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Abstract Background: Cytochrome P450 2C19 (CYP2C19) is the commonest drug metabolizing enzyme, responsible
for the oxidation of about 20% of the currently used drugs. Single Nucleotide Polymorphism (SNPs) play a major role in
determining the risk of an individual susceptibility to many illnesses and their drug response. Identification of NPs may help
in understanding their effects on genes product and their association with diseases and also could help in the development of
new medical testing markers. Methods: This study was carried out for Homo sapiens single variation (SNPs) in CYP2C19
gene through coding regions. Variants data was obtained from dbsnps NCBI database of SNP even. A total of 15943 SNPs in
CYP2C19 gene were fond; 14307 SNPs were Homosapins; of which 319 were non-synonymous SNPs. Non synonymous
SNPs were selected for insilico analysis; SIFT, Polyphen2, and PharmGKB softwares and servers were used to identify SNPs
in proteins functions, structures and, pharmacokinetic activity. Results show that, of 319 nsSNPs, 13SNPs were predicted as
highly damaging. Pharmacogenomic analysis of this 13 nsSNPS showed clinical annotations with many diseases and
affection of efficacy, pharmacokinetics and toxicity of many drugs. In conclude these previous identified SNPs could lead to
gene alteration, which may be contribute to the distinct pharmacogenetic phenotypes.

Keywords CYP2C19, SNP, dbSNP, Pharm GKB, SIFT, PolyPhen-2, Pharmacogenomic

Polymorphisms in the CYP enzyme family may lead to the
most impact on the metabolism of therapeutic drugs.
CYP2D6, 2C19, and 2C9 polymorphisms account almost
80% of drugs in use today are metabolized by these
enzymes. CYP2C9 is another clinically significant enzyme
that demonstrates multiple genetic variants with a
functional implication on the efficacy and adverse effects of
drugs (Zhou et al., 2009). In the CYP2C subfamily, the
most relevant genetic polymorphism affects CYP2C9 and
CYP2C19 genes (Pachkoria et al., 2007). Their adverse
drug reactions and therapeutic effects varies among
different ethnic groups (Saldana-Cruz et al., 2016). The
CYP2C19 enzyme constitute about at least 10 percent of
commonly prescribed drugs metabolism and processing,
including a drug called clopidogril (1,4). The distribution of
common variant CYP2C19 alleles found to vary among
different ethnic groups. The allelic frequency of
CYP2C19*2 has been shown to be around 17% in African
Americans, 30% in Chinese, and around 15% in Caucasians.
CYP2C19*3 has been shown to be more among Chinese

1. Introduction

The human Cytochrome P450, family 2, subfamily C,
polypeptide 19 (CYP2C19) gene located on chromosome
ten (10g24), cover approximately 90kb, is composed of
nine exons [1], and its translated enzyme play an critical
role in the metabolism of approximately 20% of precribed
drugs such as antidepressants, antiulcer, antimalarial,
anti-HIV and antiplatelet agents [2-4] About 28 variants
alleles in CYP2C19 have been identified [5-8],
polymorphism in CYP2C19 and its variants may associated
with different pharmacogenetic phenotypes, known as the
poor or extensive metabolizers phenotypes results in
marked individual variations in the pharmacokinetics and
pharmacodynamics and associated with adverse drug
reaction or therapeutic failure. [9, 10]

