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ABSTRACT 
 

The knowledge of bioinformatics tools is essential to investigate the molecular basis of complex 
diseases, such as type 2 diabetes mellitus (T2DM). The aims of this study were select single nucleotide 
polymorphisms (SNPs) of candidate genes and elaborate genotyping strategies of T2DM using 
bioinformatics tools. The genes were selected searching in PubMed/NCBI for articles published from 
2007 to 2011 involving T2DM studies. Interactions among the selected genes were studied using the 
software Ingenuity Pathway Analysis (IPA). SNPs with frequencies higher than 10% were chose 
according data available at dbSNP/NCBI. Genotyping strategies were based on TaqMan® real-time PCR, 
PCR-RFLP and sequencing methods, in this order of priority. Primers, probes or enzymes for 
genotyping strategies were determined using websites and free software. Among the 56 selected genes 
by PubMed/NCBI research, 32 and 7 were direct and indirectly associated with T2DM, respectively. Five 
genes were selected to elaborate the genotyping strategies, ADCY5, AGER, IRS2, KCNQ1 and PREX1, 
for each gene were possible to select 7, 10, 9, 9 and 11 SNPs, respectively. It was possible to select 
primers and probes for TaqMan® real time-PCR in 65.2% (30/46) of the SNPs selected. Seven of the 
sixteen SNPs remaining (43.8 %) were viable to genotype by PCR-RFLP, the second strategy.  The 
others nine SNPs were test by third option and just one of them could not be genotype by 
pyrosequencing, following for the last strategy by Sanger conventional sequencing. In conclusion, this 
study shows that bioinformatics tools allow the development of a set of genotype strategies for 
application in future gene candidate association studies for T2DM.  
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INTRODUCTION 
 
Bioinformatics is a highly interdisciplinary field that aims 
to analyze biological data through technologies and 
methods of mathematics, statistics, computer science, 
physics, biology and medicine (Romano et al., 2011). 
During the past decade, bioinformatics methods and tools  
have been developed to identify and analyze various 
components of the cells, such as gene and protein 

function, interactions and metabolic and regulatory 
pathways (Zhang et al., 2010). The bioinformatics field 
has contributed with the exponential growth of all 
biological databases in recent years, showing that more 
than one possible abstraction. Bioinformatics became an 
essential tool for data analysis in molecular biology and 
structural   genomics,   such   as    the   development   of  
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methods and strategies for DNA genotyping (Sethi and 
Theodos, 2009). 
     Computational investigations of gene functions and 
their involvement in the pathophysiology of several 
diseases is promoted greatly by the accumulation of data 
in the database, of which interaction data have been 
exploited to identify disease-causing genes (Guo et al., 
2011). The identification of genes involved with complex 
disease has long been a challenge in the study of human 
genetics (Oti and Brunner, 2007) and the bioinformatics 
tools are essential in this task. 
        Single nucleotide polymorphisms (SNPs) are the 
most abundant variants in many genomes, 
and are very important in many fields of genomics. SNPs 
located in coding and regulatory regions of specific genes 
have been proven to be associated with increased risk for 
several diseases, such as type 2 diabetes mellitus 
(T2DM) (Himelfarb et al., 2011; Cerda  et al., 2010). 
Therefore SNPs have becoming useful tools for diagnosis 
and prognosis in clinical practice (Rodrigues et al., 2013). 
       Many high-throughput SNP genotyping methods 
have been developed including SNP microarrays, Matrix 
Assisted Laser Desorption/Ionization-Time of Flight 
(MALDI-TOF), PCR sequencing, and others. However, 
most of them require expensive equipments that are 
unsuitable for small-scale genotyping (Chang et al., 
2010). 
        TaqMan

®
 real-time PCR, for instance, has been 

applied to SNP genotyping in many candidate gene 
association studies (Yap et al., 2012; Lima-Neto LG et 
al., 2012) but some SNPs can’t be genotyped using 
TaqMan

®
 probes (Birdsell et al., 2012; Yang et al., 2012). 

As an alternative, PCR-Restriction Fragment Length 
Polymorphism (PCR-RFLP) analysis is able to provide 
cost-effective SNP genotyping and mutation detection. 
         Independently of each genotype methods or 
objective of the study, after human genome sequence it 
is essentially that all student of science know some basic 
and free bioinformatics tools to start a genotyping 
investigation of complex disease, as T2DM. 
         Considering that the T2DM it is a multi-factorial 
disease with a strong genetic component (Ismail-Beigi, 
2012) and the patients have a four times greater risk of 
death from cardiovascular events than the general 
population (Souza et al., 2011), the aims of this study 
were create a list of potential candidate genes and SNPs, 
with their primers, probes or restriction enzyme for 
different strategies of genotype using basic and free 
bioinformatics tools. 
 
