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Table 1. NAT2 Allele frequency in the studied Indian population. 
 

Allele 
Frequency (%) 

Enzyme activity R/S 
Total (n=94) Male (n=65) Female (n=29) 

*4 9.6 10.0 8.6 Normal R 
*5 34.6 36.2 31.0 Almost none S 
*6 23.4 20.0 31.0 Almost none S 
*7 5.3 6.2 3.5 Almost none S 
*12 27.1 27.7 25.9 Normal R 

 

R-Rapid acetylators, S-slow acetylators  
 
 
 
GAAAGAATTGGCTATAAGAACTCTAGGAACAAATTGGACTTGG
AAACATTAACTGACATTCTTGAGCACCAGATCCGGGCTGTTCC
CTTTGAGAACCTTAACATGCATTGTGGGCAAGCCATGGAGTTG
GGCTTAGAGGCTATTTTTGATCACATTGTAAGAAGAAACCGGG
GTGGGTGGTGTCTCCAGGTCAATCAACTTCTGTACTGGGCTCT
GACCACAATCGGTTTTCAGACCACAATGTTAGGAGGGTATTTT
TACATCCCTCCAGTTAACAAATACAGCACTGGCATGGTTCACC
TTCTCCTGCAGGTGACCATTGACGGCAGGAATTACATTGTCGA
TGCTGGGTCTGGAAGCTCCTCCCAGATGTGGCAGCCTCTAGA
ATTAATTTCTGGGAAGGATCAGCCTCAGGTGCCTTGCATTTTCT
GCTTGACAGAAGAGAGAGGAATCTGGTACCTGGACCAAATCA
GGAGAGAGCAGTATATTACAAACAAAGAATTTCTTAATTCTCAT
CTCCTGCCAAAGAAGAAACACCAAAAAATATACTTATTTACGCT
TGAACCTCGAACAATTGAAGATTTTGAGTCTATGAATACATACC
TGCAGACGTCTCCAACATCTTCATTTATAACCACATCATTTTGT
TCCTTGCAGACCCCAGAAGGGGTTTACTGTTTGGTGGGCTTCA
TCCTCACCTATAGAAAATTCAATTATAAAGACAATACAGATCTG
GTCGAGTTTAAAACTCTCACTGAGGAAGAGGTTGAAGAAGTGC
TGAGAAATATATTTAAGATTTCCTTGGGGAGAAATCTCGTGCCC
AAACCTGGTGATGGATC 
 
 
RESULTS 
 
Sequence analysis of NAT2 gene 
 
The sequencing data was analyzed for the presence of 
known and unknown polymorphisms. Mutations at 
positions 282C>T, 341T>C, 481C>T, 590G>A, 803A>G 
and 857G>A were detected from the sequence analysis 
of 94 individuals which lead to the detection of NAT2*4, 
*5, *6, *7 and *12 alleles. Allele not carrying any mutation 
was classified as NAT2*4, rapid acetylators (R). Alleles 
NAT2*5, *6 and *7 were classified as slow acetylators 
(S), while NAT2*12 did not lead to any change in NAT2 
enzyme activity (R) (http://nat.mgb.duth.gr).  
 
 
New alleles in Indian population 
 
A mutation at position 578C>T was detected in a single 
individual, in the studied population (n=94), along with 
other known mutations at 282C>T, 341T>C, 481C>T, 
590G>A, 803A>G. This mutation leads to a substitution 
of threonine amino acid to methionine amino acid at 193 
position (T193M), which along with other mutation may 
lead to change in NAT2 enzyme activity. Thus, this new 

combination of mutations has been classified as 
NAT2*5P allele by the Arylamine N-acetyltransferase 
Gene Nomenclature Committee. The mutation 
combination leads to identification of a new allele specific 
to the Indian population as this combination is presently 
not reported in other populations. A new sub-type of 
NAT2*7 allele was also found in studied population. It is 
being termed as NAT2*7C, which comprised 282C>T, 
803G>A and 857G>A mutations, which may lead to the 
slow acetylation phenotype (http://nat.mgb.duth.gr). The 
frequency of this allele was found to be 8.5% (10.8% in 
males, 3.4% in females). The genotype observed were 
NAT2*6C/*7C (slow acetylation), NAT2*7C/*12A 
(intermediate acetylation). 
 
 
NAT2 genotype and allele frequencies 
 
The alleles NAT2*4, *5, *6, *7 and *12 were detected 
from the sequencing data in the studied population. The 
allelic frequency for these alleles of NAT2 gene ranged 
from 5.3 to 34.6% (Table 1). NAT2*5 was found in 34.6% 
of individuals. Individuals were classified into three 
categories as rapid acetylators (R), intermediate 
acetylators (I) and slow acetylators (S) depending on the 
alleles and their reported enzyme activities. Based on this 
classification, the allele frequency of the rapid acetylators 
was found to be 36.7% and slow acetylators were 63.3% 
in the studied population (n=94). The genotype frequency 
of NAT2 is shown in Table 2. NAT2*6/*12 genotype 
dominated the studied population, while no individual was 
found to have NAT2*4/*4 genotype, which is wild type 
genotype. The genotype frequency of rapid acetylators 
was 5.4%, intermediate acetylators was 62.7% and slow 
acetylators was 31.9%. No significant difference was 
observed between males and females in the studied 
population. 
 
