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Abstract

GWAS (genome-wide association studies) have associated Type 2 Diabetes
Mellitus with the single nucleotide polymorphism (SNPs) rs972283 (A/G) of
KLF14 gene with in a global population. The most common techniques used
to analyze SNPs are time consuming, multi-step process and require expen-
sive instruments. Therefore, in order to overcome these problems, we have
developed a new, rapid and cost effective T-ARMS PCR assay to genotype
rs972283. However, the optimization step can be hardworking and laborious.
Hence, we propose to demonstrate and discuss critical steps for its develop-
ment, in a way to provide useful information. In a first step, we design and va-
lidate two specific primer pair for T-ARMS PCR. Later, the amplification
conditions were optimized for DNA concentration, annealing temperature,
Taq DNA polymerase units and primers concentration. The last one was con-
sidered the main interference factor for a correct amplification and appropri-
ate band intensity. Finally, the results obtained by T-ARMS PCR were con-
cordant with sequencing. T-ARMS PCR assay developed in our laboratory for
genotyping rs972283 (A/G) of KLF14 gene is time saving and cost-effective
compared to the available methods used for SNP studies.
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1. Introduction

Single nucleotide polymorphisms (SNP) is a DNA sequence variation occurring
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when a single nucleotide is substituted, deleted, or inserted, affecting how hu-
mans develop diseases, respond to pathogens, chemicals, drugs, etc. SNP is the
simplest form of polymorphism found in human genome; basically affect more
than 1% of the entire population. The SNP is estimated to occur in every 500 -
1000 base pairs in the human genome, and may occur both in coding and non-
coding region. Although many SNPs showed no effect to cell abnormalities,
many researches by statistical calculation found that SNPs can be used as a bio-
logical marker for analyzing the disease risks [1] [2].

Gene polymorphism studies have revealed that multiple SNPs are implicated
in the development of T2DM. Therefore, genetic risk factors of T2DM need to
be explored for T2DM prevention and treatment. KLF14 belongs to the Krup-
pel-like family of transcription factors. A biological study has demonstrated that
KLF14 could participate in the metabolism as a transcriptional activator via re-
gulating the gene networks involved in lipid metabolism [3]. GWAS (ge-
nome-wide association studies) have implicated a group of highly-correlated
SNPs including rs972283 (A/G) approximately 47 kb upstream of the transcrip-
tion-starting codon of the KLF14 gene [4]. The allele G of rs972283 in KLF14
may be a risk factor for metabolic disease and had a nominal association with
Type 2 Diabetes Mellitus in a global population [5] [6] [7] but these results are
contradictory in Chinese populations where no association between genetic va-
riants of KLF14 rs972283 and T2DM was detected [7] [8].

The SNP detection method was developed since Restriction Fragment Length
Polymorphism (RFLP) involves many steps, DNA sequencing needs expensive
instruments, and robust SNP genotyping assay depends on consideration of
funding [9].

Current techniques for SNP genotyping of medium and low cost are based on
the polymerase chain reaction; nevertheless, many of them require post-PCR
manipulations, such as radio-isotopes, restriction enzymes, or are required to
two PCRs rounds. The use of these reagents not just increase the methodology
price, but also the time spent during its execution [10].

In view of the developing countries for which it is very hard and costly to
study by PCR and post-PCR manipulation on a large number of samples for
analyses. To curb these outcomes, reliable genotyping method which is suffi-
ciently simple, fast and cost effective must be continuously developed [11] [12].
Tetra primer Amplification Refractory Mutation System Polymerase Chain
Reaction (T-ARMS PCR) was optimized to find rapid, efficient, economic and
low tech laboratories method for detecting SNPs or mutation [13]. The amplifi-
cation is a multiplex reaction of two set of primers: the forward outer (FO) and
reverse outer (RO) primers amplify a specific amplicon of the target gene, irres-
pective of the allele at SNP position. The forward inner (FI) and reverse inner
(RI) primers with RO and FO primers respectively generate allele-specific am-
plicons. These amplicons will be of different sizes, hence easily discriminated on

an agarose gel as either homozygote or heterozygote. While the two outer pri-
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mers (FO, RO) ensure the gene specificity and PCR efficiency, the inner outer
combination (FO/RI, FI/RO) ensures the allele specificity [14]. The reaction of
T-ARMS PCR is run in a single tube and in one PCR step, and genotype varia-
tion from SNPs of interest could be visualized directly using common agarose
gel electrophoresis [10] [15].

