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Taxonomic analysis of the Dongyztau flora

Abstract: This article provides a taxonomic analysis of the Dongyztau flora. It is represented by
314 species from 170 genera and 40 families. The materials were obtained based on field studies, the
literature data were taken into account. The analysis of the family-species spectrum testifies that 5
leading families make up 60.9 % (186 species). The leading families in the area are Amaranthaceae,
Asteraceae, Brassicaceae, Poaceae, Fabaceae. The key position is taken by Amaranthaceae family,
represented by 67 species which is 21.6 % of the flora species. The second position is taken by
Asteraceae, which includes 40 species (12.8 %). The predominance of these families in the flora of
the region characterizes it as continental one. The analysis of the structure of the leading families
showed that the spectrum of flora refers to the Turanian, Mediterranean and boreal types.

Keywords: Dongyztau flora, vascular plants, the taxonomic analysis.

DOI: https://doi.org/10.32523/2616-7034-2019-128-3-59-65

Introduction. Dongyztau chink is insufficiently explored territory, it is located in a remote part
of the Aktobe region at the junction of Atyrau, Mangystau regions.

Dongyztau chink lies in the southwestern part of the Aktobe region between 46 ° 08'n.1. - 46 ° 68’
nl. and 56° 13’ E - 57°60’ E. It is the Northern part of the Ustyurt plateau covering an area of not
less than 900 km2. The territory is located on the rocky and hollow-wavy surface of the accumulative-
denudation plain within the Ustyurt plateau in the natural zone of desert with a sharply continental
arid climate|[1].

Characterization of flora is an important indicator of the heterogeneity degree of the territory of
flora, of the diversity of physical and geographical conditions

In the East the chink is limited with high spurs of Chagray Cape, in the South — with higher
spurs of the Ustyurt plateau and in the East — with a very low ridge of Karamay spurs of Ustyurt,
in the West — with the Zheltau mountains and in the North-West — with Zmystan island hill.

The climate of the region is of the type of desert of boreal type. The general features of the
climate of the region are sharp temperature contrasts, cold severe winter and hot summer, rapid
transition from winter to summer and short spring period, unsteadiness and scarcity of precipitation,
great dryness of air, intensity of evaporation processes, instability of climatic parameters in time
and a large amount of solar heat. The duration of sunshine is 2300-2700 hours per year. According
to long-term observations of the weather station in Ayakkum, the coldest month in the region is
January with average monthly air temperature of -10.1 ° C, the absolute minimum temperature
is -36.9 °C, and the hottest month is July with average monthly air temperature +26.6° C, the
absolute maximum is +40.7° C.

Precipitation is the main factor of groundwater supply. Annual precipitation changes for the areas
within 195-262 mm. Little rainfall and high air temperature cause a large humidity deficit. The
total amount of evaporation per year from the free water surface reaches 1200-1500 mm, exceeding
5-6 times the amount of annual precipitation. Summer precipitation is almost completely spent on
evaporation [2].

Low-humic sierozemic and chestnut soils predominate in the region, commonly saline and in some
places — strongly saline [3].

59



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 2(127)

Dongyztau chink is located in the natural zone of desert. The vegetation of the area is dominated
by communities with a predominance of belozemelnaya polyn or zhusan (Artemisia teirae-albae) and
itsigek (Anabasis aphylla) on elevated plains (Viktorov, 1971). The slopes are covered with species
of mortuk (Eremopyrum orientale, E. triticeum).

To fill the existing gap in the knowledge about the nature of Kazakhstan we carried out a floristic
survey of the Donyztau chink. Below are the main indicators characterizing the flora of the region
under study. After all, the characteristic of flora is an important parameter, indicating the degree of
heterogeneity of the territory of flora, the diversity of physical and geographical conditions. System-
atic analysis is a logical completion of the flora inventory and is intended, first of all, to reveal the
level of abundance of flora species, its taxonomic diversity, as well as the ratio of species between
the systematic categories of higher ranks, i.e. the systematic structure of this flora [4].

Materials and methods. Field studies provided the materials for the work. The studies were
based on the enroute method, the sites were visited 2-3 times during the season. All flowering and
vegetating plants were taken into account, floristic lists of the surveyed areas were compiled, on the
basis of which a General list of species of vascular plants was compiled. Herbarium samples stored
in the herbarium Fund of the Institute of botany and Phytointroduction of RK MES, Mangyshlak
experimental Botanical garden, Botanical Institute named after V. L. Komarov RAS, as well as the
literary data in "The Results of a complex expedition to the South-Eastern part of Zhylyoi district of
Atyrau region of the Republic of Kazakhstan" (Astana, 2017), "Flora of Kazakhstan" (1956-1966),
"Guide to plants of Central Asia" (1968-1993), "The sketches on the flora of Aktobe floristic district"
(Aipeisova, 2012), «To the study of species composition of wild counterparts of cultivated plants
grown of Mangistau region» (Imanbayeva A.A., Ishmuratova M.Yu., Duisenova M.I., Tuyakova A.T.,
2015) were analyzed|5,6,7,8.9].

The Plant List (2013) Version 1.1 database was used to unify the material. The volume of the
flowering plant family was taken according to the APG IV system (Angiosperm Phylogeny Group)
(2016).

The definition of plants, clarification of their systematic position in taxonomically complex groups
was given according to the following literary sources: "Guide to higher vascular plants" (Aktau,
2006), "Guide to cereals of Kazakhstan" (1948), "Cereals of the USSR" (Tsvelev, 1976), as well as
using monographic treatments for individual groups of plants|[10,11,12].

Results and discussion. The conducted research allowed to establish that 314 species of higher
plants belonging to 170 genera and 41 families were found on the area under study.

Gnetopsida class is represented by two species (0.63 % of the total number of flora species). The
vast majority of species refer to angiosperms. Magnoliophyta group numbers 303 species (99.3 %).
38 species out of them (12.1 percent) refer to the Liliopsida class, and 274 species (87.2 %) refer to
Magnoliopsida class. The ratio of monocotyledonous and dicotyledonous species is 1:7.2. The share
of gymnosperms is insignificant (table 1).

