) arrojó una razón de momios (OR) de 0.3506 
(IC 95%: 0.0791-1.5544; p = 0.1678), mientras que el genotipo recesivo (AA) presentó una OR de 
1.5556 (IC 95%: 0.4187–5.7795; p = 0.5094). La comparación de las frecuencias alélicas entre grupos 
no mostró diferencias significativas (alelo G vs. alelo A: OR = 0.6169; IC 95%: 0.2798-1.3597; p = 
0.2309). El análisis con modelos genéticos dominantes, recesivos y aditivos no reveló asociaciones 
significativas entre el polimorfismo rs1051266 y LPHNS. Los hallazgos sugieren que el polimorfismo 
rs1051266 del gen RFC1 no se asocia de manera significativa con el riesgo de desarrollar LPHNS en la 
población del sur de la India.

PALABRAS CLAVE: Gen RFC1; Polimorfismo; NSCL/P; rs1051266.

INTRODUCTION

The most prevalent congenital facial 
malformations at birth are cleft lip and/or palate, 
which develop when the frontal prominence and 
maxillary process fail to fuse during embryoge-
nesis. Non-syndromic lip and palate is multifac-
torial with a combination of genetic and environ-
mental factors that result in the development of 
the anomaly (1-3). Environmental factors such as 
alcohol (4), maternal phenylketonuria (5), hyper-
thermia (6), hydantoin (7), trimethadion (8), and 
methotrexate (9) are teratogens linked to the 
development of cleft lip and palate. 

Folate is an essential micronutrient, the 
deficiency of which has been attributed to the 
development of cleft lip and palate. Tetrahydrofo-
late (THF), is a form of folate generally found in 

food, frequently present in cruciferous vegetables, 
legumes, fruits, and fortified cereals and grains 
(10). The recommended dietary allowance for folate 
is 400 mg in normal adults, but during pregnancy 
and breastfeeding is 500-600 mg (11). It is advised 
to take folate supplements during pregnancy since 
inadequate maternal folate consumption has been 
strongly linked to an increased risk of neural tube 
abnormalities (12). Impaired cellular methylation 
including DNA methylation is a key factor associa-
ted with neural tube defects and has been related 
to folate consumption during pregnancy and birth 
abnormalities (13). 

Several genes such as FOLH1, FOLR1, 
FOLR2, FOLR3, SLC19A1, SLC46A1, SLC25A32, 
ABCC2 are associated with the folate one carbon 
mechanism (14). Polymorphism of such genes can 
alter the folate mechanism resulting in neural tube 
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defects (14). These defects are associated with 
the development of cleft lip and palate (15,16).  
Genetic studies have established the association 
of numerous gene polymorphisms in the develop-
ment of cleft lip and palate (17).  However, there 
are not many studies on the influence of RFC1 gene 
polymorphism (rs1051266) in the development of 
cleft lip and palate in the Indian population. 

 
Reduced folate carrier 1 (RFC1) gene has 

been suggested to be associated with the develo-
pment of cleft lip and palate in humans. Reduced 
folate carrier (RFC1) is a bidirectional transporter 
characterized by twelve transmembrane domains 
(18,19). RFC1 preferentially transports reduced 
folates, such as N5-methyltetrahydrofolate or 
N5-formyltetrahydrofolate, which are anionic at 
physiological pH. It acts as a facilitative anion 
exchanger, transporting anionic folates into the 
cell through a cotransport system with an influx 
of folate and efflux of organic phosphates or 
sulfates (18). The RFC1 gene is responsible for 
the encoding of a membrane protein. This protein 
delivers the 5-methyltetrahydrofolate, a metabo-
lically active form of folate to several cells (20). 
Polymorphisms of RFC1gene have been considered 
to be responsible for alteration in folate metabolism 
and maternal folate intake (21). The missense varia-
tion rs1051266 (A80G) in exon 2 was proposed as 
a risk factor for NSCL/P. Hence the present study 
was proposed to determine if a polymorphism of 
the RFC1 gene (rs1051266) was responsible for 
NSCL/P in the South Indian population. The null 
hypothesis was that there was no association 
between RFC1 gene polymorphism (rs1051266) 
and non-syndromic cleft lip and palate in the South 
Indian population.  The study aimed to determine 
the association between RFC1 gene polymorphism 
(rs1051266) and non-syndromic cleft lip and 
palate in the South Indian population.