MATERIAL AND METHODS 
 
Genes Selection 
 
Candidate  genes for   T2DM   were   selected  using  the 

 
 
 
database PubMed of the National Center for 
Biotechnology Information (NCBI) website to detect a 
group of relevant studies published as full articles from 
2007 to 2011 using some keywords, such as “type 2 
diabetes mellitus AND genotyping”, “type 2 diabetes 
mellitus AND SNP”, “type 2 diabetes mellitus AND gene” 
and "type 2 diabetes mellitus AND polymorphism”. The 
list of relevant genes was analyzed by Ingenuity Pathway 
Analysis (IPA) software (Ingenuity Systems, California, 
USA) in order to organize the genes into networks of 
interacting genes, and to identify modules of functionally 
related genes that correspond to pathways. IPA was an 
important tool to identify genes that have direct or indirect 
association with T2DM.  
 
SNPs Selection  
 
SNPs were selected from the dbSNP database build 132. 
The selection criteria stipulated in accordance with order 
of priority were: (1) SNPs present in the coding regions 
with minor allele frequency (MAF) >5%; (2) SNPs in non-
coding and promoter regions with MAF >10% included in 
the HapMap Project; (3) SNPs present in the portions 
missense and frame shift; (4) SNPs with higher frequency 
of minor allele. A total less than twelve SNPs were select 
for each gene. 
 
 
Genotyping strategies and selection of Primers and 
Probes  
 
The genotyping strategies were proposed in this study 
according to the following this order of option: (1) 
TaqMan® real-time PCR, (2) PCR-RFLP, (3) 
pyrosequencing by PyroMark®, and (4) conventional 
sequencing by Sanger method.  
       The TaqMan® real-time PCR allows the allelic 
discrimination with high specificity besides it has high 
trough put and is less time consuming is not expensive, 
considering that 96 samples or more can be processed in 
almost 1h 30min. The primers and probes were selected 
using Primer Express® 3.0 software and the company's 
website that producer of the software Applied 
Biosystems.  
       The PCR-RFLP was the second strategy of choice 
because it has less through put than TaqMan® system 
besides the time consuming, usually 12 samples can be 
processed per assay, with duration of 24 hours each 
cycle. The primers and restriction enzymes were selected 
using Primer-BLAST and NEBcutter v2.0 (Vincze et al., 
2003), respectively. The PCR products of RFLP present 
in its sequence a recognition site of restriction enzyme, 
called constitutive site that allows monitoring of enzyme 
activity during the reaction of restriction (Lima-Neto et al., 
2009).  
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Table 1. List of genes related with T2DM in different study populations. 
 

Genes Population 
Study 

References Genes Population 
Study 

References 

ACAD10 American Bian L et al., 2010 IDE Japanese Chiefari E et al., 2010 
ACE Hungarian Nagy G et al., 2009 IGF2BP2 German Heni M et al., 2010 
ADAMTS9 Swedish Parikh et al., 2009 IRS1 Swedish Parikh et al., 2009 
ADCY5 Danish Andersson EA et al., 

2010 
IRS2 Italian Cardellini M et al., 

2011 
ADIPOQ Brazilian Vendramini MF et al., 

2010 
KCNJ11 Chinese Wang F et al., 2009 

AGER Netherlander Engelen L et al., 2010 KCNQ1 Chinese Tsai FJ et al., 2010 
APOE Brazilian Terra N et al., 2011 KIF11 Japanese Solaas K et al., 2010 
AP3S1 Chinese Zhou JB et al., 2010 LOC387761 Indian Rong R et al., 2009 
BAZ1B Indian Chidambaram M et al., 

2010 
MAP4K4 Swedish Bouzakri et al., 2009 

CAMK1D American Ezzidi I et al., 2010 MBL2 American MullerYL et al., 2010 
CAPN10 Tunisian Boesgaard TW et al., 

2009 
MTNR1B Chinese Liu C et al., 2010 

CDKAL1 Japanese Miyaki K et al., 2010 NOS1AP Chinese Qin W et al., 2010 

CDKN2A German Heni M et al., 2010 NOS2 Brazilian Bagarolli RA et al., 
2010 

CDKN2B German Heni M et al., 2010 NR1H2 Norwegian Furukawa et al., 2008 
CYP11B2 Saudi Arabia Chmaisse HN et al., 

