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INTRODUCTION 

Changes in community lifestyle allow the emergence of new problems in health sector. 

These forms of the case can be increasing the kind of disease, which is a combination of 

environmental influences (lifestyle) and the potential person (genetic) (Kido, 2017) (Siewert et al., 

2015). One of the diseases that always increases from year to year caused by these two effects is 

DT2. DT2 is a disorder characterized by the presence of excess blood sugar, a condition called 

hyperglycemia. Hyperglycemia is caused by a mechanism of insulin resistance and followed by a 

lack of insulin production by the pancreas (Guariguata, 2013). DT2 also causes abnormal 

physiological state of the body(Mushlih, 2020). 

Currently, Indonesia occupies the 5th position with DT2 sufferers in the world with a total 

of 19.5 million people affected by DT2 and is predicted to increase by 28.6 people in 2045 (Webber, 

2013). DT2 is closely correlated with an unhealthy lifestyle and family history, there are at least 70 

genes involved in DT2 (Barroso et al., 2003). The genes that are strongly indicated to be involved 

in DT2 are TCF7L2, CDKAL1, KCNJ11, ABCC8, TCF7L2, PPARγ, UCP2, CDKAL1, 

CDKN2A/B, IGF2BP2, SLC30A8, & FTO (Han et al., 2010)(McCarthy, 2010). 

ABSTRACT 

 

Diabetes Mellitus type II (DT2) is a disorder of insulin 

function (insulin resistance) caused by 2 factors, i.e. 

environmental and genetic factors. Previous studies have 

identified the presence of specific alleles that differentiate 

between DT2 and non-DT2 sufferers. Identification of the 

allele indicated leucine rich repeats and guanylate kinase 

domain containing (LRGUK) gene. The aim of this 

research was to design a specific primer to amplify 

LRGUK gene. The primer design was based on a 576 bp 

nucleotide base and added 100 bp in the 5'  and 100 bp in 

the 3' direction using NCBI-Primer BLAST. The primers 

produced were selected based on eight criteria’s. The 

results were validated with 6 samples of DT2 patients and 

visualized using agarose gel. The results of the analysis 

showed that the primers Forward 5'-

TCCTACTCTGTGTCCTTCCTTG-3' and Reverse 5'-

GTGGTGACAAGGAGG TTTGC-3' were able to amplify 

specifically with a length of 687 bp. 
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The results of the screening analysis using the PCR-RAPD method using Primer A18 based 

on Zahid's research (2011) showed a significant difference between DT2 and non-DT2 patients. The 

sequence identification indicates identification with the LRGUK gene (Kartikasari, 2021). 

Identification of specific sequences DT2 markers is urgent to minimize the occurrence of DT2 

through molecular examination (Mushlih et al., 2020). Molecular analysis requires specific primer 

for amplification. The purpose of this study was to design a primer that can be used to amplify  

LRGUK gene in DT2 patients (Mushlih, 2021). 

 

MATERIAL AND METHODS 

The study started with a primer design, the reference sequence was the development of the 

research of Mushlih et al., (2020), which identified alleles using the sequence code NC_000007.14 

from https://www.ncbi.nlm.nih.gov/ along 576 bp. To detect the possibility of polymorphism in the 

RAPD primer attachment, lengthening was carried out at added 100 bp in the 5' and 100 bp in the 

3' direction. The primer design used the assistance of NCBI-Primer BLAST 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/).  

The results of running produce several primers choices which are then selected based on 

several criteria, i.e. (1). Primer length between 18-30 bases, (2). Melting Temperature (TM), the 

optimal TM for primers in the range of 57-63oC, (3). Annealing Temperature (TA) of 55ºC, (4). 

GC Content, a percentage of G and C bases of 40-60%, (5). GC clamp, 3 G bases or C bases in the 

last 5 bases of the 3' end need to be avoided, because the 3' end can fold to form a dimer structure 

which results in the 3' end of the primer not being attached to the template, (6). Does not contain 

Secondary Structure which causes hairpin or dimer. (7). Self-complementary, it must contain less 

than 4 GC base pairs at the ends or middle of the primer. (8). Repeats and runs, repetitions must not 

be more than 3 consecutive bases of the same order so that breathing does not occur, for example 

the base AGCGGGGGATG has 5 consecutive bases G. 

The results of the primer match with the most criteria will be used for in vitro amplification 

of DT2 patients at Rumah Luka Sidoarjo. Sampling was based on the approval of the ethics 

committee of the Airlangga University with the number 315/HRECC.FDOM/VI/2022. The sample 

was previously analyzed for random blood sugar levels and had been diagnosed by a doctor who 

was positive for DT2. 