T-ARMS PCR assay would be of particular value for laboratories in developing
countries, where special and sophisticate instruments are difficult to get. For that
reason our study was aimed to optimize that efficient, simple and low cost tech-
nique for genotyping rs972283 (A/G) polymorphism of KLF14 gene, as a result this
method can be used to genotype large samples of individuals in order to estimate
association of this SNP with persons at risk of developing Type 2 Diabetes Mellitus.

2. Methods
2.1. DNA Extraction

Control genomic DNA for this study was obtained by venous blood draws from
healthy adult volunteers; DNA from 50 subjects (25 female and 25 males) was
used for the validation of the technique. DNA was extracted using AccuPrep®
Genomic DNA Extraction Kit (Bioneer) and quantified using Epoch Microplate

Spectrophotometer (Biotek) and run in 1% gel agarose electrophoresis.

2.2. Primer Design

Two special set of primers were designed usingweb-based software accessible

from the website (http://primerl.soton.ac.uk/public_html/primerl.html) devel-

oped by Ye et al. [13]. The specificity was tested using BLAST program
(http://www.ncbi.nlm.nih.gov/blast). The primers used for T-ARMS PCR for
detection rs972283 are provided in Table 1.

2.3. Optimization Steps of Tetra Primer ARMS PCR

The determining factors for the optimization of T-ARMS 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.

Table 1. Primers and conditions used in T-ARMS PCR genotyping.

SNP Primer sequence (5 to 3’) Primer conc.  Melting Temp  Annealing Temp. Expected products

Forward outer primer

0.04 uM 63°C
GTCATAGGTCAAACAGCTAGATATTGGGT "

972083  everse outer primer 0.04 uM 63°C 60°C C 437D
s TCTACAGGACCAACTCAAATTATGAGGT DR ommon £37°5p
(A/G) Forward inner primer (G allele) 0.16 uM 62°C G allele 221 b
TCATTGTATACTTGGAAAAAATCCTACATG oK alelessibp

R i imer (A allel
everse inner primer (A allele) 0.04 M 65°C A allele 274 bp

TATGTAAAAATAAGTATGCGCCATGCCT

Underline bases is CG sequence near the 3’ end. Bold letter indicate mismatch base.
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Amplification of outer primers region: the reaction was performed in a total
volume of 30 pl, containing 50 - 100 ng of template DNA, 0.1 pM of each outer
primer, 200 pM dNTPs (Invitrogen, CA, USA), 2.5 mM MgCl,, 1xPCR buffer
(20 mM Tris-HCI pH 8.4, 50 mM KCl), and 0.7 U of Taq DNA polymerase
(Productos Biolégicos, Argentina).

T-ARMS PCR reaction: It was performed in a total volume of 25 pl contain-
ing 50 - 100 ng of template DNA, 0.04 uM of Reverse inner primer and both
Outer primers, 0.16 uM of Forward inner primer, 200 uM dNTPs (Invitrogen,
CA, USA), 2.5 mM MgCl,, 1x PCR buffer (20 mM Tris-HCI pH 8.4, 50 mM
KCl), and 0.7 U Taq polymerase (Productos Bioldgicos, Argentina).