2009 
PPARG Finnish Vangipurapu J et al., 

2010 
C2CD4B American Shu XO et al., 2010 PON1 Indian Bhaskar S et al., 2011 
ELMO2 American Bento JL et al., 2008 PREX1 American Lewis JP et al., 2010 
EMID2 American Morris DL et al., 2009 PTPN1 Spanish Valverde AM. 2011 
EXT2 American Rong R et al., 2009 RETN Japanese Asano H et al., 2010 
FABP5 American Bu L et al., 2011 RXR-α Chinese Lu Y et al., 2011 
FOXO1 German Müssig K et al., 2009 SERPINA12 German Kempf et al., 2010 
FTO British Timpson NJ et al., 2009 SPRY2 American Bento JL et al., 2008 
GCKR Chinese Lin Y et al., 2010 SULF2 America Shu XO et al., 2010 
GIPR German Sauber J et al., 2010 TAS1R2 Canadian Eny KM et al., 2010 
G6PC2 Chinese Hug C et al., 2010 TLR4 Brazilian Bagarolli RA et al., 

2010 
HHEX Chinese Hug C et al., 2010 TCF7L2 Brazilian Franklin CS et al., 

2010 
HIF-1α Hungarian Furukawa et al., 2008 WFS1 German Heni M et al., 2010 
HMGA1 Italian Nagy G et al., 2009 ZNF334 American Bento JL et al., 2008  

 
    The pyrosequencing by PyroMark

® 
of the QIAGEN 

company was the third strategy of choice, this it is more 
expensive technology than the others, but is faster, 
usually 190 – 300 samples can be processed per assay 
with duration of 45 minutes each. The primers and probe 
were selected using the PyroMark

®
 Assay Design 2.0.  

Finally, the last technology choice at this study was the 
conventional sequence method of Sanger, which it still 
more expensive that the all methods presented at this 
study.  The primers were select using Primer-BLAST. 
The specificity of all primers and probes were tested by 
Primer-BLAST tools available at NCBI website. 
 
RESULTS 
 
Selected genes 
 
Fifty-six candidate genes for T2DM were selected based 
on the information available in PubMed public database 
from 2007 to 2011 (Table 1). All of these genes were 

analyzed by IPA software to verify putative relationships 
with T2DM. Thirty-two genes showed direct association 
with “T2DM”, “resistance of insulin” or “glucose 
intolerance” (Figure 1.A) and other seven (AP3S1, 
CDKN2A, HIF1A, MAP4K4, SERPINA12, SPRY2) were 
indirectly associated with genes directly linked with some 
nodes of this network (Figure 1.B). Seventeen genes 
were not direct or indirect associated with T2DM, but 
three of them (ADCY5, CYP11B2, PREX1) were linked to 
cardiovascular disease by IPA (Figure 1.C). Among these 
genes ADCY5, PREX1 (in gray at Figure 3.C) and AGER, 
IRS2, KCNQ1 (in gray at Figure 1.A) were selected as 
representative to the next steps of this study.  
 
 
Selected SNPs and genotyping strategies 
 
Based in the established criteria, 46 SNPs were select in 
ADCY5 (7),   AGER (10),   IRS2 (9), KCNQ1   (9),   and  
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PREX1 (11). Figure 2 shows gene structure and location 
of the selected SNPs. The genotyping strategies, 
oligonucleotide sequences and/or restriction enzymes are 
shown in Tables 2 to 6 for ADCY5, AGER, IRS2, KCNQ1 
and PREX1, respectively. All oligonucleotide were 
specific to their genes by Primer-BLAST verification. 
         The allelic discrimination by TaqMan® system was 
possible for 65.2% (30/46) of the SNPs selected 19 of 
them by Primer Express

®
 3.0 software and 11 by Applied 

Biosystems database (Assay ID).  
          Seven of the sixteen SNPs remaining (43.8 %) 
were viable to genotype by PCR-RFLP, the second 
strategy.  The others nine SNPs were test by third option 
and just one of them could not be genotype by 
pyrosequencing, following for the last strategy by Sanger 
conventional sequencing. 

DISCUSSION  
 
The T2DM was because several studies show that T2DM 
patients present 2-6 times higher incidence of coronary 
artery disease and cerebrovascular accident being 
regarded as having an equivalent risk to a patient without 
diabetes with pre-existing disease of the heart (Gomes et 
al., 2009). T2DM is a multi-factorial disease, both in the 
formation of atherosclerotic plaque, a major cause of 
mortality, as being the leading cause of blindness, 
amputations of legs and chronic kidney disease (Ismail-
Beigi, 2012), and being genes and SNPs significantly 
associated with this pathology, the genotypic 
identification of the component is presented as the main 
factor for the understanding, treatment and prevention of 
T2DM.  
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According to Dupuis and collaborators (2010) variations 
in the ADCY5 in European populations is strongly 
associated with T2DM. This suggests that the variants 
within this gene may exert it’s by β-cell dysfunction 
pancreatic and insulin secretion (Freathy et al., 2010). In 

this study show three SNPs in ADCY5 that cause a 
missense mutation, the rs1123376754 and rs111942308 
with high MAF (50%), and the rs61734561 with 5.6%.   

