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Figure S1: Questionnaires used for survey of people. 

 

 



  
 

 

 

 
 



 
 

 
Table S1: Full data of the survey in villages of Talgar and Dzhambyl regions. 

Villa
ge 

Cod
e 

Ye
ar 
of 
bir
th 

A
ge 

Sex Bod
y 
weig
ht, 
kg 

Exc
ess 
in 
food 

Pestic
ide 
Exces
s 

Exc
ess 
for 
hea
vy 
met
als 

Repara
tion 
system 
assess
ment 

Detoxific
ation 
system 
assessme
nt 

Antioxi
dant 
protecti
on 
system 
assessm
ent 

Smo
ke 

Dri
nk 

KK ПЦ-
31 

19
74 

46 mal
e 

76,2 1,14 0,274 0,06
7 

1 0 0 0 1 

KK ПЦ-
32 

19
84 

36 fem
ale 

71,5 1,00 0,117 0,09
4 

0 0 1 0 0 

KK ПЦ-
35 

19
87 

33 mal
e 

71,8 3,29 0,854 3,48
6 

0 1 1 1 0 

KK ПЦ-
36 

19
60 

60 mal
e 

77,5 1,86 0,464 0,77
0 

0 1 0 1 0 

KK ПЦ-
37 

19
87 

33 fem
ale 

72,9 2,43 0,830 0,78
1 

0 2 0 0 0 

KK ПЦ-
38 

19
88 

32 mal
e 

70 0,71 0,259 0,07
5 

0 2 0 0 0 

KK ПЦ-
39 

19
58 

62 fem
ale 

64 3,29 1,164 3,62
1 

1 1 0 0 1 

KK ПЦ-
40 

19
67 

53 fem
ale 

51,6 1,57 0,092 0,16
6 

0 0 0 0 0 

KK ПЦ-
41 

19
55 

65 fem
ale 

64,4 1,71 0,226 1,15
8 

0 1 0 0 0 

KK ПЦ-
42 

19
86 

34 fem
ale 

60 1,71 0,127 0,63
8 

1 1 0 0 0 

KK ПЦ-
43 

19
91 

29 fem
ale 

62,4 1,29 0,076 0,13
8 

1 2 0 0 0 

KK ПЦ-
44 

19
47 

73 mal
e 

50,2 2,29 0,374 0,29
1 

0 1 0 1 1 

KK ПЦ-
46 

19
48 

72 fem
ale 

73,3 0,43 0,125 0,04
4 

0 2 0 0 1 



KK ПЦ-
47 

19
63 

57 fem
ale 

54,4 1,14 0,266 0,23
8 

1 1 0 0 0 

KK ПЦ-
48 

19
91 

29 fem
ale 

60 3,00 0,380 2,01
8 

1 1 0 0 0 

KK ПЦ-
50 

19
57 

63 fem
ale 

80 0,43 0,102 0,05
5 

0 1 1 0 0 

KK ПЦ-
51 

19
55 

65 fem
ale 

71,4 3,00 0,578 1,22
3 

0 0 0 0 0 

KK ПЦ-
52 

19
55 

65 mal
e 

94,1 0,43 0,087 0,04
7 

0 0 1 0 0 

KK ПЦ-
53 

19
64 

56 fem
ale 

93,6 1,29 0,157 0,18
7 

0 3 1 0 0 

KK ПЦ-
54 

19
51 

69 fem
ale 

60 1,71 0,115 0,42
9 

0 0 1 0 1 

KK ПЦ-
57 

19
72 

48 fem
ale 

62,7 2,14 0,135 0,50
5 

0 1 0 0 1 

KK ПЦ-
59 

19
47 

73 fem
ale 

80,6 1,57 0,091 0,20
4 

0 1 1 0 0 

KK ПЦ-
60 

19
69 

51 mal
e 

63,5 1,71 0,115 0,25
8 

0 1 1 1 0 

KK ПЦ-
62 

19
80 

40 fem
ale 

82,4 1,57 0,089 0,22
3 

0 2 1 0 0 

BB ПЦ-
94 

19
58 

62 mal
e 

97,3 1,86 0,266 1,06
5 

0 0 0 0 0 

BB ПЦ-
96 

19
42 

78 fem
ale 

67,3 2,00 0,095 1,27
