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POPULATIONS OF THE MAJOR CARRIER RHOMBOMYS OPIMUS, VECTORS OF
XENOPSYLLA FLEAS AND THE CAUSATIVE AGENT OF YERSINIA PESTIS IN THE
CENTRAL ASIAN DESERT NATURAL FOCUS OF PLAGUE

Abstract. In the Central Asia desert natural focus of plague, the major carrier of the Yersinia pestis
agent is the great gerbil Rhombomys opimus, and its vectors include fleas of the Xenopsylla genus.
Phenotypical and genotypical properties of the R. opimus populations, Xenopsylla fleas and Yersinia pestis
strains have been studied in the Central Asia desert natural focus of plague. Phenotypic distinctions and
population discreteness have been identified in R. opimus on the cytochrome b gene of the mitochondrial
genome from three autonomous plague foci: Pre-Balkhash, Betpakdala and Pre-Ustyurt. Phenotypic
distinctions have been found in Xenopsylla fleas in the Central Asia desert natural focus of plague, and the
genotype of X. gerbilli minax fleas on the Cox2 gene of the mitochondrial DNA,; these had been captured
in the Betpakdala autonomous focus. The repertoire diversity in phenotypical properties of Y. pestis strains
from different natural foci of plague has been demonstrated, and population discreteness of Y. pestis
strains has been determined using the next-generation sequencing method for single nucleotide
polymorphism genes. Results of the study suggest that geographical and environmental isolation and
natural selection have led to heterogeneity in the three populations of the great gerbil, vector fleas and Y.
pestis.

Key words: plague, natural focus, Yersinia Pestis, carrier, Rhombomys Opimus, vector, Xenopsylla.

1. Introduction

Plague is a zoonotic natural focus based infectious disease. Its causative agent, Yersinia pestis,
belongs to the Enterobacteriaceae family. Y. pestis explicably exists in the nature in deserts, steppes and
mountain landscapes, within the carrier-vector-agent system. In natural foci, Y. pestis carriers include
various species of rodents. The role of vectors is played by the rodents’ fleas. Stability and sizes of natural
foci, which normally correspond to the area of species of the major carrier rodent, demonstrate specificity
of the Y. pestis ecological niche, the level of systemic interaction between the agent and its natural
carriers, and the impact of the selection and selective mechanisms which ensure a dynamic equilibrium
between the carrier populations and Y. pestis within the focus. In Kazakhstan, natural plague foci cover an
area of more than 39% of the total country’s area, or approximately 1.1 million square kilometers (Figure
1).
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Figure 1. Natural plague foci in Kazakhstan:
| — Central Asian desert natural focus; Il — Tien Shan natural focus; 111 — Volga-Ural sand natural focus;
IV — Volga-Ural steppe natural focus; V — Dzungarian mountain natural focus; VI — Talas natural focus;
VIl — Ural-Oiyl steppe natural focus

In the Central Asia desert natural focus of plague, the major carrier of the Yersinia pestis agent is
the great gerbil Rhombomys opimus Lichtenstein, 1823 (Fig. 2, A) [1, 2]. The roles of secondary and
accidental carriers are played by other species of gerbils. There are a total of 14 autonomous foci in
Kazakhstan, differing in the landscape diversity, spatial and biocenotic structure [3]. R. opimus is also
common in desert areas of the Northern Hemisphere [4] (Figure 2, B), including countries with expansive
natural plague foci.

Figure 2. Natural habitat of R. opimus in Kazakhstan and worldwide

In individual parts of the natural focus, R. opimus populations differ in their phenotypical
properties, including the scaffold and dimensions of the skull [5]. Apparently, geographical isolation and
different landscapes have determined heterogeneity of the three great gerbil populations in question [6].
To the best of our knowledge, the genome of plague carrier rodents in Central Asian plague foci has not
yet been properly investigated while genomes of R. opimus, inhabiting areas in Iran and northern China,
have been sequenced [7, 8. 9].

