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Association of the DNA repair genes polymorphism with the frequency
of chromosomal mutations and health status of the population
of the Almaty region

Abstract. The study utilized molecular-genetic, cytogenetic, and statistical analyzes methods.
A cytogenetic and molecular genetic analysis of the inhabitants of the villages of Amangeldy, Belbulak,
in whose territory warehouses of unused pesticides are located, was carried out. Residents of the Basshi
village, on the territory of which there are no products of disposal of pesticides, were taken as control.
Cytogenetic analysis showed a high level of chromosomal aberrations for the inhabitants of the Belbulak
village, an increased level for the inhabitants of the Amangeldy village and a low level in the Basshi
cohort. Molecular genetic analysis did not reveal a significant correlation between the polymorphisms of
the XRCC1 Argl194Trp, XRCC3 Thr241Met and XPD Lys751GlIn genes and the frequency of chromosomal
aberrations. However, study determined the associative relationship of the polymorphism of the DNA
repair gene XRCC1 Arg399GIn with the development of cardiovascular diseases in a population living

near foci of pesticidal contamination.
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Introduction

Intensive chemicalization of agriculture has
led to increased productivity and, at the same time,
environmental pollution of pesticides and other
chemical compounds. The vast majority of pesticides
are poisinous substances that strikes target organisms.
Growth inhibitors and sterilizers, substances that
cause infertility are also used. Under the action of
pesticides, part of the biological reactions ceases to
occur, and this gives the possibility to fight plant
diseases, store food longer, and destroy pests [1;
2]. At the same time, a significant decrease in such
qualities of the obtained products as microelement
composition, usefulness and safety for the health of
consumers is not taken into account. As a result, the
destruction of biocenoses in areas where pesticides
were used has also become a global problem [1; 3].

Unlike other pollutants (radionuclides, heavy
metals, etc.), the real danger of pesticides is not fully

© 2021 al-Farabi Kazakh National University

recognized. This is because pesticides are hundreds
of active substances and tens of thousands of
products. Lack of information on the ecotoxicological
properties of pesticides is the main reason for their
danger. The long-term environmental effects of
pesticides have not been studied. An analysis of the
results of studying the genetic activity of pesticides
in model test systems showed that many of them are
mutagens [4-6].

A genetic examination of people who have
professional contact with pesticides has shown that
many pesticides (tsira, kineb, TMTD, benomyl,
polychloroprene, polychlorocamphene, cotoran, etc.)
significantly increase the frequency of chromosomal
aberrations in blood lymphocytes for people in
contact with toxic chemicals [5; 7].

According to the World Health Organization
(WHO), “hazardous pesticide” is defined as a
pesticide that poses a risk of acute exposure to human
health. In recent years, the term “especially hazardous
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pesticides” (EHP) has been expanded to include not
only pesticides with acute toxic effects, but also those
pesticides that cause serious chronic effects on human
health. Scientific evidence on the chronic effects of
pesticides on human health is constantly updated by
WHO/UNEP. The active substances of pesticides
affect the endocrine system and have a carcirogenic
effect.

Among chemical pollutants of the environment,
persistent organic pollutants (POPs) are of particular
danger [1-3; 8]. POPs are a group of toxic chemicals
that polute the environment, accumulate in the fatty
tissues of living organisms and humans, causing
irreparable damage to health. POPs are not decay in
the environment for a long time, are transported by
air and with water masses over long distances, far
from the original source of pollution [8; 9].

Mutagenic activity of pesticides is one of the
most dangerous manifestations of negative effects
on human health and offspring. In the past 10 years,
researches has been actively conducted on the effects
of pesticides on human health [11-16]. It has been
proven that some pesticides cause the development
of cancer [12, 17]. Pesticides often cause allergies,
diathesis, and respiratory diseases [18; 19]. Many
pesticides are associated with the development of
neurodegenerative diseases [12; 18-22], such as
Alzheimer’s, Parkinson’s disease or adolescent
suicidality. Endocrine diseases [12], problems of
female and male reproductive systems [23-25], type
2 diabetes mellitus [12], metabolic syndromes and
obesity [16], developmental disorders [26] are far
from a complete list of the effects of pesticides on
health.

