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RÉSUMÉ

PCR T-ARMS optimisée pour la détection du poly-
morphisme CYP2C19*2 dans la population Khmère 
du Delta du Mékong

Introduction.  Le polymorphisme nucléotidique 
simple (SNP) CYP2C19*2 modifie considérablement 
le métabolisme du clopidogrel, un antiplaquettaire clé 
prescrit pour réduire le risque d’accident vasculaire 
cérébral, augmentant ainsi le risque de complications 
cardiaques chez les personnes concernées. 
L’objectif de l’étude  était d’identifier ce polymor-
phisme, pour minimiser les réactions indésirables et 
permettre des interventions rapides. Bien que diverses 
méthodes de détection rapide des SNP soient dispo-
nibles, le choix de la technique la plus appropriée peut 
être difficile. La PCR Tetra ARMS est une méthode 
largement utilisée pour la détection des SNP que nous 
avons cherché à optimiser, en particulier pour détecter 
le polymorphisme CYP2C19*2 dans cette étude. 
Matériel et méthodes.  Le mélange de PCR et les 
points temporels du cycle thermique ont été examinés 

ABSTRACT

Introduction.  The CYP2C19*2 single nucleotide poly-
morphism (SNP) significantly alters the metabolism of 
clopidogrel, a key antiplatelet drug prescribed to re-
duce stroke risk, thereby increasing the risk of cardiac 
complications in affected individuals. 
The objective of the study  was to identify this poly-
morphism, for minimizing adverse drug reactions and 
enabling timely interventions. While various methods 
for rapid SNP detection are available, choosing the 
most appropriate technique can be challenging. Tetra 
ARMS PCR is a widely used method for SNP detec-
tion that we aimed to optimize, specifically to detect 
CYP2C19*2 polymorphism. 
Material and methods.  The PCR mixture and ther-
mal cycling time points were examined and modified 
to improve PCR performance on detecting CYP2C19. 
Isopropanol was used to extract the DNA from the 
oral mucosal cell samples taken from 35 randomly se-
lected Khmer volunteers, regardless of their age, gen-
der, or health status. 
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INTRODUCTION

Under the development of technical and in-
formation technology, the selection and design of 
a polymorphic recognition method customized to 
user needs can be done easily. Genetic variations 
in the drug-metabolizing enzyme gene groups have 
been one of the key targets in most research for more 
than six decades, specifically the variations resulting 
from point mutations of a gene/gene cluster. For cer-
tain genes, these associations have been verified and 
have made great contributions to medicine. The cy-
tochrome P450 enzyme family, comprising CYP1A2, 
CYP3A4/5, and notably, CYP2C19, is the major 
groups of enzymes that contribute to the metabolism 
of clopidogrel1. Within these gene clusters, single nu-
cleotide polymorphisms (SNPs) are prevalent, exhibit-
ing various mutations such as nucleotide additions, 
deletions, or repeats2,3,4. These mutations give rise to 
phenotypic manifestations ranging from loss of func-
tion to enhanced gene activity, categorized into poor 
drug metabolism, intermediate drug metabolism, 
normal drug metabolism, and ultrarapid drug me-
tabolism5. The enzymatic activity of CYP450 enzymes 
is influenced by both endogenous and exogenous fac-
tors, impacting the body’s drug metabolism and ab-
sorption rates, as evidenced by SNP polymorphisms6.

