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Abstract 

The human Adiponectin (ADIPOQ) is an important adipocytokine that is secreted by adipocytes and plays a key role in 
the inflammatory response that is associated with insulin-resistant states and T2DM. The transversion of C to G 
(rs267729) in the promoter region of ADIPOQ gene could affect its transcription and secretion. Development of a new 
Modified Tetra Primer Amplification Refractory Mutation System - Polymerase Chain Reaction (MTPA-PCR) for 
detection of rs267729 (C>G) in the human promoter of ADIPOQ gene was sought. A MTPA-PCR for rs267729 
polymorphism in a single-step PCR was carried out, and the results were confirmed by ASO-PCR technique in 25 type 
2 diabetes mellitus patients and 25 controls. We have developed a sensitive single tube MTPA-PCR assay to detect 
rs267729 (C>G) in the human promoter of ADIPOQ gene, which allowed us to distinguish homozygous and 
heterozygous forms of this polymorphism successfully. Full accordance between ASO-PCR and MTPA-PCR methods for 
genotyping of rs267729 (C>G) polymorphism was found. MTPA-PCR could be a reliable, accurate and simple 
technique for genotyping SNP and different mutations. This work describes a rapid, relatively cheap, high throughput 
detection of C>G polymorphism in ADIPOQ that can be used in large scale clinical studies. So far, no study was done on 
optimization methods for genotyping rs267729 (C>G) polymorphism by MTPA-PCR. Here, we successfully adjusted 
and enhanced this method for recognizing rs267729 (C>G) polymorphism in the promoter of ADIPOQ gene in 
Argentinian population.  

Keywords:  Adipocytes; Inflammatory response; Insulin-Resistant; Genotyping 

1. Introduction

Ninety-nine percent of human DNA sequences are identical. Polymorphisms are the basis of genetic heterogeneity 
among individuals. Single-nucleotide polymorphisms (SNPs) are alterations in DNA at the single base level that are the 
most frequent variations in human genome [1, 2]. The high density and distribution of SNPs make them suitable for 
association studies, population genetics, and indirect diagnosis [3, 4].  

Many techniques for genotyping had been designed based on polymerization such as allele-specific primers and tetra 
primer amplification refractory mutation system (ARMS) polymerase chain reaction (PCR) [5, 6]. Ye et al. [6] 
introduced tetra primer ARMS PCR as a simple, effective, and economical SNP genotyping method, which uses four 
primers in one PCR, followed by gel electrophoresis. This method was derived from a tetra-primer PCR method and 
the ARMS [7, 8]. In this method, two smaller and allele-specific fragments are amplified by inner and outer primers. In 
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addition, outer primers amplify common fragment that is larger than the former products and contains the selected 
SNP. Moreover, inner primers have mismatches at 3’ ends and the - 2 position (third position from the 3’ end). In 
detail, mismatch at the 3´ end causes allele specificity, and mismatch at - 2 positions was designed for enhancing the 
specificity of allele-based polymerization (Figure 1). As a result, DNA polymerase would be able to commence 
polymerization, if the 3´ terminus of inner primer was complimentary to the template. Whether the allele-specific 
fragment is amplified or not, the sample is genotyped [9].  

 

Figure 1 Schematic representation of the tetra-primer amplification refractory mutation system (ARMS) polymerase 
chain reaction (PCR) technique and modified tetra-primer ARMS (MTPA) PCR. Four primers were involved in one 
reaction: the two outer primers amplify a common fragment that contains a single-nucleotide polymorphism (SNP; 
white box) and two specific fragments. The inner primers amplify the two allelic specific fragments, which have 
additional mismatch at -2 positions. The MTPA PCR method has two facilities compared to casual tetra-primer ARMS 
PCR. First, additional mismatch at - 2 position of outer primers is improvised to equalize the strength of primers. 
Second feature is considering same annealing temperature for allelic fragments more than same melting temperature 
for primers. X, Tm, and TA represent additional mismatch at – 2 position, melting temperature, and annealing 
temperature of primers, respectively [9]. 

Designed mismatch at the - 2 position follows rules that are represented in Table 1 [10]. To facilitate these 
instructions, the accessible web program (http://primer1.soton.ac.uk/primer1.html) is available. 

