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Introduction
The human N-acetyltransferase 2 is a broad spectrum drug 

metabolizing gene that plays a vital role in the metabolization of 
variety of toxins and clinically important drugs (e.g. Isoniazid, 
Procainamide and etc.) and has long been considered as likely 
targets of population-specific selective pressures which is 
stimulated by the patterns of geographic differentiation of 
major alleles. In particular, the NAT2 gene, which exhibits 
a well established acetylation polymorphism, categorized 
individuals into fast and slow acetylators and has been the 
focus of numerous studies. For example, acetylation profiling in 
a wide range of ethnically diverse populations based on NAT2 
DNA sequence and the role of natural selection in shaping 
genetic variation at this locus [1-5]. Several genetic surveys 
have provided clear evidence, correlating different acetylators 
in human populations and the subsistence mode of strategies 
adopted by their ancestors in the last 10,000 years which further 
suggests that a slow acetylation phenotype might have provided 
a selective advantage in populations shifting from hunting to 
farming in the neolithic period [1,6]. It is thus hypothesized that 
the neolithic transition has triggered the significant changes in 
dietary exposure to environmental chemicals that modified the 
substrate specificity affecting the NAT2 acetylation pathway.  
Similarly, considering the fluctuations in the type and levels of  
environmentally available xenobiotics compounds over time  

 
immemorial, the metabolic function of NAT2 is likely to be under 
adaptive evolution and the NAT2 gene could be broadening 
or changing its substrate specificity in response to changing 
environmental conditions. Despite of 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 mutational trajectory of slow NAT2 acetylator alleles found 
in Indian population utilizing SNP present in NAT2 coding region 
(873bp).

Materials and Method
Details of human samples

The whole of India was divided into six different zones and 
blood samples were collected from individuals from all the states 
included in that zone. From each individual 2ml of intravenous 
blood was collected in a heparinized vacutainers and stored 
at -20 °C until DNA extraction was performed. Human blood 
samples were collected from six geographical areas (North, 
South, East, West, Central and North-East) and three tribal 
populations (Juango (Kgg), Bonda (Kbm) and Kotia (Ppm)) of 
Odisha. All necessary clearances were obtained from the ethical 
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committee of the National Institute of Malaria Research, ICMR, 
New Delhi, India and informed consents were obtained from the 
patients.

Selection of region 
Since genetic basis of acetylation process is determined by 

genotypic characterization of the DNA sequences of the NAT2 
gene, we have chosen the 873bp coding region of this gene which 
is located on the short arm of human chromosome 8 [1]. Three 
sets of primers were designed to amplify coding region of NAT2 
gene which was earlier reported in Khan and coworkers [7].

Study area and molecular methods
Each collected blood samples from individual was used for 

genomic DNA isolation, PCR amplification and DNA sequencing. 
Genomic DNA was extracted from the blood samples of 250 
individuals using AxyPrep Blood Genomic DNA miniprep Kit 
(GenAxy, USA). Amplification of NAT2 coding regions were 
carried out in a final volume of 20µl, with primers (10 pmole 
each), (0.6µM) dNTP (Merck), DNA template (20-80ng) and (0.6 
U) Taq DNA polymerase (Merck) with 1X Taq DNA polymerase 
buffer (Merck). Thermal cycling condition for amplification of 
three fragments were carried out at initial denaturation at 95 
°C for 10min, followed by 35 cycles of denaturation at 95 °C for 
30sec, 60 °C for 40sec and 72 °C for 1min with a final extension at 
72 °C for 10min in the thermal cycler (ABI veriti). Five microlitre 
of the amplified PCR product of each fragment was run on 2% 
agarose gel to check the quality of amplification. Following 
amplification, the PCR products were purified with Exonuclease 
I-Shrimp Alkaline Phosphatase (EXO-SAP, Fermentas, Life 
Sciences) and incubated in a thermal cycler at 37 °C for 60min, 
followed by enzyme inactivation at 85 °C for 15min. The Purified 
PCR products serve as templates in sequencing reactions. For 
sequencing reactions, 2µl of purified PCR product, 6µl of Big 
Dye Terminator (BDT) ready reaction mix, 0.8 pmoles of primer 
were used, and cycle sequencing was performed in a thermal 