3 

2 2 0 0 0 

BB ПЦ-
97 

19
52 

68 fem
ale 

60 1,14 0,111 0,49
1 

0 2 0 0 0 

BB ПЦ-
98 

19
66 

54 fem
ale 

60 2,29 0,344 1,94
8 

1 1 1 0 0 

BB ПЦ-
99 

19
72 

48 fem
ale 

68,3 1,71 0,121 0,81
2 

0 1 0 0 0 

BB ПЦ-
100 

19
63 

57 fem
ale 

81,3 2,14 0,088 1,31
4 

0 3 1 0 0 

BB ПЦ-
101 

19
57 

63 fem
ale 

60 1,43 0,097 0,49
4 

1 1 1 0 0 

BB ПЦ-
102 

19
86 

34 fem
ale 

95,1 1,57 0,082 0,48
6 

2 1 0 0 0 

BB ПЦ-
104 

20
04 

16 mal
e 

70 1,71 0,087 0,48
9 

1 0 0 0 0 

BB ПЦ-
106 

19
70 

50 fem
ale 

76 1,43 0,164 0,50
7 

1 1 0 0 0 



BB ПЦ-
107 

19
60 

60 fem
ale 

65,3 2,00 0,122 0,64
1 

1 0 1 0 0 

BB ПЦ-
108 

19
49 

71 fem
ale 

89,2 1,57 0,072 0,42
3 

1 1 0 0 0 

BB ПЦ-
111 

19
90 

30 fem
ale 

42,4 2,29 0,484 2,75
6 

0 1 0 0 0 

BB ПЦ-
112 

20
03 

17 mal
e 

70 2,00 0,103 0,96
1 

1 1 0 0 0 

BB ПЦ-
113 

19
63 

57 fem
ale 

57,9 2,29 0,354 2,01
9 

0 1 0 0 0 

BB ПЦ-
114 

19
81 

39 fem
ale 

146,
9 

2,00 0,045 0,26
9 

0 2 0 0 0 

BB ПЦ-
115 

19
65 

55 fem
ale 

76,6 1,29 0,095 0,97
6 

2 1 0 0 0 

BB ПЦ-
116 

19
75 

45 fem
ale 

59,8 2,14 0,140 1,99
9 

1 2 0 0 0 

BB ПЦ-
117 

19
73 

47 fem
ale 

70,5 2,14 0,267 1,19
0 

0 1 0 0 0 

BB ПЦ-
118 

19
71 

49 fem
ale 

83,7 2,14 0,131 1,26
4 

0 1 0 0 1 

BB ПЦ-
119 

19
94 

26 fem
ale 

67,4 2,29 0,279 1,24
5 

1 2 0 0 0 

BK ПЦ-
63 

19
57 

63 fem
ale 

66 2,86 1,733 1,94
4 

0 1 0 1 0 

BK ПЦ-
64 

19
59 

61 fem
ale 

79,3 2,71 1,110 0,99
6 

1 0 1 0 0 

BK ПЦ-
65 

19
60 

60 fem
ale 

74,3 2,86 0,466 0,41
7 

0 1 0 0 0 

BK ПЦ-
66 

19
61 

59 mal
e 

94,8 2,86 1,636 1,67
6 

1 1 0 0 1 

BK ПЦ-
67 

19
56 

64 mal
e 

98,5 2,57 0,367 0,31
7 

0 1 0 1 1 

BK ПЦ-
68 

19
68 

52 mal
e 

72,2 3,29 1,440 1,42
4 

0 3 0 0 0 

BK ПЦ-
69 

19
68 

52 fem
ale 

60 3,29 1,657 1,69
9 

1 1 0 0 0 

BK ПЦ-
70 

19
71 

49 fem
ale 

60 2,57 1,051 1,09
3 

0 2 0 0 0 

BK ПЦ-
71 

19
69 

51 fem
ale 

99 1,43 0,190 0,19
9 

0 2 0 0 0 

BK ПЦ-
74 

19
51 

69 mal
e 

59 3,29 1,367 1,30
9 

0 1 0 1 0 



BK ПЦ-
75 

19
64 

56 fem
ale 

92,1 1,71 0,125 0,08
3 

0 1 1 0 0 

BK ПЦ-
76 

19
57 

63 fem
ale 

59,3 3,00 1,129 1,17
3 

0 1 1 0 0 

BK ПЦ-
80 

19
63 

57 fem
ale 

53,1 1,71 0,322 0,07
8 

0 1 1 0 0 

BK ПЦ-
81 

19
84 

36 fem
