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Cytochrome P4502A6(CYP2A6)is akey enzymein nicotine metabolism, withits genetic variants
playing arole in smoking behavior. Particularly, g.40848628A>T is significantly associated with
nicotine metabolism and smoking tendency in different populations. Objectives: To examine
the genetic diversity of this locus and association analysis within smokers and non-smokers
cohorts among Pakistani youth. Methods: The allele-specific ARMS PCR genotyping technique
was applied to examine a total of 100 samples as a case-control study of n=50 from each cohort.
Results: From the sampled individuals, 92% were found to be homozygous wild-type (AA), 7%
were heterozygous(AT), and 1% were homozygous mutant(TT). PLINK software was used for the
Chi-square test yielded, x*(1, n=100)=2.91, p=0.088, suggesting a non-significant trend towards
association, where alternative allele frequencies were calculated as 0.07 and 0.02 in cases and
control cohorts, respectively. Similarly, Hardy-Weinberg Equilibrium (HWE) p=0.1714 indicates
genotype frequencies did not significantly deviate from HW expectations and no error or
selection in the overall samples. The carriers of the alternative allele have 3.688 times higher
odds of being affected by the condition compared to non-carriers with the reference allele.
Conclusions: It was concluded that future studies with a larger sample size may help to clarify
the population structure of the subject locus. Genome-wide association studies using next-
generation sequencing may also aid in predicting nicotine metabolism and resistance to
smoking cessationinthe Pakistanipopulation.

INTRODUCTION

Cigarette smoking, a prevalent source of nicotine, poses
significant health risks across all age groups, particularly
with a concerning surge in popularity among Pakistani
adolescents. Nicotine, a proven addictive substance,
exhibits varying degrees of dependence in individuals due
to the metabolism by the Cytochrome P450 family 2
subfamilies A member 6 (CYP2A6) gene product[1, 2]. This
primary protein transforms nicotine into its byproduct,
cotinine and other metabolites. Divergent levels of CYP2A6
protein influence nicotine metabolism, impacting an
individual's tendency towards smoking. Wild-type CYP2A6

proteins with normal activity facilitate the standard
breakdown of nicotine, mitigating its effects on the brain
and discouraging the development of smoking
dependence. Conversely, mutated CYP2A6 proteins with
impaired activity hinder nicotine metabolism, allowing its
retention in the body, leading to prolonged brain effects
with relatively lower cigarette consumption[3, 4]. Despite
the well-known health risks associated with smoking, it
remains a substantial global health burden. Adult smoking
prevalence is 32.6% and 6.5% in men and women,
respectively, contributing to ~7.7 million annual deaths
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worldwide among its total smokers of 1.14 billion [5].
Alarmingly, low and middle-income countries, constituting
80% of total smokers globally, face an increased
prevalence of tobacco use [6]. In Pakistan, 13.4% age-
standardized prevalence of tobacco use is reported in
urban and rural areas with its alarming rates of 16.3% &
11.7% respectively [ 7]. This escalating trend of tobacco use
in Pakistan has prompted the scientificcommunity to delve
into its genetic aspects involved in smoking tendency,
levels of cigarette consumption, depth of inhalation and
smoking cessation ability of the individuals [7-9].The
CYP2A6 gene exhibits numerous variants associated with
nicotine metabolism across diverse populations [10].The
subject genetic variant located on Chr.19 NC_000019.10 at
19913.2 locus (NG_008377.1: 9.6820T>A, and (ATG start)
position 1799T>A).Chromosomal positioning is
g.40848628A>T in the (GCF_000001405.40) genome
assembly, current variant corresponds to ¢.479T>A (r.500)
in the NM_000762.6 transcript, affecting the protein's p.
L160H position situated on exon 3 of total 6907-nucleotide
position of CYPZA6 gene.This variant impacts the protein's
function, reflected in its encoded protein ID NP_000753.3
of 494 amino acids. Notably, rs1801272A>T, associated with
poor nicotine metabolism, has a global AAF (T=0.0092) as
per the 1000Genome database [11].The (A) allele signifies
normal CYP2A6 protein activity, while the(T)allele may alter
activity, influencing nicotine metabolism [12].The subject
variant was genotyped through allele-specific ARMS-PCR,
followed by assessments for (HWE), (x2), and (OR)
statistics.Subsequently, the derived (AAF) will be
determinedinboth casesand controls.