Cytochrome P450 2C19 is responsible of the metabolism
of many important drugs (Li-Wan-Po et al., 2010).
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(5%) and less among African Americans (0.4%) and
Caucasians (0.04%). CYP2C19*2 is the dominant defective
allele and constitute 75-85% of PM phenotype in Chinese
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and Caucasian populations (Zhou et al., 2009). Almost all
PMs in Asians and Africans can be attributed to
CYP2C19*2 and CYP2C19*3. The PM phenotype of
CYP2C19 is inherited as an autosomal recessive trait, and
the distribution of PM trait varies greatly with ethnic
background. (Zhou et al., 2009). The Japanese population
incidence of PMs has an 18-23% of S-mephenytoin.
Furthermore, 15-17% of the Chinese population are PMs
and about 13% of Koreans are PMs. The Asian population
has a greater frequency of PM (12-23%), in comparison
to Caucasians (1-6%), and black Africans (1-7.5%). The
ethnic differences in the metabolism of CYP2C19
substrates are primarily due to the interethnic variation in
distribution of the PM trait. The Asian population has
around 65-70% PMs and heterozygous EMs, while
Caucasians have only 20-25%. The Chinese individuals has
a 2-fold greater number of heterozygous EMs than the
Caucasian population (Zhou et al., 2009). Many studies
have tested the frequency of various CYP2CI19 alleles
worldwide. The CYP2C19*1 is the wild-type gene is
normally referred to as the *1 allele (Li-Wan-Po et al.,
2010). The existence of these alleles is considered to be
predictive for the different phenotypes of the population.
Though individuals homozygous for the CYP2C19*2 and
CYP2C19*3 alleles are thought to be poor metabolizers
(PM), while individuals with at least one CYP2C19*1 allele
are justified as extensive metabolisers (EM). Where more
recent alleles considered are CYP2C19*17-21, few of
which have been functionally identified. Regarding the
commonest alleles associated loss of function with
increased activity of drugs such as Omeprazole, which
become deactivated through this pathway, where prodrugs
such as clopidogrel, they are activated through this pathway
and loose its activity. The CYP2C19*17 functional effects
are unlikely to cause a significant clinical effect only for
drugs with narrow therapeutic index (Li-Wan-Po et al.,
2010). The reported allele frequency of CYP2C9*2 was
around 50% in Asians, 18% in Caucasians, 34% in Africans
and 19% in American populations. The allele frequency
of CYP2C9*3 in the Caucasian, African and Asian
populations was <1%, <1% and 7%, respectively. The
prevalence of the variant allele was typically <5% in Asians
while it is about four times higher in White and African
populations (Li-Wan-Po et al., 2010). Also, polymorphism
within this gene is associated with variable ability to
metabolize another drug which is mephenytoin. (2),
provided by RefSeq, Jul 2008.

Another affected drug metabolism by CYP2CI19
therapeutic agents such as the anticonvulsant drug
Omeprazole, proguanil, certain barbiturates, diazepam,
propranolol, citalopram and imipramine. (3)

UniProtKB/Swiss-Prot for CYP2C19
CP2CJ_HUMAN, P33261.

CYP2C19 contribute (>80%) to the metabolism of the
Proton pump inhibitors; omeprazole, lansoprazole, and

Gene,

pantoprazole in Extensive metabolizers with a little
contribution from CYP3A4 and, probably, CYP2C9.
Omeprazole undergoes extensive liver metabolism and
the majority of the metabolites formed are
5’-0O-desmethylomeprazole, 5- and 3-hydroxyomeprazole,
and omeprazole sulfone. Formation of the sulfone
metabolite and 3-OH-omeprazole is directed by CYP3A4,
while 5-OH-omeprazole and 5’-O-desmethylomeprazole are
mostly formed by CYP2C19 (Zhou et al., 2009).

Single Nucleotide Polymorphism (SNPs) play a major
role in determining the risk of an individual susceptibility
to many illnesses and their drug drugs response [11].
Nonsynonymous SNPs (nsSNPs) are one of coding SNPs
types, important type of SNPs about 2% of the all known
single nucleotide variants; leading to the diversity of
encoded human proteins, whereas they affect gene
regulation by altering DNA and transcriptional binding
factors, maintain the structural integrity of the cell, and
affect proteins function [12]. Consequently, identification
and analysis of nsSNPs may help in understanding their
effects on genes product and their association with diseases
and also could help in the development of new medical
testing markers and individualized medication treatment
[13].