ale 

70,8 2,14 0,444 0,33
3 

0 2 0 0 0 

BK ПЦ-
82 

19
62 

58 fem
ale 

100,
7 

2,71 1,934 2,17
1 

2 2 1 0 1 

BK ПЦ-
83 

19
66 

54 mal
e 

77,1 1,71 0,193 0,12
5 

0 2 0 0 0 

BK ПЦ-
84 

19
80 

40 mal
e 

77,4 3,00 1,278 1,25
8 

0 2 0 1 0 

BK ПЦ-
86 

19
59 

61 fem
ale 

60 2,14 0,998 1,22
8 

0 2 1 0 0 

BK ПЦ-
87 

19
50 

70 fem
ale 

60 2,71 1,985 1,92
2 

0 1 0 0 0 

BK ПЦ-
88 

19
77 

43 fem
ale 

69,3 2,14 0,516 0,34
6 

0 1 1 0 0 

BK ПЦ-
89 

19
70 

50 fem
ale 

60 3,14 1,926 1,43
6 

0 2 0 0 0 

BK ПЦ-
90 

19
66 

54 fem
ale 

60 2,00 0,159 0,07
2 

1 1 0 0 0 

BK ПЦ-
91 

19
68 

52 fem
ale 

69,3 2,71 1,719 1,66
4 

0 2 1 0 1 

BK ПЦ-
93 

19
87 

33 fem
ale 

73,4 1,71 0,279 0,20
0 

1 1 0 0 0 

AG ПЦ-
120 

19
56 

64 mal
e 

61 1,14 0,620 0,47
9 

1 0 1 1 0 

AG ПЦ-
122 

19
59 

61 mal
e 

63 1,86 0,307 2,51
0 

1 2 2 1 1 

AG ПЦ-
123 

19
76 

44 fem
ale 

59 1,86 1,059 4,84
1 

1 1 0 0 1 

AG ПЦ-
124 

19
78 

42 mal
e 

79 1,14 0,356 1,88
8 

0 1 0 1 1 

AG ПЦ-
126 

19
70 

50 mal
e 

76 1,86 0,255 2,08
0 

0 1 1 0 0 

AG ПЦ-
127 

19
59 

61 fem
ale 

125 1,57 0,155 2,29
4 

1 1 0 0 1 

AG ПЦ-
128 

19
48 

72 mal
e 

55 2,29 1,371 7,34
3 

0 2 1 0 0 



AG ПЦ-
129 

19
97 

23 mal
e 

71 1,14 0,216 2,47
5 

0 0 1 0 0 

AG ПЦ-
130 

19
65 

55 fem
ale 

65 2,14 0,642 4,54
7 

1 0 0 0 0 

AG ПЦ-
131 

19
68 

52 mal
e 

70 1,57 0,258 2,98
1 

0 0 0 1 1 

AG ПЦ-
132 

19
56 

64 mal
e 

64 1,57 0,439 2,41
8 

0 0 0 0 1 

AG ПЦ-
133 

19
74 

46 fem
ale 

59 1,00 1,016 2,00
2 

2 1 0 0 1 

AG ПЦ-
134 

19
84 

36 fem
ale 

63,4 1,29 0,220 1,31
4 

2 0 0 0 0 

AG ПЦ-
136 

19
52 

68 fem
ale 

53,1 2,00 0,588 5,00
4 

1 1 0 0 0 

AG ПЦ-
137 

19
88 

32 fem
ale 

67 1,29 0,362 0,77
0 

0 0 0 0 0 

AG ПЦ-
138 

19
85 

35 mal
e 

72 1,86 0,406 2,24
2 

0 1 0 1 1 

AG ПЦ-
139 

19
73 

47 fem
ale 

79 1,57 0,512 2,28
4 

1 1 0 0 0 

AG ПЦ-
140 

19
71 

49 mal
e 

68 1,57 0,595 2,65
4 

1 1 0 0 0 

AG ПЦ-
142 

19
95 

25 mal
e 

70 1,57 0,578 2,57
8 

1 2 0 0 0 

AG ПЦ-
143 

19
58 

62 fem
ale 

56 1,43 0,332 3,61
2 

0 2 0 0 0 

AG ПЦ-
144 

19
58 

62 fem
ale 

58 1,29 0,413 0,84
2 

0 1 0 0 0 

EB ПЦ-
173 

19
56 

65 fem
ale 

90 1,00 0,017 0,21
2 

1 0 0 0 0 

EB ПЦ-
174 

19
43 

78 fem
ale 

56 1,57 0,120 0,25