Table 1 - Key taxonomic indicators of the Dongyztau flora

Taxonomic indicators Flora of Dongyztau
Total number of species 314
Total number of genera 170
total number of families 40
The average number of species in a genera 1.8
The average number of species in a familie 7.6
The average number of genera in a familie 4.1
Number of single species 11
Number of single families 11
The maximum number of species in one genera | 13
The maximum number of species in one familie | 67
The maximum number of genera in one familie | 25
The share of species in the top 10 families% 78.3
The share of Monocots among angiosperms, % 12.1

60



Zh.I.Kuanbay, S.A.Abiyev, V.N.Tikhomirov, M.J.Ishmuratova, G.B.Admanova

\ The share of Eudicots among angiosperms, % \ 87.2 \

The share of the top ten according to the number of types of families is made up by 239 types,
accounting for 78.3% of the total diversity of the Donguztau flora (table 2).

Table 2 - The taxonomic composition of the Dongyztau flora

Ne Family Number Relative in- | Number Relative
of genera, | dex of genera, | of species, | index of
un. % un. species, %

1 Amaranthaceae 25 14.70 67 21.33

2 Asteraceae 20 11.76 40 12.73

3 Brassicaceae 20 11.76 31 9.87

4 Poaceae 16 9.41 27 8.59

5 Fabaceae 8 4.70 26 8.28

6 Boraginaceae 10 5.88 16 5.09

7 Caryophyllaceae 7 4.11 14 4.45

8 Apiaceae 8 4.70 11 3.50

9 Polygonaceae 5 2.94 8 2.54

10 Ranunculaceae 5 2.94 6 1.91

The dominant family with more than 20 species is the family of Amaranthaceae - 67 species, the
second position is with Asteraceae - 40 species, in third position is Brassicaceae - 31 species, slightly
is inferior to Brassicaceae family Poaceae -27 species, in fifth position is the family Fabaceae - 26
species. In total the first five families include 88 genera (51.7% of the total number of genera) and
190 species (61% of the total number of species).

It is obvious that the species of vascular plants from different families are not equally represented
in the Dongyztau flora (figure 1).
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Figure 1. Representation of the leading families in the Dongyztau flora

Many-genera families, presented in the Dongyztau flora with more than ten genera are the follow-
ing: Amaranthaceae - 25 genera, Asteraceae — 20 genera, Brassicaceae — 20 genera, Poaceae -16 gen-
era. In total they include 80 genera (47% of the total number of genera) and 164 species (52.2% of the
total number). All the named genera are multiple. The following families have the greatest species
diversity (more than 6 species): Amaranthaceae — 67 (21%), Asteraceae-40(12.73%), Brassicaceae-
31 (9.8%), Poaceae-27 (8.59%), Fabaceae-26 (8.28%), Caryophyllaceae-14 (4.59%), Boraginaceae-16
(5.09%), Apiaceae-11 (3.50%), Polygonaceae-8 (2.54%), Ranunculaceae-6 (1.96%), other 69 species
(20.8%) refer to 30 families which contain from one to five species. Polygonaceae family contains
5 species. Families with 3-4 species number 10. They contain 34 species, i.e. 11.1% of the total
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number. 4 species are distinguished in the families Papaveraceae, Nitrariaceae, Plumbaginaceae,
Tamaricaceae. Families Liliaceae, Amaryllidaceae (Alliaceae), Asparagaceae, Rubiaceae, Convolvu-
laceae, Lamiaceae contain 3 species each. 18 families contain only 1-2 species each: Zygophyllaceae,
Rosaceae, Geraniaceae, Rutaceae, Capparaceae, Apocynaceae, Caprifoliaceae(Dipsacaceae), Izioliri-
aceae, Cyperaceae, Berberidaceae, Crassulaceae, Elaeagnaceae, Euphorbiaceae, Malvaceae, Franke-
niaceae, Solanaceae, Phrymaceae, Linderniaceae.

This species spectrum of the Dongyztau flora is a clear indicator of the heterogeneity degree of
the flora territory, testifies to the diversity of its geographical conditions.

This family structure is the result of the location of the study area near the border of the Boreal
and ancient Mediterranean sub-kingdoms of the Holarctic Kingdom (Kamelin, 2012). The leading
position of Amaranthaceae, Boraginaceae, Polygonaceae families ares typical for Turanian flora, the
high number of species of the Asteraceae, Fabaceae and Rosaceae families testifies to the influence of
Mediterranean flora proper, the Caryophyllaceae, Ranunculaceae, Brassicaceae, Cyperaceae families
are indicative of the boreal features of flora [13].

According to the table of multi-species genera the following families include a little, more than 10
species: Astragalus — 13 species, Artemisia — 12 species, Salsola — 10 species, two genera - Anabasis,
Suaeda contain 7 species each, two genera - Stipa, Climacoptera 6 species each, Atriplex, Lappula -
5 species each. Such a structure of the largest genera is specific to the Turan floristic province(table
3).

Table 3 - Leading genera of the Dongyztau flora

Ne | Genus Absolute index, | Relative index,
un. %
1 Astragalus 13 4.26
2 Artemisia 12 3.93
3 Salsola 10 3.27
4 Anabasis 7 2.29
5 Suaeda 7 2.29
6 Stipa 6 1.19
7 Climacoptera 6 1.19
8 Atriplex 5 1.63
9 Lappula 5 1.63

The data show that the major part of the flora structure is occupied by one-two-species genera -
26 genera (65% of the total). They include 53 species, which is 17.3% of the total number of species.
Thus, the enrichment of the studied flora with genera is in process which indicates the predominance
of allochthonous trends (Tolmachev, 1960) in the formation of flora .

L. I. Malyshev [14,15] proposed an indicator that allows to estimate the ratio of autochthonous
and allochthonous trends in the process of florogenesis It is the relative difference between the actual
(S) and the estimated (S1) number of species:

A=(S-51)/8

The calculated number of species is determined by the empirical quadratic equation:

S1 = 314.4 + 0.0045383 * G2,

where G is the number of genera in a given flora, hence

S1 =314.4+ 0,0045383 * 1682 = 442.4

A =305 —442.4/305 = —0.45

The negative value of the autonomy index of this flora shows the allochthonous nature of the
flora. Since the ratio of species to genera also depends on the size of the flora, this can be partly
explained by the relatively small size of the studied region (Malyshev, 1987). The factor of floristic
study insufficiency of the territory is not excluded, as in recent years the surveyed region has seen
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long droughts with low rainfall in the spring. This may lead to the transfer of the part of plant
species to an idle state and the impossibility of detection in the studied period of time. Therefore
to understand more completely the Dongyztau flora long-term observations are required.