Bioinformatics is an important role in almost all aspects
of drug discovery, development and assessment. As
bioinformatics resources (data bases and software) facilitate
the understanding and the prediction of the drug metabolism,
especially the following areas absorption, distribution,
metabolism and elimination and also toxicity of drugs
[2, 14]. Identification of SNPs responsible for adverse drug
reaction or therapeutic failure is considered a difficulty,
whereas it requires multiple testing for different SNPs in
candidate gene. One possible way to overcome this problem
was to prioritize SNPs according to their structural and
functional significance using different bioinformatics
prediction tools. In this study we adopt an insilico approach
to analyse human CYP2Cs gene reported mutations using
different bioinformatics softwares to investigate the effect
of single nucleotide polymorphisms on protein's structure
and function and whether these variations can contribute
variation in dosage efficacy, toxicity, pharmacokinetic
activity or not.

2. Material and Methods

2.1. Datasets

All the information regarding the SNPs found in human
CYP2C19 gene were retrieved using SNPs database
(dbSNP NCBI), a genetic variation database established by
the National Center for Biotechnology Information
(NCBI) (https://www.ncbi.nlm.nih.gov/projects/SNP/). The
retrieved data included protein accession number of
CYP2C19 gene and all SNPs IDs found in this gene.
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2.2. Predicting Damaging Amino Acid Substitutions
Using SIFT (Sorting Tolerant from Intolerant)

Sorting Tolerant from Intolerant (SIFT) is an online
bioinformatics software that uses an algorithm to predict the
effect of amino acid substitutions, resulting from
Non-synonymous SNPs (nsSNPs), on protein function
[15]. SIFT uses sequence homology to predict the effects of
all possible substitutions at each position in the protein
sequence. The score result of each residual ranges from zero
to one, where scores close to zero indicate deleterious effect
of the substitution, while scores close to one indicate
tolerance to substitution [16]. nsSNPs within dbSNP
retrieved data were selected as an input for SIFT
(http://sift.jcvi.org/).

2.3. Prediction of Functional Modification of Coding
nsSNPs Using Polyphen-2 (Polymorphism
Phenotyping v2):- PolyPhen-2

Another software tool that predicts the damaging effects
of missense mutations was PolyPhen-2. This tool uses
predictive features which involve comparison of a property
of the wild-type allele and the corresponding property of the
mutant allele. [17] Prediction outcome includes a score that
values from 0 to 1 like SIFT with a major difference in
which values that are closer to 0 are considered benign
while values closer to 1 are assigned as probably damaging.
nsSNPs that were predicted to be deleterious by SIFT were
submitted to PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2/).

Then prediction results of the two software’s will then be
compared with each other, selecting, i.e. picking out those
SNPs who were in common (double-positive results). The
results of this output were then rechecked using the
SNPs-data base and NCBI-server as well as the existing
literature giving us more specific information about the
possible responsible gene mutations.

2.4. Evaluation of the of SNPs on the Drug Response.
(Pharma GKB)

The Singapore Pharmacogenomics Portal is the first
genomics web platform that provides the opportunity to
evaluate the genetic differences among populations for all
autosomal genes in the genome, and serves as an integrated
platform for linking these data with drugs and genetic
variants that affect drug responses, adverse reactions, and
dosage requirements. Autosomal genes Annotated as ‘very
important pharmacogenes and/or containing variants with
high to moderate levels of clinical annotation, level 1A and
2A for CYP2C19 were prioritized
(www.pharmgkb.org/downloads, accessed October 2017).

3. Results and Discussion

3.1. Retrieval of SNPs
The human CYP2C19 gene investigated in this work

were retrieved from the NCBI dbSNP database
(http://ncbi.nlm.nih.gov/). CYP2C19 gene was containing a
total of 15943 SNPs; 14307 SNPs were Homosapins; of
which 319 were non-synonymous SNPs. Initially
non-synonymous coding SNPs were selected for our
investigation.