Blood samples were taken by macro sampling and DNA isolation using the TIANamp 

Genomic DNA Kit. Running PCR was carried out using a PCR mix composition of 12.5 µl, Forward 

Primer 0.5 µl, Reverse Primer 0.5 µl, DNA 1.5 µl, and ddH2O 10 µl. running PCR using a 

Thermocycler T100 (Biorad) with pre-denaturation settings 95oC, 3 minutes, denaturation 95oC, 1 

minute, annealing 60oC, 30 seconds, elongation 72oC, 1 minute, with 30 cycles and final elongation 

72oC, 5 minutes. The PCR results were then visualized using 1% agarose gel, UV Trans illuminator 

to determine the target band. Alignment was performed using MEGA X. 

 

RESULTS AND DISCUSSION 

DT2 is a disease caused by a combination of environmental factors with genetic factors 

(Mushlih et al., 2021). The most influential environmental factor is lifestyle, while genetic factors 

include family history and race (Ramkisson et al., 2017). The LRGUK gene was first reported by 

Laramie (2008) who stated that there was a close relationship between the presence of mutations in 

this gene and the occurrence of  DT2. After that, however, there were no further reports. RAPD 

analysis in previous patients showed that the LRGUK gene was reported to be directly involved in 
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the occurrence of DT2 in Sidoarjo. Analysis of the number of alleles on the observation of RAPD 

method followed by gene identification showed that 50 percent of alleles played a role in DT2 

(Mushlih et al., 2020). 

In this study, 100 bp of nucleotide base sequences were added both at the beginning Based 

on the primer design using primer blast produced 10 primer candidates (see Figure 2) and at the end 

so that it required a length of 770 bp and attached to the sequence of 108.219 bp -108.789 bp. All 

candidate primers were located outside the target gene position (Fig. 1.A). Most of the primer 

produced does not meet the Annealing temperature (AT), and the Secondary Structure. AT is a 

condition in which the hybridization conditions between the primer and the DNA template. The 

lowest AT conditions result in miss priming. The highest AT results in the presence of a primer 

template that reduces AT. 

 
Figure 1. Analysis of the LRGUK primer design, A. Map of the primer position to the target 

gene, blue blocks showing the target gene, B. Several candidate primers and their 

conformity with the criteria, C. The criteria for the sample in the study, D. The results of 

LRGUK gene amplification. 

Secondary Structure conditions are found in 7 out of 10 primers. The form of secondary 

structure   can be in Hairpins, Self-Dimer, and Cross Dimer form. Hairpins form can occur as a 
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result of sticking one site to the other site. Hairpin at 3' end with Gm (energy required to break the 

hairpin structure) = -2 kcal/MOL and internal hairpin with G = -3 kcal/mol is still tolerable. 

Meanwhile, self-hairpin at the 3' end with G = -5 kcal/mol and self-dimer at the internal part with 

G = -6 kcal/mol can still be tolerated (Green et al., 2015).  
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Figure 2. LRGUK Primer Design Map, Blue: target gene, Red: Primer forward, Green: 

Primer Reverse 

Self-Dimer occurs due to the attachment of the same primer, either forward with forward or 

reverse with reverse. Cross Dimer occurs due to hybridization between the forward primer and 

reverse primer or vice versa.  cross-dimer at the 3' end with G = -5 kcal/mol and the cross-dimer at 

the internal with G = - 6 kcal/mol is still tolerable (Chen et al., 2003). 

Molecular analysis of mutations or SNPs in genes requires primers as amplification starters. 

The right primer design will get the specific part of sequence. The non-specificity of the primer will 

result in the failure of the amplification process or there are the other targets also amplified, 

mismatch or incorrect design of the primer with the DNA template will cause the amplification to 

fail (Asif et al., 2021). 

 The primer's ability to amplify then tested using 6 samples. all samples used positive DM 

(figure 1. C). The sample used is only to validate the primary ability whether it can be used to 

amplify specifically or not. Results Based on the research the gene was well amplified and showed 

a long band in accordance with the target (687 bp). Overall the primer works well according to the 

in silico studies. Furthermore, the results of this primer design can be used to identify the 

involvement of LRGUK in DT2. 

 

CONCLUSION AND SUGGESTION 

Based on this research, it can be concluded that the designed primer can amplify the LRGUK 

gene specifically with a target band of 687 bp. This can be proven on the electrophoresis 

visualization of the PCR results that the band length corresponds to the product length. 

The recommendation from the results of this study is that the primer design results can be 

used to analyze the characteristics of the LRGUK gene and its involvement in DT2. 
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