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Abstract: as you know, one of the economically and socially significant diseases that are
widespread in the territory of the Republic of Kazakhstan is brucellosis, which occupies a
dominant place in the general infectious pathology of animals. Brucellosis is one of the most
dangerous zoonotic infectious diseases for humans. The results of comparative studies on the
identification of the causative agent of brucellosis in the Republic of Kazakhstan for several
years using the bacteriological method and PCR indicate that the use of the above methods to
determine the epizootological status of herds of animals in the primary diagnosis of brucellosis
is impractical due to the low degree of informativeness of these tests. PCR is recommended
for identification and genotyping of isolated brucella cultures from pathological material.

As a result of diagnostic studies of biomaterial obtained from animals from economically
disadvantaged brucellosis subjects of Kazakhstan and border countries (Russia and Kyrgyzstan),
the authors identified brucella cultures, which were subsequently subjected to the study of
their biological and molecular genetic properties. For the identification and genotyping of
isolated brucella cultures, researchers suggest using MLVA as the most effective method for
reliably determining their genotypic characteristics.
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Introduction

One of the economically and socially significant diseases that are widespread in the
territory of the Republic of Kazakhstan (RK) is brucellosis, which occupies a dominant place
in the general infectious pathology of animals. Brucellosis is one of the most dangerous
zooanthroponotic infectious diseases for humans [1].

Among the measures of prevention and control of brucellosis in animals, timely diagnosis
of infection based on the use of effective laboratory research methods is the most significant
[2]. Currently, serological reactions are widely used for the diagnosis of brucellosis of animals,
which are designed to detect specific antibodies in the blood serum of the studied animals.
However, the indisputable proof of the presence of brucellosis infection in a particular
environment is the isolation of the causative agent of the disease, which is carried out using
a bacteriological method that includes techniques for identifying brucella to biotypes. The
precise determination of the species, biovars, genotypes of brucella circulating in a certain
territory of the republic is important in establishing the epizootological status of the farm
and in organizing anti-brucellosis measures.
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Inmanycountries oftheworld,moleculargeneticresearch methods are used forthe detection
and identification of brucella and laboratory confirmation of the diagnosis, in particular,
polymerase chain reaction (PCR), which allows, in comparison with the bacteriological
method, to determine the genus and species of isolated cultures of microorganisms in a
short time (during the working day). According to various researchers, PCR can be used not
only to identify the microbe, but also to analyze the genetic diversity of brucella collected
from different regions [3, 4].

Currently, despite the presence in Kazakhstan of a significant amount of scientific research
in the field of diagnosis of brucellosis of animals, data on genetic diversity, circulating strains
of brucella, are very low [5, 6].

The purpose of these studies was to conduct a genetic analysis of brucella strains isolated
from the body of animals that was taken from regions of our republic disadvantaged by
brucellosis.

Materials and methods

The materials for research were the official annual veterinary reporting data of the
Republican Veterinary Laboratory (RVL), pathological material from animals with brucellosis,
received from farms with brucellosis,the results of their own epizootological and bacteriological
studies of employees of KazSRIV LLP. Bacteriological examination of pathological material
and identification of brucella was carried out in accordance with the differential test table
proposed by FAO/WHO [7].

PCR analysis was carried out according to TU 9388-187-00494189-99, using the BRU-
COM test system. To determine the species belonging of the tested brucella isolates in
S-form, PCR was used in the classical version using the AMOS kit developed by Bricker and
co-authors [8]. DNA was isolated using a set of «PureLinkGenomic DNA Kits» (Invitrogen).
Multiplex PCR and capillary electrophoresis (CE) were performed using an algorithm with
minor changes [9]. The sizes of VNTR fragments were identified using the GeneMapper 4.1
software. The BioNumerics7.5 software (AppliedMaths, Belgium) was used to check the size
of the fragment with the MLVA database. Cluster analysis was carried out on the basis of a
categorical coefficient and the method of an unweighted pair of groups using arithmetic
averages (UPGMA). Standard Minimum Spanning trees (MSTS) were obtained using categorical
coefficients. The results of genotyping were compared with genotypes in the MLVA data bank.

