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Abstract
Background: Hyperhomocysteinemia as a consequence of the MTHFR 677 C > T variant is associated with
cardiovascular disease and stroke. Another factor that can potentially contribute to these disorders is a depleted
nitric oxide level, which can be due to the presence of eNOS +894 G > T and eNOS −786 T > C variants that make
an individual more susceptible to endothelial dysfunction. A number of genotyping methods have been developed
to investigate these variants. However, simultaneous detection methods using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) analysis are still lacking. In this study, a novel multiplex PCR-RFLP
method for the simultaneous detection of MTHFR 677 C > T and eNOS +894 G > T and eNOS −786 T > C variants
was developed. A total of 114 healthy Malay subjects were recruited. The MTHFR 677 C > T and eNOS +894 G > T
and eNOS −786 T > C variants were genotyped using the novel multiplex PCR-RFLP and confirmed by DNA
sequencing as well as snpBLAST. Allele frequencies of MTHFR 677 C > T and eNOS +894 G > T and eNOS −786 T > C
were calculated using the Hardy Weinberg equation.
Methods: The 114 healthy volunteers were recruited for this study, and their DNA was extracted. Primer pair was
designed using Primer 3 Software version 0.4.0 and validated against the BLAST database. The primer specificity,
functionality and annealing temperature were tested using uniplex PCR methods that were later combined into a
single multiplex PCR. Restriction Fragment Length Polymorphism (RFLP) was performed in three separate tubes
followed by agarose gel electrophoresis. PCR product residual was purified and sent for DNA sequencing.
Results: The allele frequencies for MTHFR 677 C > T were 0.89 (C allele) and 0.11 (T allele); for eNOS +894 G > T, the
allele frequencies were 0.58 (G allele) and 0.43 (T allele); and for eNOS −786 T > C, the allele frequencies were 0.87
(T allele) and 0.13 (C allele).
Conclusions: Our PCR-RFLP method is a simple, cost-effective and time-saving method. It can be used to
successfully genotype subjects for the MTHFR 677 C > T and eNOS +894 G > T and eNOS −786 T > C variants
simultaneously with 100% concordance from DNA sequencing data. This method can be routinely used for rapid
investigation of the MTHFR 677 C > T and eNOS +894 G > T and eNOS −786 T > C variants.
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Background
Methylenetetrahydrofolate reductase (MTHFR, EC
1.5.1.20) is a flavin adenine dinucleotide (FAD)-dependent
enzyme that irreversibly catalyzes the conversion of 5,
10-methylenetetrahydrofolate into 5-methyltetrahyrofolate.
The potent methyl donor 5-methyltetrahyrofolate enters a
remethylation homocysteine pathway to produce the
amino acid methionine [1], which in turn ensures a continuous biochemical pathway that maintains homocysteine
at healthy levels.
The accumulation of homocysteine has been shown to
be associated with carotid plaque thickness and carotid
stenosis, which have vital roles in clot formation and can
contribute to cardiovascular disease as well as stroke. [2].
Hyperhomocysteinemia is a consequence of single nucleotide polymorphisms (SNPs) in MTHFR 677 C > T that can
cause homocysteine levels in the blood to increase, usually
exceeding 15 μmol/L. MTHFR 677 C > T is the result of a
missense mutation occurring at position 222, where alanine is substituted with valine. The mutation results in a
thermolabile MTHFR that has lower enzyme activity at
37°C and alters flavin adenine dinucleotide (FAD) dissociation kinetics, leading to increased total plasma homocysteine [3].
Hyperhomocysteinemia predisposes a person to endothelial vascular injury because it can lead to loss of important endothelial vasodilator properties that are regulated by
nitric oxide (NO) and endothelial nitric oxide synthase
(eNOS). The condition is exacerbated when genetic variation present in eNOS leads to a further reduction in NO
production. Previous studies have reported that eNOS
+894 G > T and eNOS −786 T > C are associated with
silent brain infarction and adverse cerebrovascular
events [4].
Barbaux et al. [5] developed a multiplex heteroduplexing method to genotype SNPs for MTHFR and methionine synthase (MS). Although this method has the
potential for generating reliable, high-quality data and is
cheaper when compared to a real-time PCR method, it is
complex due to the necessity of performing an additional
cloning step for generating the heteroduplexes. The analytical time is also lengthy, requiring at least 16 hours for
genotyping of only a single SNP. Moreover, their method
utilized a polyacrylamide gel at a high concentration
(12%) for separation, which may pose a health hazard to
the researchers.
Another study performed simultaneous detection of
MTHFR 677 C > T and 1298 A > C variants using a simple
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method, the first multiplex
PCR method reported for MTHFR [6]. However, the study
has some limitations due to the fact that the enzyme
(MboII) was unable to recognize specific sequences at the
SNP site; it is more specific for 5′-GAAGA(N)8-3′, which
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results in the formation of non-specific bands. Furthermore, the study was only validated using uniplex PCRRFLP with no positive controls. DNA sequencing validation was also not performed.
Koksal et al. [7] developed a fast primer-engineered
multiplex PCR-RFLP method for the detection of MTHFR
677 C > T, prothrombin G20210A and factor V Leiden.
The advantage of their method is the use of a single restriction enzyme (MnlI) for simultaneous detection. However,
the method required the use of expensive equipment such
as an icyclerW (Bio-Rad), and the authors also reported that
their method is not applicable to routine work that
involves the analysis of a large number of samples.
Agarwal et al. [8] used a more advanced real-time multiplex PCR method for the simultaneous detection of
MTHFR 677 C > T and 1298 A > C that moved away from
conventional PCR methods. With improved probe design,
the researchers were able to detect melting peaks with
higher resolution, thus reducing the error in interpreting
RFLP results. This overcomes the disadvantages of using a
conventional PCR-RFLP method. However, the use of this
advanced technology is still too costly for routine
applications.
Using a conventional PCR-RFLP method, Hayati et al.
[9] genotyped 20 healthy Malays as controls and 22
patients with neural tube defects. Overall, 92.9% had the
homozygous CC genotype, 7.1% had the CT heterozygous genotype and no homozygous variants were
reported. They concluded that there is no association between the MTHFR 677 C > T polymorphism and neural
tube defects. However, their study is limited by the small
sample size.
In another study, Ghazali et al. [10] investigated the frequency of the eNOS +894 G > T polymorphism in 200
hypertensive Malays and 198 age- and sex-matched controls and reported the overall genotype frequencies to be
74% (GG homozygote), 25% (GT heterozygote) and 1%
(TT homozygote). They performed a conventional PCRRFLP method using the enzyme MboI, which can be timeconsuming. Furthermore, the researchers only genotyped a
single SNP of eNOS.
The eNOS −786 T > C polymorphism has been shown
to be associated with silent brain infarction [4]. In
Malaysia, six new stroke cases occur every hour [11]. To
our knowledge, this polymorphism has not been investigated among Malaysian Malays; for further understanding
of the pathogenesis of stroke, this population should be
investigated. Therefore, there is a need to develop a simultaneous detection method that is simple, robust, fast and
inexpensive for genotyping risk markers for stroke among
Malays. We aim to undertake this task by developing a
novel multiplex PCR-RFLP method for the simultaneous
detection of MTHFR 677 C > T and eNOS +894 G > T and
eNOS −786 T > C gene polymorphisms.
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Methods
Overview

