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Abstract 

Background: According to the literature review, there is little knowledge about CYP2C9 genetic variants in Iraqi hypertensive 
patients. Objectives: Evaluate and compare the distribution of  important cytochrome CYP2C9 genetic variants within the Iraqi 
population in relation to other populations. Materials and Methods: After DNA extraction and subsequent polymerase chain 
reaction (PCR), the PCR products were subjected to Sanger sequencing to determine the CYP2C9 genetic variants in Iraqi 
hypertensive patients. The mutant alleles of  the identified CYP2C9 genetic variants were compared to those of  other countries. 
The study of  linkage disequilibrium (LD) was conducted using the SHEsis program. Results: In the Iraqi population, a total of 
nine CYP2C9 polymorphisms were found with different frequencies. The comparative analysis of  major variant rs1799853 C<T 
and rs1057910 A<C across different populations showed that the frequency of  rs1799853 single nucleotide polymorphism (SNP) 
was significantly (P < 0.05)greater in Iraqis compared to both Asian and African–American populations. The allele frequency 
of  rs1799853 and rs1057910 SNPs was comparable with other countries as Europe, Kuwait, Egypt, Jordan, Lebanon, Oman, 
Saudi Arabia, and Iran. The allele frequency of  rs1057910 SNP was determined to be significantly (P < 0.05) greater in the Iraqi 
population in relation to the African–American population. Moreover, there was a very strong linkage among the studied CYP2C9 
SNPs, except for rs555206628 SNPs; there was a weak linkage with CYP2C9 rs28371676 and rs1057910. Conclusions: This study 
provides insights into the prevalence of  CYP2C9 polymorphisms among Iraqi populations. This knowledge has the potential to 
enhance the efficacy of  pharmacotherapy through the use of  personalized medicine strategies tailored specifically to this ethnic 
population. 
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Introduction
The human genome comprises a total of  57 functional 
cytochrome P450 (CYP) genes, along with 58 
pseudogenes. Those genes are categorized into 18 
families and 43 sub-families based on their similarity in 
DNA sequences.[1]

The cytochrome P450 superfamily is a prominent class 
of phase I drug-metabolizing enzymes responsible for 
oxidizing a diverse range of endogenous compounds 
and xenobiotics, accounting for approximately 70–80% 
of currently utilized therapeutic drugs.[2] The CYP2C9 
enzyme, belonging to the CYP450 superfamily, plays a 
pivotal role in the hydroxylation process of many different 
drugs. It is estimated to participate in the metabolism of 

approximately 15–20% of medications, such as losartan 
(for high blood pressure), warfarin (for blood clotting), 
ibuprofen (for pain), and tolbutamide and glimepiride (for 
diabetes).[3]

The CYP2C9 gene comprises a total of 50,708 nucleotides 
and is located within a group of CYP450 genes arranged 
as CYP2C18-CYP2C19-CYP2C9-CYP2C8 and covering 
an area of 500 kilobases on chromosome 10q24. This 
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gene consists of nine exons.[4] The CYP2C9 enzyme is 
mostly expressed in the hepatic tissue, with an estimated 
expression level ranking as the second highest among the 
many isoforms of the cytochrome P450 enzyme family. 
CYP2C9 constitutes approximately 20% of the hepatic 
CYP content.[5]

The expression of each cytochrome P450 enzyme is often 
affected by many processes and factors, including genetic 
polymorphisms, induction by xenobiotics, the presence 
of hormones, cytokines, and disease states. Additionally, 
factors such as sex, age, and other variables can also play 
a role in modulating CYP expression.[6]

The CYP2C9 gene in humans exhibits significant 
polymorphism in both its promoter and coding regions, 
resulting in allelic variations that differ in prevalence 
among various ethnic populations.[7] The presence of 
variants of the CYP2C9 gene is observed in a range of 
5% to 30% throughout the population, and these variants 
have been linked to reduced or absent enzyme activity.[8,9] 
To date, approximately 85 alleles have been discovered in 
the regulatory and coding regions of CYP2C9.[10] Among 
these alleles, the most commonly observed variations 
are CYP2C9*2 (R144C, rs1799853) and CYP2C9*3 
(I359L, rs1057910), which exhibit significantly lowered 
CYP2C9 enzyme activity compared to the wildtype allele 
(CYP2C9*1).[11] The presence of CYP2C9*2 leads to a 
replacement of the amino acid arginine with cysteine 
due to a C>T transition at position 430 (c.430C>T, 
p. Arg 144 Cys) in the CYP2C9 gene. The CYP2C9*3 
variant is responsible for an alteration of the amino acid 
residue from isoleucine (Ile) to leucine (Leu) due to a 
transversion event, specifically an adenine (A) to thymine 
(T) substitution, in the CYP2C9 gene (c.1075A>C, p. Ile 
359 Leu).[12]