Results

At the beginning of the work, in order to consider the frequency and completeness of the
detectability of the causative agent of brucellosis of animals in the territory of the Republic
of Kazakhstan, we analyzed the available RVL data of the Ministry of Agriculture of the RK for
2014-2016.The results of the analysis of the conducted dipgnostic studies of cattle and small
animals for brucellosis for 2014-2016 in the Republic of Kazakhstan are shown in Table 1.
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Table 1 - Results of diagnostic studies to identify the causative agent of brucellosis
of animals in the Republic of Kazakhstan for 2014-2016

The type of animals from which the brucella culture is isolated

cattle small ruminants
Years Bacteriology PCR Bacteriology PCR
Invested | Culture | Invested | Culture | Invested | Culture | Invested | Culture
samples | highliged | samples |highliged | samples |highliged | samples |highliged
2014 4539 125 4777 206 1268 107 1498 220
2015 4850 158 4878 240 1257 86 1428 159
2016 4447 144 4444 235 2371 73 2221 145
’;";;:?Se for | 4612 142 4699 227 1632 88 1715 174

From the data in table 1, it can be seen that in 2014-2016 in the Republic of Kazakhstan,
the average rate of positive cases of bacteriological studies of patmaterial from animals for
brucellosis for 3 years was only 142 in absolute value and 3% in relative value, PCR - 227 and
4.8%, respectively. Thus, the level of confirmation of positive results of serological studies of
cattle for brucellosis, using the bacteriological method and PCR is very low.

A similar comparative analysis of the results of diagnostic studies of small cattle for
brucellosis showed that an average of 1,632 samples of pathological material from this
animal species were subjected to bacteriological studies annually,among which 88 samples
were positive, which was 5.3%, and when studying 1715 biomathermal samples with PCR,
positive results were found in 174 cases (10.1%). There is also a low degree of confirmability
of positive results of serological monitoring based on the use of the bacteriological method
and PCR. Analyzing the results of the conducted diagnostic studies, it can be concluded that
the use of the above methods of brucella isolation from pathological material to determine
the epizootological status of animal herds for brucellosis is impractical due to the low degree
of informativeness of these tests.

In further studies, the identification of brucella isolated from biomaterial obtained from
animals with brucellosis in PCR using MLVA-16 was carried out. From 9 samples of biomaterial
received for research on brucellosis from the West Kazakhstan region, 7 cultures of B. abortus,
2 - B. melitensis, and 3 cultures of B. melitensis from the Zhambyl region were isolated using
the bacteriological method. When studying the molecular biological characteristics based
on MLVA-16 isolated brucella strains from the animal body, it was found that B. melitensis
circulating among animals in the West Kazakhstan Region belongs to the third genotype,
which is genetically similar to the pathogens of brucellosis of this species common in the
Southern regions of Kazakhstan, and 7 strains of B. abortus isolated from the body of cattle -
to the second genotype.

Analysis of the results of genotyping of brucella cultures circulating among animals of
the West Kazakhstan region showed that the third genotype of brucella species melitensis
has a wide distribution throughout the territory of the Republic of Kazakhstan. Thus, the
presence of genetic uniformity of the population of B.melitensis in Kazakhstan suggests their
origin from a common ancestor. The genotypes of abortus brucella species are unique, as
they were first discovered on the territory of Kazakhstan. The observed wide distribution of
the third genotype of brucella species melitensis throughout our country may be the result of
uncontrolled livestock trade.

In order to find out the true epizootic situation of brucellosis of animals, scientists of
KazSRIV LLP conducted their own diagnostic studies of cattle and small cattle, camels and



BUOKAYINCI3AIK XXOHE BUOTEXHONOrNa
BUOBE3OMNACHOCTb M BMOTEXHOJ1I0T A
BIOSAFETY AND BIOTECHNOLOGY

FolnbiMK KypHan
HayuHbIi xxypHan
The scientific journal

carnivores (dogs) within the framework of scientific research in 2018-2020. The selection
of biomaterial from animals (blood sera for serological studies, whole blood, organs and
lymph nodes for bacteriological studies and PCR) was carried out in various Llivestock
farming entities of 14 regions of the republic. Economic entities for diagnostic studies for
brucellosis were selected based on the analysis of available official veterinary reporting data
on the state of the epizootic situation: a rural district with a high, medium degree of animal
morbidity with brucellosis. Based on the fact that two types of brucella - B are of the greatest
epizootological significance. abortus and B. melitensis, the typical hosts of which are cattle
and small cattle, the selection of experimental districts and rural districts in order to study
the epizootic situation was carried out according to the incidence of brucellosis of these two
animal species, as well as camels and dogs.