In 2001, Kazakhstan conducted a preliminary
inventory of obsolete pesticides in accordance with
the Memorandum of Understanding between the
Ministry of Natural Resources and Environmental
Protection of the Republic of Kazakhstan and
UNEP Chemicals dated January 8, 2001. The report
contains data on inventory of pesticide stocks
(including POPs pesticides) that are no longer used in
Kazakhstan, and an analysis of collected information
based on official data from the Republican Sanitary
and Epidemiological Station of the Agency for
Healthcare of the Republic of Kazakhstan. With the
support of the Central Asian Regional Environmental
Center, a project of the Environmental News Agency
“Greenwomen” (Kazakhstan) was also implemented
[29; 30].

Pesticides with the properties of POPs in
Kazakhstan have never been produced; currently,
they are not imported or exported. Export and import
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of POPs pesticides is prohibited in accordance with
the legislation of the Republic of Kazakhstan. But,
significant quantities of POPs previously produced
and used in the former USSR are accumulated
in Kazakhstan. According to the Ministry of
Agriculture, as of July 2012, about 6,931.4 tons of
obsolete, banned and unusable pesticides are stored
in warehouses of various regions of the republic [31].
As part of the international scientific program, in the
inventory process in 2009-2010, in 64 districts of
chemical plant protection products were discovered
in 10 districts of Almaty region; 68,443 kg of obsolete
and unusable pesticides were accumulated, of which
350 kg are prohibited (saifos, metaphos); 35543 kg
of pesticides with a label and 32550 kg of a mixture
of pesticides of unknown composition, i.e., 79% of
their total number. These are pesticides: from the
class of sym triazine (atrazine, protrazine, propazine,
ziazine), organophosphorus (saifos, metaphos),
chlorine-containing (nitrofen and illoxane), fluorine-
containing (treflan), thiocarbamate (temik), as well
as German and Chinese origin (50 % Thirams and
Hataonyag). No inventory of POP pesticides was
detected. However, when determining the content
of organochlorine pesticides in the soil around the
territories of 64 former pesticide storages inthe Almaty
region, it was found that the soil of 24 territories of
the former storage facilities is contaminated with
2,4 DDD, 4,4 DDD, 4,4 DDD, 4,4 DDE metabolites
and a-HCH, b-HCH and g-HCH isomers. The most
polluted regions were the Eskildinsky, Talgar,
Karasaysky, Enbekshikazakhsky districts. The main
pollutants were lindane, the b-isomer of HCH and
4.4°DDE, 4.4°DDT metabolites. In addition to these
metabolites in the soil, a-HCH, 4,4-DDD and 2.,4-
DDD, were present in many regions; their presence
in the soil is unacceptable according to the regulatory
documents of Kazakhstan [31-33].

The objectives of our study were as follows:

1. Assess the relative risk of the effects of
pesticidal contamination on the induction of
chromosomal mutations in humans

2. To analyze the association of polymorphisms of
DNA repair genes with the frequency of chromosomal
aberrations in people exposed to prolonged exposure
to mutagenic factors

Materials and methods

Cytogenetic analysis. For humans, study was
guided by the decision of the LEC of the Kazakh-
Russian Medical University (KRMU), protocol
No. 52 dated 09/05/2017. For the purpose of
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cytogenetic and molecular-genetic analyzes, people,
living in close proximity to the former pesticide
warehouses, were examined in Belbulak (26 people)
and Amangeldy (25 people). As control, 28 people
living in the village of Basshi, on whose territory
there are no waste material disposal products, were
selected. Voluntary informed consent was obtained
from the study volunteers, a survey was conducted,
peripheral blood samples were collected in 2 types
of tubes (heparinized and EDTA-treated). Samples
of heparinized peripheral blood were used for the
preparation of metaphase chromosome spreads and
cytogenetic analysis. EDTA-treated blood samples
were used for DNA extraction and molecular genetic
analysis.

