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Article Info ABSTRACT

Diabetes Mellitus (DM) is a disease characterized by high
Key word: glucose levels because of the lack of insulin hormone in the
Diabetes Mellitus body. Prevalence of Type-2 Diabetes Mellitus is associated with
TCF7L2 gene, the variant of the TCF7L2 gene polymorphism, or SNP. The
Designed Primers purpose of this study was to construct a specific primer to

amplify the TCF7L2 gene fragment and their capabilities to

detect the targeted area. This research was a descriptive study
Article history: that design the primers using Geneious software version 5.4.7.
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The study was conducted at the Laboratory of Genetics and
Biotechnology FMIPA Universitas Negeri Padang. Based on
this research, a 10gF forward primer (NG _012631.1) and 10gR
reverse primers (NG _012631.1) has successfully designed. The
primers can amplify the targeted area of the TCF7L2 gene with
1208 bp length. The amplified gene region has many variants
that are strictly related to the appearance of Type 2 Diabetes
Mellitus.
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Introduction

Diabetes Mellitus (DM) is a disease

that there are 3.7 million deaths due to
diabetes and high glucose levels. An
increase in DM cases also occurred in

characterized by high blood sugar levels
because of the lack of insulin hormone in
the body. Deficiency can be in the form of
insufficient amounts of insulin, or the body
cannot effectively use insulin (Kariadi &
Sri Hartini KS, 2009). Uncontrolled blood
sugar levels can increase the risk of
complications and can cause death
(Fahmiyah & Latra, 2016).

Data from the International Diabetes
Federation (IDF) shows that in 2019 there
were around 351.7 million adults (aged 20-
64 years) in the world suffering from
Diabetes Mellitus. The number is expected
to increase until it reaches 417.3 million by
2030 and to 486.1 million by 2045. The
World Health Organization (2016) suggests

Indonesia, IDF state that the prevalence of
DM in Indonesia is 6.2% and rank 7" in the
world. RISKESDAS primary health
research data (2013) shows that the
prevalence of DM in Indonesia reaches 1.5
percent of the total population (Departemen
Kesehatan Republik Indonesia, 2013;
Diabetes Federation International, 2019;
World Health Organization, 2016).

Diabetes Mellitus can classify into
three general types, include; Type-1
Diabetes Mellitus, Gestational Diabetes,
and Type-2 Diabetes Mellitus (American
Diabetes Association, 2017). The damage
of pancreatic beta cells by a virus or
autoimmunity causes Type-1 Diabetes
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Mellitus. Gestational diabetes occurs in
women who are pregnant (Soelistijo et al.,
2015), whereas Type-2 Diabetes Mellitus is
a metabolic disorder characterized by an
increase in blood sugar due to decreased
insulin secretion by pancreatic beta () cells
(insulin resistance) and impaired insulin
function (Soelistijo et al., 2015).

The prevalence of Type-2 Diabetes
Mellitus is higher than the other type of
DM. The prevalence of T2DM reaches 90-
95% of all people with diabetes. Generally,
T2DM patients aged over 45 years, but
lately, the sufferers among children and
adolescents also increase in the population
(Tama, F.S., & Hermansyah, 2011).

Type-2 Diabetes Mellitus is a
multifactorial disease, which is determined
by the environmental and genetic factor
(Erko¢ Kaya, Arikoglu, Kayis, Oztiirk, &
Gonen, 2017). Genetically, T2DM is
caused by polymorphisms in genes
associated with the incidence of T2DM
disease.

Several gene variants have shown an
association with T2DM in  some
populations. These gene variants include
polymorphisms in the calpain 10
(CAPN10),  peroxisome  proliferator-
activated receptor y (PPARG), ATP-
sensitive inwardly rectifying potassium
channel  subunit  Kir6.2 (KCNJ11),
hepatocyte nuclear factor 4 (HNF4A),
hepatic transcription factor 1 (TCF1), and
transcription factor 7-like 2 (TCF7L2) gene
(Sale et al., 2007). The TCF7L2 gene
reported having a strong association with
T2DM in Danish, Caucasian, Indian, and
the other ethnic groups in Asia (Radha &
Mohan, 2007).

The TCF7L2 gene, formerly known
as TCF-4, is part of the transcription factor
with high mobility. The location of this
gene is on chromosome 10q of the human
genome. The TCF7L2 gene is a major
transcription factor for the WNT / B-catenin
signaling pathway, which has an essential
role in beta-cell survival and regeneration
(Yao et al., 2015). Jin et al. (2008) also
suggested that the TCF7L2 gene plays a

role in the WNT signaling process during
embryonic development and in regulating
gene expression in adulthood. WNT
signaling disorders become one of the
causes of insulin resistance (Yao et al.,
2015)(Jin & Liu, 2008).

