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GENOTYPING METHOD AND FREQUENCY OF SINGLE NUCLEOTIDE
POLYMORPHISM RS12970134 NEAR MELANOCORTIN-4 RECEPTOR
GENOTYPES IN HANOI PRESCHOOL CHIDREN POPULATION

Nguyen Thi Trung Thu, Le Thi Tuyet
Hanoi National University of Education

ABSTRACT

Melanocortin-4 receptor is part of the central melanocortinergic system and plays critical roles in central
regulation of food intake, energy homeostasis and body weight, so that this gene is related to obesity
and insulin resistance including single nucleotide polymorphism rs12970134. Thus, this study aimed to
find out a protocol for genotyping rs12970134 near Melanocortin-4 receptor by AS-PCR method,
analyzing the genotype and allele ratios of this single nucleotide polymorphism in 200 3-5 years old
children in Hanoi, Vietnam (50% boys). This protocol used the forward primers including 5°-
tcttaccaaacaaagcatgtg-3’ to detect allele G, and 5°-tcttaccaaacaaagcatgta-3’ to detect allele A; and the
reverse primer 5’-gtcattcccactaccacctg-3’. The optimized PCR protocol was that 94°C for 3 min and 34
cycles of denaturation at 94°C for 30 sec, primer annealing at 54°C for 40 sec, primer extension at 72°C
for 30 sec, final extension at 72°C for 8 min, stopped by chilling at 4°C. The 208 bp PCR products were
detected on Redsafe-stained 2.5% agarose gel. The results were verified by using the sequencing
method. In the entire samples, the GG genotype was the largest (57.5%), and the AA genotype was the
lowest (4%). The frequencies of the G and A alleles were 0.77 and 0.23, respectively.

Key words: Melanocortin-4 receptor; single nucleotide polymorphism; rs12970134; AS-PCR
method; preschool children.
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PHUONG PHAP PHAN TiCH KIEU GEN VA TAN SO ALEN CUA PA HINH
NUCLEOTIDE PON RS12970134 GAN THU THE MELANOCORTIN-4
O TRE MAM NON TAI HA NOI

Nguyén Thi Trung Thu, L& Thi Tuyét™
Truong Pai hoc Su pham Ha Noi

TOM TAT

Thuy thé Melanocortin-4 ¢ lién quan dén bénh béo phi, khang insulin do déng vai trd quan trong
trong viéc diéu hoa lugng thirc an an vio, can bang ndi moi va khdi lugng co thé. Muyc tiéu ciia
nghién ciru nay la xay dung dwoc phuong phap AS-PCR phan tich kiéu gen cta da hinh nucleotide
don rs12970134 gﬁn thu thé Melanocortin-4 va xac dinh ti 1¢ alen cua da hinh nucleotide don nay
& tré em 3-5 tudi tai Ha Noi. Nghién ctru da thiét ké duoc cac doan mdi dé xac dinh alen cua da
hinh nucleotide don rs12970314 gdm moi xudi phat hién alen G: 5'-tcttaccaaacaaagcatgtg-3', phét
hién alen A: 5'-tcttaccaaacaaagcatgta-3'; va mdi nguoc: 5'-gtcattcccactaccacctg-3'. Chu trinh nhiét
ctia phan img PCR duoc tdi uu hoa 1a: 94°C (3 phut) va 34 chu ky: bién tinh ¢ 94°C (30 giy), gin
mdi & 54°C (40 gidy), kéo dai & 72°C (30 gidy), budc kéo dai cudi ¢ 72°C (8 phut), két thuc ¢ 4°C.
San pham PCR 208 bp dugc phat hién trén gel agarose 2,5% nhudm redsafe. Kiéu gen dugc kiém
tra bang phuwong phéap giai trinh ty gen. Trong toan bd mau, ti 1& kiéu gen GG 1a 16n nhat (57,5%)
va AA 1a thip nhat (4%). Tan sb cua cac alen G va A lan luot 12 0,77 va 0,23.