The multiplex PCR was developed in accordance with the
QiagenW Multiplex PCR Handbook [12]. Primer 3 Software
(version 0.40) was used to design specific and functional
primers for the regions of interest. The primer specificity,
functionality and annealing temperature were tested using
uniplex PCR methods that were later combined into a single multiplex PCR. As a standard procedure prior to PCR,
the DNA concentration and purity were determined using
InfiniteW 200 NanoQuant (Tecan, Switzerland). Goodquality DNA was indicated by a 260 nm / 280 nm absorbance ratio between 1.8 and 2.0 [13].
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were designed with Primer 3 Software version 0.4.0 for the
analysis of MTHFR 677 C > T [14]. Prior to use, the
selected primer pair was validated against the BLAST database [15] to check for primer specificity [7] and eliminate
any possibility of repetitive sequences. Further hypothetical
sequences generated from the primers were retrieved from
the UCSC Genome Bioinformatics server [16], while hypothetical lengths of RFLP products were determined using
Restriction Mapper version 3 [17].
Multiplex Genotyping

This was a prospective study conducted at the Hospital
Universiti Sains Malaysia (HUSM) between October 2010
and January 2011. This study has been approved by the
local institutional review board at the Universiti Sains
Malaysia and complies with the declaration of Helsinki.
All Malays confirmed by three generations were healthy
subjects (n = 114) and comprised staff and students of the
Universiti Sains Malaysia between the ages of 18 and
55 years. They were screened using the inclusion and exclusion criteria before obtaining written informed consent.
These subjects were randomly selected healthy volunteers
with no previous history or family history of stroke, ischemic heart disease or migraine. Subjects who took Bvitamin complex supplements for a year were excluded
from the study.