Many studies explain the association
of the TCF7L2 gene as one of the causes of
the T2DM disease. As revealed by the
research of Votsi et al. (2017), T2DM is
associated with five Single Nucleotide
Polymorphism (SNP) statistically in the
Greek population. 157901695 TCF7L2 gene
is one of the examples of the associated
SNP (Votsi et al., 2017).

Based on several study, it can
conclude that the standard technique used
to detect TCF7L2 gene polymorphisms is
Fragment Length Polymorphism (RFLP)
(Elrod & Stansfield, 2007). The weakness
of this technique is that the number of
polymorphism sites that can be observed is
limited to one point because, in principle,
the RFLP method is only able to recognize
polymorphisms on changes in restriction
sites due to polymorphisms.

Another method that can detect
polymorphisms in the 7CF7L2 gene is
sequencing. The main objective of this
method is to evaluate the sequence of
nucleotides in a genome with very high
accuracy, including the presence of
polymorphisms in that sequence(Franca,
Carrilho, & Kist, 2002). TCF7L2 gene
fragments are needed as a template to
sequence the TCF7L2 gene. A method to
amplify the DNA fragment from the
genome is the Polymerase Chain Reaction
(PCR) technique.

Polymerase Chain Reaction is an
enzymatic method for multiplying specific
nucleotide sequences in vitro. The
advantage of the PCR method is that this
reaction can be carried out using minimal
amounts of components. This method also
has a high level of specificity in amplifying
a fragment. Many factors determine the
uniqueness of the fragment be amplified;
one of the main factors is the specificity of
the primer (Yuwono, 2006).
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The primer is a sequence of short
oligonucleotides (15-25 nucleotides bases)
that initiate DNA chain synthesis in the
polymerase chain reaction. The success of a
PCR process is mostly determined by the
sequence of the primers (Yuwono, 2006).
Several things must be considered in
designing a primer for PCR, include: the
GC content of each primer must be in the
range of 40-60%. Then, it is necessary to
know whether the primers do not overlap
with other primers in the reaction mixture,
because this will encourage the formation
of a dimer primer. Software used to
optimization the construction of the primer
(Borah, 2011).

As stated earlier, some
polymorphisms are known to be strongly
associated with T2DM (Votsi et al., 2017).
Some of these variants are in a nearly close
position. Based on bioinformatics studies,
regions with such variants have + 1208bp
length. The sequencing method can detect
the polymorphism in the TCF7L2 gene, but
there are still no specific primers that can
be used on these methods.

Based on the description above, an
appropriate pair of primers are needed to
amplify the TCF7L2 gene that will be used
in the sequencing method. Therefore,
research will be carried out on the primer
construction to amplify the TCF7L2 gene.

Materials and Methods

This study was done from February to
April 2018 at the Laboratory of Genetics
and Biotechnology, Biology Department,
Faculty of Mathematics and Natural
Sciences, Padang State University. This
research is a descriptive study that
describes the results of primer construction
and confirms the primer ability to amplify
the desired area.

Tools and Materials

The tools used in this study were:
thermocycler  (Biorad), LC  Carousel
Centrifuge 2.0 (Roche), micropipette
(Eppendorf, Biorad), tube (Eppendorf),
microtube, vortex (Thermolyne), chamber,
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microtube rack, power supply, tip, PCR
tube, and camera, digital dry bath (Labnet),
autoclave (Hirayama).

The materials used in this study
include DNA Mold, primer, Go Taq Green
Master mix (Promega, USA), Buffer
(Promega, USA), MgCl> (Biorad), HO,
agarose (Vivantis), Nuclease Free water,
and EDTA.

Research Preparation

All tools and materials for this study
were sterilized by autoclave at 121°C and
15 psi (per square inch) for 15 minutes.
TCF7L2 gene Analysis

TCF7L2 gene analysis was performed
using bioinformatics software. The TCF7L2
gene sequence was obtained from the NCBI
bank gene on the website
www.ncbi.nlm.gov and PubMed.
Primer Construction

The primer was constructed using
Geneious software version 54.7
(Biomatters Ltd). The primers were
designed to amplify regions in the TCF7L2
gene that have more than one adjacent SNP.
The Ability of Primer to Amplify the
Area
The isolation of DNA