For bacteriological studies and PCR, samples of pathological material were taken from
aborting females, animals with clinical signs characteristic of brucellosis, as well as from
animals that reacted positively to brucellosis by serological reactions, with high antibody
titers.

The results of our own diagnostic studies of animals for brucellosis conducted in 2018-
2020 are shown in Figure 1.

Figure 1 — Results of own animal studies on brucellosis using the bacteriological
method for 2018-2020

As can be seen from Figure 1,in 2018, 1421 samples of biomaterial from cattle, small
cattle, camels and dogs from various regions of the Republic of Kazakhstan were examined
using the bacteriological method. At the same time, no brucella cultures were isolated.

In 2019, 1,680 samples of biomaterial obtained from the above 4 animal species from
various regions of the Republic of Kazakhstan were examined. As a result of the diagnostic
studies carried out, 12 cultures were isolated, which were subjected to genotyping.

In 2020, 1726 samples of biomaterial (pieces of parenchymal organs, lymph nodes,
whole blood of cattle, small cattle, camels and dogs) from various regions of the Republic
of Kazakhstan were bacteriologically examined. During this year, 8 cultures of brucella were
isolated from the studied samples of biomaterial, including 2 cultures of the abortus species
from cattle of Kostanay region, 1 - melitensis species from small cattle and 3 cultures of
the abortus species from cattle of Aktobe region, and 2 cultures of the abortus species from
cattle of East Kazakhstan region for which passports were developed indicating the studied
phenotypic and genotypic properties.

27




BUOKAYINCI3AIK XXOHE BUOTEXHONOrNs
BMOBE30MACHOCTb M BMUOTEXHO/IOTNA
BIOSAFETY AND BIOTECHNOLOGY

FbinbIMU XypHan
HayuHbIi1 xypHan
The scientific journal

In total, over three years, a total of 4827 samples of biomaterial obtained from animals
responding positively to brucellosis were bacteriologically examined, of which 20 brucella
cultures were isolated, including 0 in 2018,12 in 2019 and 8 in 2020, which were subjected
to the study of their phenotypic and genotypic properties with subsequent registration of
passports and by depositing in the official collection of microorganisms. (the results are

presented in table 2).

Table 2 - Results of the study of phenotypic and molecular genetic properties of epizootic

brucella cultures isolated from biomaterial samples taken from animals

Name of The type of Type of Genotype Geography of distribution
the region | animals from selected of the of isolated brucella cultures
which the culture isolated (in the regions of the Republic
culture is brucella brucella of Kazakhstan and in other
isolated culture countries)
Almaty Carnivores B. abortus genotype 2 | West KZ region, East KZ region,
(dog) (biovar 3) (MLVA) Almaty region; Portugal
West KZ cattle B. abortus genotype 2 | West KZ, East KZ, Almaty region;
region (biovar 3) (MLVA) Portugal
cattle B.melitensis genotype 33 | Almaty region;
(biovar 3) (MLVA) Turkey and China from people
small cattle B. melitensis | genotype 33
(biovar 3) (MLVA)
Kyzylordin- | small cattle B. abortus genotype 7 | USA, West KZ region, Atyrau
skaya (biovar 1) (MLVA) region; Portugal
Aktobe cattle B. abortus genotype 1 | Almaty and Akmola regions,
(biovar 3) (MLVA) West KZ region; Brazil
cattle B. abortus genotype 1 | Almaty and Akmola regions,
(biovar 3) (MLVA) West KZ region; Brazil
cattle B. abortus genotype 1 | Almaty and Akmola regions,
(biovar 3) (MLVA) West KZ region; Brazil
cattle B. abortus genotype 1 | Almaty and Akmola regions,
(biovar 3) (MLVA) West KZ region; Brazil
small cattle B. melitensis | genotype 33 | Almaty region;
(biovar 1) (MLVA) Turkey and China from people
Kostanay cattle B. abortus genotype 1 | Almaty and Akmola regions,
(biovar 3) (MLVA) West KZ region; Brazil
cattle B. abortus genotype 1 | Almaty and Akmola regions,
(biovar 3) (MLVA) West KZ region; Brazil
East KZ cattle B. abortus genotype 33 | WKR, East KZ region,
region (biovar 3) (MLVA) Almaty region
cattle B. abortus genotype 33 | WKR, East KZ region,
(biovar 3) (MLVA) Almaty region