3 

2 0 1 0 0 

EB ПЦ-
176 

19
64 

57 fem
ale 

88 2,29 0,085 1,02
4 

2 0 0 0 0 

EB ПЦ-
177 

19
75 

46 fem
ale 

67 0,57 0,009 0,32
6 

2 0 0 0 0 

EB ПЦ-
179 

19
81 

40 fem
ale 

76 1,43 0,033 0,99
9 

1 1 0 0 0 

EB ПЦ-
182 

19
98 

23 mal
e 

75 1,14 0,021 0,25
4 

2 1 1 1 1 

EB ПЦ-
183 

19
91 

30 mal
e 

73 1,14 0,021 0,26
1 

1 2 1 1 0 



EB ПЦ-
184 

19
57 

64 fem
ale 

67 2,57 0,158 1,45
3 

2 2 2 0 0 

EB ПЦ-
186 

19
86 

35 fem
ale 

72 1,86 0,153 1,58
7 

2 0 1 0 0 

EB ПЦ-
187 

19
54 

67 mal
e 

80 1,00 0,019 0,23
8 

1 1 0 1 0 

EB ПЦ-
190 

19
78 

43 fem
ale 

55 2,29 0,101 1,09
7 

2 1 1 1 0 

Kara
keste
k 

УЖ-
1 

19
62 

59 fem
ale 

63 0,00 0,001 0,13
6 

0 0 0 0 1 

Kara
keste
k 

УЖ-
2 

19
47 

74 fem
ale 

82 0,00 0,000 0,00
6 

0 1 0 1 1 

Kara
keste
k 

УЖ-
3 

19
77 

44 fem
ale 

73 0,00 0,000 0,08
2 

0 1 0 0 1 

Kara
keste
k 

УЖ-
4 

19
61 

60 fem
ale 

85 0,00 0,000 0,05
4 

0 0 0 0 0 

Kara
keste
k 

УЖ-
5 

19
82 

39 fem
ale 

60 0,00 0,000 0,08
2 

0 2 0 0 1 

Kara
keste
k 

УЖ-
6 

19
64 

57 fem
ale 

59 0,00 0,000 0,05
9 

0 1 1 0 0 

Kara
keste
k 

УЖ-
7 

19
63 

58 fem
ale 

75 0,00 0,001 0,09
8 

0 0 1 0 0 

Kara
keste
k 

УЖ-
8 

19
81 

40 mal
e 

100 0,00 0,000 0,13
2 

1 0 0 1 0 

Kara
keste
k 

УЖ-
9 

19
39 

82 fem
ale 

60 0,00 0,000 0,04
2 

0 1 0 0 0 

Kara
keste
k 

УЖ-
10 

19
97 

24 fem
ale 

48 0,00 0,001 0,34
4 

0 1 0 0 0 

Kara
keste
k 

УЖ-
11 

19
90 

31 fem
ale 

60 0,00 0,001 0,28
7 

1 1 0 0 0 

Kara
keste
k 

УЖ-
12 

19
84 

37 fem
ale 

73 0,00 0,000 0,02
1 

0 1 0 0 0 

Kara
keste
k 

УЖ-
13 

19
94 

27 fem
ale 

54 0,00 0,000 0,05
2 

0 1 0 0 0 



Kara
keste
k 

УЖ-
14 

19
90 

31 mal
e 

63 0,00 0,000 0,06
9 

0 1 1 1 0 

Kara
keste
k 

УЖ-
15 

19
48 

73 fem
ale 

60 0,00 0,000 0,13
0 

0 0 0 0 0 

Kara
keste
k 

УЖ-
16 

19
47 

74 fem
ale 

95 0,00 0,000 0,07
2 

0 1 0 0 1 

Kara
keste
k 

УЖ-
17 

19
58 

63 fem
ale 

80 0,00 0,001 0,18
2 

0 2 1 0 0 

Kara
keste
k 

УЖ-
18 

19
53 

68 mal
e 

73 0,00 0,001 0,20
9 

0 1 0 0 0 

Kara
keste
k 

УЖ-
19 

19
74 

47 fem
ale 

68 0,00 0,000 0,10
8 

1 2 0 0 0 

Kara
keste
k 

УЖ-
20 

19
68 

53 fem
ale 

70 0,00 0,001 0,27
2 

0 2 0 0 1 

Kara
keste
k 

УЖ-
21 

19
70 

51 fem
ale 