Among these enzymes, CYP2C19 is particularly 
noteworthy, catalyzing the conversion of 15% of clopi-
dogrel in the liver and small intestine into its active 
form7. Notably, CYP2C19*2 represents a significant 
variant within the CYP2C19 gene. The polymor-
phism of CYP2C19 variant*2 (rs4244285) caused by 
the substitution point mutation of G681A has a sig-
nificant impact on the patient’s ability to tolerate 
and potentially compromise the drug’s efficacy. The 
impact of CYP2C19*2 polymorphism is contingent 
upon the specific variants harbored by individual 
patients8-10. Recent research conducted among the 
Vietnamese population indicated that the prevalence 
of the CYP2C192 genotype was 20.5% and 26.4%11,12. 
Despite significant similarities in the proportion of 
phenotypes containing SNPs between these studies, 
research on the CYP2C192 variant in Vietnam has 
predominantly focused on the Kinh ethnic group, 
with limited data available on ethnic minorities such 
as the Khmer population. Although various methods 
exist for surveying these genetic variations, many are 
associated with significant time and cost requirements.

The Tetra-primer ARMS-PCR technique emerg-
es as a promising method for detecting SNP poly-
morphisms, offering simplicity and high accuracy. 
However, its adoption is still constrained in Vietnam, 
necessitating further exploration and optimization 
for efficient screening of CYP2C19*2 polymorphism.

et modifiés pour améliorer les performances de la PCR 
sur la détection du CYP2C19. L’isopropanol a été uti-
lisé pour extraire l’ADN des échantillons de cellules 
de la muqueuse buccale prélevés sur 35 volontaires 
khmers sélectionnés au hasard, quels que soient leur 
âge, leur sexe ou leur état de santé. 
Les résultats  ont démontré que, dans des circons-
tances modifiées, l’amplification optimale s’est pro-
duite après 35 cycles avec une température de recuit 
de 56°C et 5% de diméthyl sulfoxyde. Les génotypes 
détectés étaient *1/*1 (21 sur 35) et *1/*2 (14 sur 35), 
sans *2/2 identifié. Notre recherche s’aligne sur des 
études précédentes, montrant que la PCR T-ARMS est 
un moyen efficace, rentable et rapide de dépister les 
polymorphismes du CYP2C19*2. 
Conclusions.  Ces résultats jettent les bases de futures 
études sur l’intervention contre les accidents vascu-
laires cérébraux parmi les populations khmères du 
delta du Mékong.

Mots-clés:  clopidogrel, CYP2C19*2, Khmer, poly-
morphisme, PCR T-ARMS.

Results.  The outcomes demonstrated that, under 
modified circumstances, optimal amplification hap-
pened after 35 cycles with an annealing temperature 
of 56°C and 5% dimethyl sulfoxide (DMSO). The de-
tected genotypes were *1/*1 (21 out of 35) and *1/*2 
(14 out of 35), with no *2/2 identified. 
Conclusions.  Our research aligns with previous stud-
ies, showing T-ARMS PCR as an effective, cost-effi-
cient, and rapid way for screening CYP2C19*2 poly-
morphisms. These findings lay the foundation for 
future studies on stroke intervention among Mekong 
Delta Khmer populations.

Keywords:  clopidogrel, CYP2C19*2, Khmer, polymor-
phism, T-ARMS PCR.

List of abbreviations:
CYP2C19 – cytochrome P450 2C19
SNP – single nucleotide polymorphism
PCR – polymerase chain reaction
T-ARMS – Tetra-primer Amplification Refractory 
Mutation System
DNA – deoxyribonucleic acid
dNTP – deoxynucleotide triphosphates
UV – ultraviolet
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THE PRIMARY OBJECTIVE OF THE STUDY was to 
optimize and evaluate the T-ARMS-PCR technique 
for the detection of CYP2C19*2 polymorphism in 
the Khmer ethnic population of the Mekong Delta 
region, Vietnam. Additionally, the study aimed 
to determine the prevalence of the CYP2C19*2 
genotype in this population, addressing the current 
gap in genetic data of this group. By optimizing the 
T-ARMS-PCR method, the study aimed to provide 
a reliable, cost-effective approach for SNP detection, 
which can be used to improve pharmacogenetic 
testing and contribute to personalized medicine in 
the region.

