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Abstract: The presence of polymorphisms in the CYP2D6 gene may modulate enzyme level 

and activity, thereby affecting individual responses to pharmacological treatment. Here, we 

compared the prevalence of the CYP2D6*10, *4, and 14* alleles in an Iranian population of 

different ethnicities with those of other populations. Allele and genotype frequency distributions 

of CYP2D6*10 variants and predicted phenotypes including extensive metabolizers, interme-

diate metabolizers, and poor metabolizers were analysed in blood samples of 300 unrelated 

healthy individuals in an Iranian population using polymerase chain reaction (PCR)-restriction 

fragment length polymorphism, PCR-single-strand conformation polymorphism, and direct 

genomic DNA sequencing. The CYP2D6*4 (G1846A) and *14 (G1758A) allelic frequencies 

were not detected in different ethnicities, demonstrating the absence of a significant contribution 

of these alleles in Iranian populations. However, the T/T, C/T, and C/C genotype frequencies 

of the CYP2D6*10 allele were significantly different (P0.01) in all Iranian ethnic groups. 

Additionally, the frequency of the homozygous T/T variant of the CYP2D6*10 allele was sig-

nificantly high in the Lure (P0.017) and low in the Kurd (P0.002) ethnicities. The frequency 

of the T/T variant of the CYP2D6*10 allele in central Iran was the highest (P0.001), while 

the south of Iran had the lowest frequency (P0.001). The frequency of the C/T variant of the 

CYP2D6*10 allele was significantly a bit high (P0.001) in females compare to males, while 

the frequencies of the T/T variant in females is similar to males, which are 24.4% and 24.3%, 

respectively. In contrast to absence of the CYP2D6*4 (G1846A) and *14 (G1758A) alleles in 

Iranian populations of different ethnicities, the prediction of the CYP2D6*10 allele is required 

in drug research and routine treatment, where the information would be helpful for clinicians 

to optimize therapy or identify persons at risk of adverse drug reactions before clinical trials. 

Approximately 39.3% of subjects (24.3% homozygous T/T CYP2D6*10 as poor metabolizers 

and 15% heterozygous C/T CYP2D6*10 as intermediate metabolizers) had this allele; therefore, 

the harmful effects of drugs are relatively common among Iranians.

Keywords: pharmacogenetics, polymorphism, cytochrome P450 genes, CYP, Iranian popula-

tion, antipsychotics, antidepressants

Introduction
Pharmacogenetics is the investigation of different responses of people, based on 

changes in their genetic structures, towards treatment and drugs. Liver and small 

intestine microsomal enzymes metabolize the majority of drugs, in which the activity 

of drugs are determined based on their interaction with enzymatic activity of the 

cytochrome P450 (CYP) system.1

More than 50 human CYP isozymes have been identified to date,2 and more 

than 20 are functionally encoded by polymorphic CYP2A6, CYP2C9, CYP2C19, 
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and CYP2D6 genes.2,3 CYP2D6 is of great importance 

for the metabolism of clinically used drugs, metaboliz-

ing approximately 20%–25% of these drugs, including 

antipsychotics, antidepressants, antiarrhythmic and beta-

adrenoceptor antagonists (beta blockers).4

The CYP2D6 is a highly polymorphic gene locus with more 

than 75 allelic variants, and subjects can be classified into poor 

metabolizers (PM), extensive metabolizers (EM), or ultra-rapid 

metabolizers of a given CYP2D6 substrate.5,6 The CYP2D6*9, 

CYP2D6*10, CYP2D6*17, and CYP2D6*41 are the most 

important intermediate metabolizer (IM) alleles,7 in which 

CYP2D6*10 (49.5%),8 CYP2D6*1 (40.1%–43.5%),9,10 

CYP2D6*2 (11.9%–26.2%),11 and CYP2D6*4 (0.2%– 

2.8%)8,10 are the most common CYP2D6 alleles in Asians. 