MATERIALS AND METHODS

This case-control study was conducted in the 
Department of Orthodontics of our institution. The 
study was approved by the scientific review board 
of our university with reference number SRB/SDC/
FACULTY/22/ORTHO/052 and ethical clearance 
was obtained with reference number IHEC/SDC/
FACULTY/22/ORTHO/58. Patients reporting with 
cleft lip and/or palate to the cleft and craniofacial 
unit of our university were screened. Patients with 
NSCL/P without associated syndromes or familial 
history of cleft lip and palate with ages ranging 
from 1 year to 17 years consisting of both genders 
belonging to the South Indian population were 
included in the study. 

The exclusion criteria included patients with 
habits such as smoking, diabetes, pan chewing, 
tobacco chewing, oral lesions such as submucous 
fibrosis, erythroplakia, leukoplakia, oral submu-
cous fibrosis, diabetic patients, and patients with 
systemic diseases. Children whose parents had 
the above habits or diseases were excluded from 
the study. 

The sample consisted of two groups. Group 
1 was the study group with subjects having 
non-syndromic cleft lip and palate patients while 
group 2 was the control group with patients without 
cleft lip and palate malformations. Twenty-five 
patients were included in each group. Informed 
consent was obtained from all the adult patients 
and the parents of the children who were included 
in the study. Five milliliters of venous blood was 
drawn from the antecubital fossa of the patient 
and collected in sterile tubes with a small amount 
of ethylenediaminetetraacetic acid. The blood was 
carefully blended to prevent clot formation (22). 
RFC1 gene polymorphism (rs1051266) was asses-
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sed using polymerase chain reaction (PCR) ampli-
fication and restriction digestion. Amplification of 
DNA around the (rs1051266) polymorphic site of 
the RFC1 gene was performed. The forward primer 
was: 5’- AGCGTCACCTTCGTCCC - 3’ and the 
reverse primer was 5’- TCCCGCGTGAAGTTCTTG 
-3’.  The amplification of DNA was performed in 20 
µL volumes using 10 ng of genomic DNA, 5 pmol/
µL, each of the forward and reverse primers along 
with PCR Master Mix (Takara, Shiga, Japan). The 
cycling conditions consisted of an initial denatura-
tion at 94°C for 5 minutes, denaturation at 94°C 
for 35 seconds, annealing at 60°C for 35 seconds, 
extension at 72°C for 35 seconds, and a final 
extension at 72°C for 5 minutes. A 5 µL volume 
of PCR product was checked on a 1% agarose 
gel, and 15 µL of PCR product was digested using 
a restriction enzyme AseI (New England Biolabs, 
Hitchin, UK). Digestion was carried out at 37°C 
for 2 hours. The digested product was visualized 
on 2% agarose gel. After the blood samples were 
obtained from both groups, and their genomic 
DNA was put through the PCR RFLP test, the Hha1 
enzyme was used to cleave the PCR product, and 
different band patterns were obtained.

The band patterns were run along a standard 
DNA ladder. The frequency of homozygous alleles; GG 
and AA and heterozygous allele GA was determined.

STATISTICAL ANALYSIS

Statistical analysis was done with SPSS 
version 22.0. The Hardy-Weinberg equilibrium (HWE) 
was tested in each group using the Chi-Square test. 
Allele ratio and genotype distribution of NSCL/P 
patients and healthy controls were evaluated. The 
odds ratio (OR) with 95% confidence intervals was 
used to calculate the risk related to specific alleles 

or genotypes. A p-value ≤ 0.05 was considered to 
be statistically significant.

RESULTS

A total of 50 patients, 25 each in group 1 
and group 2 were evaluated respectively.  Patients 
in group 1 and group 2 had a mean age of 
4.99±5.2 years and 23.24±6.8 years, respec-
tively. The ancestral allele associated with RFC1 
gene polymorphism (rs1051266) was the G allele 
and the variant allele was the A allele. (https://
as ia .ensembl .o rg /Homo_sap iens/Var ia t ion /
Explore?db=core;r=1:11795821-11796821;v=rs1
801133;vdb=variation;vf=122492). 