MATERIAL AND METHODS

Chemicals

Agarose powder (Sigma);  DNA 100bp 
HyperLadder™ (Meridian Bioscience); EDTA 0.1M 
solution; Isopropanol; Loading buffer 6X; Master 
Mix 10X (ThermoFisher); Platinium Taq polymer-
ase (Invitrogen); Proteinase K solution; Safeview dye 
(Meridian Bioscience); Saline solution 0.9%; SDS 
0.5%; Tris-EDTA solution (0.1X); T-ARMS PCR 
primers for rs4244285 gene region; TBE 10X (Sigma).

Materials

A cross-sectional descriptive study was con-
ducted on 35 Khmer students who voluntarily en-
rolled from May 2023 to April 2024 in Can Tho 
University, Vietnam. Samples (buccal cells) were col-
lected from volunteers who are physically healthy at 
the samples-collecting period. The volunteers were all 
introduced to the research purposes and had given 
their signed consents. The study was approved by the 
Ethics Committee (approval number BQ2023-02/
VCNSHTP on April 6th, 2023), confirming 

compliance with ethical principles, including the 
protection of participants’ rights, privacy, and con-
fidentiality.

Sample Collection and DNA Extraction

Oral mucosa samples were collected from 35 
volunteers following the method described by Aidar 
& Liner13 with modifications. The samples were re-
suspended in 0.9% saline solution, iced and trans-
ported to the Molecular Biology Laboratory at Can 
Tho University. Upon arrival, the samples were cen-
trifuged, and the resulting pellets were subjected to 
DNA extraction using Cell Lysis Buffer (Tris-HCl, 
SDS, EDTA, and NaCl) and Proteinase K activated 
enzyme solution (ABT, Vietnam). DNA purity and 
concentration were assessed with NanoDrop One 
meter (Thermo Scientific, USA) and visualized on a 
0.8% agarose gel.

T-ARMS PCR Optimization

Optimization of the Tetra-primers ARMS PCR 
protocol was performed to enhance its efficiency. 
Modifications to the thermal cycling conditions and 
mixture components were based on the method re-
ported14 (Table 1). The original PCR settings involved 
an initiation at 95°C for 5 minutes, followed by 32 
cycles of denaturation at 95°C (30 seconds), anneal-
ing at 56°C (30 seconds), extension at 72°C for 20 
seconds, and lastly storage at 4°C.

Various parameters were assessed to determine 
optimal conditions for each step of the PCR proto-
col. Denaturing, annealing, and extension times 
were evaluated at different intervals, ranging from 
20 seconds to a minute. Additionally, the concentra-
tions of MgCl

2
 and the presence of dimethyl sulfox-

ide (DMSO) were varied to optimize amplification 
efficiency. MgCl

2
 concentrations were analyzed at 2 

mM, 3 mM, and 4 mM, while DMSO was evaluated 

Table 1. Primers sequences used in T-ARMS PCR in this research [14]
Primer 5’-3’ Expected band size (bp)

Outer Forward TACAACCAGAGCTTGGCATATT
311 bp

Outer Reverse TCAATGAATCACAAATACGCAA

Inner Forward (allele G) CCCACTATCATTGATTATTTCACG 219 bp

Inner Reverse (allele A) GGTTTTTAAGTAATTTGTTATGGGTTACT 144 bp

Table 2. Parameters changes that were made in this research to optimize the reaction
Name Parameters Degrees

Heat cycle
Numbers of cycle 30 cycles 32 cycles 35 cycles 40 cycles

Annealing time 20 seconds 30 seconds 45 seconds 1 minute

Reaction components
MgCl

2
 concentration 2.0 mM 3.0 mM 3.5 mM 4.0 mM

Use of DMSO Yes No
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at a concentration of 5%. The resulting amplifica-
tion products were visualized on a 2% gel containing 
Safeview dye and visualized under UV light.