The allelic variations CYP2C9*2 and CYP2C9*3 have a 
higher prevalence in European populations, while they 
are comparatively less common in African–American and 
Asian populations. Other polymorphisms of the CYP2C9 
gene, including CYP2C9*5, *6, *8, and *11, are also 
responsible for decreased enzyme activity. These variants 
are more frequently observed in individuals of African–
American origin.[13,14]

The most prevalent allelic variants of CYP2C9 in the 
Iraqi population were identified as CYP2C9*2 allele 
and CYP2C9*3 allele, with frequencies of 13.7% and 

9.4%, respectively.[15] The frequencies of both mutations 
exhibit increased prevalence within Kurdish people.[16] A 
separate investigation conducted on a cohort of healthy 
Iraqi volunteers from various regions of Iraq, namely 
Arab, Kurd, and Turkmen populations, the presence of 
two prevalent alleles, CYP2C9*2 and CYP2C9*3, was 
observed. Additionally, a less frequent occurrence of the 
CYP2C9*5 allele was identified, whereas the CYP2C9*4 
variant was not detected.[17]

Based on the available information, limited studies have 
been conducted on cytochrome P450 genotyping in 
Iraq. Thus, the purpose of this analysis was to assess the 
prevalence of “cytochrome CYP2C9” genetic variants 
in the Iraqi population in relation to that of other 
populations.

Materials and Methods

Patients
A total of 100 Iraqi hypertensive patients were recruited 
from the private clinic of an interventional cardiologist 
and diagnosed as hypertensive patients at stage I or II 
according to the ESH (2018) guideline.[18]

DNA sequencing of CYP2C9 gene
The DNA sequencing technique was employed to check 
for genetic variants of CYP2C9 within the Iraqi study 
group. In this study, 2 ml of venous blood was collected 
from each patient using a disposable plastic syringe. The 
blood samples were transferred to EDTA tubes designated 
for genetic analysis of CYP2C9 polymorphism.

The DNA extraction process involved the use of the Relia 
Prep™ Blood gDNA Miniprep system (Promega, USA) 
as per the manufacturer’s procedures.[19] Subsequently, the 
extracted DNA served as the template for amplification 
by polymerase chain reaction (PCR). The primers 
utilized for the purpose of PCR amplification and DNA 
sequencing were specifically designed to target two 
distinct regions of the CYP2C9 gene. The first region, 
denoted as region 1, encompasses “intron 1, exon 2, 
intron 2, exon 3, and a portion of intron 3.” The second 
region, referred to as region 2, encompasses “intron 6, 
exon 7, and a portion of intron 7.” The specific sequences 
of these primers can be found in Table 1. PCR settings 
utilized for the amplification of CYP2C9 gene involved 
a single cycle of initial denaturation at a temperature of 

Table 1: Primer sequences

Primer Sequence 5`-3` Annealing temp. (°C) Product size (bp)
CYP2C9-F1 GCCTGTGTGGCTGAATAAA 63 990
CYP2C9-R1 CTGGTGACATGTTCTGGAATAG

CYP2C9-F2 TTCAGCCTATGTGTGTCTTTAT 942

CYP2C9-R2 CTAAGAGTAGCCAAACCAATCT
F1: forward primer for region one, F2: forward primer for region two, R1: reverse primer for region one, R2: reverse primer for region two
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95°C for 5 min. This was followed by denaturation (30 
cycles) at 95°C for 30 s, annealing at 63°C for 30 s, and 
extension at 72°C for 1 min. The final extension step was 
performed at 72°C for 7 min.[20] The PCR products were 
visualized using a UV transilluminator on a 1.5% agarose 
gel treated with ethidium bromide to validate their purity 
and assess their mobility. The PCR results were sent to 
Macrogen Corporation, Korea for Sanger sequencing to 
identify SNPs.[21] The sequencing was performed using an 
ABI3730XL, an automated DNA sequencer.