ARMS PCR modified reaction: Allele A amplification: It was performed in a
total volume of 25 pl containing 50 - 100 ng of template DNA, 0.04 pM of For-
ward outer and Reverse inner primers, 200 uM dNTPs (Invitrogen, CA, USA),
2.5 mM MgCl,, 1x PCR buffer (20 mM Tris-HCI pH 8.4, 50 mM KClI), and 0.7 U
Taq polymerase (Productos Biolégicos, Argentina). Allele G amplification: a to-
tal volume of 25 pl containing 50 - 100 ng of template DNA, 0.04 uM of Reverse
outer primer, 0.16 pM of Forward Inner primer, 200 pM dNTPs (Invitrogen,
CA, USA), 2.5 mM MgCl,, 1x PCR buffer (20 mM Tris-HCI pH 8.4, 50 mM
KCl), and 0.7 U Taq polymerase (Productos Biol6gicos, Argentina).

Termocycler program: The samples were incubated for 3 min at 94°C, fol-
lowed by 30 cycles of 1 min denaturation (94°C), 1 min annealing (60°C), and 1
min extension (72°C), and an additional 10 min extension at 72°C at the end of

the 30 cycles.

2.4. Gel Electrophoresis

The resultant products obtained after PCR were separated by electrophoresis on
3% agarose gel, stained with Gel Red (Biotium) against DNA marker 100 - 3000

pb. The images were visualized and photographed under UV transillumination.

2.5. Validation Assay

It was done by DNA sequencing of rs972283. For DNA sequencing, convention-
al PCR was generated to amplify region contain rs972283, using the same Outer
primers of T-ARMS PCR (Table 1). The reaction used to amplify the region of
outer primers was performed in a total volume of 30 pl. For genotyping the po-
lymorphism of SNP rs972283, the PCR products were sent to Macrogen Labora-

tories (Rep. of Korea) for the processing of the samples.

3. Results and Discussion

The Amplification Refractory Mutation System (ARMS) is a rapid and reliable
method for analysis of point mutations or small deletions. ARMS were originally
developed for allele specific amplification avoiding the use of restriction en-
zymes and radioisotopes [11]. ARMS-PCR enables the identification of specific
genotypes in a single step PCR, without the need for costly and often difficult
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post-PCR manipulation.

Ye et al [16] was the first to describe tetra-primer PCR for which allele-specific
amplification is achieved in a single PCR reaction using four primers. This ap-
proach introduced a mismatched base in the middle of allele-specific primers. Ye
et al. [13] combined tetra-primer PCR with ARMS to form the tetra-primer
ARMS-PCR or T-ARMS technique. T-ARMS combines two inner SNP-specific
primers and two outer primers in a single reaction and encompasses deliberate
mismatches at position —2 from the 3' end of inner primersto increase the speci-
ficity of the amplification.

T-ARMS PCR primer pairs were designed using Primer 1 software
(http://primerl.soton.ac.uk/primerl.html). The inner T-ARMS PCR primer pair

was designed with a deliberate mismatch to increase allele specificity [13]. The
program follows the Little [17] rules for selecting the additional mismatch base.
Under this scheme “strong” mismatches at the 3' terminus (A/G or C/T mis-
matches) 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
[18] and the formula given by Rychlik et al [19].

The Primerl software operates through web interface input of a target DNA
sequence. The required sequence size is of up to 1000 bases which is presented 5’
to 3°. The sequence of the target segment was obtained from NCBI Reference
Sequence > NC_000007.14, position 130781095 - 130783095. It is located up-
stream of KLF14 gene and it was used to design primers for the A/G polymor-
phism (position 534 in this sequence) (Figure 1).