Statistical analysis
All statistical probabilities calculations used in 

this study were conducted on Minitab software (ver-
sion 18.1) with a confidence level of 95% (95% CI) to 
evaluate the genotype frequency of Vietnam Khmer 
ethnicity population.

RESULTS

Result of T-ARMS PCR amplification with modi-
fied conditions

The extracted DNA was evaluated for its purity 
and its concentration to select qualified samples to 
perform PCR reactions. The closer the purity of the 
sample was to the DNA extraction standard (A

260
/

A
280

 = 1.8 – 2.0; concentration ≥ 30 ng/μl), the clear-
er the bands. In total, we had collected 35 qualified 
DNA samples with A260/A280 index from 1.4 – 2.0 
and with concentration ≥16 ng/μl. 

Achieving the highest efficiency requires the re-
searcher to re-evaluate all factors in the mixture and 
its thermal cycle, making the optimization phase la-
borious. The thermal cycle and reaction composition 
proposed in the study of Rupoma14 were repeated be-
fore conducting the necessary investigation. The am-
plification reaction based on the original study gave 
blurry results, which were difficult to observe even on 
agarose gels containing a higher percentage than sug-
gested. After investigation, the thermal cycle for the 
rs4244285 region was modified to ensure clear and 
accurate amplification of CYP2C19 polymorphisms. 
More specifically, the optimal annealing temperature 

for all three primer pairs was achieved at 56oC with 
a total of 35 cycles. This change can occur because 
the input samples were not purified, so the reaction 
needs more time to completely break down the bonds 
between the DNA strands and the binding proteins 
to release the two separate DNA strands. These 
changes need to happen at the same time, changing 
only one element will not give the desired amplifica-
tion results; if the coupling time is too long, it may 
inhibit the Taq polymerase binding to the template 
strand; leading to amplification failure. In addition, 
T-ARMS PCR reaction was best visualized at a final 
2 mM MgCl

2
 concentration in the mixture along 

with DMSO 5% present. The final reaction mixture 
(25 μl) included: 2.5 μl Taq mix PCR 10X buffer 
(Invitrogen, USA), T-ARMS primers (10 pmol/μl) in 
equal volume, 3 μl sample DNA, 1U Taq polymerase, 
10 mM dNTP mix (Invitrogen, USA), BiH

2
O with 

DMSO 5%. The PCR product of the outer primer 
pair was used as an internal control for each reaction. 
This meant that we only report results showing the 
311-bp fragment on the 2% agarose gel. This helps to 
eliminate false positive bands.

Based on the results of the 2% agarose gel elec-
trophoresis (Figure 1), representative DNA samples 
after performing the T-ARMS-PCR reaction all 
yielded bands as reported14. The expected sizes of the 
products were 311 bp, 219 bp and 144 bp, respective-
ly. Among them, the 2-band samples, with product 

Figure 1. CYP2C19*2 thermal cycles optimization 
results on 2% agarose gel. The order of the wells are 
as follows: (1 – 2) PCR results of 30 thermal cycles; 

(3 – 4) PCR results of 32 thermal cycles; (L) DNA ladder 
1000 bp; (5 – 6) PCR results of 35 thermal cycles; 

(7 – 8) PCR results of 40 thermal cycles. All amplifications 
were performed with a singular DNA extracted sample. Figure 2. CYP2C19*2 MgCl2 concentration PCR 

optimization results on 2% agarose gel. The order 
of the wells are as follows: (L) DNA ladder 1000 bp; 

(1 – 2) PCR results of 2.0 mM concentration; 
(3 – 4) PCR results of 3.0 mM concentration; 
(5 – 6) PCR results of 3.5 mM concentration; 
(7 – 8) PCR results of 4.0 mM concentration. 

All amplifications were performed with a singular 
DNA extracted sample for 35 cycles, with DMSO.
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sizes roughly of 311 bp and 219 bp, were samples car-
rying the wild genotype (*1/*1). The 3-band samples 
were samples with heterozygous genotype (*1/*2). 
The 2-band samples with expected product sizes of 
311 bp and 144 bp were homozygous samples carry-
ing the mutated genotype (*2/*2) (Figure 2).