Table 1 IUPAC codes and mismatches at -2 positions. 

IUPAC codes Alleles Additional mismatch at – 2 position 

M A/C G/T, A/C 

R A/G G/A, T/C 

W A/T C/C, G/G, A/A, T/T 

S C/G C/C, G/G, A/A, T/T 

Y C/T G/A, T/C 

K G/T G/T, A/C 

 

A ‘‘strong’’ mismatch (G/A or C/T mismatches) at the 3’ end of allele-specific primers would be completed with a 
‘‘weak’’ second mismatch (C/A or G/T) at - 2 position and vice versa, whereas a ‘‘medium’’ mismatch (A/A, C/C, G/G, 
or T/T) at the 3’ end would be completed with a ‘‘medium’’ second mismatch. IUPAC, International Union of Pure and 
Applied Chemistry. 
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However, the tetra-primer ARMS PCR has not only a difficult procedure for optimization but also fails to distinguish 
the target allele in SNP genotyping on some occasions [6, 11]. 

The tetra-primer ARMS PCR technique was modified and introduced as a new method to facilitate the evaluation of 
SNPs, which may not be accurately identified by the traditional technique [12]. The introduced technique was named 
MTPA PCR (modified tetra-primer ARMS PCR). The new MTPA PCR primer designer is introduced elsewhere 
(http://sci.ui.ac.ir/*rahgozar). This program performs the new rules automatically and is prepared for free download. 

Type 2 diabetes mellitus (T2DM) is one of the most common progressive metabolic diseases and poses a substantial 
burden on health-care systems globally. The International Diabetes Federation (IDF) has estimated that the 
prevalence of diabetes was 366 million worldwide, and is expected to increase up to 552 million by 2030 [13]. 
However, the mechanisms associated with T2DM remain uncertain. It is widely accepted that T2DM is a complex 
disease and both environmental and genetic factors can contribute to disease initiation as well as its evolution. 

Adiponectin encoded by ADIPOQ (OMIM: 605441), also known as APM1, ACRP30 or GBP28, is a kind of adipose tissue 
specific cytokine secreted mainly by white adipose tissue, which plays an important role in regulating insulin 
sensitivity, glucose homeostasis and lipid metabolism [14, 15]. Moreover, ADIPOQ plays a key role in the inflammatory 
response that is associated with insulin-resistant states and T2DM [16, 17, 18]. The human ADIPOQ gene is mapped to 
chromosome 3q27 [19], displays a few polymorphisms in the promoter region (e.g., −11426A>G (rs16861194), 
−11391G>A (rs17300539), −11377C>G (rs267729) or in the exon 2 (+45T>G, rs16861194) or in the intron 2 
(+276G>T, rs1501299), which could affect ADIPOQ gene transcription and its secretion [20]. In recent years, the 
associations of single nucleotide polymorphisms (SNPs) of the ADIPOQ gene with T2DM have been reported [21, 22, 
23, 24, 25, 26]. However, the results of these studies are still controversial, and show strong racial and regional 
variations.  

Therefore, we have developed a sensitive single tube Modified tetra-primer ARMS PCR assay to evaluate the genetic 
risk of the rs267729 (C>G) polymorphism in the human promoter of ADIPOQ gene for T2DM. 

2. Methods 

2.1. DNA extraction 

Genomic DNA for this study was obtained by venous blood draws from adult volunteers. The blood samples were 
collected in tubes containing EDTA. DNA from 50 subjects (25 T2DM patients and 25 controls) was used for the 
validation of the technique. Leukocyte genomic DNA was extracted using High Pure PCR Template Preparation Kit 
(Roché), quantified using Nanodrop-1000 Spectrophotometer (Thermo Scientific) and run in 1% gel agarose 
electrophoresis. Genomics DNA were stored in -20 ˚C after determining their relevant concentrations and analyses on 
gels electrophoresis.  