The TCF7L2 gene was isolated from
brachial venous blood using a 3 ml syringe
and stored in micro collection tube gel.
DNA Purification Kit (Invitrogen) was used
to separate the DNA.
Polymerase Chain Reaction (PCR) for
TCF7L2 gene Amplification

The TCF7L2 gene was amplified
from human DNA by the Polymerase Chain
Reaction. A pair of primers was used to
expand the desired area. The formula used
in this study were Go Taq Green Master
mix (Promega), primers, nuclease-free
water, and DNA Mold. The PCR condition
used in this study was the initial
denaturation at 94°C for 3 minutes.
Followed by denaturation phase at 94°C for
30 seconds, annealing at the temperature
melting of primer for 30 seconds, and
elongation phase at 72°C for one minute for
a total of 45 cycles. The reaction was closed
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with final elongation at 72°C for 5 minutes.
The PCR process will be optimized until
maximum results were obtained.
Agarose

Agarose (Vivantis) (1%) was made by
add 0.5 grams of agarose powder and 50
mL TAE 1X in a 100 mL Erlenmeyer. The
mixture then dissolved in a water-bath
while stirring until the color becomes
transparent. After the temperature of
agarose reached 60° C, add 1uL of EtBr
(ethidium bromide), and poured the mixture
into a mold.
Electrophoresis

The agarose was placed in an
electrophoresis bath and added TAE 1X
until the whole agar was soak. Add 1,3 puL
of HindIIl Ladder DNA (Promega) into the
first well, and the mixture of 5 uL PCR
product and 1 pL loading dye (methylene
blue, xylene xyanole, sucrose) into the
other well. After that, closed the
electrophoresis bath and connected it to an
electric current. Electrophoresis was carried
out for 30 minutes with a voltage of 100 V.
The electrophoresis results then checked by
UV illuminator.
Data Analysis

Data in the form of analysis of the
results of primer construction by
Bioinformatics and the primer ability to
amplify the TCF7L2 gene were analyzed
descriptively.

Result and Discuss
TCF7L2 gene analysis

This study aimed to construct a
primer to detect the TCF7L2 gene. Based
on bioinformatics analysis on SNP position
from menu OMIM and SNP
www.ncbi.nlm.gov, there were three
adjacent SNP in the TCF7L2 gene. The
results of SNP mapping on the TCF7L2
gene can be seen in Figure 1.

Gen TCRTL2 - 112930220- 113167678

I = SNP that associated with
T2DM

l = TCF7L2 gene fragment

D = The targeted area + 1208 bp

Figure 1. SNP mapping in the TCF7L2
gene.

In Figure 1, there were 3 adjacent
SNP  (Polymorphism) include: = SNP
rs34872471, SNP 1s7901695, and SNP
rs35198068 on TCF7L2 gene. SNP
rs34872471, 1s7901695, and rs35198068
reported to have a strong association with
T2DM in Saudi Arabia, Danish, Iceland,
America, and Malaysia. (Ghassibe-Sabbagh
et al, 2014)(Cook & Morris, 2016)
(Abuhendi et al., 2019)(Grant et al., 2006)
(Huzaimi, 2009). The three SNP’s also
expected to be associated in Indonesia so it
can be used as T2DM marker.

Primer Construction

In this study, the construction of the
primer was done by the Geneious software
version 5.4.7 (Biomatters Ltd). The
constructed primers were forward primer
(10gF) and reversed primer (10gR). Both of
these primers are used to amplify the
TCF7L2 gene, which covers an area of +
1208 bp. The amplified area has 3 SNPs
that are strongly associated with T2DM
disease. Construction results can be seen in
Table 1.

Table 1. Primer Construction Result of 10qF and 10gR primer.

Sequence: 5'-CCATTAGCAGTCACTCCTCA-3'
Primer 10gF Criteria Result
% GC Min 50, Max 60 50
Tm C Min 55, Max 80 66

No Hairpin

Energy cutoff 0.0 kcal --
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No 3' Dimers Reject >= 3 matches at 3' end 1
No Dimers Reject >= 7 adj homol bases 3
No Runs Reject >= 3 base runs 2
No 3'GC runs Reject >=3 Gor C at 3' end 0
Sequence: 5'-AGAGAGCAGGTGGTCACTCC-3'
(Complementary Strand)
Criteria Result
% GC Min 50, Max 60 60
Primer 10gqR TmC Min 55, Max 80 69
No Hairpin Energy cutoff 0.0 kcal --
No 3' Dimers Reject >= 3 matches at 3' end 2
No Dimers Reject >= 7 adj homol bases 3
No Runs Reject >= 3 base runs 2
No 3'GC runs Reject >= 3 G or C at 3' end 2

The construction of the primer is one
of the essential factors in the success of a
PCR reaction. According to Syamsurizal
(2013), the primer is responsible for
recognizing and marking DNA template
segments that will be amplified. In the PCR
reaction, the primers will limit the target
DNA fragments that will be amplified and,
at the same time, provide a hydroxy group
(-OH) at the 3 'end that is needed for the
process of DNA existence (Syamsurizal,
Yanwirasti, Manaf, & Jamsari, 2014;
Yusuf, 2010).