Conclusion

To the present time the Dongyztau territory has 314 species registered belonging to 170 genera
and 40 families. The leading families include Amaranthaceae — 67, Asteraceae-40, Brassicaceae-
31, Poaceae-27, Fabaceae-26. The studied flora combines the features of the flora of Turanian,
Mediterranean and Boreal types. The high relative proportion of genera compared to the number
of species in the studied flora shows that it is predominantly of allochthonous nature.
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2K.I.Kyau6aii ! , C.9.96ues 2 , B.H.Tuxomupos 3 , M.FO.Ummyparosa ¢ , I.B.A gmanosa °

1.2 JI. H. Tymunes amuvindaes, Eypasus yammos yrusepcumemi, Hyp-Cyaman, Kaszaxcman
3 Benopyccus memaexemmin ynueepcumemi, Munck, Beaopyco pecnybaukacot
4 E.A.Boxemos amvmodaev. Kapazandv, memaexemmin ynusepcumemi, Kapaeandv, Kaszaxcman
5 K. 2Ky6anoe amomdaes. Axmebe onipaix memaexemmir yrusepcumemi, Axmebe, Kasaxcman

JloHpI3Tay (hJIOopaCBIHBIH, TAKCOHOMMUSJIBIK, TAJIAAY bl

Apparna: Makanana Jloapistay duiopacbiHa TAKCOHOMUSJIBIK, Tajigay rkacasjrad. PDiopa 40 TykbiMgacKa karaTbiH 170
TybIC TIeH 314 Typaen KypasraH. MaTteprangap gaasiblK, SKCIEIUIUsIAD HOTHXKEIepl MeH 9/1e0i MoJIiMeTTepre CyiieHe OThIPBIIT
aspiHFad. Tajmay HoTwxKesepi 6acTbl 5 TyKpiMIac 6apJblK, oCiMIik »KaMbUIFbICHIHBIH 60,9% (186 Typ) KypalTBIHBIH KOPCETTI.
Seprrey aliMarblHIarbl Herisri TykbiMgactapra Amaranthaceae, Asteraceae, Brassicaceae, Poaceae, Fabaceae »xaranpl. Ama-
ranthaceae TykpIMIAace! kasmbl diopanb 67 Typin(21,6 %) Kypan, 6achIMIBLILIK TaHBITTEL. Exinmi operama Asteraceae 40
Typ (12,8%). MyHaail KepceTKim afiMaKThl KOHTHHEHTAIbABIFBIH afiKbIHalAbl. BachiM TYKbIMZACTAD KYPBUIBIMBIHBIH, TAJIIAY
HoTmKesepi dutopa cuekrpi Typan, 2Kepoprarenisaik >xomne dopeagbl THIIKE YKATATHIHIBIFBIH KOPCETTI.

Tyitin cesnep: doupbizray diiopackl, TYTIKTI ©CIMIIKTED, TAKCOHOMMSIBIK, TAJIIAY.

YK.M.Kyan6aii | , C.A.A6ues 2 , B.H.Tuxomupos 3 , M.IQ.NMmmyparosa ¢ , Agmanosa I.B °

L2 Kagedpa obwets 6uonoeuu u zenomuru Espasutickozo nayuonasvhozo yrnusepcumema umenu JI. H. lymunesa,
Hyp-Cyaman, Kasaxcman
3 Beaopyccrudi zocydapemeennuti yrusepcumem, Munck, Pecnybauxa Beaopyco
4 Kapazandunckuii 2ocydapcmeennsiil ynusepcumem umernu E.A.Byxemosa, Kapazanda, Kazazcman
5 Axmiobuncruti peeuonasvroll 2ocydapemeennuiti yrusepcumem umenu K. Kybarnosa, Axmobe, Kasaxcman

TakcoHoMu4deckuii anaans ¢iiopsl JJoHrsI3TaY

Annoranus: B nanHoil craTbe NpuBOAUTCA TaKCOHOMHUYecKuii ananus ¢diopsl Jouremsray. Ouna npexacrasiena 314 Bugamu
u3 170 ponos u 40 cemeiicTB. Marepuasbl OIyYeHBl B PEe3yJIbTATETE MMOJIEBLIX MCCICJOBAHUM, YITEHBI JUTEPATYPHLIE JaHHBIE.
Ananus ceMelCTBEHHO-BIIOBOIO CIIEKTPA MOKA3bIBAET, 9TO b BeAylux ceMeiicts cocrasisier 60,9 % (186 Buma). Jluaupyomumu
ceMmeiicTBAMU B JIAHHOM paiioHe siBysitoTcsi Amaranthaceae, Asteraceae, Brassicaceae, Poaceae, Fabaceae. Benymiee mecto
3aHuMaer cemeiictBo Amaranthaceae, npeacrasiennoe 67 Bugamu, yro cocrasisier 21,6 % or Bumos duopsl. Bropoe mecro
sanumaer Asteraceae, Brmovatomee 40 Bumos (12,8 %). Ilpeobramanme 3THX ceMeicTB BO (Jope palioHA XapaKTEpU3yeT
€é KaK KOHTUHEHTAJbHYIO. AHAJIM3 CTPYKTYDPBl BEAYIIMX CEMENCTB MOKA3aJl, YTO CHEKTP (bJIOPBI OTHOCUTCH K TYPAHCKOMY,
CPEeIn3eMHOMOPCKOMY ¥ GOpPEaIbHOMY THIIaM.

KuroueBble cioBa: ¢diopa JJoHrbI3TAY, COCYAUCTBIE PACTEHUSI, TAKCOHOMUYIECKHI aHAINS.