2.2. Primer design 

Based on the GenBank sequence of human ADIPOQ gene (accession number: NT_005612.16), we designed two special 
set of primers for MTPA PCR (modified tetra-primer ARMS PCR) using web-based software accessible from the 
website (http://sci.ui.ac.ir/*rahgozar). The software showed several pairs of primers, whose specificities were 
analyzed with the Primer-BLAST program (http://www.ncbi.nlm.nih.gov/blast) and OligoAnalyzer 3.1 IDT 
(https://www.idtdna.com/calc/analyzer).  

The set of primers that joined in the specific target sequence were selected, with an adequate melting temperature 
(Tm) and the lowest probability of formation of secondary structures. The primers used for MTPA PCR for detection of 
-11.377C>G (rs266729) are provided in Table 2. 

 

 

 

 

http://sci.ui.ac.ir/*rahgozar
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Table 2 MTPA PCR Primers and Concentration of Reagents 

Primer Primer sequence (5’ –3’) Tm Ta Fragment size Concentration 

Forward Inner 

(G allele) 

CAAGAACCGGCTCAGATCCTCCG 61.6 °C 

 

 

 

 

 

61.3 ° C 

239 bp 

 

0.2 mM 

 

Reverse Inner  

(C allele) 

TGGCACGCTCATGTTTTGTTTTTGATG
G  

61.8 °C 

 

333 bp 

 

0.2 mM 

 

Forward Outer  CATGTCTCTCATCTCAACGGCCAAA  59.7 °C 

 

522 bp (from 
two outer 

primers) 

0.2 mM 

 

Reverse Outer TGTGTGTGTGTTTGTGAGAGAGACAG 59.5 °C 0.2 mM 

Tm, melting temperature; the mismatches of the primers were emphasized in bold. Ta, annealing temperature. MTPA-PCR, modified tetra-primer 
ARMS-PCR. 

2.3. Optimization steps of MTPA-PCR 

The determining factors for the optimization of MTPA PCR method were: the correct concentration of the PCR reagent, 
the ratio of outer and inner primers, as well as the annealing temperature. Those factors were important to increase 
the PCR product specificity. 

2.3.1. Amplification of outer primers region 

The reaction was performed in a total volume of 20 μl, containing 125 ng of template DNA, 0.25 mM of each outer 
primer, 0.2 mM dNTPs (Invitrogen, CA, USA), 1.5 mM MgCl2, 1xPCR buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), and 1 
U of Taq DNA polymerase (Productos Biológicos, Argentina). 

2.3.2. MTPA-PCR reaction 

It was performed in a total volume of 25 μl containing  50 ng of template DNA, 0.2 mM of both inner primers and both 
outer primers, 0.16 mM dNTPs (Invitrogen, CA, USA), 1.2 mM MgCl2, 0.8× PCR buffer (20 mM Tris-HCl pH 8.4, 50 mM 
KCl), and 1 U Taq polymerase (Productos Biológicos, Argentina). 

2.3.3. Validation assay: Aso-PCR reaction 

Allele A amplification: It was performed in a total volume of 25 μl containing 50 ng of template DNA, 0.25 mM of 
forward outer and reverse inner primers, 0.16 mM dNTPs (Invitrogen, CA, USA), 2.5 mM MgCl2, 1x PCR buffer (20 mM 
Tris-HCl pH 8.4, 50 mM KCl), and 1 U Taq polymerase (Productos Biológicos, Argentina). Allele G amplification: a total 
volume of 25 μl containing 100 ng of template DNA, 0.25 mM of reverse outer primer, 0.25 mM of forward inner 
primer, 0.16 mM dNTPs (Invitrogen, CA, USA), 1.2 mM MgCl2, 1× PCR buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), and 
1 U Taq polymerase (Productos Biológicos, Argentina). 

2.3.4. Termocycler program 

The samples were incubated for 3 min at 94 ˚C, followed by 30 cycles of 1 min denaturation (95 ˚C), 1 min annealing 
(61.3 ˚C), and 1 min extension (72 ˚C), and an additional 5 min extension at 72 ˚C at the end of the 30 cycles. 

2.4. Gel electrophoresis 

After completion of PCR reactions, the products were run on 2 % agarose gels alongside a 100 bp marker, and dying 

with GelRed. After electrophoresis, bands were observed using a UV Gel Doc apparatus. 

