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Abstract

In the process of biological evolution, our ancestors have faced many environmental challenges and the genomes of the
present-day humans are storages of environmentally adapted genetic entities in the form of functional genes. To this
respect, NAT2 a drug metabolizing gene plays a vital role in differential metabolization rate due to genomic changes that
result in changed amino acids. Different alleles in genomes are well correlated with differential acetylation mechanism
leading to inter-individual variation with respect to drug response. This correlation prompted us to determine the muta-
tional trajectory of slow acetylator NAT2 alleles in Indian population that are responsible for low Nat2 enzymatic activity.
With the overwhelming increase in published NAT2 coding data (873 bp), characterization of acetylator phenotypes were
based on the seven SNP panel as described in several studies. Among the slow acetylator alleles, NAT2"5B, NAT2°6A and
NAT27B were found to be highly prevalent in Indian population. Out of these, NAT2'5 alleles were highly mutable as
compared to the NAT2°6A and NAT2 7B that substantiates the hypothesis that neolithic transition has contributed the
emergence of vast majority of mutations due to exposure of exogenous chemicals.
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Introduction

The human N-acetyltransferase 2 is a broad-spectrum
drug metabolizing gene that plays a role in the metaboliza-
tion of a wide variety of toxins and clinically important drugs,
like anti-tuberculosis (Isoniazid), anti-malarial (Dapsone/Sul-
phadoxine) and etc [1]. NAT2 gene, which exhibits a well-es-
tablished acetylation polymorphism, categorized individuals
into fast and slow acetylators and has been the focus of nu-
merous studies due to ongoing targets of population-specif-
ic selective pressures which is stimulated by the patterns of
geographic differentiation of major alleles [2]. For example,
acetylation profiling of ethnically diverse populations dis-
played role of natural selection in shaping genetic variation
at this locus based on NAT2 DNA sequence [3-7]. It has been
well documented that Dietary evolution is fundamental to
human history [8] and people lived as hunter-gatherers us-
ing range of plants and animals in their natural environment.
Around 10,000-12,000 years ago, the process of Neolithisa-
tion started near Fertile crescent region with the beginning
of agriculture and animal husbandry that resulted in the most
radical change in human economic and subsistence strate-
gies [9]. Food resources became more and more abundant
and the consumption of cereals and other plants increased
tremendously [10]. The domestication of plants and animals
led to changes in numerous aspects of life, including avail-
able foodstuffs, physical activities, reproductive experience,
psychosocial relations, microbial interactions, toxin/aller-

gen exposure, and sedentism. This Neolithisation has made
a powerful impact on the human genome which was also
demonstrated in certain genes such as LCT, AMY and PLRP2,
influencing differential patterns of gene expression among
human population [11-13]. Furthermore, NAT2 gene plays a
vital role in mediating interaction between xenobiotics and
humans that varies and are dependent on diet (component
of environment) making them excellent target for the ac-
tion of natural selection. Several studies have advocated the
positive correlation between different acetylator phenotype
(fast and slow) and differential subsistence mode strategies
(hunter gatherers and agriculture/pastoralist) [3,4,6]. Sever-
al genetic surveys have provided clear evidence, correlating
different acetylator phenotypes with different subsistence
mode of strategies (adopted by their ancestors) in the last
10,000 years, suggesting a possible selection in populations
shifting from hunting to farming [3,7]. Thus, it is hypothesized
that the neolithic transition has triggered significant changes
in dietary exposure that modified the substrate specificity af-
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Figure 1: Diagrammatic representation of NAT2 ancestral and derived mutant.

fecting the Nat2 acetylation pathway. Interestingly, with the
availability of archaic genome dataset [14], it was found that
archaic hominin harbors fast acetylator phenotype which in-
dicates that effect of neolithization on modern human popu-
lation and emergence of slow acetylator.

Considering the fluctuations in the type and levels of
xenobiotics compounds over time immemorial, the meta-
bolic function of Nat2 is likely to be under adaptive evolu-
tion. Owing to this, NAT2 gene could broaden or change its
substrate specificity in response to change in environmental
conditions. Despite the wide characterization of NAT2 gene in
global human population with respect to population genetic
studies and association studies (NAT2 gene and diseases), no
study to date has investigated the mutational trajectory of
the non-synonymous allele which affects the activity of NAT2.
The aim of the present work is to thoroughly examine the mu-
tational trajectory of three diverse slow NAT2 acetylator hap-
lotypes (NAT2'5, NAT2°6, NAT2"7) which are common in var-
ious human population, utilizing SNPs in NAT2 coding region.

Materials and Method

Selection of region

Genetic basis of acetylation process is determined by
genotypic characterization of the one coding exon (873 bp)
NAT2 gene, located on the short arm of human chromosome
8 [2,3,7] Based on the SNPs present in the NAT2 coding re-
gion, the data of NAT2 SNPs were retrieved from NAT2 no-
menclature website (http://nat.mbg.duth.gr/) and the mu-
tational trajectories of slow acetylators NAT2'5, NAT2'6,
NAT2"7 were tracked.