3.2. Prediction of Protein Structural and Functional
Modifications

Coding SNPs were analyzed using SIFT and Polyphen
soft-wares. Batch nsSNPs (rs-IDs) were submitted to SIFT
server; 69 SNPs were predicted to be deleterious out of 319
SNPs. Deleterious SNPs were submitted to Polyphen-2, 63
SNPs were predicted to be probably damaging, the other 6
SNPs were scored as benign SNPs, 52 variants were
predicted to be damaging by both the SIFT and PolyPhen
server. 13 SNPs achieved high scores (Tolerance Index (TI)
<0.005 by SIFT server and PSIC SD=1 by polyphen-2
software) and had been chosen for further analysis
(Table 1).

3.3. Pharmacokinetics (PharmGKB)

The SNPS are hypothesized to play an important role in
several human diseases. CYP2C19 have many SNPS these
result in many interactions with other diseases and drugs
affecting their pharmacokinetics, toxicity and efficacy and
this predicted by PharmGKB data base. CYP2C19 is
annoted as a very important pharmacogene and containing
variants with high to moderate levels of clinical annotations
PharmGKB (levels 1 And 2) were prioritized.

By reviewing the Data base PharmGKB for CYP2CI19
gene we found that CYP2C19 *1,2,3,4,5,6,8,19,
rs12248560, rs4986893, rs4244285 and rs4244285 were
clinically annoted with level 1 and their clinical annotations
(Molecule, type of interaction and phenotype): affecting
dosage, efficacy, toxicity and pharmacokinetic activity of
many drugs such as Sertaline, Clopedogril, Voriconazole

and Amitriptyline; affecting many diseases such as
Depression, acute coronary syndrome, mycosis and
thrombosis (Table 2).

Moreover the CYP2C19*1,2,3,17 and 19 And rs4244285,
rs12248560, and rs4244285. in level2 were clinically
annoted with level 2 affecting dosage efficacy, toxicity,
pharmacokinetic activity of many drugs such as Impiramine,
Cloimpiramine, Citalopram, esciatalopram, Lansoprazole,
Omeprazole, Rabeprazole, Triimpiramine, Clobazam,
Aspirin and Clopedogril And affecting many diseases such
as Depression, Gastroesophegeal Reflex Disease, Peptic
Ulcer Disease, Epilepsy and Cardiovascular disease (Table
3).

We found that CYP2C19*1,2,3 has an effect among
Lansoprazole users against Helicobacter Pylori infection.
The same alleles have an effect on Rabeprazole and affect
their pharmacokinetics, Also CYP2C19*1, *2, and *3 affect
Omeprazole efficacy when treating Helicobacter Pylori
infection.
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Table (1). Prediction result of SIFT and PolyPhen programs

Nucleotide SIFT SIFT Amino acid

SNPs ID Change Result SCORE change Polyphen-2 Result PSIC SD
1rs28399504 A/G DAMAGING 0.011 M1V PROBABLY DAMAGING 0.998
rs41291556 T/C DAMAGING 0 WI120R PROBABLY DAMAGING 1
1s56337013 C/T DAMAGING 0.012 R433W PROBABLY DAMAGING 1