 
NAT2 inter-ethnic differences 
 
A comparison of the allele frequencies of NAT2 with other 
populations is shown in Table 3, and Figure 2. The 
majority of the studied population had NAT2*5 (34.6%),
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Table 2. NAT2 Genotype frequency in the studied Indian population. 
 

Genotype 
Frequency (%) 

Enzyme activity R/I/S 
Total (n=94) Male (n=65) Female (n=29) 

*4/*5 16.0 15.4 17.2 Decreased I 
*4/*6 2.1 3.1 0.0 Decreased I 

*4/*12 1.1 1.5 0.0 Normal R 
*5/*5 14.9 13.8 17.2 Almost none S 
*5/*6 2.1 3.1 0.0 Almost none S 
*5/*7 2.1 1.5 3.4 Almost none S 

*5/*12 19.1 24.6 6.9 Decreased I 
*6/*6 9.6 7.7 13.8 Almost none S 
*6/*7 3.2 4.6 0.0 Almost none S 

*6/*12 20.2 13.8 34.5 Decreased I 
*7/*12 5.3 6.2 3.4 Decreased I 

*12/*12 4.3 4.6 3.4 Normal R 
 

R, Rapid acetylators; I, Intermediate acetylators; S, Slow acetylators. 
 
 
 

Table 3. Comparison of NAT2 allele frequency in the studied Indian population (%) with other populations (Cascorbi et al., 1995; Aynacioglu et al., 1997; Martinez et al., 1998; Jorge-Nebert et 
al., 2002; Loktionov et al., 2002; Anitha and Banerjee, 2003; Agúndez, 2003; Tanira et al., 2003; Belogubova et al., 2005; Deguchi et al., 2005; Srivastava and Mittal, 2005; Patin et al., 2006; 
Rabstein et al., 2006; Al-Yahyaee et al., 2007; Teixeira et al., 2007; Agúndez et al., 2008; Yuliwulandari et al., 2008; Sabbagh et al., 2011). 
 

Allele 
Studied 

population 
(n=94) 

South 
Indians 
(n=166) 

Caucasians 
(n=1034) 

Omanis 
(n=127) 

Japanese 
(n=175) 

Tswana 
(n=101) 

Korean 
(n=1000) 

Rio de 
Janeiro 
(n=298) 

Ngawbe 
(n=105) 

Nicaraguans 
(n=137) 

Sudanese 
(n=127) 

Spanish 
(n=1312) 

Turk 
(n=303) 

German 
(n=844) 

Russian 
(n=364) 

Kyrgyz 
(n=290) 

Indonesian 
(n=212) 

R/
S 

*4 9.6 11.7 22.0 17.7 68.6 13.4 66.1 17.3 72.4 41.6 8.7 22.2 23.1 22.7 23.5 39.8 37.3 R 
*5 34.6 25.9 45.4 42.4 2.0 32.2 1.6 40.1 2.4 35.8 47.3 45.6 41.7 46.4 45.6 19.3 9.0 S 
*6 23.3 36.7 26.2 26.4 19.8 18.8 20.1 26.3 0.0 17.4 28.7 26.7 30.5 27.8 27.2 26.5 36.8 S 
*7 5.3 22.3 1.2 3.9 9.6 0.0 11.5 4.2 23.3 0.0 3.1 1.2 4.5 1.3 3.1 12.1 15.3 S 
*11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 S 
*12 27.2 2.0 2.6 5.2 0.0 20.8 0.3 4.4 0.0 3.6 8.3 2.6 0.2 0.0 0.5 0.5 0.9 R 
*13 0.0 2.1 0.0 2.4 0.0 6.4 0.1 3.0 1.9 1.1 0.1 0.3 0.0 1.5 0.0 0.0 0.7 R 
*14 0.0 0.0 1.0 0.0 0.0 8.4 0.0 4.7 0.0 0.4 3.2 1.4 0.0 0.1 0.0 0.0 0.0 S 

 

R, Rapid acetylators; S, slow acetylators. 
 
 
 
NAT2*6 (23.3%) and NAT2*12 (27.2%) allele 
while, most of the other populations mentioned in 

Table 3, were predominated by NAT2*5, NAT2*6 
or NAT2*7 alleles. Significant differences were 

observed when the allele frequency of slow 
acetylators from the present study were compared
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population. The present study, thus reflects that the entire 
population can be divided into slow or intermediate 
acetylators which might display partial or very low 
acetylation activity (Table 4) (Anitha and Banerjee, 2003; 
Tanira et al., 2003; Deguchi et al., 2005). A new sub-type 
of NAT2*5 and NAT2*7 allele were detected in the 
studied population which has not been reported earlier. 
NAT2*5 sub-type consisting of 282C>T, 341T>C, 
481C>T, 578C>T, 590G>A, 803A>G mutation has been 
named as NAT2*5P allele by the Arylamine N-
acetyltransferase Gene Nomenclature Committee. 
Whereas, NAT2*7 allele sub-type has been termed as 
NAT2*7C allele having mutations at position 282C>T, 
803G>A and 857G>A (http://nat.mgb.duth.gr). Among the 
studied population, 31.9% individuals were estimated to 
be slow acetylators for NAT2 from the genotype 
frequency; whereas 71.1% South Indians and 9.3% 
Japanese were reported as individuals showing slow 
acetylation phenotype for NAT2 (Table 4) (Anitha and 
Banerjee, 2003; Tanira et al., 2003; Deguchi et al., 2005). 
All these differences suggest diversity among various 
ethnic groups and within Indian population for NAT2 
gene.  
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