Major vectors of plague in the desert focus of Central Asia are R. opimus fleas of the Xenopsylla
genus [3, 10, 11, 12]. A few species of Xenopsylla fleas prevail in autonomous foci of the Central Asian
natural focus: in Pre-Balkhash - X. hirtipes; in Betpakdala - X. gerbilli minax, and in Pre-Ustyurt - X.
skrjabini (Figure 3).
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Figure 3. Habitats of Xenopsylla fleas in autonomous foci of the
Central Asian natural desert plague focus:




ISSN 2224-5308 Series of biological and medical. 2. 2021

1 - X. hirtipes (Pre-Balkhash autonomous focus); 2 - X. gerbilli minax (Betpakdala autonomous focus); 3 -
X. skrjabini (Pre-Ustyurt autonomous focus)

In Kazakhstan, anti-plague stations (NSCEDI branches), located within natural foci, carry out
continuous epizootological monitoring of enzootic areas. Only isolated sporadic cases have been recorded
in Kazakhstan over the last years, with no epidemic outspread. The last four plague cases were recorded in
2003.

The study of Y. pestis strains from some other natural foci of Asia and Europe suggests
phenotypical and genotypical diversity of ecological variants of Y. pestis. [13, 14]. Different limited areas
of the Central Asian natural focus show a steady long-standing circulation of Y. pestis strains atypical in
the need in amino acids as growth factors [15]. An analysis of Y. pestis strains from the Central Asian
desert and the Tien Shan mountain natural plague foci with various environmental conditions shows that
the Y. pestis strains in question belong to three biovars: Antiqua, Mediaevalis and Orientalis [14]. The Y.
pestis genome has been sequenced, and strains from numerous plague foci have been genotyped [16].

2. Materials and methods

Study materials included: 1) samples of mitochondrial RNA isolated from the liver of R. opimus; 2)
samples of mitochondrial RNA of Xenopsylla fleas; 3) DNA of Y. pestis strains from the NSCEDI
collection isolated in the Central Asian plague focus and other foci.

All manipulations with R. Opimus organs, fleas and Y. pestis strains followed appropriate biosafety
standards and pathogen handling techniques [17].

Isolation of the R. opimus mitochondrial RNA. A total of 88 great gerbil samples had been captured
from three independent population groups. Extraction of mitochondrial RNA from the liver of R. opimus
utilized the QlAamp DNA Mini Kit (Qiagen, USA) [18]. A fragment of cytB with the length of 578 bps
(without primers) was amplified using UNFOR403 and UNREV1025 primers [19].

The nucleic acid sequence of the D-loop of R. opimus DNA was amplified using Thr-L15926 and
DL-H16340 primers [20]. PCR product purification involved the enzyme-based method using
Exonuclease | (Fermentas) and alkaline phosphatase (Shrimp Alkaline Phosphatase, Fermentas) [21].
Sequencing assay utilized BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). The
phylogenetic analysis used MEGA 7.0 software, Tamura 3-parameter model, discrete gamma distribution,
and Bootstrap 1000 [22].

Phenetic studies of fleas. The material included 681 Xenopsylla fleas from autonomous foci and
from the collection of the NSCEDI zoological and parasitological museum. Data were processed in free
statistical environment R version 4.0.0, with RStudio graphic environment [23]. Head and head bristle
measuring was based on pictures of fleas using ImageJ software [24]. The analysis used meristic features
[10].

Isolation of mitochondrial DNA and genotyping of Xenopsylla fleas. 22 Xenopsylla flea samples
were selected for the assay. DNA isolation used the established protocol [25]. The Coxll nucleic acid
sequence fragment was amplified using Insect-A-LEU and Insect-B-T primers [26]. PCR product
purification involved used of exonuclease | (Thermo Scientific) and alkaline phosphatase (Thermo
Scientific) [21]. Sequencing utilized cycle sequencing kit BigDye® Terminator v3.1 (Applide Biosystems)
and primers, for PCR amplification. The phylogenetic analysis used MEGA 7.0 software, with the
maximum likelihood method, Tamura 3-parameter model, discrete gamma distribution, and Bootstrap
1000 [22].

Y. pestis DNA genotyping. Y. pestis DNA genotyping method.

Isolation of Y. pestis strain DNA utilized QlAamp DNA Mini Kit (Qiagen, USA) [25]. Genotyping
of 31 Y. pests strains was based on the whole-genome sequencing method. Assessment of preliminary
sequencing data used FastQC v0.11.7 and Multiqc v1.8 software. The phylogenetic tree derivation used
BioNumerics v8.0 software (Applied Maths, Belgium).