Result of detecting allele frequency and geno-

type frequency on CYP2C19*2

Among the 35 Khmer samples analyzed, 21 sam-
ples had the wildtype genotype (*1/*1) and 14 sam-
ples had the genotype (*1/*2). The genotype (*2/*2) 
did not appear among the 35 samples we had gath-
ered. The presence of CYP2C19*2/*2 genotype is 
proportionately correlated to the sample numbers, 
owed to its rarity among the CYP2C19*2 genotypes. 
The most recent multi-nationality study conducted in 
Vietnam (2019) focusing on the northern region of 
the country with five different nationalities reported 
the presence of *2/*2 genotype as such: Kinh people 
(3 out of 100), Tay people (13 out of 103), Muong peo-
ple (11 out of 99). Our finding is also consistent with 
similar research among other Asian populations, i.e. 
the genotype frequency of CYP2C19*2/2* in 6,686 
volunteers of the Hakka ethnic population, southern 
China was 9.75% (652 out of 6686). CYP2C19*2/*2 
genotype was also reported at a similarly low rate 
9.9% (93/939, p = 0.016) in an upscale hospital-based 
co-hort study in Meizhou, China (2023)15. 

The prevalence of mutant CYP2C19 alleles 
shows ethnic differences, with significant differences 
existing between Caucasian and Asian groups. The 
frequency of CYP2C19*2 was recorded at a range 
from 2% to 7% in Caucasians and 14% to 25% in 

Asians16-18. This shows that in this study, the percent-
age of CYP2C19*2 allele is compatible with previ-
ous studies. Based on Table 3, the result suggested 
that the percentage of the CYP2C19*2 allele in the 
Khmer ethnic group in this study is 20%.

DISCUSSION

Extracting DNA from oral mucosa is a quick, 
convenient, controllable, and mostly painless method 
for sample-givers. Currently, this is the most popu-
lar form of sample collection, both in research and 
clinical examination19. DNA degradation during the 
extraction process is inevitable to some extent due 
to the nature of the buffers, chemical and physical 
effect throughout the extraction. In this research, we 
use DNA extraction via isopropanol. This method 
limits exposure to toxic chemicals (i.e., chloroform) 
but has certain disadvantages in incubating time and 
sample quality when compared to other methods13,20. 
To tackle this problem, we suggest using the presence 
of a successfully amplified housekeeping gene on the 
same chromosome as a control. 

The specificity of a PCR reaction depends on fac-
tors such as the ratio between outer and inner primer 
pairs, MgCl

2
 concentration, as well as other factors 

to limit unwanted by-products. More specifically, 

Figu re 3. Assessment of DMSO 5% role 
in aiding CYP2C19*2 PCR amplifications 

results on 2% agarose gel. 
The orders are as follows: (1 – 2 – 3) are amplification 
without presence of DMSO; (L) DNA ladder 1000 bp; 

(5 – 6) are amplification with presence of DMSO. Well 7 is 
the negative control – no DNA presence. 

All amplifications were performed with a singular DNA 
extracted sample for 35 cycles. Figure 4. CYP2C19*2 PCR annealing temperature 

optimization results on 2% agarose gel. The orders are 
as follows: (1) is amplification achieved at 45 seconds 

annealing time; (2) is amplification achieved at 1 minute 
annealing time; (3) is amplification achieved at 30 seconds 
annealing time; (4) is amplification achieved at 20 seconds 

annealing time; (L) DNA ladder 1000 bp. All amplifica-
tions were performed with a singular DNA extracted 

sample for 35 cycles, with DMSO.
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they are key factors that play a role in determining 
the correct pairing and formation of heterozygous 
bands (GA – *1/*2) or homozygous recessive bands 
(AA – *2/*2). In this study, the ratio of 2:1 and 1:1 
for the outer – inner pair has no significant effect on 

the amplification results. At ratio levels less than 1:1, 
primer pairs that amplify 219 bp and 144 bp bands 
cannot be observed on agarose gels. Changing the 
MgCl