Whitespace and all numerical digits within the sequence were ignored. The
sequence location of the polymorphic site is input along with the bases for the
reference and the alternative allele. Also inputs have some criteria for primer de-
sign: the desired minimum, maximum and average melting temperatures for a
primer oligo (Tm); the millimolar concentration of salt (KCI) and the nanomo-
lar concentration of annealing oligos in the PCR (this is used in the calculation
of Tm); the %GC content (the minimum and maximum allowable for any pri-
mer); the primer lengths and the minimum and maximum complementarity and
product sizes. The algorithm used for calculating complementary is similar to
Rozen and Skaletsky [20]. The maximum complementarity (default 8.0) is a lim-
it to reduce the possibility of a single primer self-annealing and the possibility of
annealing between left and right primers. A total primer-primer annealing score
of zero reflects no local alignment between two oligonucleotides. Annealing
scores are summed across bases which are scored as: 1.0 for complementary
bases; —0.25 for a match with an “N”; —1.0 for a mismatch; —2.0 for a single base
gap. The maximum 3' complementarity (for which the default is 3.0) follows the
same scoring system and measures the maximum allowed 3'-anchored global
alignment score [25]. Figure 2 shows the flow chart of the tetra-primer ARMS-
PCR primer design software [13] and the Input of the sequence location of the
polymorphic site (position 534) of KLF14 and the alternative alleles (A/G).
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>NC_000007.14:130781095-130783095 Homo sapiens chromosome 7, GRCh38.p7
Primary Assembly
GGAATGTAGGATTGCCCTCCTTACTCATTGCACCCTCCCTGCCCAGAATCTTTAAGT
AATAAATATCTGAAGATATTTCCTATTGTGGTAGTGCACTAAATTTGCATCTTACTCT
GAAGAACCAGGGGCTCCCCTGGGCCAGGTTCTCTCTGGGATGCTAGAGAAAACAG
GGTTGGGTTCCCAGTGCCAGAGCAGTAGTCAAGCAGGCATAAACAGAACACAGGT
CAGATATGAGCCACAAGGACCCCTGCTAATATAAACAAGTTTCCCATGTGAGGGAC
ACCCTGGTCATAGGTCAAACAGCTAGATATTGGGTTATCTGCCAGGTAAAAGAAGT
ATTCTGTGAAAGACACACAGTAAATACCCATGTCAGGCTCCTCCCCATTTCTCATCA
GTGCAGGGTCTCTAGCTGCTCTGCTACTGGAATCCCAGTTTAGCTGGAGTCTCTCG
GAACAGTCCGTTAATATGGTTGATTGCATTGGTTGATTTTCAGCTATTGAACCA
[GIA]GTCATGGCGCATACTTATTTTTACATA
TTACTAAACTGTATTTGCTAATATTTTGTTTAAAATTTTGCGTCTGTATTCGTGACAGA
TCTTCCTCCCTCCCTCCCTCCCTCCCTCCTTTCCTCTTTGTATTTTCTTGGTCAAGTT
TTGATAATAGTGAAACTGACCTCATAATTTGAGTTGGTCCTGTAGAATTAGTGTTAA
TGATTCTTTAAACATTTGGTAGGACCCTGTGTCTTCAAATTTGTTGATTCTTTCCACT
GTCCTCTCCATTTTGGTATTGAGCCTATATCCATTGAGTTTTCAAATTTTGGTTATTTT
TTTTTCTCTTTCTTTTTTTTTGTTTTTGAGACAGAGTCTTGCTCTGTTGCCCAGGCTG
GAGTACAGTGGCAGTCTCAGCTCACTGCAACCTCCACCTCTCGGGTTCAAGCTATT
CTCCTGCTTCAGCATCCCAAGTAGCTGGTATTACAGGCATGCGCCACCATGCCTGC
AGGCTAAGTTTCGCATTTTTAATAGAGACAGGGTTTCCCCATATTGGCCAG

(a)

Fo Ri
| I Al | AG GG AA
: G | o | 437pb
) (—
Fi Ro — e | 274pb
— c— 221pb

(b) ()

Figure 1. (a) DNA sequence used to design primers for rs972283 polymorphism. The
colored sequence area indicates the position where primers match the sequence. Light
blue: Primer Forward Outer (FO), Green: Reverse Inner primer (RI), Orange: Forward
inner primer (FI), Red: Reverse Outer primer (RO). (b) Schematic illustration of the te-
tra-primer T-ARMS PCR assay for SNP genotyping. Primers: Forward outer (FO); Re-
verse outer (RO), Forward inner (FI) and Reverse Inner (R]). X: deliberate mismatch. (c)
Products expected from T-ARMS PCR, discriminated by gel electrophoresis. (Adapted
from Ye et al. [13]).