3. Results

The epizootic status of plague in the Central Asian natural focus
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Over the last decade (2010-2019) of monitoring in the Central Asian desert focus, active plague
epizootics have been registered; 1024 Y. pestis strains have been isolated and studied. During the study of
R. opimus and Xenopsylla fleas in three autonomous foci, the following numbers have been isolated: in
Pre-Balkhash - 264; in Betpakdala — 60, and in Pre-Ustyurt - 20 Y. pestis strains.

R. opimus and Xenopsylla flea populations in the Central Asian natural plague focus. All three
regions in study are in the northern desert area, where special impact on vegetation is made by trends in
changing precipitation amounts and frequencies. An analysis of climatic and geographical features has
found synchronization degrees of the air temperature and precipitation trends [6]. Intensive growth of the
yearly average temperature has been noted in the surface air since the mid-1970s. Therefore, irregularities
of climatic, geographical and geobotanical conditions in the three autonomous foci in question have
resulted in genetically isolated R. opimus population.

A morphometric study was carried out for 681 samples of Xenopsylla fleas (X. hirtipes, X. skrjabini
and X. g. minax), captured in the Pre-Balkhash, Betpakdala and Pre-Ustyurt autonomous foci. A number
of significant distinctions have been found in Xenopsylla fleas regarding their morphometric parameters:
position of parietal bristle and the back edge bristle. X. hirtipes fleas from the Pre-Balkhash and
Betpakdala foci show statistically significant difference from fleas from other foci, regarding the distance
between the ocular and parietal bristle (p = 0,00126 u 0,00025, respectively), as well as the distance
between the parietal and angular bristle (p = 0,00138 and 0,00402, respectively). This may suggest
formation of an independent population of X. hirtipes fleas in the Pre-Balkhash and Betpakdala plague
foci.

Sequencing of mitochondrial RNA of R. opimus. Genotyping of R. opimus from the Pre-
Balkhash, Betpakdala and Pre-Ustyurt foci has been carried out. Based on a review of publications [7, 9],
a conclusion has been made that genotyping on the CytB gene sequence should be performed to study
population differences in great gerbils.

A total of 19 unique haplotypes have been identified on the fragment of nucleic acid sequence of
CytB gene. Out of 578 analyzed bases, the share of transitions was 37, and transversions - four. Eight of
the polymorphisms analyzed result in amino acid replacement. 88 samples clustered into seven
haplogroups. 25 haplotypes were established using D-loop nucleic acid sequence. 63 of 468 bases were
variable. Of them, 59 were transitions, and three — transversions; also, adenine insertion was found in three
samples from 1-B15, 1-B16, I-B17 samples captured in southern Pre-Balkhash.

The phylogenetic analysis with nucleic acid sequences of 19 haplotypes, established in R. opimus
from fovi in Kazakhstan, and sequences of CytB gene of R. opimus captured in Iran and China [7, 8],
formed three major clusters (Figure 4).

Figure 4. The phylogenetic tree based on the analysis of nucleic acid sequence of CytB gene of
R. opimus, captured in Kazakhstan, Iran and China: B - samples collected in southern Pre-Balkhash;
Sh - samples collected in western Betpakdala; A - samples collected in eastern Pre-Ustyurt
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The first cluster includes sequences of R. opimus captured in Kazakhstan and China; concurrently,
the great gerbil captured in Kazakhstan is a separate clade. The second and third cluster includes
sequences of the great gerbil captured in Iran.

Genotyping, looking for population diversity and genomic features of the Xenopsylla genus
from the Central Asian desert natural plague focus

A total of 743 bps in 22 Xenopsylla samples have been sequenced. The resulting sequences include
the whole protein coding sequence COIIl (cytochrome oxidase subunit 1) and a fragment of sequence
tRNA-Lys. A total of 4 haplotypes have been found in 22 Xenopsylla samples. The largest genotype
includes 17 sequences from fleas from the southern Pre-Balkhash and western Betpakdala. Flea samples
from the eastern Pre-Ustyurt represent a separate clade, are more genetically diverse, and include 3
haplotypes (Figure 5, A). An analysis including sequences of the Xenopsylla genus allowed to cluster
haplotype | with sequences X. gerbilli minax collected in China’s Xinjiang Uyghur Autonomous Region
(Figure 5, B). Haplotypes I1-1V are unique for Kazakhstan and represent a separate clade.
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Sh15 Western Betpakdala 55 @ Haplotyp IIl Kazakhstan