This study aims to find association and correlationinsights
between the subject variant and nicotine metabolism that
may influence smoking tendency among Pakistaniyouth.

METHODS

Sample inclusion-exclusion criteria and DNA extraction: A
comprehensive genotyping study of 100 individuals was
carried out, encompassing specimens from both
adolescent smokers (n=50) and non-smokers controls
(n=50) based on the Rao statistics of sample size
calculation. The study was conducted from May 2024
onward. smokers and non-smokers individuals aged 18-30
were included with known smoking history. Sample size
was calculated using Rao's statistical formula, based on
80% power, 0.05 alpha, and expected odds ratios derived
from previous literature. The primary objective is to
investigate the potential association and correlation
between the CYP2A6 locus with nicotine
metabolism/dependency among Pakistani youth. Blood
samples from human male adolescents aged 18-30 years
were collected from Diagnostic Zone Lab, Lahore (Ref:

DZL#004/25) and Shah Medical Center, Swat, using K;-
EDTA vacutainers and stored at 4°C until subsequent
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analysis. Through proper channel ethical guidelines were
followed for sample collection. Data of the article is
available within the manuscript and supplementary file(s).
Article medRxiv preprint is also available
https://doi.org/10.1101/2025.04.16.25325925. Genomic
DNA extraction was performed using column-based kit
method (www.favorgen.com), adhering to the
manufacturer's instructions for precise and consistent
DNA extraction. Primer designing: The allele-specific
ARMS primers were designed through specialized software
named OligoCalc and validated by NetPrimer. The ARMS-
PCR protocol was employed to amplify both wild and
mutant-type variants from each sample. Specifically, one
ARMS primer was designed for each variant, strategically
incorporating a mismatch at the 4nt position from the 3'
end of the sequence. Additionally, to uphold PCR accuracy,
two internal control (IC) primers were also employed in the
experimental setup during optimization. This
comprehensive primer design and PCR strategy aim to
enhance the precision and reliability of the genetic variant
analysis [13]. This comprehensive primer design was seen
(Table1).

Table1: Primers Sequence Attributes

Length Product

e a
ARMS/IC Sequence (5-3') Tm(°C) (ba) | Size(bp)
Reverse

Common GCGTGGTATTCAGCAACG | 56.22 24

Forward | ca00AGTGCCCTOGA | 5502 | 26 150
Normal

Forward

Mutant CGCCAGTGCCCTGGT 55.26 26

Forward (IC) |TAACCCACAGCCTCCTACAC| 60.50 20
Reverse(IC) | TCAGCATCCTCCTCTGGAC | 59.50 19

618

PCR amplification, each sample, encompassing both wild-
type and mutant-type variants were undergoing
amplification using a thermocycler.Two distinct PCR
reactions were executed for each sample, with each
reaction involving the reverse common primer paired
separately with forward ARMS primers designed for the
wild and mutant-type allele. At the same time, the reverse
internal control (IC) and forward internal control (IC)
primers were also used to amplify the internal control
regions in the process of optimization. The final volume of
14puL, which contained TuL of 50ng/L genomic DNA as well
as the 10mM of each primer, 0.015 IU/uL of Tag polymerase,
2.5mMeach MgCl2 and dNTPs, and 1x Taq buffer with PCR-
grade water DEPC treated water was considered as a
reaction mixture.To begin the touch-down PCR protocol,
an initial denaturation at 94°C was carried out, and 35
cyclesweretoberepeated withadenaturationof 94°C30s,
annealing was to begin at 58.4°C with a reduction of
0.5°C/cycle repeated 10 times and the remaining 25 cycles
were to be conducted at 54°C 30 s, extension of 72°C 30 s
and a final extension of 72°C 07 min [14]. Thereafter, the
reaction mixture was transferred to 4°C. This elaborate
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PCR process seeks to provide a specific and sound
amplification of target genomic make-up of DNA(Figure 1).