Results

NAT2 alleles, acetylation phenotype and mutational tra-
jectories of non-synonymous mutations

With the availability of NAT2 data (NAT2 nomenclature),
NAT2 alleles were predicted based on seven SNPs reported
in coding region (191 G > A, 282C > T, 341T > C, 481T > (,
590G > A, 803A > G, 857G > A). Out of these, five (191, 341,
590, 803 and 857) were non-synonymous mutation leading
to significant decrease in acetylation capacity, whereas two
(282, 481) were found to be synonymous that does not alter
protein activity. Based on the combination of these SNPs, 20
haplotypes have been identified so far (http://nat.mbg.duth.
gr/). Out of these haplotypes, NAT2"4, a reference allele is an
ancestral and a predictor of fast acetylator phenotype. More-
over, NAT2'5, NAT2°6 and NAT2'7 haplotypes were diverse
and predictor of slow acetylator. NAT2'5, NAT2°6 were found
to be most common haplotypes, whereas NAT2"7 allele was
found to be relatively less among population (Figure 1). To
be noted, present study is focused on haplotypes that are
predictors of slow acetylators, hence the fast acetylators hap-
lotypes was not included. In addition, 191 G > A that forms
NAT2"14 haplotype was restricted to African population, and
thus not considered in the present study analysis.

Taken into consideration the three common NAT2 hap-
lotypes, we herewith, infer possible mutational trajectories
from the ancestral NAT2"4 to derived NAT2 slow haplotype
(NAT2°5, NAT2°6 and NAT2'7). A hypothetical sketch of the
possible mutational events from ancestral to derived alleles
is shown in Figure 2, Figure 3 and Figure 4. It is evident from
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Figure 2: Schematic representation displaying mutational trajectory leading to different slow acetylator NAT2’5.
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Figure 3: Schematic representation displaying mutational trajectory leading to different slow acetylator NAT26.

the Figure 2, that NAT2"5 mutational trajectory shows highest
number of double (4), triple (5) and quadruple (2) mutants.
Also, it contains quintuple mutant which is formed by the
combination of five mutations. while, NAT2°6 harbors dou-
ble (4), triple (4) and quadruple (1) mutant (Figure 3), NAT2"7
shows least number of mutants with double (1), triple (1) and
quadruple (1) mutant (Figure 4).

Discussion

With the advancement of high throughput DNA technolo-
gies and human genome research (high coverage), new tools
are utilized to identify variations in both mitochondrial as well
as nuclear DNA [15-18]. These variations help in understand-
ing the differences between human and other mammalian
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Figure 4: Schematic representation displaying mutational trajectory leading to different slow acetylator NAT2'7.

species (including our evolutionary closest relatives Great
Apes) and constitute a key driving force in evolution [19,20].
They are the main sources of evolutionary novelty that acts
on the genetic constitution of an organism at different lev-
els, from single nucleotide substitutions to large-scale chro-
mosomal modifications [1]. Genetic analysis of mutations
allowed us to estimate the strength of natural selection that
favors organisms, best adapted to their respective surround-
ings, and shed light on episodes of adaptive evolution at spe-
cific sites and domains of the protein. Understanding the mu-
tational pathway of non-synonymous polymorphisms would
help in drug targets and predict the effects of mutations on
diseases. It is thus essential to analyze the mutational tra-
jectories of the non-synonymous polymorphisms that alter
the activity of protein. To this respect, NAT2 gene is widely
considered as the potential target of selective pressure var-
ies across different populations that can be related to dietary
habits and environmental conditions influencing Nat2 ex-
pression. It was documented that the slow acetylators were
originated with the advent of agriculture 10,000 years ago
near Fertile Crescent region [3,6]. This neolithic transition has
made a powerful impact on the human genome influencing
differential patterns of gene expression [11-13]. Interestingly,
the archaic hominin genome (Altai and Vindijia Neanderthal)
showed only synonymous variants (C282T, and G803A; indi-
cator of fast acetylator phenotype) [14,21], further supports

our hypothesis that slow acetylators emerged as a result of
Neolithic transition.

Among the derived alleles (slow acetylator phenotype), it
was reported earlier that the NAT2"5 was common in Western
and Central Eurasians, NAT2°6 was found around the globe
in intermediate frequency and NAT2"7 was observed main-
ly in Eastern Eurasians. Considering three NAT2 slow haplo-
type (NAT2°5, NAT2'6, and NAT2'7), NAT2'5 harbors maxi-
mum number (single quintuple) of mutants as compared to
NAT2'6 and NAT2'7. It is also interesting to note that among
the slow acetylator haplotype NAT2'5, NAT2"5B was found in
high frequency which further strengthen the hypothesis that,
NAT2"5B allele might be originated with the advent of agri-
culture during neolithic transition as a consequence of expo-
sure to exogenous chemicals [3]. Similarly, among the other
slow acetylator haplotype NAT2'6 and NAT2"7, NAT2 6A and
NAT2"7B was found in highest frequency which was thought
to be earlier present in two agriculturalist population (Tajik
and Kazakh) of Central Asia [6].

In conclusion, among NAT2 slow acetylator haplotypes,
NAT2'5 harbors highest mutant and hypothesized to be orig-
inated with the transition of subsistence mode from hunting
to agriculture during human evolution. Furthermore, these
mutational trajectories would help us in understanding the
role of mutation occurrence which can be further associated
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with the susceptibility of diseases and adverse drug reactions.
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