Sh13 Western Betpakdala “ll@ Haplptyp IV Kazakhstan

Sh12 Western Betpakdala @ Haployup Il Kazakhstan

Sh11 Western Betpakdala @ Haplotyp | Kazakhstan

Sh10 Western Betpakdala MF136074 Xenopsylla gerbilli minax China
Sh7 Western Betpakdala Haployp [ KUB80677 Xenopsylla gerbilli minax China
Shé Western Betpakdala KUB80673 Xenopsylla gerbilli minax China
Shd Viestern KU880672 Xenopsylla gerbilli minax China

Sh2 Western Betpakdala KU880676 Xenopsylla gerbilli minax China
Sh1 Western Betpakdala a1 KM890859 i

::: x:“m ::‘:. I— EU088166 Xenopsylla gratiosa haplotype 8
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B3 Southern Balkhash %8 I |
B6 Southern Balkhash gratiosa 7
B5 Southern Balkhash JF966769 pallidus voucher
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A2 Eastern Pre-Ustyurt
9:3‘ A10 Eastern Pre-Ustyurt Baglop IV W

0.002

Figure 5. The phylogenetic tree based on nucleic acid sequence of COIl and fragment tRNA-Lys

Genotyping of Y. pestis strain DNA.
Whole-genome data of 31 mramma Y. pestis strains have been received. The strains form four
phylogenetic branches: 0.PE4, 1.0RI3, 2.MEDO u 2.MED1 (Figure 6).

SEEDOEEe®

Figure 6. Clusterization of 31 Y. pestis strains
The remaining 26 strains clustered into medieval biovar of the phylogenetic branch 2.MED1. Two
strains, Chuma-1435 and Chuma-4, went to the phylogenetic branch 1.0RI3; the strains were isolated
from the great gerbil from the Kyzylkum plague focus and from a person infected with plague in the Pre-
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Balkhash autonomous focus, respectively. Strain Chuma-3362 was phylogenetically identified as
2.MEDOQO; it was isolated from a sick camel in the Mangistau autonomous focus.

4. Conclusions

The results of the studies are as follows: a) Identification of the genetic structure of mitochondrial
DNA of R. opimus captured in different geographically remote areas in the Central Asian desert natural
focus; b) Finding of genetic differences in Xenopsylla g. minax fleas regarding the nucleic acid sequence
Cox2 of the mitochondrial DNA gene; c) The studied populations of Y. pestis strains are genetically
diverse and belong to four phylogenetic branches: 0.PE4, 1.0RI3, 2.MEDO and 2.MED1.

Geographic isolation, different climatic conditions and landscapes, and natural selection determined
heterogeneity of three populations of the great gerbil, Xenopsylla fleas and Y. pestis strains in autonomous
foci of the Central Asian desert natural plague focus.

The statistically significant differences of phenotypical features in the great gerbil R. opimus and
some species of Xenopsylla fleas suggest formation of distinct populations of rodent carriers and flea
vectors in natural plague foci. The studies that have been carried out exemplify comprehensive research of
genomic variability regarding co-members of the plague enzootic triade (carrier-vector-agent), and an
attempt to find co-evolution of biological species of the plague biocenosis participants, with
environmental isolation.
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OPTAJIBIK A3USI IOJJAI TABUFHU OBA OLHAFBIHAA TAPAJIFAH YERSINIA PESTIS
KO3AbIPFBIIIBIH TACBIMAJIJAYIIBI XENOPSYLLA TYBICBIHA ’)KATATBIH BYPI'EJIEP
MEH RHOMBOMYS OPIMUS MONIYJIALHUSAJIAPBI

AHHOTammA. MHQEKNWsIBIK aypylapAblH TaOWFH OINAFBIHJAFbl OWOJIOTHSUIBIK KOFaMJACTBIK
MOMYJISIHSIAPBIHBIH, apachbHIAFbl ©3apa dpeKeTi KOIDKBULABIK 3epTTeyliep MoHi Ooubin caHamaisl. O0a
MUKPOOBI KO3IBIPFBINI — TachIMaJIayIIbl — TapaTyllbl xyheciHae eMip cypexni. Kemiprimn typraepi oba
TachIMaJIIayIIbl OOJBIT caHamaabl. Kemiprim Oypre TypiepiHeH /e TIbIFaIbl.