3. Results and discussion 

The MTPA-PCR is a rapid and reliable method for analysis of point mutations or small deletions [12]. Mesrian Tanha et 
al. [12] were the first to describe MTPA-PCR for which allele-specific amplification is achieved in a single PCR reaction 
using four primers. The MTPA-PCR method has two facilities compared to casual tetra-primer ARMS PCR. First, 
additional mismatch at - 2 position of outer primers is improvised to equalize the strength of primers. Second feature 
is considering same annealing temperature for allelic fragments more than same melting temperature for primers. 
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MTPA-PCR primer pairs were designed using Primer software (http://sci.ui.ac.ir/*rahgozar).The inner MTPA-PCR 
primer pair was designed with a deliberate mismatch at - 2 positions for enhancing the specificity of allele-based 
polymerization and the mismatches at -2 positions of outer primers were contrived. 

The program follows the Little [10] rules for selecting the additional mismatch base. Under this scheme “strong” 
mismatches at the 3' terminus (A/G or C/T mismatches) are optimally paired with “weak” second mismatches (C/A or 
G/T) and vice versa with “medium, medium” strength combinations (A/A, C/C, G/G or T/T) as an alternative. Tm is 
calculated using the nearest neighbor parameters [27] and the formula given by Rychlik et al. [28].The MTPA-PCR 
method was successfully applied to classify rs267729 (C>G). The optimal PCR conditions and fragment sizes of the C 
and G alleles for the ADIPOQ gene are shown in Table 2. 

The allele-specific segments differed sufficiently in size to be distinguished by 2 % agarose gel electrophoresis. For 
that reason was possible to differentiate between the G and C alleles of the ADIPOQ gene by means of the MTPA-PCR 
methodology. The interactions between the inner and outer primers affect both the yield and the specificity of the 
reaction. Therefore the primer design is a critical step for the success of the T-ARMS PCR method. The inner primers 
were developed with length of 25-28 bases with a deliberate mismatch at position 2 from the 3’-end. The mismatched 
bases are shown in bold letter in Table 2. 

The development of the MTPA-PCR was divided into three stages. In the first stage we optimized the right 
amplification of the outer primers amplicon. This fragment was used as a template for the inner primers, in order to 
produce the allele specific fragments in MTPA-PCR. We successfully obtained the fragment of 522 pb (data not 
shown).The second stage was to evaluate de optimal composition of each MTPA- PCR reaction and elaborate protocol 
changes for genotyping different samples. The objective of this step was to obtain the expected theoretical products by 
electrophoresis separation: three bands in heterozygous or two bands in homozygous. 

In the thirst stage we validated the results by ASO-PCR, placing the primers pair for the specific allele amplification 
separately (Forward outer/Reverse inner and Forward inner / Reverse outer). Thereby we could design a simple and 
economical method to validate MTPA-PCR. Thereby we obtained control samples of known genotype to optimize the 
experimental condition for a certain analysis of the samples by MTPA -PCR. One of the key points for the success of the 
method is that oligonucleotides with a mismatched 3’ residue do not function as PCR primers under appropriate 
conditions. Thus, for the allele specific primers, the normal primer is refractory to PCR on mutant DNA and the mutant 
specific primer is similarly non-functional on normal DNA. Newton et al. [7] noted that, in some cases, having only the 
single 3' mismatched base was insufficient to prevent undesired amplification so they deliberately introduced 
additional mismatched bases near the 3' end. 

MTPA-PCR results require a validation assay to confirm the specificity of the assay. The results obtained by T-ARMS 
PCR were confirmed with ASO-PCR (Figure 2).  

 

Figure 2 Validation assay to confirm MTPA-PCR result by ASO-PCR. Lane 1 molecular weight marker; lane 2 (G allele 
amplification); lane 3 (C allele amplification); lane 4 (outer primer amplification); lane 5 MTPA- PCR and lane 6 
negative control. 
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The melting temperature (Tm) should be considered one of the most important factors in order to achieve an allele-
specific amplification [29]. The main difficulty to amplify the correct product of primers with GC-rich sequences was 
needed high temperatures to break up the strong secondary structure, formed by hydrogen bonds between the 
cytosine and guanine. During the PCR melting step, the DNA strands begin to separate in a lower Tm, eventually the 
primers that have a high Tm will not be completely disnatured and the DNA template will be partially open inhibiting 
the ability of the Taq DNA polymerase to act in those regions [30]. McDowell et al. [31] demonstrated that GC-rich 
sequences, in conjunct with high Tm, leads to the formation of stable secondary structures in primers, which can 
reduce the PCR efficiency by serving as termination or stop sites. 