2
 concentration will enhance or limit the ability 

of Taq polymerase enzyme depending on the types of 

Figure 5. (A) CYP2C19*2 polymorphism Sequence Alignment of amplified T-ARMS PCR Sanger sequencing results. 
The alignment was as follows: “Flanking” sequence represented the CYP2C19*2 SNP-carrier gene region on exon 5, 
chromosome 10. “Exon 5_dbSNP” represented the no-mutation CYP2C19*2 gene region on exon 5, chromosome 10. 
“Outer primer” represented the sequence amplified by T-ARMS PCR outer forward primer. “IR primer” represented 

the sequence amplified by T-ARMS PCR inner reverse primer, which is the SNP (G>A) detecting strand. 
The flanking and Exon 5 sequences were obtained through NCBI database (last accessed on 22/06/2024). 

(B) Sequencing results showing SNP positions in amplified product of a heterozygote sample. The upper sequence 
showed the G mutation whereas, in the same codon, no mutation was presented (under part).
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amplification that is being used21-23 At MgCl
2
 concen-

trations higher than 2 mM, the CYP2C19 T-ARMS 
amplification band becomes lighter. 

DMSO is a compound with high polarity, high 
dielectric constant and has been utilized extensively 
in chemical and biological research. It has been dem-
onstrated to have the ability to influence numerous 
molecular processes, notably replication, regulation 
of gene expression, recombination, and PCR in vitro. 
DMSO, glycerol or betaine are additives that have 
been shown to support amplification reactions of 
gene regions with high GC% as well as the ability to 
reduce the final temperature for the annealing stage 
(reducing 0.75°C for every 2% DMSO of the total 
reaction volume)12,18,23,24. Each additive has its role in 
different PCR products. Some additives work better 
in specific PCR reactions which fail for others. When 
used in PCR, DMSO binds to the genetic material at 
the cytosine site and changes its form, thereby mak-
ing the DNA more vulnerable to heat denaturation. 
Since most primers are rich in G-C content, DMSO 
helps primers anneal to the template indirectly, which 
improves amplification. This is particularly beneficial 
for templates that include a considerable amount of 
GC since the stronger hydrogen bonds make it harder 
to denaturize the template and encourage the forma-
tion of intermolecular secondary structures, which 

might interfere with primer annealing. The percent-
age of DMSO investigated in this study showed the 
best result at 5% concentration. Interestingly, higher 
DMSO concentrations have been shown to be effec-
tive in amplifying genomic regions rich in GC% con-
tent (higher than 60-70%)25. 

T-ARMS-PCR is considered a method with im-
mense potential for investigating polymorphisms in 
different gene regions. The variable distribution of 
CYP2C19*2 alleles may contribute to pharmaceuti-
cal improvement, as well as clinical trials on related 
diseases. In patients treated with clopidogrel, it has 
been shown that carriers of the CYP2C19*2 muta-
tion may have risks of myocardial infarction, ischem-
ic stroke, etc. compared with people who do not carry 
the gene5,26,27. For that reason, performing a screening 
for CYP2C19*2 allele is necessary. Not only can it 
aid the treatment-providers to carefully consider the 
underlying genetic factors, evaluate the proper drug 
dosage, but also can help improve treatment efficien-
cy and shorten the spectrum while limiting drug side 
effects. Table 4 shows that the result of CYP2C19*2 
SNP-carrier’s percentages in Khmer people presented 
similarity to earlier reports28. For instance, it is the 
same as the allelic percentage surveyed on Kinh peo-
ple, 26.4%, 24% and 20.5%27-30. Interestingly, when 
compared with the proportion of Kinh people in the 