Kazakcranmarbl 00aHblH TaOuru omiarel 10 oOnbpicTa 1mamameH 1.1 MJIH. IIapIibl [AKbIPBIM
ayMakThl aJIblll KaThIp, agaMAap apacblHAa CIOpaJWKANbIK TYpPMEH ChIpKaTTaHFaHaap Tipkeneni. EH
yJIKeH xoHe Oencenai OpTanblK A3HSHBIH TaOUFU JajlajblK OLIAFBIHIAFEl 00a TaChIMaJAAyIIbl — YIIKEH
kymthinkauaap (Rhombomys opimus), uadexuus tapatymst — Xenopsylla texrec 6ypremnepi.

Taburu omak TemimiHgeri R. Opimus sxoHe Xenopsylla Textec Oyprenep NOMYJISAIHSICHI
MOP(HOMETPHSITBIK OICTEp ApKbUIbl AHBIKTATIATHIH (EHOTHITIK OenrinepMeH epekmeneHemi. Y. pestis
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MOMYJISIIHUSACH] BUPYJICHTTUIIr, OMOXUMHSIIBIK KacHeTTepi, ocy (pakTopiaphl koHe 0acka lla Kacuerrepi
OolibIHIIIA OIPTEKTI eMec OOJIBIN CaHATAIbI.

Kaszipri yakpITTa HHGEKIHUIBIK aypylIapaIblH TAOUFH OIIaKTAPBIHBIH KaJIBIITACyhl MEH TIPIIIIIIK €Ty
TETIKTepi KETKUTIKTI 3eprreaMmereH. OKIIaylaHFaH ayMakKTapIarbl 00ajdblK Machll —TPHAIACHI
MYIIENEpiHiH KO-OeHiMAeNyiHiH JBONIONMSIIBIK MEXaHM3MICPIH AaHBIKTAY YJIKEH FBUIBIMH JKOHE
TOKIPUOEIIK KbI3BIFYIIBUIBIK TYBIPBIN OTHIP.

XanmsIKapallblK TeHOMIBIK OaHkTe OpTaiblK A3wsma MEKEHIACHTIH KeMiprimrep MeH OyprenepiHiH
HIOJIIIK, AANalbIK JKOHE TayJbIK MOMYyISIHsIIaphl TYpajbl, aTal aiTKaHIa, 00a TachIMasIaylIbuIapbl MEH
Tapatymbuiapel — R. opimus, Xenopsylla Textec Gyprenepi Typaisl akmapar koK. Kasakctan MeH kepiiri
engepain 00a omakrapeiHaH Y. pestiS TeHOTHUNTEY/iH alAblH ajla ACPEKTepi TONBIK eMeC, TeHETHKAIBIK
TYTac alyaHTYPILUTIKTIH OefiHeCiH KopceTneimi.

XKyprizinreHn 3eprreyiep TOMeEHACTiNEW aliFa KOWBLUIFAH ©3€KTI MIHIACTTEPMAl IICHIYJi KaMTHJIbIL.
CoHbIMEH, aJFall per:

1. Opranblk A3WANBIK O0aHBIH TaOWFHM OIIAFBIHBIH JepOec ommakTapblHia: bankamr MaHsI,
bernmaknana sxoHe Ycripramasl R. opimus momyssusicel Mer Xenopsylla texrec OyprenepiHin Tiprmiigik
€Ty OpTachIHBIH OWOJOTHSJIBIK J>KOHE OSKOJIOTHSIIBIK-TEOTpa(UsIIbIK EepeKIICTIKTepiHe CalbICTHIPMAIIBI
3epTTeY KYPTi3iIIi.

2. R. opimus merisri denorumine, Xenopsylla 6yprecine »xone mepOec orrakrapgarsr Y. pestis
MOy ISIIHSATIapbIHA TANJAy JKacallibl.

3. R. opimus PHK-HBIH MHTOXOHIPHSIBIK TEHOMBIHBIH Yumoxpomsi b TeHi OOWBIHIIA OIIAK
ayMarbIHIAFbl TEHETHKAIBIK HYCKAJapblH aHBIKTAy KOHE MOMYJLIIHUAIAPIBIH OKOIOTHSIIBIK JKOHE
reorpausUIbIK OKIIayJIaHybl OapBICHIHIA TEHOMIAP ©3TePrillTiriH aHBIKTay YILIiH TeHOTHIITEY KYPTi3iIAi.