A total PCR reaction mixture of 40 μL was prepared on
ice. The mixture consisted of double distilled water, 1 X
PCR Buffer II (100 mM Tris–HCl, pH 8.3, 500 mM KCl)
(ABI, USA), 1.5 mM magnesium chloride (ABI, USA),
600 μM GeneAmpW dNTP Blend (ABI, USA), 0.5 pmol of
each forward and reverse primer (677 F, 677R, 894 F,
894R) (NHK Bioscience SolutionW Oligonucleotide,
Korea), 0.6 pmol of the 786 F and 786R primers (NHK Bioscience SolutionW Oligonucleotide, Korea), 2.0 U of AmpliTaq GoldW DNA polymerase (ABI, USA) and 50–100 ng
of the DNA sample. A negative control containing doubly
distilled water instead of genomic DNA was also prepared.
Samples previously sequenced and found to contain mutations were used as positive controls. The reaction mixture
was gently tapped and centrifuged before each PCR.
PCR parameters consisted of an initial denaturation step
for 4 min at 95°C, followed by 35 cycles of 30 sec at 95°C,
1 min at 61.1°C and 1 min 30 sec at 72°C and a 7 min final
extension step at 72°C.

DNA extraction

Endonuclease Restriction Assay – RFLP method

Blood (1 mL) was withdrawn from the subjects and stored
in EDTA tubes (Fluka, USA). Genomic DNA was extracted
from whole blood (200 μL) using the QIAampW Blood
Mini Kit (Qiagen, Hilden, Germany) with a Spin Protocol
before genotyping.

Before the RFLP, the PCR products were separated into
three tubes for the analysis of the MTHFR 677 C > T,
eNOS +894 G > T and eNOS −786 T > C variants.
The first and second tubes were used to investigate the
MTHFR 677 C > T and eNOS −786 T > C variants. In
these tubes, the RFLP mixture consisted of 8.5 μL of
doubly distilled water, 0.1-0.5 ng of fresh PCR product, 1
X Fermentas Fast DigestW Buffer (Fermentas, Lithuania), 1
U Fermentas Fast DigestW HinfI restriction enzyme
(Fermentas, Lithuania) and 1 U Fermentas Fast DigestW

Sample Collection

PCR primers

The primers used for the analysis of MTHFR 677 C > T,
eNOS +894 G > T and −786 T > C SNPs using multiplex
PCR are described in Table 1. The 677 F and 677R primers

Table 1 Primers for MTHFR 677 C > T, eNOS +894 G > T and eNOS -786 T > C
Primer

Sequences

677 F

5′-CTC GCC TTG AAC AGG TGG AG-3′

20

58.3

60

Self-designed

677R

5′-CTG GAT GGG AAA GAT CCC GG-3′

20

58

60

Self-designed

894 F

5′-GTC CCT GAG GAG GGC ATG AG-3′

20

59.9

65

[18]

894R

5′-TCC AGC AGC ATG TTG GAC AC-3′

20

58.2

55

[18]

786 F

5′-GCA GGT CAG CAG AGA GAC TA-3′

20

55.9

55

[19]

786R

5′-GAC ACA GAA CTA CAA ACC CC-3′

20

53.6

50

[19]

*Tm = melting temperature of primers.

Length
(bases)

Tm*
(°C)

GC
(%)
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0.1-0.5 ng of fresh PCR product, 1 X NEBuffer 4W
(20 mM Tris-acetate, 50 mM potassium acetate, 10 mM
magnesium acetate, 1 mM Dithiothreitol, pH 7.9) (NEBW,
England) and 1 U of NEBW BanII restriction enzyme
(NEBW, England) were added to a PCR tube.
All three tubes were then incubated at 37°C for 30 min
using an Accublock Digital Dry Bath (Alpha Innotech,
USA) before PCR analysis.
Agarose gel electrophoresis

Figure 1 Agarose gel with PCR products from multiplex PCR for
MTHFR 677 C > T, eNOS +894 G > T and eNOS −786 T > C. Lane 1
contains Fermentas O’ GeneRulerW Ultra Low Range DNA Ladder
(25 bp - 700 bp); Lane 2 contains multiplex PCR products with band
sizes 178 bp, 248 bp and 371 bp; Lane 3 contains a positive control
for eNOS +894 G > T with band size 371 bp; Lane 4 contains a
positive control for MTHFR 677 C > T with band size 248 bp; Lane 5
contains a positive control for eNOS −786 T > C with band size 178;
and Lane 6 is a negative control.