Table 3. Allele frequency and genotype frequency on CYP2C19*2 in Khmer people
Sample size (n1/n) * Frequency (%)

Genotype

*1/*1 (21/35) 60% 95% CI** [42,9 – 77,1]

*1/*2 (14/35) 40% 95% CI** [22,9 – 57,1]

*2/*2 (no data) (no data) (no data)

Allele type
*1 80% 95% CI** [70 – 88,6]

*2 20% 95% CI** [11,4 – 30]

Note: *The number of times each genotype (n1) appears over the sum (n).
** The data in the problem are calculated within the confidence range of 95% 

Table 4. Allele frequency of CYP2C19*2 on Khmer people compared with previous results on multiple 
ethnicities

Allele CYP2C19*2 (%) Sample size References

Khmer 20% 35 Our report

Kinh 26.4% 165 [16]

Kinh 24% 90 [27]

Kinh* 30.4% 140 [29]

Kinh 20.5% 100 [28]

Tay 38.3% 103 [28]

Muong 33.8% 99 [28]

H’Mong 53.75% 40 [28]

Nung 43.9% 33 [28]
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group with underlying heart diseases, the percent-
ages of gene-carrier went up (30.4%)29. On a broader 
scale, research had been conducted on many Asian 
countries and correlation was found11,18,19,30. Thereby, 
it can be suggested that the ratio of CYP2C19*2 al-
lele-carrier reflects the relationship between mutant 
alleles and patients. 

With 86.2% of the total population, the Kinh 
ethnic group is the largest in Vietnam and is regard-
ed to be representative of the country’s population. 
Although Kinh people are found in all provinces, 
they tend to reside in the Delta and big cities. Our re-
search mainly focused on the minority present in the 
far southern part of Vietnam, more specifically the 
Khmer people. Among the other 53 ethnic minori-
ties, the Khmer people make up a total of 0.0137% 
of the whole population (based on Vietnam’s popula-
tion report in 2019, with 1.3 million per 95.78 mil-
lion people). Khmer people lead a quiet but colorful, 
heavily tradition-influenced life which leads to their 
resistance to accepting modern medical screenings 
and testing. Obtaining consents were, no doubt, 
that our team had to overcome. When comparing 
the frequency percentage of CYP2C19*2 allele in the 
Khmer ethnic group and other ethnic minorities such 
as Tay people, Muong people, Hmong people, and 
Nung people, the numbers representing the Khmer 
ethnic group are significantly lower than that of other 
ethnic minorities. It can be concluded that the al-
lelic frequency of CYP2C19*2 could have differed 
depending on the patient’s ethnicity19, 26-30.

Nevertheless, the study data have certainly 
provided new insight into the allelic frequency of 
CYP2C19*2 polymorphisms in Vietnamese Khmer 
community. However, this research had several limi-
tations in terms of methodologies and sample size. 
The number of volunteers is quite small (35 volun-
teers) with no detection of the (*2/*2) genotype, 
therefore research needs further explorations with 
broader sample size. We recommend expanding the 
research with a larger sample size to increase accuracy 
(sample size ≥ 1000) for future aspects of CYP2C19*2 
polymorphism. Furthermore, it is essential that the 
correlation between CYP2C19*2 polymorphisms and 
clinical manifestations of related diseases, such as car-
diovascular disease, be studied thoroughly.

CONCLUSIONS

The allelic frequency of CYP2C19 polymor-
phism *2 in Vietnamese Khmer people was 20%, 
which is similar to other previous studies on the 
subject. Overall, the data of this research had pro-
vided new information on polymorphisms of the 
CYP2C19*2 gene region in the Vietnamese Khmer 

ethnic group. The research partially contributes to 
improving drug therapies in Vietnam and can be ben-
eficial in terms of reducing drug side effects, as well as 
increasing treatment outcomes for clopidogrel-treated 
patients.
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