Blood was collected using a vacuum system
for blood sampling and in heparinized tubes was
transported from collection points using vehicles
in closed refrigerated containers for 2-5 hours.
Cultivation of lymphocytes and preparation of
spreads was carried out according to the following
procedure: to 0.5 ml of peripheral blood was added
to 4.5 ml of culture medium consisting of 80%
HAM medium with glutamine (2 mM), 20% cattle
serum, penicillin 100 units/ml, streptomycin 100
units/ml. Lymphocyte division was stimulated
with 2% PHA. Cells were incubated at 37 ° C
for 48 hours. To accumulate metaphase plates,
colchicine at a final concentration of 0.8 pg/ml was
injected into the culture medium 2 hours before
fixation. To obtain cytological preparations, the
cells were hypotonized with 0.075 M KCI at 37 °
C for 15 minutes, fixed with a mixture of methyl
alcohol/glacial acetic acid (3/1) and stained with
4% Giemsa stain solution.

Stained preparations of chromosomes were
analyzed under microscopes from Leica and Zeiss
(Germany), using oil immersion at a magnification
of 10x100. All types of chromosomal aberrations
detected during routine staining of chromosome
spreads were taken into account. Microscopic
examination of metaphase plates adhered to standard
criteria for the selection and analysis of cytogenetic
spreads [3].

Molecular genetic analysis. DNA was extracted
from frozen (-20 °C) peripheral blood samples
containing EDTA as an anticoagulation agent
using the GeneJET Genomic DNA Purification
Kit (Thermo Scientific, USA). DNA samples
were stored at -20 °C. Quantitative and qualitative
assessment of the isolated DNA was performed
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using a DNA photometer (Biofotometer Plus,
Eppendorf, Germany) and electrophoretic analysis.
The polymorphism of the genes XRCCI Arg***Gln,
XRCCI1 Arg"™Trp, XRCC3 Thr**'Met, XPD Lys™'GlIn
was determined by polymerase chain reaction with
analysis of restriction fragment length polymorphism
(PCR-RFLP) in compliance with the generally
accepted research scheme.

The results were processed using traditional
methods of variation statistics [49].

The differences were regarded as significant at
p<0.05. Significance level (P) was determined using
Chi2 (y?) and Student t-test.

The calculation of the percentage of cells with
chromosome aberrations as a percentage of the total
number of analyzed cells was calculated by the
formula:

P=X/N x 100 %, 3),

where X is the number of detected cells with
aberrations, N is the number of metaphase cells
studied.

The association of the polymorphism of the
studied xenobiotic detoxification genes and DNA
repair with cytogenetic disorders was evaluated using
the odds ratio (OR) method [49]

Results and discussion

Cytogenetic analysis. To determine the impact
of long-term pesticidal pollution of the environment
on the genetic status of the population, we collected
samples of peripheral blood of people living in the
Almaty region of the Talgar region, the villages
of Belbulak and Amangeldy, on the territory of
which there are places of storage of old, unused
and banned pesticides and farmland. As a control,
an environmentally clean region was chosen — the
Basshi village of the Kerbulak district of the Almaty
region, on the territory of which there are no waste
material disposal products.

Tables 1 and 2 show representative data for the
studied cohorts. In the studied settlements, including
control (Basshi), individuals with chronic diseases
were detected (24-34%). The largest percentage
of people (14-19%) have pathologies from the
cardiovascular system (Table 1, 2).