Subject to the user input settings, the program identifies primer sets in se-
quence of Ye et al. [13]. Firstly, all of the possible inner forward and inner re-
verse primers are identified. For this set an “optimal” inner primer pair is identi-
fied which has the closest match to the input Tm and also the minimum Tm dif-
ference between the two primers. With default settings the following primer set
was chosen (Table 1). T-ARMS primers were verified for specificity using the
Primer-BLAST online application.

The tetra-primer ARMS-PCR method was successfully applied to classify
rs972283. The optimal PCR conditions and fragment sizes of the A and G alleles
for the KLF14 gene are shown in Table 1.

The allele-specific segments differed sufficiently in size to be distinguished by
3% agarose gel electrophoresis. For that reason was possible to differentiate be-
tween the G and A alleles of the KLF14 gene by means of the T-ARMS PCR
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Users input target DNA sequence, specify polymorphic site,
and define criteria for primers

(including primer Tm. GC%, length and complementarity, as well as product sizes)

l

Computing by softwatre

1. Compute all possible inner forward and inner reverse primers
that meet criteria specified by users

'

2. Pick an “optimal” inner primer pair
with their Tm closest to the optimal Tm specified by users and
with a minimal Tm difference between the two primers

|

3. Pick an outer reverse primers that satisfy user specified criteria and
that have a Tm equal to the mean Tm value of
the two inner primers selected in step 2

'

4. Pick an outer forward primers that satisfy user specified criteria and
that have a Tm equal to the mean Tm value of
the two inner primers selected in step 2

Position of ANP from start of sequence

Optimum primer Tm

!

Output:

Either primer details or error messages

(a)

534 65
Allele 1 Maximum primer Tm
A 80
Allele 2 Minimum primer Tm
G 50
Optimum primer size Maximum primer GC%
28 80
Maximum primer size Minimum primer GC%
30 20
Minimum primer size Maximum complementarity
26 8.00
Optimum (inner) product size Maximum 3' complementarity
200 3.00
Maximum (inner) product size Salt concentration (mM)
300 50
Minimum (inner) product size Annealing primer concentration (nM
100 50
Maximum relative size difference of two inner products - Number of outputs
2.5
Minimum relative size difference of two inner products
Pick primers | reset Help

1.4

(®)

Figure 2. (a) Flow chart of the T-ARMS PCR primer design program (Ye et al [13]); (b) Input of the sequence location of the
polymorphic site (position 534) and the alternative alleles (A/G).

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 an average length of 29 bases with a deliberate mismatch at posi-
tion 2 from the 3’-end. The mismatched bases are shown in bold letter in Table 1.

The development of the T-ARMS PCR was divided into four 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 T-ARMS PCR. We successfully obtained the
fragment of 437 pb (data not shown).

The second stage was to evaluate de optimal composition of each T-ARMS
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 homo-
zygous.

In the thirst stage we validated the results by sequencing. Thereby we obtained
control samples of known genotype to optimize the experimental condition for a
certain analysis of the samples by T-ARMS-PCR.

In the fourth stage we used modified standard ARMS, placing the primers pair
for the specific allele amplification separately (FO/RI and FI/RO). Thereby we
could design a simple and economical method to validate T-ARMS PCR when
the results obtained were uncertain.

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
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conditions. Thus, for the allele specific primers, the normal primer is refrac-
tory to PCR on mutant DNA and the mutant specific primer is similarly
non-functional on normal DNA. Newton et al [11] 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.

One of the inconvenients that difficult the genotipification of the samples was
the fact that the RI primer (specific for A allele) has GC-rich sequences near the
refractory mutation, producing unspecific amplifications of A allele in all the
samples, independently of the genotype. After analyzed 30 samples we observed
a characteristic pattern of three types of samples (Figure 3). One of them had
three high intense bands that we associated with a possible heterozygous (sample
2). The other ones had an intense band that correspond with the A allele size
(sample 1 and 3). However sample 1 has a smaller and lower intense band, asso-
ciated with G allele (shown with red arrowhead). These results complicated the
genotyping of the samples, because we could not identify if it was a heterozygote
sample or homozygote with unspecific band.