Tur khoa: Thu thé Melanocortin-4; da hinh nucleotide don; rs12970134; phuong phap AS-PCR;
tré mam non.
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1. Introduction

Melanocortin-4 receptor (MC4R) gene is
located on chromosome 18922 [1]. MCA4R, a
G protein-coupled receptor is expressed in the
developing autonomic and central nervous
systems [2]. Activation of melanocortin-4-
receptors (MC4Rs) reduces body fat stores by
decreasing food intake and increasing energy
expenditure [1]. Activation of MC4R proteins
reduces body fat stores by decreasing food
intake and increasing energy expenditure [1].
Mutations in the MC4R leads to a reduced
receptor function found in 2-4% of extremely
obese individuals [3]. Previous studies
demonstrated several MC4R variants and
common genetic polymorphisms near the
MCA4R gene contributing to different levels of
obesity [4].

Recent genome wide scans found common
variants near MC4R were related to obesity
and insulin resistance such as rs17782313,
rs17700633, rs12970134, rs477181,
rs502933, and rs4450508. Among these
variants, rs12970134 (A/G) located 154 kb
downstream of MC4R has been studied most
often. Many studies reported the association
of rs12970134 MCA4R variant with several
obesity-related  traits (such as: waist
circumference, BMI) [4], [5], central obesity
[6], [7] and insulin resistance [4], polycystic
ovary syndrome [8], coronary artery disease
[9]. Whereas some studies revealed
nonsignificant  association between this
variant and these diseases [10], [11]. This
may be due to differences in study
populations (gender, age, race) [4], [12] and
environmental influence or lifestyle factors
(energy intake and physical activity).
Therefore, identifying the genotypes of this
polymorphism in the Vietnamese population
and further to study the association between
rs12970134 with diseases will be of great
significance to public health care in Vietnam.

There are several approaches to genotype
rs12970134 near MC4R, including TagMan™

(Realtime PCR) [5], [8], GeneChip [13].
However, it is difficult to identify the
rs12970134 polymorphism in large-size
samples of Vietnamese population due to the
limitations of access to equipment, costly
chemical and biological expenses. Allele
specific polymerase chain reaction (AS-PCR)
is a PCR-based method which can be
employed to detect the known single
nucleotide polymorphisms (SNPs). The
specific primers are designed to permit
amplification by DNA polymerase only if the
nucleotide at the 3’-end of the primer
perfectly complements the base at the variant
or wild-type sequences. After the PCR and
electrophoresis, the patterns of specific PCR
products allow the differentiations of the SNP
to determine whether the genotype was
homozygous wild type, heterozygous or
homozygous variant [14]. This method is
relatively cheaper than other available
methods. However, in order to create a
working AS-PCR-based genotyping system, it
needs to design primers and well optimized
PCR conditions.

Thus, this study aimed to find out a protocol
for genotyping rs12970134 near MC4R by
using AS-PCR and analyze the genotype and
allele ratio of this SNP in Hanoi preschool
chidren population.

2. Research methodology
2.1. Subjects and data collection

In this study, 300 preschool children (36-60
months of age, 150 males and 150 females) in
Hanoi with normal nutritional status,
randomly were selected from the subjects of
project B2018-SPH50 - a cross-sectional
study identifying Kinh ethnic representing the
major ethnic of Vietnam.

Classification of nutrition status of children
was performed according to WHO 2006
criteria; normal nutritional status were
children with Z-score BMI by age and gender
ranged from -2 to 2.
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The exclusion criteria were children with
acute or chronic diseases such as tuberculosis,
HIV/AIDS.

Samples of cheek mucosa cells were taken
with the consent of parents or official
guardians. The project was approved by the
Medical Ethics Council of the Institute of
Nutrition with Decision No. 343/VDD-QLKH
on July 27, 2018.

2.2. DNA extraction method

DNA was extracted from the sample of the
cheek mucosa cell by using the GeneJET
Genomic DNA Purification kit (Thermo,
USA) according to the manufacturer's
instructions.