Linkage disequilibrium (LD)
Linkage disequilibrium (LD) is a measure used to assess 
the degree to which an allele of a certain genetic variation 
is inherited or associated with a neighboring allele within a 
population. LD is crucial for biomedical research in many 
fields.[22]

The LD between two loci was measured using the SHEsis 
software. The Dʹ value was used to determine the level of 
LD between two SNPs loci; this value was most reliable 
for minor allele frequency (MAFs) ≤ 5%.[23]

Ethical approval
This study was initiated after receiving approval from 
scientific committee in the College of Pharmacy/University 
of Mustansiriyah. Additionally, the agreement of the 
Babylon Health Directorate was achieved according to the 
Ministry of Health‘s Ethical Committee (73 on 14/6/2022). 
All participants in this study signed a written consent form.

Statistical analysis
The statistical analyzes were conducted using the software 
SPSS version 26. The chi-square (2) test was used to 
analyze the difference with Hardy-Weinberg equilibrium 
(HWE) and to evaluate variations in allele frequencies 
between the Iraqi population and other populations. The 
assessment of LD between two loci was conducted using 
the SHEsis program.[24] The level of P > 0.05 was chosen as 
the cutoff for significance.

Results

Patient’s demographic characteristics
A total of 100 Iraqi hypertensive patients were included 
in the study. The distribution was 48 males (48%) and 52 
females (52%). The mean age was 50.58 years, and the 
average BMI was 32.21 kg/m2. Mean systolic and diastolic 
blood pressures were 154 mm Hg and 93.85 mm Hg, 
respectively.

Genetic variants of CYP2C9 gene
Among the 100 hypertensive patients, nine allelic variants 
were detected in two specific regions of CYP2C9 gene, 
including three coding SNPs and other noncoding 
(intronic) SNPs, as shown in [Table 2].

Genotype and allele frequencies
All discovered SNPs’ genotype and allele frequencies were 
in agreement with HWE (P > 0.05), except for rs555206628, 
which deviated from HWE (P > 0.05). Table 3 displays the 
genotypic and allelic frequencies of the CYP2C9 gene’s 
discovered SNPs among 100 individuals with essential 
hypertension.

Inter-population comparison
A comparative analysis was conducted to examine the 
distribution diversity of the CYP2C9 variant alleles 
between the Iraqi population and populations from diverse 
nations. The two prominent SNPs, namely rs1799853 and 
rs1057910, were examined within the respective study. 
It was shown that the allele frequency of the rs1799853 
SNP exhibited a statistically significant (P > 0.05) 
increase among individuals of Iraqi origin compared to 
those of Asian and African–American origin. The allele 
frequencies of the rs1799853 and rs1057910 SNPs were 
found to be comparable to those observed in several 
countries, including European nations, Kuwait, Egypt, 
Jordan, Lebanon, Oman, Saudi Arabia, and Iran. The 
allele frequency of the rs1057910 SNP was found to be 
considerably greater (P > 0.05) among individuals of Iraqi 
descent compared to the African–American community, 
as shown in [Table 4]. 

Linkage disequilibrium (LD)
Haplotype analysis identified one haplotype block with 
a very strong linkage among the studied CYP2C9 SNPs, 
except for rs555206628 SNPs, which showed weak linkage 
with CYP2C9 rs28371676 and rs1057910, [Figure 1].

Discussion
Genetic polymorphisms of CYP2C9 affect the 
metabolism of several therapeutically prescribed 
medications and endogenous compounds, thus affecting 

Table 2: The detected SNPs of CYP2C9 gene and their 
location

No. Coding SNPs ID Location
1 rs555206628 G<A 10:94942223/Exon 3

2 rs1799853 C<T 10:94942290/Exon 3

3 rs1057910 A<C 10:94981296/Exon 7

No. Noncoding SNPs Location

1 rs2860905 G<A 10:94942538/Intron 3

2 rs9332120 T<C 10:94942093/Intron 2

3 rs9332119 G<C 10:94941844/Intron 1

4 rs28371675 C<T 10:94942580/Intron 3

5 rs28371676 T<C 10:94942606/Intron 3

6 rs9332197 T<C 10:94981151/Intron 6
rs: reference sequence
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patient responsiveness and adverse drug responses.[32] 
Many studies have examined CYP2C9 genetic variations 
globally, but few have examined Iraqi populations. The 
current findings improve our interpretation of CYP2C9 
genetic variants and might be used to promote customized 
therapy in Iraqi patients.