63 0,00 0,000 0,10
7 

0 2 0 0 1 

Kara
keste
k 

УЖ-
22 

19
71 

50 fem
ale 

68 0,00 0,000 0,05
8 

1 1 0 0 1 

Kara
keste
k 

УЖ-
23 

19
66 

55 fem
ale 

75 0,00 0,000 0,13
7 

0 2 0 0 1 

Kara
keste
k 

УЖ-
24 

19
64 

57 fem
ale 

83 0,00 0,001 0,25
7 

0 0 1 0 1 

Kara
keste
k 

УЖ-
25 

19
78 

43 fem
ale 

66 0,00 0,000 0,06
5 

1 2 0 0 1 

Umb
etaly 

УЖ-
26 

19
52 

69 mal
e 

62 0,00 0,000 0,10
4 

0 1 0 1 0 

Umb
etaly 

УЖ-
27 

19
64 

57 mal
e 

72 0,00 0,000 0,12
9 

1 0 1 1 0 

Umb
etaly 

УЖ-
28 

19
79 

42 fem
ale 

80 0,00 0,000 0,13
7 

0 1 0 1 1 

Umb
etaly 

УЖ-
29 

19
99 

22 fem
ale 

47 0,00 0,001 0,39
5 

0 0 0 0 0 

 

 

             



Umb
etaly 

УЖ-
30 

19
76 

45 fem
ale 

57 0,00 0,000 0,37
5 

0 0 0 0 0 

Umb
etaly 

УЖ-
31 

19
97 

24 mal
e 

56 0,00 0,000 0,11
5 

0 2 0 1 0 

Umb
etaly 

УЖ-
32 

19
75 

46 mal
e 

83 0,00 0,000 0,05
8 

0 2 0 0 0 

Umb
etaly 

УЖ-
33 

19
80 

41 fem
ale 

68 0,00 0,000 0,14
8 

1 1 0 0 0 

Umb
etaly 

УЖ-
34 

19
99 

22 fem
ale 

61 0,00 0,000 0,12
6 

0 1 0 0 0 

Umb
etaly 

УЖ-
35 

19
57 

64 mal
e 

82 0,00 0,000 0,24
4 

1 2 0 0 0 

Umb
etaly 

УЖ-
36 

19
61 

60 fem
ale 

67 0,00 0,000 0,07
1 

0 1 0 0 1 

Umb
etaly 

УЖ-
37 

19
73 

48 fem
ale 

70 0,00 0,000 0,19
1 

0 1 0 0 0 

Umb
etaly 

УЖ-
38 

19
74 

47 mal
e 

86 0,00 0,001 0,37
7 

0 0 0 1 0 

Umb
etaly 

УЖ-
39 

19
73 

48 fem
ale 

87 0,00 0,001 0,25
5 

1 1 0 0 0 

Umb
etaly 

УЖ-
40 

19
90 

31 mal
e 

90 0,00 0,000 0,04
4 

0 0 0 1 0 

Umb
etaly 

УЖ-
41 

19
90 

31 mal
e 

64 0,00 0,001 0,25
8 

0 0 1 1 1 

Umb
etaly 

УЖ-
42 

19
93 

28 mal
e 

54 0,00 0,000 0,15
8 

0 0 0 1 1 

Umb
etaly 

УЖ-
43 

19
91 

30 fem
ale 

63 0,00 0,000 0,11
7 

1 2 0 0 0 

Umb
etaly 

УЖ-
44 

19
96 

25 fem
ale 

70 0,00 0,000 0,09
4 

0 1 1 0 0 

Umb
etaly 

УЖ-
45 

19
88 

33 fem
ale 

70 0,00 0,000 0,11
7 

0 1 0 0 0 

Umb
etaly 

УЖ-
46 

19
83 

38 fem
ale 

51 0,00 0,000 0,06
0 

0 1 0 0 0 

Umb
etaly 

УЖ-
47 

19
94 

27 fem
ale 

58 0,00 0,000 0,33
0 

0 1 0 0 0 

Umb
etaly 

УЖ-
48 

19
90 

31 fem
ale 

60 0,00 0,000 0,07
7 

0 1 0 0 0 

Umb
etaly 

УЖ-
49 

19
57 

64 mal
e 

58 0,00 0,000 0,19
3 

0 1 0 1 0 

Umb
etaly 

УЖ-
50 

19
85 

36 fem
ale 

65 0,00 0,000 0,21
7 

0 2 0 0 0 

 
 