7900 metaphase plates from 79 people were
analyzed during the research. Table 3 shows the
results of cytogenetic analysis.
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Table 1 — Ethnic, age and gender composition of the studied groups

Village Total number of Ethnicity, Male, Female, Date of birth
& people people (%) people (%) people (%) (average age)
Kazakhs — 14(54%)
Belbulak 26 Russians-7 (27%) 5 (19%) 21(81%) 1942-2004 (49.5+3.58)
Others-5(19%)
Kazakhs -18 (84%)
Amangeldy 25 Russians — 4(72%) 14(56%) 11(44%) 1948-1997 (50.6+2.77)
Others — 3 (16%)
Basshi 28 Kazakhs — 28(100%) 2 (7%) 26 (93%) 1949-1997 (42.7+2.16)

Table 2 — Medical status of representatives of the studied settlements

) Diagnosis, number of people (%)
Village - -
CVD Diabetes anemia AB Total
Basshi (control, 2019) 4 (14%) 1 (3%) 3 (11%) - 8 (28%)
Belbulak 5 (19%) 1 (4%) - 3 (11%) 9 (34%)
Amangeldy 4 (16%) - - 2 (8%) 7 (24%)

Note: CVD — cardiovascular diseases, AB — asthmatic bronchitis

Table 3 — Frequency of chromosome aberrations of the studied villages residents

Frequency of abberations, % Belbulak Amangeldy Basshi (control)
Chromatid Breaks 0.69+0.16 0.24+0.09 0.25+0.09
Single fragments 1.03+0.19 0.72+0.17 0.36+0.11
Chromatid exchanges - - -
Chromatid type aberration frequency 1.73+£0.25 0.92+0.19 0.61+£0.14
Chromosomal breaks 0.23+0.09 0.16+0.08 0
Paired fragments 0.81+0.17 0.60+0.15 0.14+0.07
Chromosomal exchanges - - -
Translocation - - -
Dicentrics 0.15+0.07 0.20+0.08 0
Rings 0.07+0.05 0.04+0.04 0
Chromosome type aberration frequency 1.27+0.22 1.12+0.21 0.14+0.07
Total aberrations 78 49 21
Frequency of abberations 3.00+0.34 1.96+0.28 0.75+0.16
The number of cells studied 2600 2500 2800
The number of cells with aberrations 74 44 19

The highest frequency of CA is observed among
the residents of Belbulak (3.00 = 0.33%), while
it significantly differs (p<0.001) from residents
of Basshi (0.75 + 0.16%) and Amangeldy (1.96 +
0.27%). As can be seen, the average frequency of

chromosome aberrations in residents of Belbulak
settlement significantly exceeds the control group
(Basshi village) by 3.7 times (p<0.001). According
to the analysis, Amangeldy is also distinguished
by unfavorable cytogenetic indices. Statistical data
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indicate an excess of the frequency of aberrations in
this cohort by 2.3 times (p<0.1) compared with the
control group.

The obtained excess of frequency of
chromosomal aberrations can be considered as a
result of the negative influence of environmental
pollutants on the structure of the genetic apparatus of
cells of the inhabitants. As can be seen from table 1,
the control and surveyed populations are completely
consistent with each other by the age criterion. Since
the group samples do not allow a more differentiated
analysis of cytogenetic aberrations by age, and the
average age of the examined in the three surveyed
villages of Belbulak, Amangeldy and Basshi is
within 50 years, an analysis of the age dependence
of the frequency of chromosomal abnormalities in
people under 50 years of age and older was carried

out. It was shown that in all the studied populations:
20-50-year-olds, and people over 60 years old — no
significant statistical differences were found in the
frequency of chromosomal aberrations due to age
and gender.

Since the limit of fluctuations in the number
of detected aberrations is quite high (0-6%), it
was necessary to establish the level of frequency
distribution of chromosomal aberrations in each
of the groups. When systematizing the frequency
of chromosomal aberrations in peripheral blood
lymphocytes, the examined contingent was divided
into three groups: individuals with chromosomal
aberrations in peripheral blood lymphocytes up to
2% (spontaneous level), from 2 to 4% (increased) and
more than 4% (high). The results of this distribution
are presented in Figure 1.