2.3. Genotyping method

Protocol of genotyping SNP rs1137101 by AS-
PCR method included the following steps:

2.3.1. Design primers

Nucleotide sequence of DNA fragments
containing SNP rs12970134 on NCBI
database [15] was used to design three of
PCR primers (including wildtype and mutant
primers to detect 2 alleles (G or A) and one
common primer. Designing wildtype and
mutant primers to identify G or A allele of
rs12970134 near MC4R gene was based on
Wangkuhang et al. [16]. Next, last primer was
designed by using Oligo 7 Primer Analysis
Software [17] and UCSC In-Silico PCR
online [18] to choose pairs of primers that
have homologous melting temperature (Tm)
and don’t match each other. The melting
temperature of the primers was approximately
54°C according to recommendations of the
above software.

2.3.2. Optimal protocol design for polymerase
chain reaction

To genotype rs12970134 polymorphism using
AS-PCR, each genotype was determined by
two independent reactions of A and G alleles.
The composition of each PCR reaction
consists of 0.8 pL of nuclease-free water, 2.5

pL master mix Dream Taq Green (containing:
0.4 mM Dream Taq DNA polymerase, 0.4
mM 2X Dream Taq Green buffer, 0.4 mM
dATP, 0.4 mM dCTP, 0.4 mM dGTP, 0.4
mM dTTP and 4 mM MgCl,), 0.35 pL for
each primer (concentration 10 pmol), 1.5 pL
of DNA sample (concentration 37-60 ng/ul)
in a total volume of 5.5 pL.

The gradient PCR method was used to
determine the annealing temperature. The
PCR conditions were as follows: 3 min at
94°C, 34 cycles of 30 sec at 94°C, 30 sec at
52°C/54°C/56°C, 30 sec at 72°C, final
extension 8 min at 72°C, chilling at 4°C. PCR
products (208-bp band) were detected on the
redsafe-stained 2.5% agarose gel by the
electrophoresis in 0.5X TBE buffer. The
DNA band was taken by using Geldoc-1t™
gel camera. The optimal protocol was
recruited from the results of trials.

2.4. Statistical analysis

Genotype and allele frequencies are expressed
in %. Add the Hardy-Weinberg equation to
identify allele frequencies.

3. Results and discussion

3.1. Optimize the protocol of genotyping
MCA4R rs12970134

3.1.1. Design the primers

The results showed 5 oligos used to perform
the AS-PCR. But all products were so short,
that we only chose wildtype and mutant
forward primers. The sequences of wildtype
and forward primers were 5-
TCTTACCAAACAAAGCATGTG-3’, and
5’-TCTTACCAAACAAAGCATGTA-3".

The sequence of common reverse primer was
5’- GTCATTCCCACTACCACCTG-3". The
theorical PCR product was a 208-bp in length:

TCTTACCAAACAAAGCATGT(G/A)caaac
aaagatttatcagaagggtgcttgttagtacctgtattcaaaggg
agaactagtcaaacctcaaaggggcaaggccaaccaggacc
aacctagcagggcaagcatgtctccacactgcctatcttcagat
gagcatttttttcctttaggcaagtttttc CAGGTGGTAG

TGGGAATGAC
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3.1.2. Determination of the annealing temperature of the gradient PCR

200 bp

Allele A

products ~ 200 bp

200 bp

Allele G

products ~ 200 bp

Figure 1. Electrophoresis image of gradient PCR products
Ta: Temperature of annealing, (-): negative control, M: CSL-MDNA-100bp DNA Ladder RTU
Genotype: 1 (GG), 2 (AG), 3 (AA)
Figure 1 showed that at Ta = 54°C, the amplified band was the thickest and easy to determine G
and A alleles. Thus, the optimized PCR protocol was 94°C for 3 min and 34 cycles of
denaturation at 94°C for 30 sec, primer annealing at 54°C for 40 sec, primer extension at 72°C for
30 sec, final extension at 72°C for 8 min, stopped by chilling at 4°C.

3.2. Result of validation

To validate AS-PCR method, two products of A allele from sample 2 and G allele from sample 1
were verified by sequencing with reverse primer: 5°- GTCATTCCCACTACCACCTG-3’ (Figure
2). The obtained sequences from sequencing are single strands and complementary to the single
PCR product sequence above (3.1.1).