References

Baiganin audany. Anyktamalyk kitap [Baiganin district. Reference book] Aktobe, 2008, p.33-34 [in Kazakh]
Agroklymatycheskye resursy Aktubynskoi oblasti. Nauchno-priklodnoi spravochnik [Agroclimatic resources of the
Aktobe region. Scientific reference book| / Pod redakcii C.C.Baisholanova. Astana, 2017, p.39-69 [in Russian]

3 Baliyasny V.I. Pochvy saksaulnikov Severnego Pryaraliya i Ustyurta (v sviazy s problemoi phytomelioracii pastbish)
[Soils of Saksauls of the Northern Aral and Ustyurt|,. avtoreferat dissertatcii kandidata biol.nauk Mockow, 1981,
28plin Russian|

4 Garashenko A.V. Flora I rastitelnost Verchnecharskoi kotloviny [Flora and vegetation of the Verkhnecharskoy hollow]
(Nauka, Sibirskoe otdelenie, 1993, 14p.). [in Russian]|

5 Otchet po nauchnoi issledovatel’skoi rabote "Rezultaty kompleksnoi yekspedycii v jgo-vostochnuyi chast’ Zhyly-

oiskogo rayiona Atyrauskoi oblasti Respubliki Kazakhstan" [Research report "The Results of a complex expedition

to the South-Eastern part of Zhylyoi district of Atyrau region of the Republic of Kazakhstan"]. Astana,2017. [in

Russian]

Flora Kazakhstana. V 9-x t [Flora of Kazakhstan. In 9 vol], Almaty, 1956- 1966. [in Russian]

Opredelitel’ rastenii Sredney Azii. V 10-x t [Guide to plants of Central Asia| (Fan, Tashkent, 1968-1993). [in Russian]

8 Aypeisova S.A. Konspect flory Aktjbinskogo flotisticheskogo okruga. [The sketches on the flora of Aktobe floristic
district], Aktobe, 2012, 178p. [in Russian]

9 Imanbayeva A.A., Ishmuratova M.Yu., Duisenova M.I., Tuyakova A.T. K izucheniyu vidovogo sostava dikich
sorodichei kul’turnych rastenii Mangistauskoi oblasti [To the study of species composition of wild counterparts
of cultivated plants grown of Mangistau region], Vestnik Karagandinskogo gosudarstvennogo universiteta. Seriya
Biologiya [Bulletin of the Karaganda State University. Biology series|, 3(79), p.44-52,(2015) [in Russian]

10 Aralbay N.K., Kudabayeva G.M. i dr. Gosudarstvennyi kadastr rastenii Mangystauskoi oblasti. Opredelitel’
vysshych sosudistych rastenii [To the study of species composition of wild counterparts of cultivated plants grown
of Mangistau region . Guide to higher vascular plants|, Aktau, 2006, 427 p. [in Russian]

11 Gamajnova A.P. Medvedeva E.A., Kuznetzov N.M. Opredelitel’ zlakov Kazakhstana [Guide to cereals of Kaza-
khstan| (Alma-Ata, 1948, 139p.) [in Russian]

12 Tzvelev N.N. Zlaki SSSR [Cereals of the USSR| (Nauka, Leningrad, 1976, 788p.) [in Russian]|

13 Tolmachev A.I. Metody sravnitel’noi floristicoi I problem florogeneza. [Methods of comparative floristics and prob-
lems of florogenesis] (Nauka, Novosibirsk, 1986, p.72-76) [in Russian]

64

N =

N o



Zh.I.Kuanbay, S.A.Abiyev, V.N.Tikhomirov, M.J.Ishmuratova, G.B.Admanova

14 Malyshev L.I. Toereticheskiye I metodicheskiye problemy sravnitel’noi floristici. Materialy II rabochego soveshania
po sravnitel’noi floristice. [Theoretical and methodological problems of comparative floristics. Materials of the second
workshop on comparative floristics|, Neringa, 1983, 147p[in Russian]|

15 Malyshev L.I.Genezis vysocogornych flor Sibiri. [Genesis of mountain flora of Siberia], Seriya biologicheskaia [Bi-
ology series|,2(10), p.47-55 [in Russian]

CBenenusi 06 aBTOpax:

Kyanbat XK. 1. — 2Kannot 6uosorust »koHe reHOMUKa Kadenpacsiaby, fokTopanTsl, JI.H.I'ymunes arsinparsr Eypasus yiarToik
yuauBepcureri, Kaxkbpimykan ker.13, Hyp-Cyiran, Kaszakcran.

O6ues C.O.- 6uostorus reubIMAaPLIHGIH oKTOPEL, JI.H.I'ymumnes arsinparer Eypasust yITTBIK yHIBEPCUTETI, YKAJIIIBI OMOJIOT ST
JKoHe reHomuKa Kadenpacel, Kaxkbsimykan ket.13, Hyp-Cynran, Kazakcran.

Tuzomupos B.H.-6uosorusi FHIIBIMOAPBIHBIH KAaHIUAATHI, JOLEHT, DBeylopyccusi MeMJIEKETTIK YHHBEPCHTETIF OOTaHUKa
Kadeapacel, Kypuaros kemeci 10, Munck, Benopych pecrybinkacoi.

Hwmypamosa M. FO.-6uosorusi  FBUIBIMIAPBIHBIH,  KaHauaarel, E.A.BekeroB arweigarer Kaparanabl MeMJIeKeTTIK
yHHUBepcuTeTi, 6b6oTaHnka KadenpacblHbIH mpodeccopsl. YHuBepcureT keomreci 28, Kaparanapl, Kazakcras.

Admanosa I'bG. — OGuosorusi FHUIBIMIAPBLIHBIH, KAHOUOATLI, OHOJIOTHS KadenpachlHBIH ara OKbITymbIch, K.2KybGamos
aTbIHIarbl AkTebe oHIpIiKk MeMileKeTTIK yHuBepcuTeri, O.Mongaryinosa nanr.34, Akrebe, Kazakcran.

Kuandai Zh.I. — doctoral of the Department of General Biology and Genomics, L.N.Gumilyov Eurasian National University,
Kazhymuchan str, Nur-Sultan, Kazakhstan.

Abiyev S.A.- doctor of biological sciences, Department of General Biology and Genomics, L.N.Gumilyov Eurasian National
University, Kazhymuchan str, Nur-Sultan, Kazakhstan.