T-ARMS PCR results require a validation assay to confirm the specificity of
the assay. The results obtained by T-ARMS PCR were confirmed with DNA se-
quencing (Figure 4). Sample 3 shows concordance in genotype obtained in
T-ARMS PCR and sequencing, whereas samples 1 and 2 show no coincidence

with both methodologies.

Figure 3. Preliminary genotyping of the SNP rs972283 (A/G) by T-ARMS PCR. Lane 1:
Sample 1, Lane 2: Sample 2, Lane 3: Sample 3. Note that Sample 1 has a smaller and lower
intense band, associated with G allele (shown with red arrowhead). Mw: DNA Ladder 100
-3000 bp.

G/A G/IG A/A

Sample 1 Sample 2 Sample 3

Figure 4. Validation assay to confirm T-ARMS PCR result by using sequencing. Se-
quencing result of rs972283 showed sample 1 heterozygote A/G, homozygote G/G and
A/A genotypes, respectively.
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To correct the lack of agreement in the results of samples 1 and 2, different
strategies were implemented. We started with the determination of the optimal
annealing temperature (Ta).

The melting temperature (T'm) should be considered one of the most impor-
tant factors in order to achieve an allele-specific amplification [21]. 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 [22]. McDowell et al [23] 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 rs972283 did not have a high concentration of CG,
ranging from 30% (forward inner primer) to 39% (outer primers), with a Tm
ranging from 62°C to 65°C.

To identify the optimal annealing temperature we ran 9 PCR reactions with a
temperature gradient from 54.6°C to 64°C. The gradient reaction allowed us to
observe the amplification of each primer in the set as they approach their optim-
al Tm. Therefore, to optimize the annealing temperature we preceded by run-
ning gradient PCR amplifications with DNA of a heterozygote sample. The gra-
dient PCR experiment allowed a quick determination of the optimal annealing
temperature for a given reaction as depicted in Figure 5. When the three ex-
pected PCR fragments from a heterozygote were observed in the range of several
temperatures; one optimal annealing temperature was chosen. We consider the
gradient range 58.8°C - 63.5°C to be optimal for differentiation of the PCR
fragments from a heterozygote, hence the optimal annealing temperature chosen
was 60°C (Table 1).

outer primers)

7 bp
<274 bp (allele A
551 6p Egnglgef

O 0O O WO WO WO O O O
SN S AR S
PR Y &

Figure 5. PCR product amplified from a temperature gradient profile utilized for opti-
mizing the KLF14 gene T-ARMS PCR system. The same PCR reagents concentration was
used in all samples. A heterozygote individual was amplified with a temperature gradient
from 54.6°C to 64°C (lanes 1 - 9). Note that in lines 1 - 3, the allelic bands are weak. In
lanes 4 - 8 the two allelic bands (221 and 274 bp) and common band (437 bp) are present
and the profile is perfectly clear. In lane 9 the single lower allele (221 bp) band and com-
mon band (437 bp) are present and the 274 bp band is not clear. Mw: DNA Ladder 100 -
3000 bp.
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Balancing the primer concentration was another important step to obtain spe-
cifics 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 [13].

Proceeding with the 60°C Ta, the outer primers fragment was stabilized and
the intensity of the two inner primer amplicons balanced. For that reason, a pat-
tern among the intensity of the fragments and the each primers concentration
could be designed. Optimization of T-ARMS PCR was applied by using different
ratios of outer and inner primer concentration in 1:1 (0.75 pM), 1:2 (0.08 uM
and 0.16 pM), 1:5 (0.08 pM and 0.43 pM ) and 1:10 (0.08 uM and 0.85 uM). In
our assay, high concentrations of outer primers inhibited the formation of the
expected fragment of 437 bp (data not shown). Changes in outer primers con-
centration were sufficient to modify the fragment amplification and their inten-
sity. A 0.08 pM concentration of outer primers allowed the obtaining of the 437
bp fragment, however the smaller fragment of 221 bp (G allele) did not have
good intensity of the band.