The primary objective of the current study was to 
investigate the genotype and allele frequency of the 
CYP2C9 gene in the Iraqi population. Subsequently, 
these findings were compared to the previous research 
conducted on other populations.

This is the first report to our knowledge, on the frequency 
of CYP2C9 rs555206628 SNP in a sample of Iraqi 

hypertensive patients. It is of interest because it has a GA 
genotype frequency 60% and mutant (allele A) frequency 
(30%) compared to a low frequency of mutant (allele A) 
worldwide (0.0001).[31]

There is considerable variation in the allele and genotype 
frequency of CYP2C9 between populations, as shown by 
several studies on CYP2C9 variation.[14]

In this study, the two major allelic polymorphisms, 
CYP2C9 rs1799853 and rs1057910 SNPs, in Iraqi patients 
were compared to those of other populations. It was 
discovered that the prevalence of alleles in Iraqi was not 
significantly different from those in European and Middle 
Eastern countries. In contrast, the previous studies have 

Table 3: Allele and genotype frequency for the identified SNPs of CYP2C9 gene

Coding SNPs

No. Genotype frequency N(%) Allele frequency N(%) HWE P value
1 rs555206628 G<A

GG 40 (40%) G 140 (70%) 0.0002*

GA 60 (60%) A 60 (30%)

2 rs1799853 C<T

CC 73 (73%) C 169 (84.5%) 0.67

CT 23 (23%) T 31 (15.5%)

TT 4 (4%)

3 rs1057910 A<C

AA 86 (86%) A 183 (91.5%) 0.06

AC 11 (11%) C 17 (8.5%)

CC 3 (3%)

Noncoding SNPs

No. Genotype frequency Allele frequency HWE P value
1 rs2860905 G<A

GG 52 (52%) G 139 (69.5%) 0.29

GA 35 (35%) A 61 (30.5%)

AA 13 (13%)

2 rs9332120 T<C

TT 63 (63%) T 158 (79%) 0.88

TC 32 (32%) C 42 (21%)

CC 5 (5%)

3 rs9332119 G<C

GG 70 (70%) G 167 (83.5%) 0.98

GC 27 (27%) C 33 (16.5%)

CC 3 (3%)

4 rs28371675 C<T

CC 73 (73%) C 169 (84.5%) 0.67

CT 23 (23%) T 31 (15.5%)

TT 4 (4%)

5 rs28371676 T<C

TT 85 (85%) T 182 (91%) 0.11

TC 12 (12%) C 18 (9%)

CC 3 (3%)

6 rs9332197 T<C

TT 91 (91%) T 191 (95.5%) 0.80

TC 9 (9%) C 9 (4.5%)
Data presents as a number (N) of patients and percentage (%) * Statistically significant (chi-square test). HWE: Hardy-Weinberg equilibrium
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indicated a low prevalence of these SNPs within Asian and 
African–American populations, which was significantly 
different from the current results.

The influence of environmental factors on genetic 
polymorphisms is well-documented. The variations in allele 
frequency observed among populations can be attributed to 
various factors, including the ancestral origins, geographical 
isolation of different ethnic groups, dietary habits, lifestyles, 
and other relevant factors. These factors collectively have 
the potential to impact CYP2C9 polymorphisms.[33] This 
phenomenon might account for the observed variations in 
drug response among different ethnic groups.

The allele frequency also varies widely between studies. 
This may be due to some polymorphisms being linked 
to disease states; therefore, their frequency in patient 
groups may differ from healthy populations. Variations in 
observed allelic frequencies may also be explained, at least 
in part, by the large differences in sample sizes across these 
investigations.[34]

Conclusion
The characterization of  allele distribution patterns 
among populations is a valuable tool in ensuring the safe 
administration of  medications to patients worldwide. 
The frequency patterns of  CYP2C9 variations among 
the Iraqi population display similarities to those 
reported in other populations of  European and Middle 
Eastern origins. However, notable differences exist when 
comparing these distributions to those found in African–
American and Asian populations. Moreover, the analysis 
of  haplotypes revealed the presence of  a single haplotype 
block exhibiting strong linkage among the investigated 
CYP2C9 SNPs, except for rs555206628 SNPs. There 
was a weak linkage seen with CYP2C9 rs28371676 and 
rs1057910 SNPs.
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