Tikhomirov V.N.- candidate of biological sciences, Department of Botany, Belorus State University, Kurchatov 10, Minsk,
Belarus Republic.

Ishmuratova M.J.- candidate of biological sciences, professor of the Department of Botany, E.A.Buketov Karaganda State
University, Karaganda, Kazakhstan.

Admanova G.B. - candidate of biological sciences, senior teacher of the Department of Biology, K.Zhubanov Aktobe Regional
State University, A.Moldagulova Prospect, 34, Aktobe, Kazakhstan.

Received 04.11.2019

65



«JI.H. 'ymuaeB arpingarsl Eypasusi yaTTeIK yHuUBepcuteTiHiH Xabapuibickl. Buosiornsanbik FeIIBIMIOAP
CepUsChI» >KYPHAJIBIH/IA MaKaJia X»Kapusjiay epe>keci

1. 2KypuaJsa makcaTbl. Buoxumust, MoJIEKyJIa/IbIK OHOJIOrUsl, OUOTEXHOJIOTHS, bHONHMOPMATHKA, BUPYCOJIOT s, OHOdU3NKA,
OuounH>KeHepusi, usnosiorusi, OGOTAHUKA, 300JIOTHsI, 3JBOJIOIUSIBIK OWUOJIOTHS, TeHETHKa, MUKPOOHOJIOrusi, OUOMEIUIIHA
caJjiajiapbl OOMBIHIIIA MYKHUAT TEKCEPYIEH OTKEH FHIJIBIMHU KYHJBLIBIFBI 6ap MakaJjaJap Kapusay.

2. 2Kypuanga Makajia KapusiiayIlibl aBTOPp MaKaJIAHBIH KOJI KOWbLIFaH 1 JaHa Kara3 HYCKACBIH I'bUIbIMu 6achLIBIMIAD
Gesimine (penakuusra, mekemxkaib: 010008, Kasakcran Pecnybaukacer, Hyp-Cynran xanacer, K. Cor6aes kemeci, 2, JI.H.
Iymunes arbimarbl Eypasusi yiarTolK yHuBepcureri, Bac rumapar, 409 kabumer) »koHe eurjourbio@enu.kz 3JI€KTPOHJIBIK,
nomrackina PDF, Tex dbopmaTrTapbiagarsl HycKaJapbiH 2Kibepy KaxkeT. MakajaHyH MOTIHIHIH Kara3 HYCKachl MEH 3JIEKTPOHIbI
HycKacyMeH Oipmeit 6osybl Kaker. Makajajgap Ka3ak, OpBIC, aFbUINIBIH TijJAepiHge KabObuimaHaibl.  MakajiaHblH Tex
dapmarsigarst yirici bulbio.enu.kz xxypras caitpirsiaga 6epinren. ConbiMeH KaTap, aBToOp(Jap) leciie XaT yChIHYbl KEPEK.

3. ABTopabiH, KoJika3zbaHbl penaknusira Kibepyi wmakananeiy JI.H. T'ymuneB areinzgarsl Eypasus
VIITTBIK, yHUBepcuTeTi XabapmbIicblHAa bacyra >koHe, LIeTeJl TijJliHe ayaapbliblll KalTa GacblilyblHa KeJjiciMin
6inaipeni. ABTop MakaslaHbI peJaKIUsFra >Kibepy apKbLIbl aBTOP TYPaJibl MIJIIMETTiH AYPBICTBIFbIHA, MaKaJja
KellipiiMereHairine (marnaTThbil >KOKTBIFBIHA) »KOHEe 6acKa [a 3aHCBI3 KelllipMeJsepAil »KOKTBIFbIHA KelijgeMe
Oepeni.

4. Maxkasanbiy keseMi 18 Gerren acnayra tuic (6 Gerren Gacram).

5. MakaJiaHbIH KYPbIJIBIMbI

FTAMPK http://grnti.ru/

Aemop(nap)doiy, amui-stconi

Mexemerin, moavi, amayst, Kaaacsvl, memaexemi (erep aBTopsap 9pTypJi MEKeMeJe KYMBIC »KacalTeiH 6osica, OHJA
Sp aBTOP MEH OHBIH »KYMBIC MeKeMeci KachlHia 6ipeii 6eri KORbILy Kepek)

Aemop(aap)dvr, E-mail-vt

Maxanaa amayvt

Andamna (100-200 ces; dopmynachis, MakajaHbIH aTayblH MeiiHIIe KaiiTamaMmaybl Kaxker; omebuerrepre ciaremesep
GosMaybl KayKeT; MaKaJaHbIH KYPbUIBICHIH (Kipiclie /MaKajlaHbIH, MakcaTbl/ MIHZETTEepl /KapacThIPLUIBII OTHIPFAH CYPAKTbIH
Tapuxbl, 3€PTTEY OAIiCTepPl, HOTHIKEJEp/TalKbliIay, KODPBITBIHIBI) CaKTall OTBHIPBII, MaKAJIAHBIH KbICKAIIA MasMyHbl Gepiiayi
KaKer).

Tyin ceadep (6-8 ce3z me ces tipkeci. TyifiH cesmep Makasa MasMYHBIH KODPCETil, MeH/iHIIE Makaja araybl MeH
aHHOTAIUSIAFbl CO3Aepal KalTajgaMail, Makaja Ma3MyHBIHIArbl ce3depii KosmaHy KaxkeT. COHBIMEH KarTap, aKlapaTThIK-
ismectipy Kyiesepinje MakaJgaHbl *KEeHia Tabyra MYMKIHIK GepeTiH FhUIbIM cajlajapblHbIH TEPMHUHJEPIH KOJIJAHY KayKer).

Hezizei maomin MakKaJaHBIH MakcarTbl/ MiHAeTTepi/ KapacCTBIPBUIBII OTBIDFAH CYPaKTBIH TapuXbl, 3epTTey oicTepi,
HOTHXKeJIEP / TAJIKBLIAY, KOPBITHIH/IBI 6O/IIMIEpIiH KAMTYBI KasKeT.

Tabauua, cypemmep — arajaraHHaH KeiliH OpHAJIACTLIPBIIAALL. Op Tabynna, CypeT KachblHIa OHBIH aTaJIybl OOIYbl KarKeT.
Cyper aliKbIH, CKAaHED/IEH OTIIEreH OOJIYbl KEPEK.