 
 
 
Table S2: MPC data for pesticides in European Union and Customs Union.  
 

Pesticide classes  
MPC standards of 

the European Union 
(mg/kg) 

MPC standards of 
the Customs Union  

(mg/kg) 

HCB 0,01 no data 

α HCH 0,01 0,05 

γ HCH 0,01 0,05 

β HCH 0,01 0,05 

Heptachlor 0,01 no data 

δ HCH 0,01 0,05 

Aldrin 0,01 no data 

Keltan 0,02 0,01 

Heptachlor epoxide 0,01 no data 

Chlordane 0,01 0,02 

Endosulfan 1 0,05 no data 

DDE 0,05 0,01 

Dieldrin 0,01 no data 

2.4-DDD 0,05 no data 

Chlorobenzylate 0,02 no data 

DDD 0,01 0,01 

Endrin 0,01 0,05 

Endosulfan 2 0,05 no data 

DDT 0,05 0,01 

Endrin aldehyde 0,01 no data 

Endosulfan sulfate 0,05 no data 

Dibutilendan no data no data 

Metoxychlor 0,01 no data 

Hexabromobenzene 0,01 no data 

 
 
 
 
 
 



 
 
 
Figure S2: An example of primary data processing using Illumina GenomeStudio v.2.05 
software. 
 

 
 
 
Figure S3: An example of genotyping and annotation data processing. 

 
 

Table S3: Characteristics of functions of genes selected for study of pesticides effects on health. 
Gene/Genes Function and description 

Detoxication genes 



GST genes Glutathione S-transferases (GSTs) are important metabolic enzymes of phase II 
biotransformation. GSTs, including GSTM1, GSTT1, and GSTP1, play an 
important role in the detoxification of a wide range of xenobiotics, including 
carcinogens such as benzene, organochlorines, organophosphates, pesticides, 
tobacco smoke, chemotherapeutic agents, and reactive oxygen species. 
Polymorphisms of the GSTT1 and GSTP1 genes are associated with several 
malignancies, including leukemia and lymphoma. GSTs act by catalyzing the 
reaction of glutathione with an acceptor molecule to form S-substituted 
glutathione (S indicates sulfur). Individuals with a deletion of GSTM1 and 
GSTT1 may have an impaired ability to metabolically excrete organochlorine 
pesticides, which may affect hormonal homeostasis. This leads to an increased 
risk of hypospadias. 

CYP1A1 CYP1A1 (aryl hydrocarbon hydroxylase) is involved in Phase I of xenobiotic 
and drug metabolism. The CYP1A1 gene plays a key role in the activation of 
many pro-carcinogens, including polycyclic aromatic hydrocarbons and aromatic 
amines produced in tobacco-related products. CYP1A1 gene is associated with 
the development of cancer and a number of other diseases, such as arthritis, 
allergies, allergic dermatitis, miscarriages, etc. The pesticide dicofol enhances 
the metabolism of 7-ethoxyresorufin, pentoxyresorufin, aniline, and 
erythromycin, which are selective substrates for CYP1A1, CYP2B, CYP2E1, 
and CYP3A. There is evidence of the involvement of the AhR/CYP1A1 
signaling pathway in the mechanism of action of the pesticides DDT and DDE 
in the human placenta. 

CYP2B6 Highly inducible and polymorphic enzyme that is expressed in the brain, mainly 
in neurons and astrocytes. It metabolizes not only clinically important drugs (e.g., 
bupropion, cyclophosphamide, efavirenz, propofol, and selegiline) but also many 
chemicals. Transcription of human CYP2B6 is directly regulated by the human 
pregnane X receptor (PXR). Transactivation of CYP2B6 by PXR is mediated by 
a region of the PBREM gene. This 51 bp amplifier module regulates constitutive 
androstane receptor (CAR)-mediated CYP2B6 induction. CYP2B6 has also been 
confirmed to be involved in the bioactivation of the pesticide chlorpyrifos (CPF). 
CYP2B6 variants have the potential to alter the balance of CPF metabolism and 
thus are likely biomarkers of susceptibility to this pesticide. 