cycler as per following protocols: Initial denaturation at 95 °C 
(5min), followed by 25 cycles of denaturation at 95 °C for 10sec, 
annealing at 50 °C for 5sec and extension at 60 °C for 4min. 
DNA sequencing was then performed on an ABI 3730XL DNA 
Analyzer (Applied Biosystems), an in-house sequencing facility 
of NIMR. Each fragment was sequenced in both the forward and 
reverse directions (2X coverage).

DNA sequence editing and alignment
The DNA sequences generated from both the directions 

(forward and reverse) downstream of the DNA sequence 
were edited manually. All the three DNA fragments from each 
individual were concatenated to form a single DNA sequence 
which was used for all further analysis. Since the NAT2 gene 
is placed in human autosome and therefore heterozygotes 
positions are expected. A consensus sequence for each individual 
was determined using the Bayesian method implemented in the 
software PHASE v.2.1.1 [8]. All the 250 individual sequences 
thus determined were aligned by MegAlign computer program 
incorporated in the Laser gene software. 

Results
SNPs in NAT2 gene in indian population

Sequencing survey of NAT2 cding region (873 bp) harbors 
nine SNPs (282C>T, 341T>C, 364, 481T>C, 578, 590G>A, 803A>G, 
816, 857G>A) [7]. Out of these nine SNPs reported in coding 
region, seven results (341, 364, 578, 590, 803, 816 and 857) in 
an amino acid substitution that leads to a significant decrease 
in acetylation capacity. The other two (282C>T, 481C>T) are 
synonymous SNPs that does not alter protein activity. According 
to the NAT2 genotypic panel, the accuracy of the acetylation 
phenotype predicted from the seven common SNP were highest 
than the two, three and tag SNP panel [9]. Interestingly, the 
seventh SNP (191 G>A) was found to be African specific and thus 
was not found in Indian population.

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

Table 1: Details of different slow acetylator alleles found in Indian population.

Allele Allele Frequency

NAT2*5A 0.004

NAT2*5B 0.033

NAT2*5C 0.025

NAT2*5D 0.016

NAT2*5E 0.008

NAT2*5G 0.004

NAT2*5J 0.016

NAT2*5Q 0.016

NAT2*5R 0.016

NAT2*5S 0.008

NAT2*5T 0.004

NAT2*5U 0.004
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NAT2*5V 0.004

NAT2*6A 0.131

NAT2*6B 0.033

NAT2*6C 0.033

NAT2*6E 0.004

NAT2*6F 0.004

NAT2*6J 0.020

NAT2*6N 0.008

NAT2*6R 0.028

NAT2*6S 0.004

NAT2*6T 0.004

NAT2*7A 0.008

NAT2*7B 0.024

NAT2*7C 0.004

NAT2*7F 0.004

Out of the nine NAT2 SNPs segregated in Indian population, 
six SNPs (out of the seven that are used to infer acetylation 
phenotype) were used to infer the acetylation phenotype 
of an individual, which categorize individual into either (i) 
fast acetylator or (ii) slow acetylator. With the availability 
of enormous NAT2 data, it was clear that there are only four 
haplogroup that constitute different alleles formed by the 
presence of particular non-synonymous mutation (191, 341, 
590, 803, 857) and adjoining synonymous (282, 481) or non-
synonymous mutations. To be noted that out of seven common 
SNPs found in global human population, only six SNP (191G>A 