Approximately 13%–50% of Asian populations may be 

homozygous for the CYP2D6*10 allele.12

A cytosine-to-thymine substitution (CT) at nucleotide 

100 in the CYP2D6*10 allele, resulting in a modification 

of proline-to-serine at codon 34, is common among Asian 

populations13 and is associated with reduced metabolism of 

various CYP2D6 substrates.12 There is a highly conserved 

proline-rich area among microsomal P450s. The proline at 

codon 34 probably acts as a center between the lipophilic 

membrane anchor and the active site (heme moiety) of 

the enzyme. The change of an amino acid in this region 

may well decrease the activity of the enzyme.14,15 The 

CYP2D6*4 (G1846A) allele results in a splicing defect 

with nonfunctioning enzyme activity due to replacement 

of guanine (G) by adenine (A) at position 1,846. This 

single base substitution in the intron 3/exon 4 boundary 

causes a shift of the consensus acceptor splice site, yield-

ing a spliced messenger RNA with additional base, thereby 

resulting in a premature termination codon.16 Some studies 

indicated that the CYP2D6*14 allele may play an impor-

tant role in contributing to the PM phenotype, in which the 

CYP2D6*14 allele frequency in Chinese and Japanese popu-

lations is approximately 2%.17,18 In this study, the prevalence 

of the CYP2D6*10, *4, and *14 alleles was investigated in 

Iranian populations of different ethnicities and in comparison 

with other countries.

Materials and methods
sample collection and ethical statement
Three hundred blood samples were obtained from unre-

lated and healthy donors from Iranian populations of 

different ethnicities through the Special Medical Center, 

Tehran, Iran, including those from 118 Fars, 79 Turk, 

42 Mazani (Mazandarani), 37 Lure, and 24 Kurd. Blood 

samples (2 mL) were taken and collected into tubes with 

ethylenediaminetetraacetic acid. All the individuals who 

participated in this study belonged to various ethnicities 

(Fars, Turk, Mazani, Lure, and Kurd) from different prov-

inces of Iran and were referred for genetic counseling at the 

Special Medical Center of Tehran between 2006 and 2008. 

Written informed consent, including consent to participate 

in the study for genetic analysis and consent to publish, was 

obtained from the individuals, and the Medical Ethics Com-

mittee of the Special Medical Center specifically approved 

this study. The exclusion criterion for the control healthy 

group was any history of cancer, metabolic diseases, and 

nuclear and mitochondrial DNA-related diseases that may 

affect the DNA.

Dna extraction and primer sequences
Genomic DNA was extracted using a MBST kit (salting-out 

method) from 2 mL of whole blood. Primer sequences for the 

CYP2D6*10 alleles were ordered as described in a previous 

study.6 The oligonucleotide forward (F) and reverse (R) primers 

that were used to amplify the CYP2D6*10, *4, and *14 alleles 

are as follows: F: 5′–TCAACACAGCAGGTTCA–3′, R: 

5′–CTGTGGTTTCACCCACC–3′ [6] F: 5′–TGCCGCCTTC 

GCCAACCACT–3′, R: 5′–TCGCCCTGCAGAGACTCCTC–

3′19 and F: 5′–GTGGATGGTGGGGCTAATGCCTT–3′, R: 

5′–CAGAGACTCCTCGGTCTCTCGCT–3′,20 respectively.

The CYP2D6 metabolism phenotypes
The classification of CYP2D6 phenotypes is based on the 

assumption of dominance, in which the predicted phenotype 

is defined as EM, with one or two active alleles; IM, with 

two reduced activity alleles or one reduced activity and one 

inactive allele; and PM, with two inactive alleles.16,21

restriction fragment length polymorphism
Genotyping of the CYP2D6*10 alleles was performed 

by polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP). The PCR amplification was 

carried out with 20–60 ng of genomic DNA, 0.3 U of Taq 

DNA polymerase, 20 mM of each primers, 10× PCR buffer, 

2.5 mM magnesium chloride, and 10 mM deoxynucleotide. 

The reaction mixture was initially denatured at 95°C for 

3 minutes, followed by 35 cycles of 95°C for 1 minute, 

52.8°C for 1 minute, 72°C for 2 minutes, and a final exten-

sion at 72°C for 7 minutes. The 433 bp amplified fragment 

was analyzed on 1.5% agarose gel stained with ethidium 

bromide before restriction digestion. One unit of HphI 

restriction enzyme was added to each PCR product (5 μL) 
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and incubated at 37°C for 16 hours. Digested products were 

analyzed on polyacrylamide gel. The PCR product with a 

length of 433 bp was subsequently digested with the restric-

tion endonuclease HphI. Only the amplicon of the allele car-

rying the 100 CT single-nucleotide polymorphism was cut 

by HphI between positions 91 and 92 of the CYP2D6 gene, 

which is between position 258 and 259 of the PCR product 

(Figure 1). As HphI also cuts at position 362 of the product, 

irrespective of the amplified allele, the digestion leads to a 

362 bp fragment for the wild-type allele and two fragments 

of 262 bp and 100 bp for the allele carrying the 100 CT 

substitution. Additionally, the BSTN1 and MSP1 restriction 

enzymes were separately added to PCR products in order 

to cut the amplicon of the CYP2D6*419 and *1420 alleles 

carrying the G1846A and G1758A single-nucleotide poly-

morphism, respectively.