In Table 1, it can be seen that the two
primers have a close melting temperature (
can use as annealing temperature), i.e.,
66°C and 69°C (forward and reverse
respectively). Both primers also have fewer
dimers than the other primers that can be
the basis for choosing these two primers. It
was also expressed by Diffenbach and
Dveksler (1995) that several things that
must be considered in constructing the
primer are: The length of the primer, the
last nucleotide in the primer, the ratio of
GC, Tm (Melting Temperature), and the
presence  of  dimers  (Syamsurizal,
Handayani, Kadri, & Badriyya, 2019);
(Yusuf, 2010).

Confirmation of Primer Design

The designed primer 10gF and 10gR
then analyze to determine the possibility of
primer mismatch with other regions in the
human genome. The mismatch is an
attachment error during the Annealing
process in the PCR reaction (Syamsurizal &

Kadri, 2018; Yuwono, 2006). The results of
the analysis can be seen in Figure 2.

W 10IFfeo+ BEMRIRIPEE
LR R RN R R R R S R N A RN R RO N
Tl 48570 48539 4835 43000
NG 01la6dl, l AARCCTCCCTTACCCATTAG d '
forward 1 oAl E A

a

# 10L&+ EEEEINIREE T

‘.Illllllllllllllllll I'ilil'l|'II'|'1I

|
j 1AL

=017 0130 =120
WE 012631, 1 GO0 TEoRAGATEEGAGT GRCCACCTGUTCTCICTE GACH
REVEREE GEAFTGACCACCTECTCTE b

Figure 2. The result of the constructed
primer alignment to 7CF7L2 gene; a:
10gF forward primer alignment with the
genome, b: reversed primer 10gR
alignment.

Based on the alignment results in
Figure 2, it can be concluded that the
primer attached to the correct position. The
position of forwarding primer was at 48,979
bp, while the reverse primer at 50,186 bp.
This result is consistent with the primer
construction results in Table 1.

Confirmation of Primer Design using
PCR Reaction

The constructed primers then
confirmed using a PCR reaction. The
determination of the annealing temperature
was based on the primer melting
temperature. In this study, the PCR reaction
was carried out using a gradient PCR
method  with  annealing temperature
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variations of 56.5°C, 58.5 °C, and 60.5 °C
(gradient + 4.5). The result of the PCR
reaction were analyzed wusing the
electrophoresis method at 0.5% agarose.
The results of the visualization can be seen
in Figure 3.

LY

Figure 3. Visualization of sample
electrophoresis. m: marker. a: the PCR
product with annealing temperature at

56,5 °C. b: the PCR product with
annealing temperature at 58,5 °C. c: the

PCR product with annealing temperature
at 60,5 °C.

In Figure 3, there was a band in the
position between 500 bp and 2027 bp, that
follow the prediction that the primer would
amplify the DNA fragments along with +
1208 bp. Besides, these results were not
optimal because there was still an
unspecific band at a position below the 500
bp. Nevertheless, it can be concluded that
the primers constructed have succeeded in
amplifying the TCF7L2 gene fragment,
which is closely related to the risk of type 2
Diabetes Mellitus.

From the PCR product obtained from
this study, it can be concluded that PCR
products with an annealing temperature of
60.5 °C (c) were give a better result than the

=1208

other two PCR products. This result can be
seen in Figure 3, where the PCR tape looks
thicker, more precise, and the unspecific
band formed is even less. Therefore, the
PCR reaction can be used to amplify the
targeted area of the TCF7L2 gene with
+1208bp length. The PCR reaction can be
used to amplify an area that consist of three
SNP, so that in one reaction we can identify
3 types of SNPs at once.

Conclusion
Based on this research, it can be
concluded that:

1. A pair of primers have been successfully
constructed, namely forward primer 10qF
(NG _012631.1) and reverse primer 10gR
(NG _012631.1).

2. The constructed primers were able to
amplify the targeted area of the TCF7L2
gene along £1208bp, wherein the range
has many polymorphism sites that found
to be strongly associated with the risk of
Type 2 Diabetes Mellitus.
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