MspI restriction enzyme (Fermentas, Lithuania). The
RFLP reaction mixture was gently tapped and briefly centrifuged before processing.
The third tube was used for the analysis of eNOS
+894 G > T. For this, 3.9 μL of doubly distilled water,

High-resolution agarose gels (5%) (BiolineW, USA) were
prepared and immersed into an electrophoresis gel chamber containing 1 X TAE buffer (Fluka, USA). Fermentas
6 x Orange DNA Loading DyeW (1 μL) (Fermentas,
Lithuania) was mixed with 1 μL of 100 X GelStarW (Lonza,
USA) and 1 μL of Fermentas O’ GeneRulerW Ultra Low
Range DNA Ladder [this consisted of 10 mM Tris–HCl
(pH 7.6), 10 mM EDTA, 0.025% orange G, 0.005% xylene
cyanol FF and 10% glycerol (Fermentas, Lithuania)] or
DNA sample on ParafilmW (Parafilm, USA) before adding
into the well.
For PCR and PCR-RFLP products, 4 μL of each product
was mixed with 1 μL of Fermentas 6 x Orange DNA Loading DyeW [10 mM Tris–HCl (pH 7.6), 0.15% of Orange G,
0.03% of xylene cyanol FF, 60% glycerol and 60 mM EDTA
(Fermentas, Lithuania)] and 1 μL of 100 X GelStarW (Lonza,
USA). The samples were loaded into the wells, and the system was run at 75 V for 1 hour. The fragments were visualized using an Alpha InnotechW Ultraviolet Transilluminator
(Alpha InnotechW USA) before the image was captured.
PCR product purification and DNA sequencing

WizardW SV Gel and PCR Clean-Up System (Promega,
USA) were used to purify the PCR products before they
were sent for sequencing. For this purpose, DNA bands of
the multiplex PCR that corresponded to a particular

Table 2 Summary of products and their sizes after digestion with Fermentas Fast DigestW HinfI, Fermentas Fast
DigestW MspI and NEBW BanII restriction enzymes
SNPs

Band size (bp)

MTHFR 677 C > T
CC-Wild type

Restriction enzyme recognized sequences
5′-GANTC-3′

Fermentas Fast DigestW MspI

5′-CCGG -3′

NEBW BanII

5′-G(G/A)GC(T/C)C -3′

248

CT-Heterozygote

248, 130, 118

TT-Homozygote

130, 118

eNOS −786 T > C
CC-Wild type

Restriction enzyme
Fermentas Fast DigestW HinfI

178

TC-Heterozygote

178, 137, 41

TT-Homozygote

137, 41

eNOS +894 G > T
GG-Wild type

371

GT-Heterozygote

371, 223, 139

TT-Homozygote

223, 139
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Figure 2 Agarose gel with PCR–RFLP products for analysis of
MTHFR 677 C > T and eNOS +894 G > T and eNOS −786 T > C.
Lane 1 contains Fermentas O’ GeneRulerW Ultra Low Range DNA
Ladder (25 bp - 700 bp); Lanes 2, 3 and 4 contain multiplex PCR-RFLP
products digested with 1 U of NEBW BanII restriction enzyme (NEBW,
England), 1 U Fermentas Fast DigestW HinfI restriction enzyme
(Fermentas, Lithuania) and 1 U Fermentas Fast DigestW MspI restriction
enzyme (Fermentas, Lithuania), respectively. The band sizes were
371 bp, 248 bp, 178 bp, 130 bp and 118 bp for all lanes. This indicates
that the sample is a TT genotype for MTHFR 677 C > T, GG genotype for
eNOS +894 G > T, and TT genotype for eNOS −786 T > C.