1 CnoHTaHHbII
yposeHb (10 2% XA)

1 NoBbllweHHbIA
yposeHb (2-4% XA)
BbiCOKMH ypoBeHb
(24%XA)

1200
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yposeHb (10 2% XA)

B NoBbILLEHHbIM
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Figure 1 — Fractional distribution of the studied cohorts according to the level of chromosomal aberrations frequency.
Note: A —residents of Basshi village (% of people in group), B — residents of Belbulak village
(% of people in group); C — residents of Amangeldy village (% of people in group).
Blue — spontaneous level (up to 2% chromosomal aberrations); red — increased level (2-4% chromosomal aberrations);
green — high level (above 4% chromosomal aberrations)

The population-wide spontaneous mutation rate
for the population of Kazakhstan was determined
for 19% of the examined residents of Belbulak, 32%
of residents of Amangeldy and 82% of residents
of Basshi. An increased level of frequency of
chromosome aberrations is characteristic of 43%
of the Belbulak cohort, 56% of the Amangeldy
cohort and 18% of the Basshi cohort. The highest
level of chromosomal aberrations is dicovered for
the examined residents of Belbulak, the proportion
of people with a high level of aberrations was 38%.
Only 12% of the surveyed population of Amangeldy
showed a high level of chromosomal aberrations. In
the cohort of residents of Basshi, people with a high
level of chromosomal aberrations were not detected.

Molecular genetic analysis. To analyze the state
of the body’s reparative systems of Basshi, Belbulak,
and Amangeldy residents we studied single-
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nucleotide gene polymorphisms of XRCC1 Arg**Gln
(rs25487), XRCC1 Arg"™*Trp (rs1799782), XRCC3
Thr**'Met (rs861539), XPD Lys”'GIn (rs13181),
genes, involved in DNA repair. The results of the
study of the frequencies of polymorphic variants of
the studied genes are presented in tables 4 and 5.

An analysis of the distribution of alleles and
genotypesofpolymorphismsof DNA repair genesamong
residents of the three studied settlements did not reveal
statistically significant differences (P> 0.05). For the
XRCC1 Arg"™*Trp, XRCC3 Thr**'Met, XPD Lys™'GIn
genes homozygous genotypes for normal alleles are
predominate (Arg/Arg; Thr/Thr; Lys/Lys, respectively)
in the studied cohorts of people from three settlements.
The frequencies of normal alleles of the analyzed genes
in all cohorts are higher than the frequencies of mutant
alleles. Arg*’Gln polymorphism of the XRCC1 gene is
the exception. For this polymorphism, an increase in the
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frequency of occurrence of the mutant allele (399Gln)
is almost 2 times in the studied samples of people
from three settlements (tables 4 and 5). However, the
differences obtained are not statistically significant.

An associative analysis was performed between
the XRCCI Arg*Gln genotype and the presence
of cardiovascular disease (CVD) in residents of
the studied villages. When comparing the group of
patients (CVD) with the control group, we did not
find significant differences in the frequency of alleles
and genotypes of XRCCI Arg*°Gln (P>0,05; Table
6). Arg399GIn (G>A) polymorphism is located at the
399 codon, at the site of interaction of XRCC1 with
poly- (ADP-ribose) -polymerase. The nucleotide
substitution of G for A leads to the replacement

of arginine (Arg) with glutamine (GIn), however,
there is still no data on the functional significance
of this substitution. XRCCI gene polymorphism
is associated with a decrease in the ability of a
protein, a product of this gene, to repair DNA, an
increase in the number of gene mutations and the
risk of tumor formation [58]. However, data on the
association between XRCC/ gene polymorphism and
the risk of developing cardiovascular pathologies
are contradictory in the literature. Some researchers
suggest that the Arg**Gln polymorphism of the
XRCC1 gene is associated with susceptibility to CVD
[59-61], while other authors do not find a reliable
association between the Arg399GIn polymorphism
of the XRCC1 gene and the risk of CVD [62].