4. Omak ayMarbIH/IaFbl TCHETUKAJIBIK HYCKAIAPBIH aHBIKTAY KOHE IMOMYJISIHSIIAP,IBIH SKOJIOTUSITBIK
JKOHE TeorpaUsIbIK OKIIAyJIaHyBl OaphICHIHIAA TE€HOMIAp ©3TeprillTiriH aHbIKTay yimin Xenopsylla
TekTec Oyprenepre mutoxouapusiblK JIHK reninig Cox2 HyKICOTHUATIK PETTUIIr OONBIHIIA TEHOTUIITEY
JKYPTi3imi.

5. OmakTapaarsl TeHETHKAIBIK HYCKAJapblH aHBIKTAY XKOHE IMOMYJISAIHIIAPIBIH SKOJIOTHAIIBIK, JKOHE
reorpadusIIbIK OKIIayJaHybl OapbIChIHIA T€HOMIApP ©3TeprillTiriH aHbIKTay yiniH Y. pestiS mrambiHa
JHK renorunTemnyi sxypri3iimi.

3epTTeyaiH Keneciiel 3aMaHayH oicTepl KOJAaHBUIABL: a) 00aHBIH AepOec omarkl ayMaKTapbIHbIH
OKOJIOTHSIJIBIK €PEKINENTIKTEP] JKOHE 3ePTTey HBICAaHAapHIHBIH (DEHOTHMITIK Kacuerrepi; 0) R. opimus
muToxoHapusIblK PHK reninin CytB HyKJICOTHATIK PeTTUIriH reHoMasIK Tanaay; B) COll HykaeoTuarik
perTiniri sxone Xenopsylla gerbil minax oyprenepiniy tRNA-Lys ¢parmenti; 1) Y. pestis mramaapbiHbIH
JHK renin SNPS oxiciMen NGS TOJIBIK TeHOMIIBIK CEKBCHHPIICY.

OcHI peTTe )KYMBICTBIH HET13T1 JKaHAITBUIABIFBIH TOMEHICTIICH KopceTeMis:

1. R. opimus nonymsuusapbiHbiH — MuUTOXOHApusuiblK ~ PHK  renorumrtey — Oapbichinzia
rarIoTUIITEPIiH reorpadUsIbIK Tapaaybl apachlHAaFbl OaiIaHBIC AaHBIKTAJIIBL.

2. Opransik Asus, Hpan sxoHe KpiTali aymarblHaH VJIKEH KYMTBIIIKAH ITOMYJISIMSICHIHBIH
TCHOMBIHA CaJILICTBIPMAJIBI TAJIIAY KYPIi3li.

3. COXIl reninin HykjaeoTHAaTrep Ti30OeriH Tannmay Herizinge Opranblk A3susg — Aajablk
OILIAKTapBIHBIH IepOec orrarsiaaa emip cyperin Xenopsylla gerbilli minax momynsmusce reHOTHITTEN .

4. O6anwiy OpTanslk A3usaarsl TAOUFY JalaiblK OMIAFbIHAArs! Y. PEStis mrammap momyIsSmusacsIHa
TOJIBIK T€HOM/IBIK CEKBCHHUPJICY JKYPIi3isIi.

Y CHIHBUTFaH 3€PTTEY HOTHXKEIepi MaHbBI3IbI TEOPHSITBIK KOHE KOJIaHOAIBI Macemenep i — 00abIK
OMOIIeHO3Fa KATHICYNTBUIAPABIH ©3TCPTIITITi, JBOJIONUACH JKOHE KYHENll e3apa OpEeKEeTIH IIelryTre
OarpITTaNIFaH.