Makanagarbl popmyaaaap TeK MITIHIE OJlapFa ciireMe Gepijice FaHa HOMIpJIEHEI].

2Kaunner KosimanbicTa 6ap abbpesuamypanap MeH KblcKapmyaapdar Gackaaapbl MIHIETTI Typle ajFall KoJaHFaHIa
Tycinaipinyi 6epinyi kaxker. Kapotcoinall Komex mypaas, aknapat 6ipinini 6erre KepceTiiei.

Odebuemmep Midimi

Morinze o1ibuerTepre ciremesniep TiKXKakIIara ajablHa b, MoTiHgeri ojebuerrep TisiMiHe cirremesniep/iiH HOMepJIeHy1 MOTiH e
KOJIZIAHBLITY bIHA KATBICTBI XKYPrisiiige: MoTiHIe Ke3eckeH snebuerke agramkpl ciareme [1] apkpuibl, exinmi cinreme [2] apKpLibt
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Makaja Ka3ak TiTiHIe Ka3blica), Kasak *KoHe arblINbIH TiaiHge (erep Makasa OpBIC TiMiHJE »Ka3bliIca), OPBIC YKOHE Ka3ak
Tiniage (erep MakaJa aFbUIMIBIH TiTiHIE *Ka3bUIFaH Gosica) Gepineni.

Asmopaap mypaast Maaimem: aBTOPIBIH ATbI-?KOHI, FHIIBIMA aTarbl, KbI3METI, YKYMBIC OPHBI, YKYMBIC OPHBIHBIH MEKEH-
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MakaJjiaHblH TY3€TiJIreH HYCKAChl MEH aBTODJBIH PEIEH3EeHTKe Kayabbl pe/lakiusira xKibepimei.

8. Tesemakpbi. BacbuibiMra pyKcaT eTijireH MakKaJia aBTOpJapblHa TeJIEM Kacay TypaJibl eckeprisiesni. Temem kememi — EYY
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ITosio>keHMEe O PYyKONNCSIX, IIPEACTABJIsIEMbIX B >KypHas «BectHuk EBpasuiickoro HanjMOHAJIBHOTO yHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Buosiornyeckue Haykum»

1. Iens >xkypHaJa. Ily6aukanust THOIATEIBHO OTOOPAHHBIX OPUIHHAJIBHBIX HAy9IHBIX paboT IO  CJeAyIOImUM
HAIPABJIEHUSAM:  OHMOXMMHS, MOJIEKYyJsIpHast OuoJsiorusi, OmOTexXHOJOrHsl, OunomHdoOpMaTUKa, BHDPYyCOJOrus, Ouodusnka,
OuounH>KeHepusi, (PU3MOJIOrusi, GOTAHUKA, 300JIOTUSI, SBOJIIOIUOHHASI OUOJIOTHSI, TeHETUKA, MUKPOOUOJIOTUsT, OGUOMEIUIIMHA.

2. Aspropy, KejaoleMy OIyOJIMKOBATbH CTATHIO B 2KypHaje HEOOXOAMMO IPEJCTaBUTH PYKOINUCh B TBEPIOH Komuu
(pacneuaTaHHOM BapHaHTE) B OJHOM 3K3eMIUIApE, MOLIHCAHHOM aBropoM B Otries HayuHbIX u3ganuit (mo agpecy: 010008,
Kaszaxcran, r.Hyp-Cyaran, ya. CarnaeBa, 2, Eppaswuiickmii manmmonanbubii yuusepcurer um. JLH.I'ymunesa, Yuebuo-
aJIMIHUCTPATUBHBIA KopItyc, Kab. 349) u mo e-mail eurjourbio@enu.kz B dpopmare Tex u PDF . Ilpu s10M JOKHO GBITH CTPOrO
BBIJIEP?KAHO COOTBETCTBHE Mex 1y Tex-daitiom, PDF-daitnom u TBepoit konueii. [11abon crarsu B popmare tex npuBeieH HA
caiire »xypHaJa bulbio.enu.kz. Takxke aBropy(am) HEOGXOAUMO NPEJIOCTABUTH CONPOBOJUTENLHOE IIUCHMO.

SI3bIk myGauMKanUil: Ka3aXCKuil, pyCCKuil, aHTJINACKAN.

3. OrnopaBieHue craTeil B peJaKIMI0O O3HAYaeT coIvilacue aBTOpOB Ha mnpaBo Msnarensi, EBpasuiickoro
HanuoHaJbHOro yHuBepcurera umenu JI.H. 'ymuneBa, usgaHusi crareil B >KypHajie M MNEePEU3JAaHUsI UX Ha
Jao60oM mHOCTpaHHOM s3bIKe. IIpenacraBiasisi TekcT paboThl A nNyGauKanuy B >KypHaJie, aBTOpP rapaHTUpyeT
NPaBUJIBHOCTb BCEX CBeAeHUil o cebe, OTCyTCTBHE ILIarnara u Apyrux (popM HEeNpaBOMEPHOr'O 3aMMCTBOBAHUS B
pyKomnucu, HajJjiexkainee oopMJIIeHNE BCEX 3aMMCTBOBAHUIN TEKCTa, TabGJull], CXeM, NJIJIIOCTPALUIA.

4. O6beM cTaTby HE JOJIKEH IpeBbIuaTh 18 crpanur (ot 6 crpaHu).

5. CxeMa IIOCTPOEHUS CTATbU

I'PHTH http://grnti.ru/

Hruyuaas, v Pamuauro aemopa(os)
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[IOCTaBUThH OJINHAKOBBIN 3HAYOK OKOJIO (DaMHUJIMK aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 ci0B; He MOKHA COAEPXKATh (DOPMYJIbI, HE JOJKHA IIOBTOPATH II0 COAEPYKAHHWIO HA3BAHHE
CTaTbH; HE JOJIXKHA COZEpXKaThb OubsmorpaduvecKue CCHUIKH; JOJIXKHA OTParKaTh KPATKOE CONEPXKAHUE CTATbU, COXPAaHsIs
CTPYKTypy CTaTbW — BBEJIEHHE,/ IIOCTAHOBKA 3aJa4M,/ 1eJu/ HMCTOpPHUS, METOJbl HCCJIECOBAHUSA, DPE3YJIBTATHI/00CYKICHUSI,
3aKJIIOYEHNE / BBIBOJIBI ).