The final primer concentration for rs972283 detection was triplicate the For-
ward inner concentration respect the others primers (Table 1).

The mutant and wild type allele were distinguished by the fragment size of
T-ARMS PCR product. The size of DNA fragments produced by a pair of com-
mon outer primers (non-allele-specific control band) and their combination
with 2 allele-specific inner primers (the wild-type and the mutant amplicons) in
simultaneous amplification can be separated by standard gel electrophoresis. It is
possible because of allele-specific inner primers were designed to anneal in the
opposite orientation and they are asymmetrically located with respect to the
common primers. The product of T-ARMS PCR specific for rs972283 contained
437 bp as a control fragment, 274 bp as A allele (mutant), and 221 bp as G allele
(wild type). In this report, we suggest that the DNA fragments between two spe-
cific allele could clearly separate if they have minimum 50 bp (Figure 6).

Garce’s-Claver and collaborators [24] reported that the smaller fragment of
the inner primers is disadvantaged by the formation of larger fragments, result-
ing in a weaker intensity of the band. In our case, with the same concentrations

of inner primers, not only the intensities of the allelic bands were different (the

AG GIG GIG AG AA AG AA AG AG Mw

Figure 6. T-ARMS PCR for rs972283. Genotype variation determined by control frag-
ment (437 bp), specific fragment of A allele (274 bp) and G allele (221 bp); and Mw: DNA
Ladder 100 - 3000 bp.
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1 2 3 4 5 6 7 8 9 Mw

437 bP

274 bp ?
221 bp

T T T
Sample 1 Sample 2 Sample 3
AIG GI/G AJA

Figure 7. Validation assay to confirm T-ARMS PCR result by modified standard ARMS
PCR. Lanes 1, 4 and 7(A allele amplification); lanes 2, 5 and 8 (G allele amplification);
lanes 3, 6 and 9 (T-ARMS PCR); and Mw: DNA Ladder 100 - 3000 bp.

A allele showed higher intensity respect to the G allele) but also the amplifica-
tion of both alleles was observed in the homozygous G/G by ARMS modified
PCR (data not shown). The analysis of reverse inner primer allowed us to ob-
serve that it has a CG sequence near the 3'end, which would probably allow the
unspecific binding with DNA, in spite of the deliberate mismatch (underlined in
Table 1).

A decrease in concentration of the reverse inner primer (A allele) versus con-
centration of forward inner primer (G allele) allowed correct identification of
genotype using as a control the sequencing results. We apply the methodology in
the analysis in more of 30 samples and the results allow the easy identification of
different genotypes with a simple PCR reaction and electrophoresis separation
(Figure 6). The reproducibility of the method was determined in five indepen-
dent PCR reactions on three different days. For the tested gene, wild-type, hete-
rozygous and homozygous positive controls were used. We observed complete
concordance between each test.

Finally, T-ARMS PCR for rs972283 detection it was also confirmed by mod-
ified standard ARMS PCR. Full accordance was found between both methods for
genotype determination (Figure 7).

Randomly selected 20% of samples were re-genotyped for cross validating ini-
tial genotypes by T-ARMS PCR and modified standard ARMS PCR. 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. Conclusions

In this study, T-ARMS PCR protocol was successively and thoroughly optimized
in terms of PCR cycling conditions and reaction components for SNP genotyp-
ing, with minimally equipped laboratories. We conclude that T-ARMS PCR is a
robust, simple and relatively economic method for genotyping of rs972283.
Furthermore T-ARMS 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.
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The critical steps to improve the specific amplification of the allelic variant of
the SNP were primer design, the ratio of outer and inner primers and their con-

centration, and the annealing temperature used in PCR reaction.
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