The primers used for SNP rs267729 have a high concentration of CG, ranging from 39 % to 60 %, with a Tm ranging 
from 59.5 ˚C to 61.8 ˚C. To identify the optimal annealing temperature we ran 4 PCR reactions with a temperature 
gradient from 61.3 °C to 64.7 °C. The gradient reaction allowed us to observe the amplification of each primer in the 
set as they approach their optimal Tm. Therefore, to optimize the annealing temperature we preceded by running 
gradient PCR amplifications with DNA of a heterozygote sample. The gradient PCR experiment allowed a quick 
determination of the optimal annealing temperature for a given reaction as depicted in Figure 3. When the three 
expected PCR fragments from a heterozygote were observed in the range of several temperatures; one optimal 
annealing temperature was chosen. We consider the gradient range 62.5 ˚C - 61.3 ˚C to be optimal for differentiation of 
the PCR fragments from a heterozygote, hence the optimal annealing temperature chosen was 61.3˚C (Table 1). 

 

Figure 3 PCR product amplified from a temperature gradient profile utilized for optimizing the rs267729 (C>G). The 
same PCR reagents concentration was used in all samples. A heterozygote individual was amplified with a 
temperature gradient from 61.3 ˚C to 64.7 ˚C. Note that in lane 1 molecular weight marker; lanes 2 - 3 the allelic bands 
are weak. In lanes 4 - 5 the two allelic bands (239 and 333 bp) and common band (522 bp) are present and the profile 
is perfectly clear and lane 6 negative control. Results indicated that 61.3°C, in 25 μL PCR mixture, was optimal to 
amplify ADIPOQ rs267729 SNP (C>G) successfully.  

Balancing the primer concentration was another important step to obtain specifics and sharp band, for a correct 
genotyping of the samples. The formation of outer primer fragment reacts strongly to small changes in its 
concentration and it is critical for the success of the reaction, since the inner primers binds on the outer primer 
amplicon [6]. 

Proceeding with the 61.3 ˚C Ta, the outer primers fragment was stabilized and the intensity of the two inner primer 
amplicons balanced. For that reason, a pattern among the intensity of the fragments and the each primers 
concentration could be designed. Optimization of MTPA-PCR was applied by using two different ratios of outer and 
inner primer concentration in 1:1 and 1:2 (Figure 4). We consider that the relation 1/1 to be optimal for 
differentiation of the PCR fragments from a heterozygote, hence the ratio chosen was 1/1. The final primer 
concentration for rs267729 detection was 0.2 mM for each primer (Table 1). 
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Figure 4 Presentation of MTPA PCR results two different ratios of outer and inner primer concentration in 1:1 and 
1:2. MW molecular weight marker. Results indicated that a primer relation 1:1, in 25 μL PCR mixture, was optimal to 
amplify ADIPOQ rs267729 SNP (C>G) successfully.  

Traditional tetra-primer ARMS PCR has a laborious process for optimization and the results do not seem stringent 
enough. Tetra-primer ARMS PCR is too sensitive to variations of annealing temperatures and MgCl2 concentrations 
[11]. Ye et al. [6] reported a SNP in the angiotensinogen gene that was failed in genotyping. The concluded problem is 
probably the unbalanced efficiency that appears between the outer and inner primers. Due to the designed mismatch, 
outer primers were more efficient than inner primers in the PCR. Consequently, 2–10 times more inner primers were 
used than outer primers, which may lead to decreasing specificity of genotyping. In the MTPA PCR technique, a new 
mismatch at - 2 positions of outer primers was designed to decrease the efficiency of the aforementioned primers. 
Moreover, to improve the strength of PCR, annealing temperatures of allelic fragments were calculated equally. Equal 
annealing temperature may facilitate the process of PCR. 