Tyiiin ce3mep: o00a, Taburu omarsl, O0a KO030bIpbiuibl, TACBIMAINAYIIBI, YIKeH KYMMbIUKAH,
TackIMajiaysl, Kcenoncuina.
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nmonyJjsaguu OCHOBHOI'O HOCUTEJISI RHOMBOMYS OPIMUS, NIEPEHOCYHUKOB
BJIOX POJA XENOPSYLLA 1 BO3BYJAUTEJIS YERSINIA PESTIS B HEHTPAJIBHO-
A3BUATCKOM ITYCTBIHHOM ITPUPOJHOM OYAT'E HYMbI

AHHOTaUMs. B3anMoOBIHSIHIE TOIMYJSIINA OHOJIOTHIECKOTO COOOIIEeCTBA B MPHUPOMHBIX Odarax
WHQEKIMOHHBIX OOJIe3HEH SBISETCS MPEIMETOM MHOTOJICTHUX HCcienoBaHuit. UyMHOW MHKPOO
CYLIECTBYET B CHUCTEME BO30yIUTEIb-HOCUTENb-IIepeHOCUMK. HocurensiMu 4ymbl B Odarax sBIASIOTCS
pasnuyHble BHIBI TpbI3yHOB. llepeHocunkm - pasnudHble BUABI 00X Trpbi3yHOB. B Kazaxcrame
NPUPOHBIE OYard YyMbl 3aHUMAIOT OKOJIo 1.1 MJIH. KB. KM TeppUTOpuH B 10 00MacTsIX, pErHCTPUPYIOTCS
cropaguyeckue 3aboneBaHus jroaed. OCHOBHBIM HOCHTENEM YyMbl B CaMOM OOJIBIIOM U aKTHBHOM
LleHTpanbHO-A3HAaTCKOM MPHUPOTHOM IYCTBIHHOM oOdare sBIsiFoTCs Oounbiime mecuankd (Rhombomys
opimus), nepeHocurkamu nH}eKIHK - ux Onoxu poxa Xenopsylla.

IMonymnsuu R. opimus u 6ioxu poxa Xenopsylla Ha yyacTkax mpupoJHOTo oyara pa3jindaroTcs Mo
(eHOTHIHYECKUM TPH3HAKAM, YTO BBUIBISAETCS MOphoMeTpruuecKuMU Metoaamu. [lomymsiuun Y. pestis
TaK ke He OJHOPOIHBI [0 BUPYJIEHTHOCTH, OMOXMMHUYECKIM CBOMCTBaM, MOTPeOHOCTH B (haKTOpax pocTa
U APYTUM CBOWCTBAM.

B Hacrosimee Bpemsi HEZOCTaTOYHO M3YYEHBI MEXaHM3Mbl (OPMHUPOBAHMS U CYLIECTBOBAHUS
MPUPOTHBIX OYaroB MWHQEKIMOHHBIX Oosne3Hel. bonpmiold HaydHBId W MPaKTHYECKUH WHTEpec
MIPEJICTABIIAECT BBISBICHHUE SBOJIONMOHHBIX MEXaHM3MOB KO-aJIalTallid YJeHOB YyMHOMN Mapa3suTapHOMN
TpUaabl Ha U30JMPOBAHHBIX TEPPUTOPHAX. B MexayHapoJHOM reHOMHOM OaHKe OTCYTCTBYIOT CBEICHHUS O
MYCTBIHHBIX, CTEIHBIX U TOPHBIX HOMYJIILUAX IPHI3YHOB U UX 010X, oduraromux B LleHTpansHoi A3um, B
YaCTHOCTH O HOCHTENISX M TMIEPEHOCUMKAx 4yMbl: R. opimus, 61oxax poma Xenopsylla. TpeaBaputesbHbie
JaHHbIe reHoTUnMpoBanus Y. Pestis n3 ouaroB yymbl Kasaxcrana u coceIHUX CTpaH HE MOJHBIC, HE AAI0T
LIEJIOCTHON KapTHHBI TEHETHYECKOI0 pa3HOO0pasus.

[IpoBeneHnple WCCIEMOBAaHUS COAEP)KAT pEIICHWE IOCTAaBICHHBIX AaKTyaJdbHBIX 3amad. Tak,
BIIEPBBIE!

1. IlpoBeneHO COTMOCTaBUTEIbHOE HW3y4YEeHHE OHOJIOTMYECKHX M  JKOJOro-reorpaduyeckux
ocobeHHOCTe# MecT oOuraHus momyssinuid R. opimus u 610x poma Xenopsylla B aBToHOMHBIX
ouarax lleHTpaabHO-A3HaTCKOr0 MPUPOJHOTO ovara yymbl: [Ipubanxanickom, bernakaanuHckoM
u IIpenycriopTckoMm.