molecular weight were sliced from high-resolution agarose
gels (5%), and the purification steps were performed in accordance with the manufacturer’s instructions. DNA sequencing was outsourced to a local institution (Centre for
Chemical Biology, Penang, Malaysia).
SNP analysis

As a validation of our method, control subject nucleotide
sequences were run through snpBLAST [20] and compared
against the SNP database [21], where the SNPs were identified from a list with their particular SNP IDs. For example,
rs1801133 for MTHFR 677 C > T, rs1799983 for eNOS
+894 G > T and rs2070744 for eNOS −786 T > C were
found.
Genotype and allele frequencies

The expected genotype frequencies were directly calculated
using the Hardy Weinberg equation (p2 + 2pq + q2 = 1).

Results
Using this novel simultaneous detection PCR-RFLP
method, a total of 114 subjects were successfully genotyped. DNA samples (n = 50) were randomly sequenced for
validation of the method. As an additional confirmation,
an individual with a known genotype was genotyped using
a uniplex method, and the results obtained from this technique showed 100% concordance (Figure 1).
A summary of the PCR-RFLP product sizes is shown in
Table 2.
Amplification of MTHFR 677 C > T and HinfI

The size of the PCR product for the MTHFR 677 CT genotype was 248 bp. The Fermentas Fast DigestW HinfI restriction enzyme recognizes the sequence 5′-GANTC-3′, and
therefore, the MTHFR 677 TT genotype can easily be differentiated from the wild type (MTHFR 677 CC genotype)
because two distinct bands that correspond to 118 bp and
130 bp, respectively, will be generated. In contrast, the lack
of a HinfI recognition site (5′- GANCC -3′) with the C allele in MTHFR 677 C > T variants produces only one undigested band together with the 248 bp band. A
heterozygous individual will have three bands, with two
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Figure 3 Sequencing result confirming the MTHFR 677 C > T variants. The highlighted “C” is cytosine, indicating the presence of the MTHFR
677 C > C variant.

bands coming from nucleotide T and the other from nucleotide C (Figure 2). Of the 114 subjects, 50 control samples were randomly selected for DNA sequencing to
identify MTHFR 677 C > T variants.
Figure 3 is a chromatogram for the sequences of 5′GANTC -3′ tested using BioLign Alignment and Multiple
PhrapEditor. The sequencing result matches that of the
PCR-RFLP and snpBLAST analysis. Figures 4 and 5 are the
chromatograms for the sequences of 5′-G(G/A)GC(T/C)C
-3′ and 5′-CCGG -3′ respectively.
Allele and genotype frequencies

The genotype and allele frequencies for MTHFR 677 C > T
and eNOS +894 G > T and −786 T > C are shown in
Table 3.

Discussion
Our study is the first to simultaneously determine the
genotype and allele frequencies of MTHFR 677 C > T and
eNOS +894 G > T and - eNOS 786 T > C gene polymorphisms in a Malaysian population.
We have successfully developed a new, simple method
for the simultaneous detection of the MTHFR 677 C > T
and eNOS +894 G > T and eNOS −786 T > C genetic polymorphisms. The method was successfully applied to the
genotyping of 114 healthy Malay volunteers with significantly reduced pre-PCR preparation and reaction times
when compared to single multiple PCR reactions.
In this study, PCR components such as the concentration
of magnesium chloride, primers, dNTP and Taq DNA polymerase were optimized to achieve the lowest concentration

Figure 4 Sequencing result confirming the eNOS +894 G > T
variants. The highlighted “G” is guanine, indicating the presence of
the eNOS +894 G > G variant.