Genotypes were analyzed by Result of sequencing method
AS-PCR method
Allele A .-&TAAATCTTTGTTT@C:\TGCTTTG
(sample 2) i A 1860, 248: 185

gt e

ATAAATCTTTGTTT c@c.&r GCTTTG

Allele G (Sample 1)

Figure 2. Allele A and G products were validated by sequencing method

Thus, the genotypes identified by using AS-PCR method were completed in concordance with
those of the sequencing method. Consequently, we used the optimized AS-PCR protocol to
genotype 200 samples and the results are presented in Figure 3.
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Allele A
Products

Allele G
Products

Al G Bl GB
A G 6 &6 G G 6

10 11 12 13 14 15 16 17 18

12 13 14 15 16 17 18 -

G G G G G A G
G G G G G G G

~ 200 bp

Figure 3. Electrophoresis image of AS-PCR products with some samples
(-) : negative control, M: CSL-MDNA-100bp DNA Ladder RTU
Genotype: 1 (GG), 2 (AG), 3 (AA), 4 (AG), 5 (GG), 6 (AG), 7 (GG), 8 (GG), 9 (GG), 10 (GG), 11 (GG),
12 (GG), 13 (GG), 14 (GG), 15 (GG), 16 (GG), 17 (AG), 18 (GG).

3.3. Frequencies of MC4R rs12970134
polymorphism in Hanoi preschool children

Children were chosen equally by gender (50%
boy) and age group (3-5 years: 25% (3-3.5
years), 25% (3.5-4 years), 25% (4-4.5 years),
25% (4.5-5 years)). The anthropometric
indicators of 200 normal children (WHO
2006 criteria) were represented in our current
publication [19].

The frequencies of genotypes and alleles of
MC4R 1512970134 polymorphism among
these children is shown in Table 1.

Table 1. Genotype and allele frequencies of
MCA4R rs12970134 polymorphism in Hanoi 3-5
years old children

MC4R rs12970134 Number
(Frequencies)

GG 115 (57.5%)

Genotype AG 77 (38.5%)
AA 8 (4.0%)
G 307 (7T7%)

Allele A 93 (23%)

P HWE 0.265

The data in the table are presented by n (%),
HWE: Hardy-Weinberg equation, P value were
from test 2 or Fisher exact.

In the entire samples, the GG genotype was
the highest (57.5%), and the AA genotype
was the lowest (4%). The frequencies of the
G and A alleles were 0.77 and 0.23,
respectively. The frequencies of rs12970134

genotypes in samples of preschool children in
Hanoi were in the Hardy - Weinberg
distribution (P = 0.265).

The frequencies of rs12970134 genotypes in
different populations varied significantly
around the world [20]. The heterogeneity of
the proportions of alleles in different
populations was influenced by ethnic
characteristics. According to Marth (2004),
the history and characteristics of nation
formation have a great influence on its
biological characteristics, anthropology, and
genetic background [21]. In the Hanoi
primary school children population, the
frequency of minor A allele was 0.23. This
result was the same with other populations
[20]. The ratio of genotypes in our study is
almost equal to the frequencies in the
Japanese in Tokyo, Japan (JPT) [20].

The limitation of this study is that the
genotyping method identifies only one SNP
genotype for one procedure. Also in this
study, the frequencies of alleles and
genotypes were determined only in children
with normal physical development in Hanoi,
and not the entire population of Vietnam.
Further research is required large samples that
are representative of the entire population, and
the inclusion of children with nutritional
disorders, children from different ethnic groups.
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4. Conclusions

This research shows the AS-PCR method for
genotyping MCA4R rs12970134 polymorphism
in Vietnam’s laboratories. This protocol used
the forward primers (5-
tcttaccaaacaaagcatgtg-3° to detect allele G,
and 5’-tcttaccaaacaaagcatgta-3° to detect
allele A), and the reverse primer (5°-
gtcattcccactaccacctg-3’). The temperature to
anneal primer was 54°C.

Among children aged 3-5 years in Hanoi, the
frequency of GG genotype was the highest
(57.5%) and the frequency of AA genotype
was the smallest (4%). The method for
identifying genotypes in this study was
developed and optimized to ensure data
accuracy, reduce costs, and can be used in
many molecular biology laboratories to
identify the MC4R rs12970134 genotype with
large sample sizes.
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