2. TlpoBenen amanms ¢enorunmoB R. opimus, 6mox Xenopsylla u monynsmmit Y. pestis us
ABTOHOMHBIX 0Yaros.

3. TIposeneno renorunupoanne PHK R. opimus mo reny yumoxpoma b MUTOXOHIpUATBHOTO
reHoMa AJIsl ONpejeieHUs TeHEeTHYECKHUX BAPHAHTOB Ha TEPPUTOPUAX O4YaroB M OOHApPY)KEHUS
M3MEHYHMBOCTH T€HOMOB TPH SKOJIOTHIECKON U TeorpadpuaecKoil N30ISIIH MOy ISIHHN.

4. TlpoBeaeHo reHoTHNUpoBaHue 050X poma Xenopsylla mo HykJIeoTHIHOI MOCIEA0BATEIBHOCTH
Cox2 rena wmwuroxonnpuaibHoii JHK nns ompeneneHuss reHeTHYecKMX BapHaHTOB Ha
TEPPUTOPHUIX OYaroB W OOHApY)XEHUS HM3MEHUYMBOCTH TI'€HOMOB IIPH 3KOJOTMYECKOH U
reorpauuecKoi 30U OIS,
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5. TIposeneno renorunupoBanue JIHK mmrammoB Y. pestiS mis ompeneneHHus T€HETHYSCKHX
BapHaHTOB Ha TEPPUTOPHIX 0UaroB U 0OHAPYKEHUSI N3MEHYMBOCTH T€HOMOB IPU HKOJIOTUIECKON
U reorpaguuecKoi N30ALNN TOMYJIISIIH.

Vcnonb30BaHbl COBPEMEHHBIE METOABI M3YUEHUS: a) HKOJOIMYECKHX OCOOEHHOCTEH TeppHUTOPHi
ABTOHOMHBIX 0YaroB YyMbI 1 ()€HOTUITMYECKHUX CBOWCTB OOBEKTOB MCCIIEIOBaHNUS; 0) TEHOMHOTO aHAIHN3a
HYKJICOTHIHON TocneaoBateabHocTn CytB reHa mutoxoHapuanbHoii PHK R. opimus; B) HykneoTHaHOM
mocienosatensroctr COll u ¢pparmenra tRNA-Lys 6mox Xenopsylla gerbil minax; r) momaoreHoMHuoe
cexBennpoBanne NGS metogom mo SNPs renam JIHK mrammos Y. pestis.

OCHOBHOI1 HOBU3HO pabOTHI ABJISETCS TO, YTO BIIEPBHIE:

1. Ipu renorunupoBanny MutoxonapeansHoi PHK nmomymsmuii R. opimus oOHapykeHa Koppemsius
TaIyIOTUIIOB € TeorpaduIecKUM pacIipeleIeHuEM.

2. TlpoBeleH COMOCTABUTENBHBIA aHAIN3 TEHOMOB MOMYJSAIMN OONBIIOW MECYaHKH C TEPPUTOPHU
HentpansHoit Asun, Upana u Kuras.

3. Ha ocHoBammm aHamm3a HykJIeoTHmHOH mocienoBatenbHOocTH COXIl TeHa reHoTHmupoBaHa
nonyssiist - Xenopsylla  gerbilli minax, oburarommass Ha TeppUTOpUHM aBTOHOMHBIX —Ouarax
LenTpanbHO-A3UaTCKOr0 MYyCTHIHHOTO 04ara YyMbl.

4. TIpoBemeHO IIONHOTEHOMHOE CEKBEHMPOBAaHHE MOMysamuii mramMMoB Y. pestis m3 IleHrpansHO-
A3HMaTCKOTO MPUPOJHOTO ITYCTHIHHOTO 0Yara YyMbl.

[IpencraBneHHble pe3yibTaThl UCCIIEAOBAHUI HAIIPABIIEHBI HA PEIIEHHE BAYKHBIX TEOPETHUECKUX U
MPUKJIAIHBIX 3a7ad — U3MEHUYMBOCTH, BOJIIOLIMM M CHCTEMHOIO B3aHMOJEUCTBUS YYaCTHHUKOB UYMHOTO
OuoneHo3a.

KuaroueBsble cjoBa: yyma, IpUpOJHBIN ouar, Bo3dyodumensb uymsl, HOCUTENb, bonvuwias necuanka,
nepeHocuuk, Kcenoncuiuna.
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