possible while producing bands with the greatest intensity.
Apart from PCR components, the PCR conditions were also
optimized; generally, the lower the annealing temperature,
the higher the chances of non-specific products [22].
One of the most critical steps for successful development
of a new multiplex PCR method is the primer design. In
this study, the primers for amplification of MTHFR 677 C >
T were designed using Primer 3 Software, version 0.4.0
(http://frodo.wi.mit.edu/primer3/). Both the forward and
reverse MTHFR 677 C > T primers were under 20 base
pair (bp) in length with a guanine located at the 3′ end for
both forward and reverse primers to increase their specificity for the template DNA. Primer length is related to primer annealing temperature and hybridization stability [12].
An optimum primer length is between 18 and 30 bases,
and the final eight to ten bases at the 3′ end playing a
major role in the specificity of the primer [23].
The primer melting temperature can indicate DNA-DNA
hybrid stability and is important for the optimization of
PCR annealing temperature (Ta). Extremely high Ta values
cause insufficient primer-template hybridization and can
yield less PCR product, while low annealing temperatures
can cause a high number of primer mispairings and nonspecific bands [6]. The GC content is related to the primer
melting temperature and plays a role in the annealing step
of PCR. A previous study reported that a GC content of 4560% results in more specific hybridization [23]. We developed our method based on the above recommendations: the
MTHFR 677 C > T primers are 20 bp long, with 60% GC
content to maintain the melting temperature above 50°C as
well as to avoid the formation of non-specific bands [23].
Fast PCR and Integrated DNA Technology software was
used to examine the primer melting temperature using the
nearest-neighbor method [18]. More than three decades
ago, Wallace et al. [19] proposed the following formula to
calculate the melting temperature for primers with 18 to 30
nucleotides: (Tm, °C) = 2 (A + T) + 4 (G + C). However, this
formula is applicable only to the hybridization of
membrane-bound oligonucleotides and not to primer melting temperature [19]. A more recent study conducted by
Allawi and SantaLucia [18] suggested the application of the
nearest-neighbor method (Tm, °C = dH / (dS + R In (c/4))
dH
þ 16:6 log10 ½K þ   273:15 ) with the assumption
dSþR In ð4c Þ
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Figure 5 Sequencing result confirming the eNOS −786 C > T variants. The highlighted “T” is thymine, indicating the presence of the eNOS
−786 T > T variant.

of a helix-coil transition where the homoduplex DNA was
considered to have a zipper formation [24].
The melting temperature of the PCR product also
plays a major role in the efficiency of the multiplex PCR.
The melting temperature of the PCR products can be
calculated using the equation proposed by Rychlik et al.
[25], where Tm = 81.5 + 0.41 x (%GC) + 16.6 log [K+] (675 / length of PCR product) and [K+] is 50 mM.
To eliminate mispairing and the formation of any nonspecific products, a hot start method was used in this
study. Mispairing and primer-dimers often occur at suboptimal primer annealing temperatures, and these mispairings can further be amplified in a PCR reaction, yielding
low amounts of the specific PCR product [26]. An initial
denaturation step at 95°C for 4 min is ideal, as it has been
found to dissociate bound anti-Taq DNA polymerase antibody from the DNA polymerase and activates the enzyme
for specific DNA amplification [26].
One unit of AmpliTaq GoldW DNA polymerase can incorporate 10 μM of dNTP per 30 min at 74°C [27]. Accordingly,
20 μM dNTP is required for the activity of 2.0 U of AmpliTaq
GoldW DNA polymerase. GeneAmpW dNTP Blend was added
at a concentration of 600 μM into the PCR reaction mixture
because the dNTP concentration is determined by the size of
the PCR amplicon. Furthermore, the unit of DNA polymerase
used does not solely determine the extension time.
The annealing temperature of the PCR must ensure that
both sets of forward and reverse primers bind specifically
and efficiently to the template DNA. We used the formula
Table 3 Genotype and allele frequencies in Malaysian
healthy subjects
Polymorphisms

Genotype
frequencies (%)

MTHFR 677 C > T

CC

CT

TT

C

T

0.79

0.20

0.01

0.89

0.11

eNOS +894 G > T
eNOS −786 T > C

Allele
frequencies (%)