Table 4 — Frequencies of genotypes and alleles of DNA repair genes for residents of Belbulak settlement and in the control

G Genotype Belbulak, Basshi,
ene variants % (people.) % (people) 22 P OR (95% CI)
n=26people n=28people
Arg/Arg 8% (2 people) 11% (3 people) 0.69 (0.11 —4.53)
Arg/Gln 46% (12 people) 53% (15 people) 0.642 | 0.725 0.74 (0.25-2.17)
GIn/GIn 46% (12 people 36% (10 people 1.54 (0.52 - 4.60

XRCCIArg™Gln o (12 people) o (10 people) ( )
Arg 0.308 0,375 0.74 (0.33 — 1.65)

0.542 | 0.461
Gln 0.692 0,625 1.35(0.61 —3.00)
Arg/Arg 58% (15 people) 57% (16 people) 1.02 (0.35-3.01)
Arg/Trp 31% (8 people) 39% (11 people) 1.434 | 0.488 0.69 (0.22 - 2.12)
Trp/T 11% (3 people 4% (1 people 3.52(0.34 - 36.22
XRCCI Arg™Trp 1p/Trp o (3 people) o (1 people) ( )
Arg 0.731 0.768 0.82(0.34 — 1.96)

0.198 | 0.657
Trp 0.269 0.232 1.22(0.51 -2.91)
Thr/Thr 58% (15people) 71% (20 people) 0.55 (0.18 — 1.69)
Thr/Met 31% (8 people) 25% (7 people) 1.709 | 0.425 1.33 (0.40 — 4.40)
Met/Met 11% (3 people 4% (1 people 3.52(0.34-36.22
XRCC3 Th*" Met 3 people) o (L people) ( )
Thr 0.731 0.839 0.52 (0.20 — 1.33)

1.894 | 0.169
Met 0.269 0.161 1.92 (0,75 - 4.93)
Lys/Lys 38% (10people) 54% (15 people) 0.54 (0.18 — 1.60)
Lys/Gln 50% (13 people) 39% (11 people) 1.294 | 0.524 1.55(0.52 - 4.55)
Gln/Gln 12% (3 people 7% (2 people 1.70 (0.26 — 11.06
XPD Lys™Gin o (3 people) o (2 people) ( )
Lys 0.635 0.732 0.64 (0.28 — 1.44)

1.189 | 0.276
Gln 0.365 0.268 1.57 (0.69 — 3.56)
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Table 5 — Frequencies of genotypes and alleles of DNA repair genes for residents of Amangeldy and in control

G G Amangeldy, Basshi,
ene enotype % (people) % (people) ) p OR (95% CI)
variants
n=25people n=28people
Arg/Arg 16% (4 people) 11% (3 people) 1.59 (0.32-7.91)
Arg/Gln 40% (10 people) 53% (15 people) 1.024 0.599 0.58 (0.19-1.72)
XRCC1 Gln/Gln 44% (11 people) 36% (10 people) 1.41 (0.47 — 4.27)
Arg399GIn
Arg 0.360 0.375 0.94 (0.42 -2.07)
0.026 0.873
Gln 0.640 0.625 1.07 (0.48 —2.35)
Arg/Arg 64% (16 people) 57% (16 people) 1.33 (0.44 - 4.04)
Arg/Trp 32% (8 people) 39% (11 people) 0.305 0.859 0.73 (0.23 —2.26)
XRCC1 Trp/Trp 4% (1 people) 4% (1 people) 1.13 (0.07 — 18.99)
Argl94Trp
Arg 0.800 0.768 1.21 (0.48 —3.07)
0.161 0.689
Trp 0.200 0.232 0.83(0.33-2.10)
Thr/Thr 48% (12 people) 71% (20 people) 0.37 (0.12-1.15)
Thr/Met 44% (11 people) 25% (7 people) 3.062 0.216 2.36 (0.74 - 7.55)
XRCC3 Met/Met 8% (2 people) 4% (1 people) 2.35(0.20 - 27.59)
Thr241Met
Thr 0.700 0,839 0.45(0.18 — 1.14)
2.926 0.087
Met 0.300 0,161 2.24 (0.88 - 5.70)
Lys/Lys 68% (17 people) 54% (15 people) 1.84 (0.60 — 5.65)
Lys/Gln 32% (8 people) 39% (11 people) 2437 0.296 0.73 (0.23 —2.26)
XPD Gln/Gln 0% (0 people) 7% (2 people) -
Lys751GIn
Lys 0.840 0.732 1.92 (0.74 - 5.02)
1.809 0.179
Gln 0.160 0.268 0.52 (0.20 - 1.36)