single-strand conformation polymorphism
The double-stranded, PCR-amplified DNA fragment was 

denatured before loading on agarose gel. For this purpose, 

10 μL of PCR mixture was mixed with 7 μL of freshly 

prepared denaturation buffer (990 μL of 100% formamide, 

10 μL of 1M sodium hydroxide, and a few granules of bro-

mophenol blue) in a 500 μL PCR eppendorf tube. Samples 

were placed at least 30 minutes in 45°C, and after 23 minutes, 

12 μL of the single-strand conformation polymorphism 

(SSCP) color was added to the sample. After 30 minutes, the 

samples were analyzed on a 6% acrylamide gel for 16 hours at 

110 V. To identify samples, the SSCP gel was stained, and the 

samples with the C/C, T/T, and C/T genotypes were observed 

as two, three, and four bands, respectively (Figure 2). 

sequencing analysis
The PCR products were examined for specificity using 1.5% 

agarose gel electrophoresis. Double-stranded DNA automated 

sequencing was performed using an Applied Biosystems 

ABI 3100 sequencing machine (Thermo Fisher Scientific, 

Waltham, MA, USA). All fragments were sequenced in 

both the F and R directions for confirmation of any nucle-

otide variation. Sequence variants were analyzed using a 

FinchTV program (PerkinElmer Inc., Waltham, MA, USA) 

(Figure 3).

statistical analysis
The statistical analysis was conducted using SPSS 17.0 (for 

Windows) to perform the chi-square and 95% confidence 

interval (CI) tests to calculate the CYP2D6*10 frequencies 

in different ethnicities and different geographical regions 

of Iran. A P-value of 0.01 was considered statistically 

significant. 

Results
Allele and genotype frequency distribution of the CYP2D6*10, 

*4 (G1846A), and *14 (G1758A) variants was analyzed in 

blood samples of 300 unrelated healthy individuals in an 

Iranian population of different ethnicities. The allele fre-

quencies of the homozygous (T/T), heterozygous (C/T), 

and wild-type (C/C) variants of CYP2D6*10 were sig-

nificantly different (χ2=90.02, P0.01) in all Iranian ethnic 

Figure 1 Pcr-rFlP analysis of the CYP2D6*10 allele using the hphi enzyme.
Notes: lane 1 indicates the Pcr product; This enzyme generated four fragments 
of 362 bp, 262 bp, 100 bp, and 71 bp (lane 2) in the heterozygous c/T genotype; 
three fragments of 262 bp, 100 bp, and 71 bp (lane 3) in the homozygous T/T 
genotype; and two fragments of 362 bp and 71 bp (lane 4) in length in the wild-type 
c/c genotype.
Abbreviation: Pcr-rFlP, polymerase chain reaction-restriction fragment length 
polymorphism.

Figure 2 Pcr-sscP analysis of the CYP2D6*10.
Notes: The two, three, and four bands in each lane represent the homozygous wild-
type (c/c), homozygous (T/T), and heterozygous (c/T) alleles of the CYP2D6*10, 
respectively; lanes 1 and 2 represent the heterozygous c/T genotype (four 
fragments), lane 3 represents the homozygous T/T genotype (three fragments), 
while lane 4 represents the wild-type c/c genotype (two fragments).
Abbreviation: Pcr-sscP, polymerase chain reaction-single-strand conformation 
polymorphism.
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Figure 3 Pcr-sequencing of the CYP2D6*10 allele (c100T).
Notes: The chromatogram shows the mutant allele (A) compared to the wild-type allele as highlighted in blue color (B); The arrows mark the polymorphism.
Abbreviation: Pcr, polymerase chain reaction.