The presence of polymorphisms in the regulatory 
regions in the AGER provide alterations that evidence the  
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Figure 1. IPA analysis with all genes selected by literature review. A. genes associated with the nodes 
“T2DM”, “insulin resistance” and “glucose intolerance”. B. genes not linked with the nodes but associated 
between each other gene, the orange lines represent direct (solid line) and indirect (dashed line). C. genes 
associated with nodes involved with cardiovascular disease. 

 
association between SNPs in the promoter region and 
quantitative traits related to glucose homeostasis 
(Boutant et al., 2012). Two SNPs observed in promoter 
region (rs1800624, rs113760854) show MAF > 25%.   
Liu et al., demonstrated that mice knockout for IRS2 have 
marked hyperglycemia due to various abnormalities in 
insulin action in peripheral tissues and the failure of the 
secretory activity of pancreatic b-cells followed by a 
significant reduction in pancreatic beta cells mass (Liu et 
al., 2011).  
           According to this study, 8 out of 9 selected SNPs 
of the IRS2 were in the coding region. Two of these 
SNPs (rs113301332; rs116906692) have missense 
mutations with MAF > 35%. The SNPs rs11838537 is 
located in the promoter region  
The increased risk for development of T2DM is directly 
linked to genetic variations in the KCNQ1, resulting in 
deficient secretion of insulin by the pancreas (Müssig et 
al., 2009a,b). 

In this study, all SNPs selected to KCNQ1. One 
(rs10644111) is a frameshift mutation located in the 
coding region, resulting in the insertion of a triplete (ACC) 
in the gene sequence (Masood and Kayani, 2011). 
          PREX1 polymorphisms are strongly associated 
with the onset of T2DM in Europe with American 
ancestry, mainly polymorphisms associated with the 
region of chromosome 20q12-1.13 (Lewis et al., 2010). 
Two SNPs (rs1885290, rs6019445) are present in the 
promoter region located at position 47445579 and 
47445915, respectively, of chromosome 20. All nine 
SNPs in the region coding cause a missense mutation. 
       In this study, we could design TaqMan®-based 
genotyping strategies for 30 out of 46 selected SNPs 
.The remain (16) SNPs had no putative efficient assays 
based in TaqMan strategy because the amplicons sizes 
(up to 80 bp) were considered to be small, the regions 
flanked by primers and probes may be non-specific 
sequences with similarity to other genes  or  even  similar  
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                                   Figure 2. Gene structure and location of the selected SNPs.  

 
 

to non-human genes. Another difficulty was the 
occurrence of a mismatch between primers and probe 
design with a DNA template therefore this mismatch 
decreases the extension efficiency of Taq polymerase by 
15% to 50% per cycle resulting in lower PCR efficiency 
(Birdsell et al., 2012).  
           Seven out of 16 SNPs without an effective 
genotyping strategy by TaqMan® real-time PCR, had an 
assay designed by PCR-RFLP, following our proposed 
.Besides the polymorphic site, the proposed strategies 
considered the presence of a second cleavage site for 
evaluation of the endonuclease activity in every assay to 
assure the correct genotyping. Nine SNPs could not be 
detected by PCR-RFLP due to some limitations such as 
the lack of endonuclease site, a single endonuclease site 
and multiple enzyme sites. 

           The third option for genotype strategic was by 
pyrosequencing. According to Shi and collaborators 
(2011), pyrosequencing allows the use of accurately and 
quickly detects polymorphisms in the genes in time 
saving. The PyroMark® also allow a high throughput for 
the detection of minor variations of less than 1% (Stürmer 
and Reinheime, 2012), indicating that this method can be 
sufficiently sensitive for use in association studies 
involving complex diseases where a small frequency 
difference between cases and controls allele is expected 
(Shi et al., 2011). However, the high cost to the 
genotyping was significant for using this method.  Eight 
out of 9 SNPs, which could not be detected by the 
previous strategies, were tested to be detected by 
pyrosequencing. We could not design a pyrosequencing 
strategy for    one      SNP     because the oligonucleotide  
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sequences selected by software PyroMark® were not 
specific for the DNA template by Prime-BLAST 
verification, this last SNP could be genotype by the 
conventional sequence method of Sanger, our last 
option.  
          In conclusion, those methodologies through 
various bioinformatics tools have a high yield in both the 
selection of candidate genes and SNPs and the selection 
of primers, probes and enzymes for numerous diseases. 
And this exercise using the T2DM shows that 
bioinformatics tools allow the development of a set of 
genotype strategic for application in future association-
studies with complex disease.  
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