GG

GT

TT

G

T

0.32

0.52

0.16

0.58

0.42

CC

TC

TT

C

T

0.05

0.15

0.80

0.13

0.87

Ta = 0.3 x Tm (primer) + 0.7 x Tm (product) -14.9 to calculate the Ta of all primers as recommended by Rychlik et al.
[27]. The calculated annealing temperatures for MTHFR
677 C > T, eNOS +894 G > T and eNOS −786 T > C were
58.8°C, 62.4°C and 58.1°C, respectively. Using a gradient
annealing temperature optimization, 61.1°C was found to
yield three bands that corresponded to the desired SNPs.
The rule of thumb for the extension step is that 1000 bases
are incorporated into the DNA product every minute [28].
The extension step of the PCR was 90 seconds at 72°C,
which theoretically is able to incorporate 1.5 kb of
nucleotides.
To identify MTHFR 677 C > T, eNOS +894 G > T and
eNOS −786 T > C variants, 1.0 U Fermentas Fast DigestW
HinfI restriction enzyme, 1.0 U Fermentas Fast DigestW
MspI restriction enzyme and 1.0 U of NEBW BanII restriction enzyme, respectively, were used in separate tubes to
avoid errors. Restriction enzymes have the unique ability to
recognize a particular DNA sequence. Therefore, a series
of SNPs can be simultaneously detected from the same
PCR product. To avoid double digestion of the PCR product and non-specific band formation, the PCR products
should not contain the recognition site of more than one
enzyme. Double digestion conditions may cause incomplete or partial digestion of PCR products, leading to interpretation as heterozygote variants instead of homozygote
variants. Undoubtedly, multiple uniplex reactions have an
added advantage because each gel lane represents a particular SNP as compared to multiplex reactions, where
bands that correspond to other SNPs also appear in a
single lane.
Polyacrylamides are hazardous to the central nervous
system; thus, some researchers use non-hazardous methods such as high-resolution agarose gels (BiolineW, USA)
as alternatives. With the high gel strength and small
pore size, high-resolution agarose gels are thought to be
comparable to polyacrylamide for discriminating small
base-pair differences. In contrast to real-time PCR
assays, this conventional electrophoresis system is cost
effective and can be applied for routine laboratories
services. Real-time PCR assays do allow for rapid SNP

Loo et al. BMC Medical Genetics 2012, 13:34
http://www.biomedcentral.com/1471-2350/13/34

genotyping but use expensive Taqman approaches
(probe or SYBR-green) that may not be feasible for most
diagnostic laboratories.
This method was successfully used to genotype 114
healthy subjects. To validate our newly developed multiplex PCR, DNA samples were randomly selected for sequencing. In our opinion, sequencing is a more reliable
method than genotyping DNA samples via conventional
uniplex PCR-RFLP as conducted by Yi et al. [6] because
SNPs can easily be determined by direct sequencing [29].
The sizes of the PCR products generated from our primers for MTHFR 677 C > T, eNOS +894 G > T and eNOS
−786 T > C were 248 bp, 371 bp (similar to Dutra et al.
[30]) and 178 bp (similar to Xin et al. [31]), respectively. A
study conducted by Yi et al. [6] showed that amplified
DNA sequences may be too short to be sequenced, questioning the reliability of this method. Our DNA sequencing
result, however, clearly showed that genetic variants from
the chromatogram were in accordance with the gel analysis, thus confirming the reliability of our new method.
The frequency of the C allele in healthy Malaysian
Malays for MTHFR 677 C > T was 89%, while that for the
T allele was 11%. This is similar to that reported by Hayati
et al. [9], who reported 92.9% homozygotes and 7.1% heterozygotes. It is also comparable to previously published
case–control studies of Singaporeans, where the reported
allele frequencies were 82% and 18% for the C and T
alleles, respectively [32]. Indians were reported to have frequencies of 83% and 17% for the C and T alleles, respectively [33]. These comparable case–control studies are in
accordance with our eNOS −786 T > C allele frequency.
However, the C allele frequency for MTHFR 677 C > T
differed from that reported among the Chinese (30.1%)
[34], Japanese (28%) [35] and Koreans (33.2%) [36]. For
eNOS −786 T > C, the C allele frequency differed from that
of the Iranians (21.7%) [37] and the Southern Americans
(5%) [38]. These differences may be due to differences in
genetic make-up among the different ethnic populations.
The G and T allele frequencies for eNOS +894 G > T
were 0.58 and 0.42, respectively, which is similar to that
reported for France [39], the United Kingdom [40] and
Tunisia [41]. However, this allele frequency was different from previously published reports on Malaysian
Malays [10], Singaporeans [32] and Chinese [2], while
the reported T allele frequency for these three populations, particularly the Chinese, was as low as 0.11 [2].
The discrepancy in allele frequency between our study
and that of Ghazali et al. [10] may be due to the different populations and sampling. In our study, the healthy
Malay subjects were randomly selected from students
and staff from our institution, while in their study, the
control subjects were age- and sex matched to the
hypertensive patients; they were thus not randomly
selected.
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Conclusions
The newly developed simultaneous detection method for
the three SNPs is simple, inexpensive and reproducible and
can be routinely applied in most laboratories for the identification of allelic and genotypic frequencies.
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