The agarose gel electrophoretogram showed 
amplification with an amplicon size of 230 bp around 
the polymorphic site RFC1 gene polymorphism 
(rs1051266) (Figure 1). Agarose gel electropho-
retogram of the HhaI digested amplicon of RFC1 
gene at (rs1051266) depicted the homozygous GG 
genotype when three bands were present at 125, 
68 and 37 base pairs; heterozygous genotype GA  
when bands were present at 162, 125, 68 and 37 
base pairs; and homozygous genotype AA  when 
two bands were present at 162 and 68 base pairs. 
These were compared with a standard DNA ladder 
(Lane M=100 base pair DNA marker) (Figure 2). 
The frequency of the GG genotype was 12% (3 
out of 25), the GA genotype was 60% (15 out of 
25) and the AA genotype was 28% (7 out of 25)
in group 1 (case group) (Table 1). The genotype 
frequency in group 2 (control group) was found to 
be GG=28%, GA=52%, and AA =20%. The G allele 
frequency was 0.42 and 0.54 in group 1 and group 
2 respectively (Table 1). The A allele frequency was 
0.58 and 0.46 in group 1 and group 2, respecti-
vely. There was no statistically significant deviation 

https://asia.ensembl.org/Homo_sapiens/Variation/Explore?db=core;r=1:11795821-11796821;v=rs1801133;vd
https://asia.ensembl.org/Homo_sapiens/Variation/Explore?db=core;r=1:11795821-11796821;v=rs1801133;vd
https://asia.ensembl.org/Homo_sapiens/Variation/Explore?db=core;r=1:11795821-11796821;v=rs1801133;vd
https://asia.ensembl.org/Homo_sapiens/Variation/Explore?db=core;r=1:11795821-11796821;v=rs1801133;vd
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from Hardy Weinberg Equilibrium with a p-value of 
<0.247 and <0.815 in the case group and control 
group respectively (Table 1). 

The frequency distribution of the gene 
polymorphism between the two groups did not 
yield any statistically significant results. The 
frequency distribution of the dominant genotype 
GG compared to the other genotype GA and AA 
had an odd ratio of 0.3506 (0.0791-1.5544) and 
a p-value of 0.1678 The frequency distribution of 
the recessive genotype AA compared to the other 
genotype GA and GG had an odd ratio of1.5556 
(0.4187-5.7795) and P value of 0.5094. The 
distribution of G allele and A allele between the 
two groups had an odd ratio of 0.6169 [0.2798 - 
1.3597] and p p-value of 0.2309. Since the Odd’s 

ratio has a range of less than 1 to greater than 1 
for both the dominant and recessive genotypes, it 
is difficult to ascertain its protective or destructive 
nature. Classification of the genotypes based on 
genetic models such as dominant, recessive, or 
additive (allelic) did not present any significant 
association of the polymorphism marker with 
the disease status (Table 2). The null hypothesis 
was accepted.

The comparison of allele frequencies revea-
led the distribution of G and A alleles of subjects 
belonging to the South Indian population in the 
present study matched the frequency distribution of 
the American, European, Asian, and Global popula-
tions (Figure 3). The frequency of the ancestral G 
allele was less in the African population (Figure 3).

Figure 1. Agarose gel electrophoretogram showing partial amplification of RFC1 gene spanning polymorphic site (rs1051266) run along 
with standard DNA ladder (Lane M=100 bp DNA marker). 

Figure 2.  Agarose gel electrophoretogram showing HhaI digested amplicon of RFC1 gene at (rs1051266) (Homozygous: GG - 125+68+37 

bp; Heterozygous: GA-162+125+68+37 bp; Homozygous: AA-162+68 bp) (Lane M=100 bp DNA marker).
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Table 1. Genotype frequencies of RFC1 gene polymorphism (rs1051266) among the cases and controls.

Groups GG GA AA G A HWE 
(p-value)*

Case (N=25) 3 15 7 0.42 0.58 0.247

Control (N=25) 7 13 5 0.54 0.46 0.815

*For departure from Hardy-Weinberg equilibrium (HWE), chi-square with one degree of freedom. The genotype frequency of cases and 
controls do not differ significantly χ 2df (P =0.3541). 
P value ≤ 0.05 is considered statistically significant.

Table 2. Overall genotype distribution of the RFC1 gene polymorphism (rs1051266) in cases and controls.