CYP2C19 Polymorphic gene with over 30 different alleles. CYP2C19 is responsible for the 
metabolism of 10% of drugs commonly prescribed in the clinical setting; for 
example, omeprazole, lansoprazole, and the anticonvulsant mephenytoin. 
Among all ethnic groups, Asians have a higher frequency of individuals who 
poorly metabolize CYP2C19. Some drugs, such as clopidogrel, are known to be 
less effective in some individuals belonging to Asian populations because they 
have a higher frequency of non-functional CYP2C19 alleles. In addition, human 
exposure to pesticides can provoke inhibition of this enzyme. For example, the 
chiral pesticide ethofumesate strongly inhibits CYP2C19 in vitro. Studies by 
Wendela A. Kappers et al. show that CYP2C19 is the main enzyme involved in 
the activation of diazinon in the human liver, while other enzymes, including 
CYP1A2, may play a minor role. Another pesticide, chlorpyrifos, can be 



activated to a potent β-esterase inhibitor by CYP2B6 or detoxified to dearylated 
metabolites by CYP2C19. 

Antioxidant response genes 

GCLC and 
GCLM 

Glutathione tripeptide (GSH; γ-glutamylcysteinylglycine) is one of the most 
distributed cellular thiols. GSH is a major player in cellular defense against ROS 
because it nonenzymatically scavenges both singlet oxygen and hydroxyl 
radicals and is used by glutathione peroxidase and glutathione transferases to 
limit the levels of certain reactive aldehydes and peroxides in the cell. It contains 
oxidative stress-sensitive elements in the promoter/enhancer region, and the 
GCLC gene polymorphisms associated with reduced GCLC expression are 
suggested to be important determinants of susceptibility to oxidative stress and 
DNA damage. 

GPX4 Glutathione peroxidase exists in at least five isoforms in humans, GPX1-5. Of 
these five types, GPX4 protects cells from membrane peroxidation and cell death 
by catalyzing the reduction of hydrogen peroxide and lipid peroxides at the 
expense of reduced glutathione, thereby protecting cells from oxidative stress. 
GPx4 is able to regenerate complex lipid peroxides such as phospholipid 
hydroperoxides even when integrated into highly structured lipid-protein 
complexes such as lipoproteins and membranes. 

SOD1 SOD plays a vital role in homeostatic redox balance by scavenging oxygen 
radicals and thus protecting the cell from oxidative stress. Oxidative stress caused 
by pesticide exposure can lead to inhibition of SOD enzyme activity, leading to 
accumulation of superoxide radicals, which has recently been observed among 
agricultural workers exposed to organophosphate, pyrethroid pesticides, and 
redox-cyclic herbicides. Superoxide dismutase 1 (SOD1) is one of the most 
important enzymes involved in the control of cellular redox homeostasis due to 
its ability to catalyze the dismutation of superoxide anions into hydrogen 
peroxide and molecular oxygen. It is associated with a number of diseases, 
including cardiovascular disease and Parkinson's disease. 

NFE2L3 The transcription factor NFE2L3 is involved in various cellular processes, 
including carcinogenesis, stress response, differentiation, and inflammation. 

DNA repair genes 

XRCC1 and 
XRCC3 

The protein encoded by XRCC1 is involved in the efficient repair of DNA single-
strand breaks formed by exposure to ionizing radiation and alkylating agents. 
This protein interacts with DNA ligase III, polymerase beta, and poly (ADP-
ribose) polymerase to participate in the base excision repair pathway. XRCC3 
encodes a member of the RecA/Rad51-related protein family that participates in 
homologous recombination to maintain chromosome stability and repair DNA 
damage.  The polymorphism of these genes affects the activity of the proteins 
involved in the repair of DNA single-strand breaks, which increases the risk of 
developing a number of oncological diseases. 



XPD The XPD protein responsible for helicase activity is involved in DNA excision 
repair and transcription initiation. Mutations in the XPD gene are associated with 
a decrease in the efficiency of DNA damage repair. 

 