In addition, some researches demonstrated that tetra primer ARMS-PCR may not be practical for studying SNPs in the 
CG-rich regions [29, 11]. In the present study, one of the inconvenient was the fact that the forward inner primer 
(specific for G allele) has GC-rich sequences near the refractory mutation, which could produce unspecific 
amplifications of G allele in all the samples, independently of the genotype. The beneficial usage of the novel method in 
this case showed that MTPA-PCR is more efficient than tetra primer ARMS PCR in a setup process and validity of 
results. As an advantage, short primers (22–28), which could not be used previously in tetra-primer ARMS PCR, now 
could be accomplished in the new method. Shorter primers have lower melting temperatures and fewer secondary 
structures that could be useful for PCR. 

Another point considered was the optimization of Taq polymerase unit (U) in PCR mixtures. We consider the range of 
Taq units from 0.5 to 1 U. The optimal units of Taq polymerase, for differentiation of the PCR fragments from a 
heterozygote, were 1 U (Figure 5). 

 

Figure 5 MTPA-PCR amplifications containing different Taq polymerase unit (U)  in PCR mixtures. Lane 1 molecular 
weight marker; lane 2 to lane 4 corresponds to different Taq units of 1, 0.75 and 0.5 U, respectively; lane 5 negative 
control. The results indicated that 1 U Taq in 25 μL of PCR mix was optimal for amplifying ADIPOQ rs267729 SNP (C> 
G) successfully. 
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Successful amplification depends on DNA template quantity and quality. Higher DNA concentrations decrease 
amplicon specificity (i.e., extra bands are more likely), particularly when a large number of cycles are employed. The 
DNA quantity may need to be varied to determine the optimal amount. We use DNA template levels in the range of 
50 ng -125 ng per reaction. The optimal DNA quantity, for differentiation of the PCR fragments from a heterozygote, 
was 50 ng (Figure 6). 

 

Figure 6 MTPA-PCR amplifications containing the indicated amounts of DNA were performed in PCR mixures. Lane 1 
molecular weight marker; lane 2 to lane 5 corresponds to 125 ng, 100 ng, 75 ng and 50 ng of DNA, respectively and 
lane 6 negative control. Results indicated that 50 ng of DNA in 25 μL PCR mixture was optimal to amplify ADIPOQ 
rs267729 SNP (C>G) successfully.  

Optimization of this assay is substantially easier than normal tetra-primer ARMS PCR. One sample of each identified 
genotype by this technique (GG, GC, and CC) was selected randomly and amplified by ASO-PCR. Results of ASO-PCR 
confirmed MTPA PCR data. Whenever, genotyping results were unclear, the samples were repeated again in duplicates 

until clear genotype was obtained. No genotyping error was observed during cross validation. 

4. Conclusion 

In this study, MTPA PCR protocol was successively and thoroughly optimized in terms of PCR cycling conditions and 
reaction components for SNP genotyping, with minimally equipped laboratories. We conclude that MTPA PCR is a 
robust, simple and relatively economic method for genotyping of ADIPOQ rs267729 SNP (C>G). 

The SNP genotyping technique reported in this study contains additional advantages, according to our experience, 
compared to the normal tetra-primer ARMS PCR, including balanced strength between outer and inner primers and 
equal annealing temperature, which make MTPA PCR more efficient than tetra primer ARMS PCR in a setup process 
and validity of results. 

Furthermore MTPA PCR is useful for large scale of SNP-based association study in different population to understand 
the genetics risk factor of Type 2 Diabetes Mellitus and metabolic disease. 

Compliance with ethical standards 

Acknowledgments 

This research was supported by grants from the National University of San Luis (SES- PROICO 02-3718). 

Disclosure of conflict of interest 

The authors declare no conflict of interests with respect to the present paper.  

 

 



Orozco et al. / GSC Biological and Pharmaceutical Sciences, 2020, 10(02), 138–147 

146 
 

Statement of ethical approval 

This study has the approval of the ethics committee of the San Luis hospital. Informed consent was signed with all 

patients before sampling. 

Statement of informed consent 

Informed consent was obtained from all individual participants included in the study. 