Dominant

Genotypes Case Control Unadjusted OR (95% CI) P value

GG 3 7 0.3506
(0.0791 - 1.5544)

0.1678

GA + AA 22 18

Recessive

AA 7 5 1.5556
(0.4187 - 5.7795)

0.5094

GG + GA 18 20

Allele

G 21 27 0.6169
(0.2798 - 1.3597)

0.2309

A 29 23

P value ≤ 0.05 is considered statistically significant.

Figure 3. The graph depicts the allele frequency of RFC1 gene (rs1051266) polymorphism in various study population compared to the 
present study group (Ensembl database).
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DISCUSSION

Folate is necessary for several biological 
functions including the production and maintenance 
of DNA. RFC1 plays an important role in maintaining 
folate levels by coding for the protein involved in 
the entry of folate into the cell.

Polymorphisms of the RFC1 gene may affect 
folate transportation into the cell. Adequate folate 
levels are required for proper development of the 
embryo during pregnancy. Gene polymorphisms and 
mutations of the RFC1 gene have been associated 
with the development of non-syndromic cleft lip 
and palate in humans. The proper development of 
facial structures during embryonic development 
can be disrupted by mutations in these genes.

There is conflicting evidence regarding the 
association between allelic RFC1 A80G polymor-
phism and NSCL/P in diverse populations (23-27). 
Existing reports suggest that RFC1A80G polymor-
phism is associated with NSCL/P in the East Indian 
population (26). However, the present study did 
not show such an association. The earlier study 
(26) was conducted in the Eastern Indian popula-
tion with Caucasian samples whereas the present 
study was conducted on the South Indian popula-
tion consisting of subjects belonging to the Dravi-
dian race. A previous study conducted on the 
South Indian population 10 years ago showed an 
association between dominant and allelic models 
of the RFC1 gene and NSCL/P (20). RFC1 gene 
polymorphism RFC1 A80G polymorphism was 
associated with the NSCL/P in the Iranian popula-
tion as well (28). A recent systematic review 
showed that the GG genotype was associated with 
NSCL/P. This was more prevalent in the Cauca-
sian population compared to other ethnic groups 
(29). In the current study, the prevalence of the 
GG genotype was less in patients with NSCL/P 
compared to the GA and AA genotypes. RFC1 gene 
polymorphism was associated with NSCL/P in the 
Chinese population and the A allele had a greater 

risk of the development of the anomaly (30).  The 
RFC1 gene polymorphism affects other organs, 
especially the heart, and is associated with conge-
nital heart defects in the Chinese and American 
population (31, 32). 

It is important to remember that cleft lip 
and palate are frequently multifactorial and may 
be due to a combination of genetic and environ-
mental factors. Multidisciplinary management has 
been advocated for the treatment of non-syndro-
mic cleft lip and palate with surgery to repair the 
nose, alveolar bone, and lip, orthodontic treatment 
to correct the teeth, speech therapy, psychological 
counseling, and pediatric dentistry (33, 34). Facial 
esthetics in cleft lip and palate patients may be 
improved with the systematic assessment of the 
mid-face and mandible (35). Some of the recent 
advances in the management of NSCL/P are the 
role of stem cell therapy to regenerate bone at the 
cleft site (36) and the use of artificial intelligence 
to plan treatment (37).

Future studies with a larger sample size 
may be contemplated to confirm the results of the 
present study.

CONCLUSION

The frequency of the GG genotype was 
12% and 28%, the GA genotype was 60% and 
52% and the AA genotype was 28% and 20% in 
group 1 (case group) and group 2 (control group) 
respectively The A allele frequency was 0.58 
and 0.46 in group 1 and group 2, respectively. 
There was no statistically significant deviation 
from the Hardy-Weinberg Equilibrium. The Odd’s 
ratio has a range of less than 1 to greater than 
1 for both the dominant GG genotype and reces-
sive AA genotype making it difficult to determine its 
protective or destructive effect. The dominant and 
recessive genotypes and the alleles did not present 
any significant association of the polymorphism 
marker with NSCLP/P. From the above study, the 
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RFC1 gene (rs1051266) polymorphism does not 
have a significant association in the development 
of non-syndromic cleft lip and palate in the South 
Indian population. However, larger studies are 
required to confirm these results.
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