5min| 30sec 30sec| 30sec 30sec| 7min

Figure1: Thermal Cyclic Conditions of ARMS-PCR

The PLINK data analysis toolset was used in computing
both observed and expected genotyping frequencies,
incorporating considerations for HWE through the
application of the equation: p2 + 2pq + g2 = 1. The analysis
was extended to Chi-square testing, employing the
formula: x2 = Z(0-E)2/E, to ascertain the association
between the subject variant rs1801272 with nicotine
metabolism/dependency and smoking behavior within the
sample set. Additionally, p-values and odds-ratios (OR)
were undertaken followed by alternative allele frequencies
for further enriching the statistical insights using following
PLINK commands on command line interface e.g., —assoc
forassociationand correlationtests, —logistic forlogistic
regression, — hardy for Hardy Weinberg equilibrium, and —
model for Dominant (DOM), recessive (REC) models
prediction.

RESULTS

CYP2A6 gene variant (rs1801272A>T) showed the variability
in Pakistani sampled population, which isin accordance to
the previous studiesand otherworld populations(Figure 2).

l Homo-wild I

A o Iy A [Toal Final PTOEE Fewad (TSR] Faaal [eaal hooad FRar) oo

Figure 2: Gel Picture of ARMS-PCR Amplification of Targeted
Variant within Cases A. Green and Red Arrows Shows
Homozygous-Wild Type and Heterozygous Samples
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The study depicts Chr.19 locus g.40848628 is variable and
under-selection(Figure 3).

Figure 3: Gel Picture of ARMS-PCR Amplification of Targeted
Variant within Controls (B), Red Arrow Shows Heterozygous
Samples

A total of 100 samples were genotyped, (smokers=50) and
(non-smokers=50). After experimental and statistical
analyses, it was concluded that within smoker's cohort,
there are 05 heterozygous (AT), 44 homozygous-wild (AA)
and 01 sample was observed as homozygous-mutant.
Similarly, within non-smokers, 02 and 48 individuals are
heterozygous, homozygous-wild respectively and none of
the sample was observed as homozygous-mutant.
Remaining samples gel pictures are provided in
Supplementary Figure 1. The overall genotypic frequencies
in our sampled population are 0.92 as homozygous-wild,
0.07 reflected as the heterozygous and 0.01 as the
homozygous-mutant.Thereafter, the analysis(HWE)of Chi-
square was also taken out to check whether our sampled
populationisinhis principle or not and the following results
of 42 (1, N=100), 0.1714, which manifests that our sampled
population is in accordance with the HWE equilibrium as
the p-value is above the set threshold confidence interval
of 0.05soaccepting our null-hypothesis of observing HWE,
means no selection and population is randomly bred.In
addition, there was also an alternative allele frequency
observed as 0.07and 0.02 in our cases and control cohorts
with a 2.90, x2 statistics value and p=0.088 that indicates
insignificant relationship of screened variant with nicotine
metabolism and smoking tendency in youth of Pakistan.
Similarly, an odds-ratio (OR) of 3.688 was also shown
indicating relative risk of subject phenotype is higher and
indicating that the prevalence of the odds/mutant variant
is about 4 rid higher in cases compared to controls (Table
2).

Table 2: Plink Association of CYP2A6 Gene Variant(rs1801272A>T)with Nicotine Metabolism and Smoking Tendency among Pakistani Youth

cDNA variant Protein variant

ChrPos.  NM_000762.6 NP_000753.3

Sample

(AA)%

100 19:40848628 | c.479A>Tr.500 p. L160H 92

Genotypic Frequencies

Homo-wild Hetero- Homo-mutant (OR)
(AT)% (TT)%

Alternative Allele Frequencies
p-value

Case Contr.