As the data in Table 2 show, brucella cultures were isolated from biomaterial obtained
from animals from six regions of the Republic of Kazakhstan. In 2019, the isolation of brucella
cultures from atypical hosts was noted: from two dogs of the Almaty region - B. abortus
(biovar 3; genotype 2), from the cattle of the West Kazakhstan region - B. melitensis (biovar
3; genotype 33) and from the small cattle of the Kyzylorda region - B. abortus (biovar 1;
genotype 7).

In 2019, there was 12 brucella cultures were isolated, including 2 melitensis species and
10 abortus species, in 2020 8 cultures, including one B. melitensis and 7 B. abortus.
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Phenotypic and molecular analyses performed for Brucella species identified 64 B. abortus
isolates (59.6%), 37 B. melitensis isolates (39.4%) and 1 B. suis isolate (1.0%) in the sample
panel. The analysis made it possible to identify species-specific clusters for B. abortus and
B. melitensis. Cluster analysis showed the presence of 31 genotypes, identifying 17 strains
from 64 isolates of B. abortus and 12 strains from 37 isolates of B. melitensis. Among B. abortus
isolates, the most common genotype was GT20, found in 13 foci located in East Kazakhstan,
West Kazakhstan, Almaty and Akmola regions. GT20 has been circulating in Kazakhstan for
a long time, almost 70 years (1948-2016). The same observation can be made for other
genotypes of B. abortus, such as GT1 and GT22, which are distributed in different regions
of the country. It is noteworthy that seven genotypes of B. abortus (GT6, GT10, GT22, GT25,
GT26,GT29 and GT31) were new, no records were found in the international MLVA database.

Among B. melitensis isolates, the most common genotype is GT 3, detected during outbreaks
of brucellosis in the Almaty region (2011), WKR (2015 and 2017) and EKR (2017). This
genotype was identified in cattle and small cattle GT3 was previously identified in a sample
of material from a Russian flock of sheep in 1953.

Another common genotype is GT18, which was limited to the Almaty region, which was
not previously reported in the MLVA database; similarly, four more genotypes of B. melitensis
(GT5, GT9, GT14 and GT15) were discovered for the first time. The MLVA-15 genotyping
phylogeography was used to evaluate the phylogeographic relationships of samples with
those deposited in the MLVA database.

All Kazakh and Russian isolates are combined into the group «Abortus C». The analysis
showed that almost half of the B. abortus strains are distributed in three clusters.There are
also a couple of clusters in which Kazakh isolates have the same profile with Italian, French
and Chinese strains. In addition, the MST analysis showed 8 clusters, including genotypes
that occur exclusively in Kazakhstan; two of these clusters were represented by single strains.
The phylogeographic patterns of 37 B. melitensis isolates were compared with MLVA profiles
from the database. All Kazakh, Russian and Kyrgyz isolates were classified into the «Eastern
Mediterranean» group. Thirteen Kazakh and one Russian isolates form a cluster with previous
Kazakh isolates and strains from China. This cluster of B. melitensis includes a strain identified
in Turkey in 2017. The other two clusters demonstrate a genetic correlation between strains
from Kazakhstan and China. Some of these Chinese strains have been isolated from sick
people. Three clusters included genotypes found exclusively in Kazakhstan: one cluster was
represented by a 1970 strain, while the other two were represented by isolates that were
limited in the Almaty region. One cluster included a Russian isolate from humans, a strain
from Kyrgyzstan and a Chinese strain from humans (2015). One field isolate of B. melitensis
from Russia was included in the Kazakh-Chinese cluster, and the other formed a cluster of
one strain associated with strains from Kazakhstan and China.