References 

[1] Kwok PY, Deng Q, Zakeri H, et al. (1996). Increasing the information content of STS-based genome maps: 
identifying polymorphisms in mapped STSs. Genomics, 31, 123–126. 

[2] Collins FS, Brooks LD and Chakravarti A. (1998). A DNA polymorphism discovery resource for research on 
human genetic variation. Genome Res 8, 1229–1231. 

[3] Brookes AJ. (1999). The essence of SNPs. Gene, 234, 177–186. 

[4] Kingsmore SF, Lindquist IE, Mudge J, et al. (2008). Genomewide association studies: progress and potential for 
drug discovery and development. Nat Rev Drug Discov, 7, 221–230. 

[5] Ugozzoli L and Wallace RB. (1991). Allele-specific polymerase chain reaction. Methods, 2, 42–48. 

[6] Ye S, Dhillon S, Ke X, et al. (2001). An efficient procedure for genotyping single nucleotide polymorphisms. 
Nucleic Acids Res, 29, 88. 

[7] Newton C, Graham A, Heptinstall L, et al. (1989). Analysis of any point mutation in DNA. The amplification 
refractory mutation system (ARMS). Nucleic Acids Res, 17, 2503–2516.  

[8] Ye S, Humphries S and Green F. (1992). Allele specific amplification by tetra-primer PCR. Nucleic Acids Res 20, 
1152.  

[9] Kwok PY. (2001). Methods for genotyping single nucleotide polymorphisms. Annu Rev Genomics Hum Genet, 2, 
235–258. 

[10]  Little S. (1997). ARMS analysis of point mutations. Laboratory methods for the Detection of Mutations and 
Polymorphisms in DNA. CRC Press, Boca Raton, FL, 45–51. 

[11] Medrano RFV and de Oliveira CA. (2014). Guidelines for the tetraprimer ARMS–PCR technique development. 
Mol Biotechnol, 56, 599–608. 

[12] Mesrian Tanha H, Mojtabavi Naeini M, Rahgozar S, Rasa SM and Vallian S. (2015). Modified tetra-primer ARMS 
PCR as a single-nucleotide polymorphism genotyping tool. Genet Test Mol Biomarkers, 19(3), 156-61.  

[13] Matharoo K, Arora P and Bhanwer A.J. (2013). Association of adiponectin (ADIPOQ) and sulphonylureareceptor 
(ABCC8) gene polymorphisms with Type 2 diabetes in North Indian population of Punjab. Gene, 527, 228–234.  

[14] Bessone F, Razori MV and Roma MG. (2019). Molecular pathways of nonalcoholic fatty liver disease 
development and progression. Cellular and Molecular Life Sciences, 76, 99–128.  

[15] Fu Y. (2014). Adiponectin signaling and metabolic syndrome. Progress in Molecular Biology and Translational 
Science, 121, 293–319. 

[16] Abbasi F, Chu JW, Lamendola C, McLaughlin T, Hayden J, Reaven GM and Reaven PD. (2004). Discrimination 
between obesity and insulin resistance in the relationship with adiponectin. Diabetes, 53, 585–590. 

[17] Kern PA, di Gregorio GB, Lu T, Rassouli N and Ranganathan G. (2003). Adiponectin expression from human 
adipose tissue: Relation to obesity, insulin resistance, and tumor necrosis factor-α expression. Diabetes, 52, 
1779–1785. 

[18] Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe S, Staiger H, Maerker E, Häring H and  Stumvoll 
M. (2003). Plasma adiponectin concentrations predict insulin sensitivity of both glucose and lipid metabolism. 
Diabetes, 52, 239–243. 

[19] Takahashi M, Arita Y, Yamagata K, Matsukawa Y, Okutomi K, Horie M, Shimomura I, Hotta K, Kuriyama H, 
Kihara S et al. (2000). Genomic structure and mutations in adipose-specific gene, adiponectin. Int. J. Obes. Relat. 
Metab. Disord, 24, 861–868. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mesrian%20Tanha%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25658900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mojtabavi%20Naeini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25658900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahgozar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25658900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasa%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=25658900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25658900


Orozco et al. / GSC Biological and Pharmaceutical Sciences, 2020, 10(02), 138–147 

147 
 

[20] Wang Y, Zhang D, Liu Y, Yang Y, Zhao T, Xu J, Li S, Zhang Z, Feng G, He L et al. (2009). Association study of the 
single nucleotide polymorphisms in adiponectin-associated genes with type 2 diabetes in Han Chinese. J. Genet. 
Genomics, 36, 417–423. 