Karouweevie caosa (6-8 cnos/crnoBocoueranmii. KiiodeBble €I0Ba JOJKHBI OTParkKaThb OCHOBHOE COJIEPYKAHUE CTATHH,
HCIIOJIb30BATH TEPMUHBI M3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, ONPEJEJISIONINe IPEIMETHYIO O0JaCTh U BKJIIOYAIONIUE IPYyrue
BaXXHbI€ IMOHATHLA, IIO3BOJIAIOIIINE O6J'IeI“II/ITI) U paCcIMpuTbh BO3MOXKHOCTHU HaAXOXK/ICHHA CTATbU CpeACTBaMHU HHCbOpMaHHOHHO—
[IONCKOBOM CHCTEMBI).

OcnoeHoli meKrem cmambu JTOJKEH COJIePXKATh BBeIeHNe/ MOCTAHOBKY 3aJ[adu,/ 1eJii/ UCTOPHIO, METOABI UCCIIEIOBAHNS,
pe3y/IbTaThl/ 06Cy K IeHHe, 3aKIIOYeHNE / BBIBOJIbI.

Tabaruysbl, pucyHKy HEOOXOIUMO PACIOJaraTh MOCIe YIOMUHAHNS. KarKI0il MIIIOCTPAIUN JOJIXKHA CIeJ0BATh HAIINUCh.
Pucynku nosi>KHbI ObITH 9€TKUMU, YUCTBIMU, HECKAHUPOBAHHBIMU.

B crarbe Hymepyrorcs siniib Te hOPMYABL, HA KOTOPHIE IO TEKCTY €CThb CCHLJIKH.

Bce abbpesuamyps u cokpauerHus, 3a UCKIIOUEHUEM 3aBEJOMO ODOIIEU3BECTHBIX, JOJIXKHBI OBITH paciiudpoBaHbl IIPU
IIEpBOM YIIOTPEOJIECHUN B TEKCTE.

Ceenenus 0 purarcosoti noddepotcke paboThl YKA3LIBAIOTCI HA IIEPBOI CTPAHUIE B BHAE CHOCKH.

Cnucox aumepamypuvt

B Tekcre ccbuiku 06GO3HAYAIOTCA B KBAJIPATHBIX CKOOKax. CCbUIKHM JOJIKHBI OBITH NPOHYMEPOBAaHbLI CTPOrO IO MOPSIKY
YIOMUHAHHSA B TeKcTe. [lepBast cChIIKa B TEKCTE Ha JIATEPATypPy JOJKHA MMeTb HoMep [1], Bropas - [2] u T.a. Ccruika Ha KHUTY
B OCHOBHOM TEKCT€ CTATBbU JIOJI?)KHA COIPOBOXKIATHCS yKA3aHUEM HCIOIb30BAaHHBIX cTpanul (Hanpuwmep, [1, 45 crp.]). Ccbuikn
Ha HeOIyOIMKOBaHHBIE PaGOTHI He JOIYCKAIOTCA. IHerKesaTebHBI CCBIKM Ha HEPENEH3UPyeMble M3JaHUs! (IIPHMEDBI OIMCAHUS
CIHCKA JINTEPATYPbI, ONUCAHUS CIIMCKA JIUTEPATYPbI CM. HUXKe B obpasie odOPMIIEHUS CTATbH).

B koHIIe cTaThy, MOCIIE CIIUCKA JIUTEPATyPbl, HEOOXOIUMO yKa3aTh bubauoepagPuueckue 0aHHble Ha PYCCKOM U aHTJIMHCKOM
a3blkax (ecam craTbsa oOPMIIEHA Ha Ka3aXCKOM fA3bIKe), Ha Ka3aXCKOM M AHIJIMHCKOM f3bIKax (ecyau crarbs odopMmieHa Ha
PYCCKOM 9I3BIKe) 1 Ha PYCCKOM M Ka3aXCKOM A3BbIKAX (eCJ'II/I CTaTbsA O(bOpl\/IJIeHa Ha aHTJINHCKOM HBBIKG).

Cesedernus 06 asmopax: damuaus, UMs, OTIYECTBO, HAYIHAS CTENEH, JOJKHOCTb, MECTO PabOTHI, MOIHBIA CIIyKEOHBIH
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIJIMACKOM SI3bIKAX.

6. Pykomnmuce noskHa ObITH TIHATEJIBHO BBIBEPEHA. PyKomucu, He COOTBETCTBYIOIIUE TEXHUYECKUM TpeOOBaHUAM, OYIyT
BO3BpaIleHbl Ha 10paboTKy. BosBpalnenue Ha opaboTKy He O3HAYAET, YTO PYKOIUCH IIPUHATA K OILyOJIHMKOBAHIIO.

7. Pabora ¢ 3JIeKTPOHHOI KOPPEKTYPOIi. Crarpu, nocrynusmme B Otaen HaydHbIX wu3ganuil (pegakims),
OTIIPABJAIOTCA Ha aHOHUMHOE PEIIEH3NPOBaHUE. Bce PEeneH3un 110 CTaTbe OTIIPABJIAIOTCA aBTOPY. ABTOpaI\/I B TedeHue Tpex AHGI‘/JI
HEOOXOIMMO OTIIPABUTH KOPPEKTYPy crarbu. CTaTbu, MOJIyYHUBIINE OTPUIIATEIbHYIO PEIEH3UI0, K MOBTOPHOMY PaCCMOTPEHUIO
HEe IIPUHUMAaIOTCHA. I/ICHpaBJIeHHbIe BapuaHTBI cTaTei U OTBET aBTOpPa PEIEH3CHTY IIPUCHIJIAOTCA B PEIAKITUIO. (jTaTbI/I7 HUMeEIoIue
IIOJIOXKUTEJIbHBIE PEIeH3UH, IIPEJICTABIISIIOTCS PEIKOJIJIETUH XKYPHAJIA JJIst OOCYK/ICHUS ¥ YTBEPXKIEHUS JJIsd I1yOTUKAIIH.