MLVA-15 was used to determine small-scale epidemiological relationships in Kazakhstan.
The first clade included six strains of B. abortus, GT2, isolated during 2015 from cattle from
three settlements of the West Kazakhstan Region (Merey, Zhangala, Kushumsky) belonging
to different districts (Taskalinsky, Zhangalinsky, Zelenovsky). Epidemiological investigation
showed that the villages of Kushumsky and Merey border each other and the grazing of
animals is carried out on the same pasture. The village of Zhangala is far away, in an area
with a high prevalence of brucellosis. When in 2010-2014 the population from the village of
Zhangaly began to move to the Taskalinsky and Zelenovsky districts, GT2 spread as a result
of the migration flow. The second clade included strains of B. abortus, GT22. Four archival
isolates from Almaty region belonged to this genotype (1960-1968) together with three
samples from East Kazakhstan region in 2016. The latter came from three villages: Ust-
Kamenogorsk, Bozanbai and Ablaketsky, located in the Ulan district. Classical epidemiology
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confirmed the results of molecular epidemiology: the villages of Bozanbai and Ablaketsky
are located next door, the animals graze on the pasture «Sandyktas». The village of Ust-
Kamenogorsk is located at a distance of 70 km, the animals graze on the «Kyzyl-su» pasture.
However, commercial animal flows are reported among the farms of these villages.

The genotypes of melitensis brucella isolated in Russia and Kyrgyzstan showed a complete
correlation with those of Kazakh and Chinese strains, which indicates the preservation of the
common genotype in the Eurasian region. At the same time, the spread of 7 new genotypes of
B. abortus and five of B. melitensis in the Republic of Kazakhstan was noted. Some outbreaks
were characterized by multiple MLVA-15 genotypes.

Brucellosis, registered in 2015 among animals in the city of Tekeli, Almaty region, was
caused by B. melitensis genotypes GT4 and GT5. Brucellosis pathogens B. abortus GT20 and
B. melitensis GT18 were circulating in the village of Zholaman in 2016. Based on the results
obtained, it can be stated that uncontrolled migration of livestock and weak measures to
create and preserve biosafety are the root cause of the emergence and spread of brucellosis.

Discussion

At the initial diagnosis of brucellosis of animals in previously prosperous farms, according
to the Veterinary and Sanitary Rules (Order of the Ministry of Agriculture of the Republic of
Kazakhstan dated June 29, 2015 No. 7-1/587), animals that have shown positive results in
serological studies for brucellosis or have clinical signs similar to brucellosis are subject to
bacteriological examination and PCR examination for brucellosis. Upon receipt of positive
results of these research methods, the diagnosis and status of animal herds for brucellosis is
considered established and restrictions are imposed on farms and recreational activities are
carried out. If the results of these studies are negative, it is necessary to continue repeated
serological studies of animals to confirm the diagnosis. Analyzing the results of the conducted
diagnostic studies, it can be concluded that the use of the above methods of brucella isolation
from pathological material to determine the epizootological status of animal herds for
brucellosis is impractical due to the low degree of informativeness of these tests.

But the cases of detection of the causative agent of brucellosis in the studied biomaterials
not only confirms the presence of brucellosis infection in the herd, but also serves as a
scientific justification to change the tactics of health measures, for example, in such cases, it
is recommended that the animals of the entire herd be slaughtered.

The analysis of official data provided by the RVL of the Ministry of Agriculture of the
Republic of Kazakhstan on the results of diagnostic studies of animals for brucellosis in the
Republic of Kazakhstan and the results of own research of KazSRIV employees was carried
out. It was found that the degree of confirmability of positive results of serological methods
of animal biomaterial studies for brucellosis using the bacteriological method (or PCR) is
quite low, which does not allow us to recommend the last two tests to determine the status
of animal herds for brucellosis.

The applicants used MLVA for genotyping a panel of 102 brucella isolates isolated from
1935 to 2017 from patmaterial obtained from humans and animals from 8 regions of
Kazakhstan and border countries (Russia, Kyrgyzstan). The results of phylogeography based
on MLVA-15 showed that the strains of B. abortus and B. melitensis belong to the lines «Abortus
(» and «Eastern Mediterranean», respectively. It has been established that B. abortus strains
circulating in the territories of Kazakhstan and Russia are genetically related to Portuguese,
Brazilian and American isolates.