groups. Genotype combinations were used to categorize 

CYP2D6 metabolism phenotypes as PM, IM, and EM 

(Table 1). Additionally, the frequency of the homozygous 

(T/T) variant of CYP2D6*10 was significantly high in the 

Lure (χ2=8.162, P0.017) and low in the Kurd (χ2=12.25, 

P0.002) ethnicities. However, the frequency of the 

homozygous (T/T) variant of CYP2D6*10 in ethnic Fars was 

similar to that of ethnic Mazani (Table 1). The frequency 

of the heterozygous (C/T) variant of CYP2D6*10 was sig-

nificantly high in Mazani (χ2=10.857, P0.004) and low in 

Kurds (χ2=12.25, P0.002). Moreover, the frequency of the 

wild-type (C/C) variant of CYP2D6*10 was highest in Kurds, 

yet lowest in Lures (Table 1). The results indicate that the 

frequency of the homozygous (T/T) variant of CYP2D6*10 in 

central Iran was significantly the highest (χ2=15.354, 

P0.001), while the south of Iran had the lowest frequency 

(χ2=23.164, P0.001). The frequency of the heterozygous 

(C/T) variant of the CYP2D6*10 allele in the east of Iran 

had the highest frequency, while the west had the lowest 

frequency (Figure 4; Table 1). The frequency of the C/T vari-

ant of the CYP2D6*10 allele was significantly a bit higher 

(P0.001) in females compared to males, while the frequen-

cies of the T/T variant in females was similar to males, which 

are 24.4% and 24.3%, respectively (Table 1). However, the 
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Table 1 statistical analysis of the cYP2D6*10 genotypes in different ethnicities and different geographical regions of iran

Genotype C/C C/T T/T χ2 P-value

Metabolic phenotype EM IM PM

Frequency (overall) 60.6% (55.0–66.1) 15% (11.0–19.0) 24.4% (19.5–29.0) 90.02 0.01*

ethnicities
Fars 61% (52.2–69.8) 15.3% (8.8–21.7) 23.7% (1.61–31.4) 41.96 0.001*
Kurd 66.7% (47.8–85.5) 12.5% (0.7–25.7) 20.8% (4.53–37) 12.25 0.002*
lure 54.1% (38.4–70.1) 16.2% (4.3–28.1) 29.7% (15.0–44.4) 8.162 0.017*
Mazani 57.1% (41.1–72.1) 19% (7.1–30.1) 23.8% (11–36.7) 10.857 0.004*
Turk 59.5% (48.3–70.3) 16.5% (8.3–24.7) 24.1% (14.7–33.5) 25.013 0.001*

geographic
central 55.4% (43.4–67.5) 16.9% (7.8–26.0) 27.7% (16.8–38.6) 15.354 0.001*
east 54.7% (41.9–67.9) 20.8% (9.9–31.8) 24.5% (12.9–36.1) 11.019 0.001*
north 56.7% (44.8–68.5) 17.9% (8.7–27.1) 25.4% (15–35.8) 17.045 0.001*
south 63.6% (50.8–76.3) 14.5% (5.2–23.8) 21.8% (10.9–32.7) 23.164 0.001*
West 63.3% (51.1–75.5) 11.7% (3.5–19.8) 25% (14.0–35.0) 25.90 0.001*

sex
Female 60.5% (51.7–69.3) 15.1% (8.7–21.6) 24.4% (16.7–32.1) 41.059 0.001*
Male 60.8% (53.7–67.9) 14.9% (9.7–20.1) 24.3% (18.1–30.6) 63.725 0.001*

Notes: *Statistically significant (P0.01). Values shown in brackets represent 95% ci.
Abbreviations: CI, confidence interval; EM, extensive metabolizer; IM, intermediate metabolizer; PM, poor metabolizer.

CYP2D6*4 (G1846A) and *14 (G1758A) allelic frequencies 

were not detected in different ethnicities, demonstrating 

the absence of a significant contribution of these alleles in 

Iranian populations. Additionally, the CYP2D6*10 allele 

was directly detected using the PCR-RFLP and -SSCP. The 

PCR-RFLP analysis of the CYP2D6*10 allele using the HphI 

enzyme indicates the heterozygous C/T, homozygous T/T, 

and wild-type C/C genotypes (Figure 1). The PCR-SSCP 

analysis demonstrates the heterozygous C/T, homozygous 

T/T, and wild-type C/C genotypes with four, three, and two 

fragments, respectively (Figure 2).