Table 6 — Effect of genetic polymorphism XRCC! Arg399GIn on the development of cardiovascular diseases

Basshi
G G CVD, healthy,
ene enotype % (people) % (people) ) p OR (95% CI)
variants
n=4people n=24people
Arg/Arg 25% (1 people) 8% (2 people) 3.67 (0.25- 53.83)
Arg/Gln 50% (2 people) 54% (13 people) 1.050 0.592 0.85 (0.10 — 7.04)
XRCC1 GlIn/Gln 25% (1 people) 38% (9 people) 0.56 (0.05—-6.18)
Arg399GIn
Arg 0.500 0.354 1.82(0.40 - 8.23)
0.622 0.430

Gln 0.500 0.646 0,55 (0.12 - 2.47)
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IIpooonacenue mabruyvl 6
Belbulak
CVD, healthy,
Gene Genotype % (people) % (people) 2 P OR (95% CI)
variants
n=>5 people n=21people
Arg/Arg 0% (0 people) 10% (2 people) -
Arg/GIn 20% (1 people) 52% (11 people) 2.930 0.231 0.23 (0.02 - 2.39)
XRCC1 Gln/Gln 80% (4 people) 38% (8 people) 6.50 (0.61 — 68.96)
Arg399GIn
Arg 0.100 0.357 0.20 (0.02 - 1.73)
2.507 0,113
Gln 0.900 0.643 5.00 (0.58 —43.37)
Amangeldy
CVD, healthy,
Gene Genotype % (people) % (people) ) p OR (95% CI)
variants
n=4 people n=21people
Arg/Arg 0% (0 people) 19% (4 people) -
Arg/Gln 50% (2 people) 38% (8 people) 0.920 0.631 1.63 (0.19-13.93)
XRCC1 Gln/Gln 50% (2 people) 43% (9 people) 1.33(0.16 - 11.36)
Arg399GIn
Arg 0.250 0.381 0.54 (0.10 - 3.02)
0.500 0.479
Gln 0.750 0.619 1.85(0.33 - 10.28)

There is evidence that mutations in the genes for
DNA repair and detoxification of xenobiotics are
directly proportional to the number of chromosomal
aberrations  in  lymphocytes, and  genetic
polymorphisms in these genes can affect individual
sensitivity to the effects of certain pesticides [63].

Conclusion

Cytogenetic analysis showed a high level of
chromosomal aberrations for residents of Belbulak
and increased for residents of Amangeldy.

Molecular genetic analysis did not reveal a
significant correlation between the polymorphisms
of the XRCCI Arg"*Trp, XRCC3 Thr**'Met and XPD
Lys™'Gln genes and the frequency of chromosomal
aberrations. However, the associative relationship of
the polymorphism of the DNA repair gene XRCCI
Arg**GlIn with the development of cardiovascular
diseases in a population living near foci of pesticidal
contamination was determined.

Our further studies are aimed at analyzing the
association between the number of chromosomal
aberrations in human lymphocytes and the
polymorphism of DNA repair and xenobiotic

Int. j. biol. chem. (Online)

detoxification genes in order to assess their role as
determinants of pesticide toxicity.
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