rs6413438 C/T DAMAGING 0.024 P227L PROBABLY DAMAGING 1
rs17884712 G/A DAMAGING 0.015 R144H PROBABLY DAMAGING 0.999
1rs55752064 T/A DAMAGING 0.013 L17H PROBABLY DAMAGING 1
1s72552267 G/A DAMAGING 0.01 R132Q PROBABLY DAMAGING 0.99
rs55681001 C/T DAMAGING 0.003 H344Y PROBABLY DAMAGING 0.978
1rs55948420 G/A DAMAGING 0.006 V394M PROBABLY DAMAGING 0.998
rs57700608 A/G DAMAGING 0.015 N176S PROBABLY DAMAGING 1
rs58259047 C/G DAMAGING 0.002 T302R PROBABLY DAMAGING 0.982
rs58744432 C/A DAMAGING 0.029 S280Y PROBABLY DAMAGING 0.999
rs118203756 G/C DAMAGING 0.011 G91R PROBABLY DAMAGING 0.999
rs138112316 G/T DAMAGING 0.01 R442L POSSIBLY DAMAGING 0.713
rs140278421 G/C DAMAGING 0.001 R186P PROBABLY DAMAGING 1
rs141690375 C/A DAMAGING 0.001 T450N PROBABLY DAMAGING 1
rs143075956 G/C DAMAGING 0.017 D89H PROBABLY DAMAGING 0,996
rs146357635 T/G DAMAGING 0.042 M339R PROBABLY DAMAGING 0.998
rs146991374 A/T DAMAGING 0 K4321 PROBABLY DAMAGING 0.992
rs147453531 A/G DAMAGING 0.004 E147G PROBABLY DAMAGING 0.995
rs148247410 C/G DAMAGING 0.008 H251Q POSSIBLY DAMAGING 0.934
rs148593307 G/A DAMAGING 0.001 E148K PROBABLY DAMAGING 1
rs149590953 C/T DAMAGING 0.01 R132W PROBABLY DAMAGING 0.994
rs150045105 G/A DAMAGING 0.037 V64M PROBABLY DAMAGING 0.998
rs150152656 C/T DAMAGING 0.022 T130M PROBABLY DAMAGING 1
rs181297724 G/C DAMAGING 0.002 Al61P PROBABLY DAMAGING 0.7
rs183701923 C/T DAMAGING 0.005 R186C PROBABLY DAMAGING 0.999
rs188851578 G/C DAMAGING 0 G384R PROBABLY DAMAGING 1
rs192154563 C/T DAMAGING 0.005 R442C PROBABLY DAMAGING 0.979
rs199597498 C/G DAMAGING 0.018 T299R PROBABLY DAMAGING 1
rs200150287 C/T DAMAGING 0.007 R125C PROBABLY DAMAGING 0.987
15200346442 G/A DAMAGING 0.005 R124Q PROBABLY DAMAGING 1
rs201132803 T/A DAMAGING 0 M345K PROBABLY DAMAGING 1
rs201509150 G/A DAMAGING 0.001 A350T PROBABLY DAMAGING 1
15202036394 T/C DAMAGING 0.002 F65L PROBABLY DAMAGING 0.854
rs202170044 C/G DAMAGING 0 R124G PROBABLY DAMAGING 1
rs202170044 C/T DAMAGING 0.015 R124W PROBABLY DAMAGING 1
1s267602634 G/A DAMAGING 0 GI11E PROBABLY DAMAGING 1
rs368758960 C/T DAMAGING 0.018 R335W PROBABLY DAMAGING 0.999
rs368767518 C/T DAMAGING 0.019 R144C PROBABLY DAMAGING 1
rs371241592 A/C DAMAGING 0 Q356P PROBABLY DAMAGING 1
rs371309036 T/C DAMAGING 0 L131P PROBABLY DAMAGING 0.997
1rs371603566 G/C DAMAGING 0.019 E147Q PROBABLY DAMAGING 0.997
1rs372875966 T/C DAMAGING 0.001 1112T PROBABLY DAMAGING 0.983
rs372985779 T/C DAMAGING 0.008 L102P POSSIBLY DAMAGING 0.926
rs373024844 A/G DAMAGING 0 H353R PROBABLY DAMAGING 1
rs373613403 A/T DAMAGING 0.016 Y189F PROBABLY DAMAGING 1
1rs374493781 T/A DAMAGING 0.014 I359N PROBABLY DAMAGING 1
1rs374950950 G/C DAMAGING 0 G137R PROBABLY DAMAGING 1
rs375159521 G/A DAMAGING 0.036 G98S POSSIBLY DAMAGING 0.937
rs375781227 G/C DAMAGING 0.001 D256H PROBABLY DAMAGING 0.99
rs377381376 G/C DAMAGING 0.008 D2H PROBABLY DAMAGING 1
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Tolerance Index: Ranges from 0 to 1. PolyPhen-2 result: POSSIBLY DAMAGING (less confident prediction). PSIC
POROBABLY DAMAGING (more confident prediction) /  SD: Position- Specific Independent Counts software.