Discussion
CYP2D6 is a clinically important enzyme that metabolizes 

numerous therapeutic drugs.16 Among the alleles of CYP2D6, 

CYP2D6*10 (C100T) is the most common allele in the Asian 

population, with a frequency of between 30% and 69.2%, 

where 13%–49% of the aforementioned population are 

homozygous for this allele.5,6 Accordingly, the majority of the 

Asian population is at risk of either harmful effects or adverse 

reactions towards medication.6 Thus, considering the effects 

of the CYP2D6*10 allele on drug metabolism in Iran, along 

with allele genotyping, including that of CYP2D6*wt/*wt, 

CYP2D6*wt/*10, and CYP2D6*10/*10, may prevent the 

harmful effects of drugs and drug interactions, thereby reduc-

ing mortality risk in Iranian populations.

The CYP2D6*10 “C100T” mutation in patients leads 

to reduced enzyme activity and decrease of appropriate 

response to drug treatments, such as tamoxifen, codeine, 

antidepressants, and antipsychotics.4,22–24 Additionally, there 

has been some research linking the CYP2D6 alleles and 

drug metabolism in the Iranian population,19,25 but study of 

the CYP2D6*10 allele regarding its significant role in drug 

metabolism in Asian populations26 have been neglected. 

Therefore, genotyping of the CYP2D6*10 allele, including 

CYP2D6*wt/*wt, CYP2D6*wt/*10, and CYP2D6*10/*10, in 

different ethnicities including Lure, Turk, Fars, Kurd, and 

Mazani is considered as an important determinant for the pre-

vention of the harmful effects of drugs and drug interactions, 

resulting in better survival and reduced mortality risk.

The CYP2D6 allele frequency in our Iranian population 

with different ethnicities including Lure, Turk, Mazani, Fars, 

and Kurd were compared with the frequencies seen in other 

ethnic populations. The study by Kouhi et al19 showed that 

the prevalence of CYP2D6*10 was significant only in the 

eastern part (Tabriz) of Azerbaijan (Turk). However, in our 

study, the samples were selected from both the western and 

eastern parts of Azerbaijan (Turk), indicating no significant 

difference in Turk ethnicity. The CYP2D6*10 allele was 

found to have a frequency of 0.319 in the Iranian population 

(Figure 5), which is higher than that of South Indian27 and 

Ethiopian populations,28 but not as high as what was reported 

in other populations such as the Japanese,29 Malaysian,8 and 

Chinese.30

There are four variations including C100T, G1758A, 

C2850T, and G4180C in the CYP2D6*14 allele, in which 

identification of the G1758A polymorphism is exclusively 

used for the CYP2D6*14 genotype determination.17,18,20 In our 
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Figure 4 geographical distribution of the CYP2D6*10 genotypes among 300 normal iranian individuals of different ethnicities.
Notes: The T/T, c/T, and c/c genotype frequencies of CYP2D6*10 were significantly different (χ2=90.02, P0.01): 24.3%, 15%, and 60.7%, respectively; The results indicate 
that the frequency of the homozygous T/T variant of CYP2D6*10 in the central iran was the highest (χ2=15.354, P0.001), while the south of iran had the lowest frequency 
(χ2=23.164, P0.001); The frequency of the heterozygous c/T variant of CYP2D6*10 allele is highest in the east and lowest in the west; The green, pink, yellow, blue, and 
red colors indicate the north, south, east, west, and center of iran, respectively.

Figure 5 Frequency of the CYP2D6*10 allele in different populations.
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study, the CYP2D6*4 (G1846A) and *14 (G1758A) allelic 

frequencies were not identified in different ethnicities includ-

ing Fars, Turk, Lure, Kurd, and Mazani, demonstrating the 

absence of a significant contribution of these alleles in Iranian 

populations compare to other populations (Figure 6). 

In conclusion, this study demonstrates the absence of the 

CYP2D6*4 (G1846A) and *14 (G1758A) alleles, whereas 

approximately 24% of the Iranian population has the homozy-

gous T/T CYP2D6*10, suggesting susceptibility to adverse or 

poor drug responses, which may lead to increase in mortality 

risk. It is clinically important to identify those individuals who 

probably have altered pharmacokinetics for CYP2D6 substrates 

in order to avoid adverse drug reactions. CYP2D6 polymor-

phism analysis in different ethnicities indicates a very useful 

forensic tool toward personalized medicine. These data also 

allow comparison of pharmacogenetic variation between popu-

lations with different ethnicities. Therefore, the determination 

of the presence of this allele in individuals via genetic tests is 

a basic step to prevent the harmful effects of drugs.
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