ITepuomgunyHocTs >KypHaJsa: 4 pa3a B rof.

8.Omata. ABTopaM, MOJIYYUBIIUM IOJOXKUATEIHHOE 3aKJIOUCHUE K OIlyOINKOBAHUIO HEOOXOIUMO IIPOU3BECTH OILIaTy (s
corpyauukoB EHY — 4500 renre, 151 cropoHHux opraxusaiumii — 5500 Tewre).
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Figures must be saved individually and separate to text. All figures must be numbered in the order
in which they appear in the article (e.g. figure 1, figure 2). In multi-part figures, each part should
be labeled (e.g. figure 1(a), figure 1(b)). Figures must be of sufficiently high resolution (minimum
600 dpi). It is preferable to prepare figures in black-and-white or grey color scale. Figures should
be clear, clean, not scanned (PS, PDF, TIFF, GIF, JPEG, BMP, PCX).
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Solanum lycopersicum ecimairinge pe3ucTeHTTiIIK >kayanTeiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Anvoranmsa. Tomato bushy stunt virus (TBSV) supycbimen kogramarsin P19 akybsI3or
PHK wunaTepdepennsannie, KyaTThl CyIHIpeccopbl OoJibil TabbLiambl koHe Nicotiana benthami-
ana ecCiMJIKTepiHiH BUPYCIEH KYKTBIPBLIYBIHIA MAaHBI3IbI POJI aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIAHYBI aflKbIH KOPIiHIC Oepemdi Jie, ©CIMIIKTIH TOJBIK KOJIIAICHIHA
okeyin cokThipabl. CoHbIMeH Karap cympeccopdibik P19 akybrser Nicotiana tabacum ecimiriame
TUIIEPCE3IMTANIIBIK, PEAKITUICHIH Oesicenmipyre xkayanTsl. Bupycroin P41 kamncuaTik akybIi3bl BUPHOH
KYPBLIBIMBIH KAJIBIITACTBIPHII, OCIMIIK OOHBIMEH TapaJiayblH KaMTaMachl3 eTeii. AJIbIHFaH 3epTTey
woruzkesepi TBSV Bupycbinbiy kabaiibl Tuninin undexuscsl Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJITIHE BUPYCKA KAPChl TO3IMIUIK KayaOblH TYJIbIPDATHIHBIH AHBIKTAIBI.
OCIiMIIKTIH TaMblp KOHE >KAIBIpaK yJrmachkiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMacTaH
BUpPYCIEH 3aKbIMJIAJYALIH CBHIPTKBI KepiHici Hamap Oaiikaamsl. Agaiina, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramacel BUpyCIieH 3aKbIMIAIFAH OCIMIIKTEP/IE YKACY ALK
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MeTabOM3MIHIH @3repyiH aHBIKTaAbl. AJT BUPYCTBIH, KAMCHATIK aKybI3bl SKCIPECCUIIAHOANTHIH
MyTaHTIIEH WHMEKIUS TYAbIPFaH/a, KbI3aHAK OCIMJIKTEP] KOFaphl Ce3IMTaJIIbIK, KOPCETil, XKyhesik
HEKPO3Fa YIIbIPaJIbl. 3epTTey HOoTUXKeyepi KbizanakToiH Money maker cypeiobraga TBSV Bupycbina
KapChl KOPFaHbIC MEXaHU3MIEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-1i TaHy apKbLIbl OeJICeH i piIeTiHiH
KOpceTei.

Tyitin ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kancuarik akysi3, BupuoH, Solanum
lycopersicum, pesucrentriiik, PHK-unTepdepenius.
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! Bepasutickuti navyuonarvronti yrnueepcumem umerw JI. H. Tymunesa
2 Henanckuti mayuonaionsid ucciedosamenverut yenmp, I'panada, Henanus

Karnicugusrit 6e1ok p41l Bupyca tomato bushy stunt virus (tbsv) akTuBupyer
PEe3UCTEeHTHOCTh Yy pacTeHuil Buja solanum lycopersicum

Awnnoranms. Komupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 sisisiercs
MorabiM cynpeccopom PHK wmaTepdepennun u urpaer BaXKHYIO POJib IpU WHMEKIUU PACTEHUI
Nicotiana benthamiana, koropasi xapakTepusyercsi SPKO BbIPAYKEHHBIMHU CHMIITOMAME 3a00/I€BaHUS
U CHCTEMHBIM KoJutaricoM. Kpome Toro, 6esok P19 spisiercs 3/ucuTOpOM THIIEPUyBCTBUTETHEHOTO
orBera y Nicotiana tabacum. Kamncupgnsrit 6esok Bupyca P41 dpopMupyer BUPDHOHBL U CIIOCOOCTBYET
pasBuTuio cucreMuoit uudeknuu. [lojgydeHHbple HaMU JAHHBIE IMOKA3aJMd, YTO UPU HHMEKIUU
mukuM turnoM TBSV y pacrennit suna Solanum lycopersicum (copr Money maker) akrusupyercs
pe3ucTeHTHBIN oTBeT. HecMmorpst Ha cucTeMHYIO akKKyMyJsiuio Oejika cyrpeccopa P19 B simcrbax
U KOPHSX, Y PACTEHUil He MPOSBJSIIOTCS BUJIUMBIE CUMIITOMBI 3aboJieBaHus. (OJHAKO aHaIN3
Chlorophyll Fluorescence Imaging system (Chl-FI) nokaszasn, 4ro B mHDUIMPOBAHHBIX BHPYCOM
PACTEHUSIX MPOUCXOAT 3HAYNTEIbHbIE U3MEHeHnsT MeTabom3Ma. Bostee Toro, mHMEKIUs pacTeHwi
myranTom TBSV no kancugunomy OesikKy HIPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pPACTeHHIA.
[Toyuenmbie qaHHble YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3aIINTHBIE MEXAHU3MBI B OTBET
Ha, 9KCIIpeccrio Kamncuanoro denka P41 supyca TBSV.

KuroueBbie cioBa: Tomato bushy stunt virus (TBSV), xancumustit 6esok, supuon, Solanum
lycopersicum, pesucrentnoctsb, PHK-unrepdepentus.
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