Table (2). The relation between the CYP2C19 variants in level 1 A and their clinical annotations

Variant

Gene

Molecule

Type

Phenotype

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2C19

Sertraline

Pk

Major depressive disorder

rs12248560

CYP2CI19

Clopidogrel

Dosage/Efficacy/
Toxicity

Acute coronary syndrome, Myocardial

Infarction, Artery disease
Acute coronary

CYP2C19*1
CYP2C19*17
CYP2C19%2
CYP2C19*3

CYP2C19

Voriconazole

Pk

Mycoses

154986893

CYP2C19

Clopidogrel

Efficacy/Toxicity

Acute coronary syndrome Artery

disease

CYP2C19*1
CYP2C19*2
CYP2C19*3
CYP2C19*4
CYP2C19%*5
CYP2C19*6
CYP2C19*8

CYP2C19

Clopidogrel

Efficacy/Toxicity

154244285

CYP2C19

Clopidogrel

Efficacy/Toxicity

Acute coronary syndrome

Cardiovascular disease Thrombosis

154244285

CYP2C19

Anmitriptyline

Efficacy

Table (3).

Showed the relation between the CYP2C19 variants in level 2 A and their clinical annotations

Variant

Gene

Molecule

Type

Phenotype

CYP2C19*1
CYP2C19*17
CYP2C19*2
CYP2C19*3

CYP2C19

Imipramine

Other

Major depressive disorder

rs4244285

CYP2C19

Clomipramine

Efficacy

1s12248560

CYP2C19

Citalopramescitalopram

PK

154244285

CYP2C19

Citalopram

Efficacy

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2C19

lansoprazole

Helicobacter infections

CYP2C19*1
CYP2C19%*2
CYP2C19*3

CYP2C19

Rabeprazole

PK

CYP2C19*1
CYP2C19*17
CYP2C19*2
CYP2C19*3

CYP2CI19

Clomipramine

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2CI19

Omeprazole

Efficacy

Helicobacter infection

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2C19

Rabeprazole

PK

Gastroesopheageal reflex
disease, helicobacter pylori

infection

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2C19

Omeprazole

Efficacy

Gastroesophageal reflex
disease,

Peptic ulcer Disease
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Variant Gene Molecule

Type Phenotype

CYP2C19*1

CYP2C19
CYP2C19*2

Trimipramine

PK

CYP2C19*1
CYP2C19*17
CYP2C19*2
CYP2C19*3

CYP2C19 Clomipramine

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2C19 Omeprazole

Efficac
Y Helicobacter Infection

CYP2C19*1
CYP2C19*2
CYP2C19*3

CYP2C19 clobazam

Efficacy/PK Epilepsy

CYP2C19*1
CYP2C19*17
CYP2C19*2
CYP2C19*3

CYP2C19 lansoprazole

Gastroesophageal Reflux

Efficacy/PK disease

CYP2C19*1
CYP2C19%*2
CYP2C19*3

CYP2C19 Rabeprazole

Efficacy Gastroesophgeal reflux disease

CYP2C19*1
CYP2C19*17
CYP2C19*2

CYP2C19 aspirinclopidogrel

Efficcy/toxicity/PK

Cardiovascular diseases

4. Conclusions

The CYP2C19 protein is very important causative factor
for drug interaction with clinical diseases like Coronary
artery disease, Peptic Ulcer Disease, Helicobacter Pylori
infection. Our successful Insilco prediction of identification
of several pathogenic SNPs in the CYP2C19 gene suggests
that the application of computational tools like SIFT,
Polyphen- 2, and Pharm GKB may provide an efficiently
selecting approach for target SNPs for the conduct of genetic
association studies. By analyzing the conformational
changes of amino acid residues within CYP2C19 proteins,
we have identified 13 nsSNPS to be the most pathological
damaging mutations, Pharm GKB analysis of this 13
nsSNPS showed clinical annotations with many diseases and
affection of efficacy, pharmacokinetics and toxicity of many
drugs. This study demonstrates, the use of insilco tools for
application in biomedical research is highly effective and has
a great impact on the ability to discover the genetic mutations
that cause wvariation in dosage efficacy, toxicity,
pharmacokinetic.
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