7 1 0.07 0.02 0.088(3.68)

Subject cDNAvariant c.479A>T alters the lucine amino acid
(aa)to histidine at the 160th position, this aa is responsible
for slower nicotine metabolism, which makes an individual
more prone to quit smoking easily as compared to those
with normal CYP2A6 activity. Further, functional genetics

studies are still needed to confirm and validate this
postulated hypothesis. Another statistical test named
Cochran-Armitage Trend test was also conducted to
evaluate the association between subject variant and our
selected phenotype, assessing whether the frequency of
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minor allele differs between smokers and non-smokers
individuals The test yielded a chi-square value 0f2.453
(df=1) and a p-value=0.1173, indicating no significant
association, which suggests that the genotype distribution
at this variant does not show a meaningful trend between
allele dosage and disease statusin our sampled population.
Similarly, dominant (DOM) and recessive (REC) models
testing were also used to explore the potential genetic
association of our subject variant with the nicotine
metabolism. However, both models yielded NA values for
chi-square and p-values, indicating lack of variation in
genotype distribution to perform statistical testing. This
suggests that neither a dominant nor a recessive model
pattern could be established for this variant in the given
dataset, because only (1+5) = 6 vs. 44 genotypes were
observed in affected and (0+2) = 2 vs. 48 in unaffected
population respectively. The logistic regression analysis
was also applied under the additive genetic settings which
effectively models binary traits while adjusting covariates,
suggesting that for each additional copy of the affected
allele, the odds of being affected increase by a factor of
3.16. The additive model assumes a linear effect of each
additional risk allele on subject phenotype susceptibility.
However, the p-value=0.1455 is not significant, indicating
no strong association due to limited sample size, low allele
frequency orrandomvariation.

DISCUSSION

The current study examined the association between the
CYP2A6 gene variant rs1801272A>T with nicotine
metabolism and smoking behavior among Pakistani youth.
The statistics revealed no significant association with
nicotine metabolism and smoking tendency among our
sampled population. Current results showed overall 192%
of the sampled population was homozygous-wild (AA), 7%
was heterozygous (AT), 1% was homozygous-mutant (TT)
with p-value=0.088 and OR=3.68. As individuals with the “T"
allele tend to metabolize nicotine more slowly, leading to
lower cigarette consumption and potentially have reduced
risk of nicotine addiction[15, 16]. Prior research around the
globe has reported genetic associations on CYP2A6
polymorphisms in nicotine metabolism.One of the
European study indicated that the rs1801272(A) allele
frequency isaround 5% in CEU and IBS populations, with a
reported p-value=0.81[17]. In the Mexican population, the
allele frequency was found to be <1%, leading to its
exclusion from statistical analysis due to low prevalence
[17].An Egyptian study reported association between this
variant and nicotine metabolism, with statistical
significance[18].In contrast, Japanese populations exhibit
a higher frequency of loss of function of the CYP2A6
protein, correlating with slower nicotine metabolism and
altered smoking tendencies, with a reported p-value=0.34
[19].The current study genotypic distribution showed that
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among cases, only five individuals were heterozygous (AT),
while the majority(44/50)were homozygous wild-type(AA),
a one sample was observed as homo-mutant (TT). While in
controls, two individuals carried the heterozygous variant,
with the rest(48/50)being homozygous wild. This suggests
that the rs1801272T variant is rare in the Pakistani
population, limiting its influence on smoking behaviour[1].
Nicotine metabolism is primarily mediated by CYP2AS6,
which converts nicotine into cotinine. Genetic variationsin
CYP2A6 may influence smoking initiation, dependency and
cessation activities.Studies indicate that slow
metabolizers, due to reduced function of the CYP2A6
protein, tend to smoke less and experience lower nicotine
dependence [20]. As far as the clinical relevance and
pharmacogenomics are concerned, this variant may
influence the effectiveness of the nicotine replacement
therapy (NRT) for smoking cessation [19, 21]. However,
rs1801272A>T alone is not a major determinant of smoking
behaviourinPakistaniyouth.

CONCLUSIONS

It was concluded that this pilot study suggested the
variability of the subject CYP2A6 gene locus rs1801272A>T
and seems not significantly associated with nicotine
metabolism and smoking tendency among Pakistani youth
with p-value=0.088 and OR=3.68. Further, large sample size
single locus genotyping or GWA studies may be conducted
to evaluate the smoking genetics in the Pakistani
population.
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