It was found that most of the Kazakh isolates of B. melitensis are associated with Chinese
strains. In a small-scale analysis based on MLVA-15, 17 genotypes of B. abortus and 12
B. melitensis were identified, among which 12 are new, previously unknown. Epizootological
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information previously obtained using well-known classical techniques can be supported by
established new molecular information for two clusters of group B. abortus, which indicates
the possibility of using MLVA as a modern informative tool for determining the breadth of the
distribution area of brucellosis pathogens in the territories of the Republic of Kazakhstan and
neighboring countries and the possible interchange between these countries with brucellosis
infection.

The research results show that molecular genotyping can be used to identify circulating
varieties of brucella strains on the territory of the republic, the results of which may be
important for the effective scientifically-based organization of anti-brucellosis measures in
Kazakhstan.

Conclusion

Due to the fact that brucella are slow-growing microorganisms and it is bacteriologically
possible to detect brucella only after 3 to 5 weeks, the molecular biological method - PCR, is
an operational method for detecting the causative agent of brucellosis and timely in diagnosis,
easy to carry out, not inferior in effectiveness to the bacteriological method.

A comparative study of the results of the bacteriological method and PCR in the study of
biomaterial obtained from animals with positive analyses of preliminary serological tests
showed the inexpediency of using these methods to determine the status of herds of animals
during the initial diagnosis of brucellosis and further choice of tactics for anti-brucellosis
measures.

The MLVA method is recommended for identification and genotyping of isolated brucella
cultures. The molecular genetic characteristics of brucella established with the help of MLVA
will prove to be useful information during epizootological analysis, which can be used to
track the sources of infection of animals and humans in previously prosperous regions of the
republic.
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1 «Ka3zak fblbIMU-3epTTeY BETepUHapAbIK MHCTUTYTbI» XLLUC, AnmaTbl, KasakcTtaH
2«Ka3ak Man Wwapyallbl/iblFbl XX3HE XXEeMLLOMN eHAipiCi FblNbIMU-3ePTTeY UHCTUTYTbI»
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AnHoTauma: Kasakcran PecnybnukacbiHbiH, (KP) aymafbiHoa KeH TapanfaH 3KOHOMMKANbIK,

KOHE dneyMeTTiK MaHpI3abl aypynapabliH, Oipi aHyapnapabiH Xannbl XyKnaabl NaTonorus-
CbiHAa 6acbiM OpblH anaTbliH Opyuennes ekeHi 6enrini. bpyuennes — agam ywiH aca kayinTi
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300H03A4bl XyKNanbl aypynapabliH 6ipi 6onbin Tabbinagbl. Kasakcran PecnybnukacsiHaa 6py-
uennes KO34blpyLWbICbiH aHbiKTayaa GipHewe xbingap 6onbl MTP xaHe HGakTepuonorusnbik,
SAICTI KONAAHA OTbIPbIN XYPri3inreH CanbiCTblpManbl 3epTTeynepaiH, HaTuxeciHae bpyuennes-
re anfawkbl 6anay apkbiabl Man TabblHAAPbIHbIH, 3MM300TONIOMUSANbIK XKaFAaWbIH aHbIKTAY YLUiH
OFapblaa atanfaH afictep e3depiHiH, 6epeTiH, aknapaTbiHbIH, TOMeH 60nybiHa 6alNaHbICTbI
konpaHy Tmimcis. MTP natonorusansik MatepuangaH 6eniHin anviHFaH 6pyuennanapabiH, TYpiH
AXKbIPATY XdHE reHOTUNTEeHAIPY YLWiH KONAAHY YCbIHbIIAAbI.

Ka3akCTaHHbIH, XaHe wekapanac engepain, (Pecer men KbipFbidcTaH) bpyuennesgeH cay
eMeC WapyaLbiNbIKTAPbIHbIH anbiHFAaH 6MOMaTepuanapbl AMArHOCTUKANbIK 3epTTeYNepAiH HITU-
XeciHae asTopnap bpyuennes eciHginepid 6enin anbin, onapAblH, OUONOTUANbIK XXOHE MONEKy-
NanblK-reHeTUKaNbIK KAaCUeTTepiH aHbiKTaabl. benin anbiHFaH BpyLenna eciHiHiH TyYpiH aHbIKTay
YKOHe reHOTUNTeHAipy YWiH 3epTTeyLwinep OnapAblH reHOTUNTIK CMNaTTamManapbiH A9 aHbIKTa-
yFa MYMKiHAiK 6epeTiH TMiMai agic peTiHae MLVA konaaHyabl yCbiHaabl.