[21] Suriyaprom K, Phonrat B, Namjuntra P, Harnroongroj T and Tungtrongchitr R. (2010). The −11377C>G 
adiponectin gene polymorphism alters the adiponectin concentration and thesusceptibility to type 2 diabetes in 
Thais. Int. J. Vitam. Nutr. Res., 80, 216–224. 

[22] Gupta V, Khadqawat R, Nq HK, Kumar S, Aggarwal A, Rao VR and Sachdeva MP. (2010). A validation study of 
type 2 diabetes-related variants of the TCF7L2, HHEX, KCNJ11, and ADIPOQ genes in one endogamous ethnic 
group of North India. Ann. Hum. Genet, 74, 361–368. 

[23] Mousavinasab F, Tahtinen T, Jokelainen J, Koskela P, Vanhala M, Oikarinen J, Keinänen-Kiukaanniemi S and 
Laakso M. (2006). Common polymorphisms (single-nucleotide polymorphisms SNP+45 and SNP+276) of the 
adiponectin gene regulate serum adiponectin concentrations and blood pressure in young Finnish men. Mol. 
Genet. Metab, 87, 147–151.  

[24] Arikoglu H, Ozdemir H, Kaya DE, Ipekci SH, Arslan A, Kayis SA and Gonen MS. (2014). The Adiponectin variants 
contribute to the genetic background of type 2 diabetes in Turkish population. Gene, 534, 10–16. 

[25] Peters KE, Beilby J, Cadby G, Warrington NM, Bruce DG, Davis WA, Davis TM, Wiltshire S, Knuiman M, McQuillan 
BM et al. (2013). A comprehensive investigation of variants in genes encoding adiponectin (ADIPOQ) and its 
receptors (ADIPOR1/R2), and their association with serum adiponectin, type 2 diabetes, insulin resistance and 
the metabolic syndrome. BMC. Med. Genet, 14, 15. 

[26] Chiodini BD, Specchia C, Gori F, Barlera S, D’Orazio A, Pietri S, Crociati L, Nicolucci A, Franciosi M, Signorini S et 
al. (2010). Adiponectin gene polymorphisms and their effect on the risk of myocardial infarction and type 2 
diabetes: An association study in an Italian population. Ther. Adv. Cardiovasc. Dis, 4, 223–230. 

[27] Breslauer KJ, Frank R, Blöcker H and Marky LA. (1986). Predicting DNA Duplex Stability from the Base 
Sequence. Proceedings of the National Academy of Sciences of the USA, 83, 3746-3750. 

[28] Rychlik W, Spencer WJ and Rhoads RE. (1990). Optimization of the Annealing Temperature for DNA 
Amplification in Vitro. Nucleic Acids Research, 18, 6409-6412.  

[29] Chiapparino E, Lee D and Donini P. (2004). Genotyping single nucleotide polymorphisms in barley by tetra-
primer ARMSPCR. Genome, 47, 414–420.  

[30] Hube F, Reverdiau P, Iochmann and Gruel Y. (2005). Improved PCR Method for Amplification of GC-Rich DNA 
Sequences. Molecular Biotechnology, 31, 81-84. 

[31] McDowell DC, Burns NA and Parkes HC. (1998). Localized Sequence Regions Possessing High Melting 
Temperatures Prevent the Amplification of a DNA Mimic in Competitive PCR. Nucleic Acids Resarch, 26, 3340-
3347.  

 

How to cite this article 

Orozco RAL, Diaz SB, Baigorria MES, Siewert SE and Vasquez GME. (2020). Modified Tetra-Primer ARMS PCR 
optimization for detection of ADIPOQ rs267729 SNP (C>G) in type 2 diabetes patients in San Luis, Argentina 
population. GSC Biological and Pharmaceutical Sciences, 10(2), 138-147. 