SNP was not found in Indian sample) were segregated in Indian 
population. Among the 27 NAT2 slow alleles, the most common 
alleles were found to be NAT2*5 and NAT2*6. Interestingly, 
NAT2*14 alleles were restricted to African population and 
NAT2*7 allele were found to be relatively less among population 
(Figure 1) (Table 1). It is evident from the Table, NAT2*5B (0.033) 
was found in high frequency among slow acetylator allelic group 
NAT2*5. Similarly, NAT2*6A (0.131) and NAT2*7B (0.024) was 
found in high frequency among the slow acetylator allelic group 
NAT2*6 and NAT2*7 in Indian population. 

http://dx.doi.org/10.19080/AIBM.2017.03.555623
http://dx.doi.org/10.19080/AIBM.2017.03.555623


How to cite this article: Aparup D, Naazneen K. NAT2 Alleles and Origin of Slow Acetylator Phenotype. 2017; 3(4): 555623. DOI: 10.19080/
AIBM.2017.03.55562300121

Advances in Biotechnology & Microbiology

Figure 3: Schematic representation displaying mutational trajectory leading to different slow acetylator NAT2*6.
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Taken into consideration the three NAT2 allelic group, 
we infer possible mutational trajectories from the ancestral 
NAT2*4 to derived NAT2 slow alleles (NAT2*5, NAT2*6 and 
NAT2*7). A hypothetical sketch of the possible mutation events 
from ancestral to derived alleles are shown in Figure 2-3. It is 
evident from 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. In contrary to this, NAT2*6 
harbors double (4), triple (4) and quadruple (1) mutant (Figure 
3) and NAT2*7 shows least number of mutants with double (1), 
triple (1) and quadruple (1) mutant (Figure 4). 

Figure 4: Schematic representation displaying mutational trajectory leading to different slow acetylator NAT2*7.

Discussion
Mutations constitute a key driving force in evolution and 

are the main sources of evolutionary novelty that act on the 
genetic constitution of an organism at different levels, from 

single nucleotide substitutions to large-scale chromosomal 
modifications. Genetic analysis of mutations allowed us to 
estimate the strength of natural selection that favors organisms, 
best adapted to their respective surroundings and also shed light 
on episodes of adaptive evolution at specific sites and domains 
of the protein. Understanding the mutational pathway of non-
synonymous polymorphisms would help in designing better 
drugs and also predicts the effects of mutations on diseases. 
It is thus essential to analyze the mutational trajectories of 
the non synonymous polymorphisms that alter the activity of 
protein. To this respect, NAT2 gene which is widely considered 
as the potential target of selective pressure varies across 
different populations that can be related to dietary habits and 
environmental conditions influencing NAT2 expression. It was 
documented that the slow acetylators (mutant form of NAT2 
gene) were originated with the advent of agriculture 10000 
years ago near Fertile Crescent [1,4]. This neolithic transition 
has made powerful impact on the human genome which was 
evidenced in certain genes (LCT, AMY and PLRP2) influencing 
differential patterns of gene expression [10-12].

Among the derived alleles, it was reported earlier that the 
NAT2*5 (341 T>C) was common in western and central Eurasians, 
NAT2*7 was observed mainly in eastern Eurasians, NAT2*6 
was found around the globe in intermediate frequency and 
NAT2*14 was found only in African population. The geographic 
distribution of NAT2 alleles was found to be concordant with 
maximum of NAT2*5 and absence of NAT2*14 in the present 
study (Figure 1). Considering three NAT2 haplogroup (NAT2*5, 
NAT2*6 and NAT2*7) found in Indian population, NAT2*5 harbors 
maximum number (single-quintuple) of mutants as compared 
to NAT2*6 and NAT2*7. It is also interesting to note that among 
the slow acetylator allele group 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 agriculture 
during neolithic transition as a consequence of exposure to 
exogenous chemicals (Patin et al., 2006). Similarly, among the 
other slow acetylator allelic group NAT2*6 and NAT2*7, NAT26A 
and NAT27B was found in high frequency which was thought to 
be earlier present in two agriculturalist population (Tajik and 
Kazakh) of Central Asia [4].  

Conclusion
In conclusion, among all 27 NAT2 slow acetylator alleles, 

NAT2*5 contains highest mutant and supposed to be originated 
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