Ty#iH ce3pep: 6pyuennes, bpyuenna eciHaici, bakrepuonorus, 6anay, [TP, reHoTMnNTEHAIpY.
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1TOO «Kazaxckuit Hay4yHO-UCCNen0BaTENbCKUIA BETEPUHAPHDBINM MHCTUTYT», AnMaTbl, KazaxcTaH,
2TOO «Kazaxckuit Hay4YHO-UCCNen0BaTENbCKUIA MHCTUTYT XKMBOTHOBOACTBA M KOPMOMNPOM3BOACTBAY,
Anmartbl, KasaxcTaH,
3 «Ka3axckuii HauMOHaNbHbIM arpapHbIi MCCNea0BaTeNbCKUIA YyHUBEPCUTET», AnMaTbl, KazaxcTaH.
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AHHOTauMA: KaK U3BECTHO, OAHUM U3 3KOHOMMYECKMN U COLMANBHO 3HAYMMbIX 3a60/1eBaHUN,
LWMPOKO pacnpoCTpaHéHHbIX Ha TeppuTopumn Pecnybnunkun Kasaxcran (PK) asngetcs 6pyuennés,
KOTOpbIM 3aHWMAET [MaBeHCTBYOWEee MeCcTo B 0buen MHOEKLMOHHOW NaToNOrMU XXMUBOTHBIX.
bpyuennes asngeTtcs ogHoW U3 Hambonee onacHbIX ANS NOAEN 300aHTPOMOHO3HbIX UHPEK-
LUMOHHbIX 6onesHen. Pe3ynbratbl CpaBHUTENbHBIX UCCIEA0BAHUI MO UHAMKALMK BO3OyauTens
bpyuennesa B PK 3a Heckonbko net ¢ noMoubio H6aktepmnonormyeckoro Mmetoga u lNLP ceu-
[LEeTeNbCTBYIOT, YTO MCMONb30BaHWE BbIWEYKA3aHHbIX METOAOB 419 OnpeaeneHus 3nmM300To-
NOrMYeCcKoro craTyca CTag XXMBOTHbIX NPW MEepBMYHOM MOCTAHOBKE AMArHo3a Ha bpyuennes
SBNSETCS HeuenecoobpasHbiM M3-3a HU3KOM cTeneHn MHPOPMATMBHOCTM 3Tux Tectos. MLP
pekoMeHayeTCs AN MaeHTUhUKALMKN U FTeHOTUNMPOBAHUS BblOENEeHHbIX KynbTyp 6pyuenn u3
MaToN0rMYyeckoro Matepuana.

B pe3synbrate npoBeAeHHbIX AUArHOCTUYECKMX MCCNefoBaHni buomMatepumana, Nofy4eHHOoro
OT XXMBOTHbIX M3 HeBMarononyyHbix No Gpyuennesy Xo3amucTByrOWmMX CybbekToB KasaxcraHa u
npurpaHnyHbix ctpaH (Poccmum n KnprmscraHa), aBTopamu BblaeneHbl KynbTypbl bpyuenn, KoTo-
pble B nocieayoweM 6bin NOABEPXKEHbI U3YYEHUIO X BMONOrMYECKMX U MONEKYNSPHO-TeHe-
TUYECKUX CBOWCTB. AN naeHTMdukaumm n reHoTMNMPOBAHMS BblAENEHHbIX KynbTyp 6pyuenn
nccnepoBaTeNNn npensiaraloT ucnonb3osate MLVA, kak Hanbonee 3pdekTUBHbIM MeToA, Mo-
3BONSOLMIA LOCTOBEPHO OMpenensiTb UX reHOTUMUYECKME XaPaAKTEPUCTUKM.

KnioueBble cnosa: 6pyuennes, Kynbtypbl 6pyuenn, 6akrepuonorus, amarHoctmka, [LP,
reHOTUNMpPOBaHKE.
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