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MPHTU 34.29.01

A. Toleuzhanova', A. Ubaskin!, K. Akhmetov?, N. Yerzhanov', A. Lunkov ',
A. Minakov !, T. Abylkhassanov '

LS. Toraigyrov Pavlodar State University, Pavlodar, Kazakhstan
2 L.N. Gumilyov Eurasian National University Nur-Sultan, Kazakhstan
(E-mail: kairat_ akhmetov@mai.ru)

Phytoplankton of salt lakes of the Pavlodar region

Abstract: Due to the significant mineralization of water, phytoplankton of lakes in Pavlodar
region is distinguished by low species richness. The species diversity of algal flora and the proportion
of different halophilic groups of phytoplankton depend, among other things, on the presence of
different ecotopes in reservoirs.

Keywords: artemia, phytoplankton, salt lakes, mineralization, ecotops.

DOI: https://doi.org/10.32523/2616-7034-2019-128-3-73-79

From spring to autumn 2018, complex environmental studies were carried out in salt water bodies
of Pavlodar region. This paper presents materials on the food supply of the salt-crustacean Artemia
parthenogenetica Barigozzi, 1974, living in the waters of Northern Kazakhstan (1,2,3).

In ultrahaline lakes, due to the peculiar chemical composition of water, high mineralization (up
to 340 g / 1), certain trophic relationships have developed, which are unique to this type of water
body. In salt ponds with a brine concentration of more than 70 g / 1, there is only one representative
of the consuments, which is artemia. Such lakes are characterized by an exceptionally short food
chain: autotrophs and the primary single-species consumer. According to the method of feeding,
artemia refers to active filter feeders, capable of passing a certain volume of water through the
filtering apparatus, draining the mass of substances contained in it. The most complete food for
artemia is phytoplankton. (4,5,6,7,8) The first trophic level in salt lakes is represented by primary
producers (autotrophs) and this important part of the aquatic community is mainly represented
by various types of phytoplankton. Available information on the state of algal flora of salt lakes
(6,7,9,10,11,12,13,14) testifies that its qualitative composition is much narrower than in fresh and
eugalin reservoirs. In terms of their size composition, phytoplankton belongs to nannoplankton, it
has a low density in quantitative terms, however, it is highly productive in terms of physiology.
(11). At the same time, the qualitative and quantitative composition of plankton autotrophs differs
to a large extent in individual water bodies. Thus, in the Caspian lagoon of Kara-Bogaz-Gol,
about 80 species and intraspecific taxa of algae were identified, belonging to 4 divisions in the lake
Eybay, which is located to the north, 56 species were found the lakes of Zauralye and Altai, which
are even further to the north, are inhabited, respectively, only by 11 to 19 phytoplankton species.
(6,7,10,11,15,16). Almost all researchers note seasonal fluctuation of phytoplankton depending on
abiotic and biotic factors.

Due to the significant mineralization of water, phytoplankton of lakes in the Pavlodar region is
distinguished by low species richness: 32 species and intraspecific taxa belonging to 3 divisions were
found in it: Bacillariophyta (16), Cyanoprocaryota (15) and Euglenophyta (1) (table 1). Diatoms
and cyanoprokaryotes reached the greatest diversity in the number of species.
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Algal divisions | Classes | Orders | Families | Genera | Species | % of  total
species count

Bacillariophyta | 1 2 4 8 16 50,0
Cyanoprocaryota 2 2 4 6 15 46,9
Euglenophyta | 1 1 1 1 1 3,1

Total 4 5 5 15 32 100

Tasnuia 1 — The ratio of the main systematic groups of algal flora of the lakes under study

The results of the analysis of the taxonomy of the matrix of the investigated lakes show that 32
species of waterways, belong to 15 genera, 5 families, 5 orders and 3 divisions. The algae that belong
to the diatoms division, differ in species diversity, their number of species makes half the taxonomic
list (16 species or 50%). Cyanoprokaryotes are represented by 15 species and varieties (46.9%) and
occupy the second place due to divergence. The representatives of the Euglenians occupy the third
place according to the diversity - 1 species (3.1%).

All three divisions are represented in a Saubaisor lake: a division of Bacillariophyta - 3 species,
Cyanoprocaryota is represented by 3 species and one species of Euglena mutabilis Schmitz. related
to Euglenophyta.

Two divisions of Bacillariophyta and Cyanoprocaryota are represented in lakes:

- the phytoplankton of Lake Kauzi is represented by 6 species and varieties of Cyanoprocaryota
and 11 species of Bacillariophyta.

- the phytoplankton of Lake Seiten is represented by 7 species and varieties of Cyanoprocaryota
and 2 species of Bacillariophyta.

- 6 cyanoprokaryotes and 1 species of diatoms found in Lake Koksor.

- 4 representatives of the Cyanoprocaryota and 2 species of Bacillariophyta were found in Lake
Ashitakyr.

- in the lake Kalcha, the divisions are represented by 1 species of Microcystis aeruginosa f.flos-
aquae (Wittr.) Kirchn. (Cyanoprocaryota) and Navicula longirostris Hust. (Bacillariophyta)

Representatives of only one division of Cyanoprocaryota were found in lakes: 2 species each in
lakes - Kyzyltuz, Akkulinsky District, Maliy Kossor, Zhamantuz; 3 types of cyanoprokaryotes in the
lakes of Balkashsor, Bulaktysor, Muzdykol, Karakaska; 4 types of cyanoprocaryotes are found in the
Bolshoy Kossor lakes (Kyzyltuz (Zhelezinsky district).

According to the salinity of water they live in, there are 5 groups of algae; 6 species and varieties or
18.7% are freshwater inhabitants (FW), freshwater-brackish water (FW-BW) - 6 or 18.7%, brakish
water (BW) - 18 or 56.4 %, brakish water-freshwater (BW-FW) - 1 or 3.1%, brakish water-seawater
(BW-SW) - 1 species or 3.1% (Figure 1).

3%
19%

® Brackish water-seawater
® Brackish water
Brackish water-freshwater

19%

569, ™Freshwater-brackish water

¥ Freshwater

3%
PucvHok 1 — Distribution of algae in the investigated lakes in relation to water salinity

Environmental analysis of algae divisions of investigated reservoirs shows that 11 species are
brakish water, 3 are freshwater-brakish water, 1 species of both brakish water-freshwater and brakish
water-seawater, out of 16 species of Bacillariophyta (Table 2).

Of the 15 species and varieties of algae of the Cyanoprocaryota: 7 are brakish water, 6 are
freshwater and 2 are freshwater-brakish water.

1 species of the Euglenophyta division - Euglena mutabilis Schmitz. refers to freshwater-brakish
water.
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Algae division | FW FW-BW BW-FW BW BW-SW
Bacillariophyta | - 3 1 11 1
Cyanoprocaryota 6 2 - 7 -
Euglenophyta | - 1 - - -
Total 6 6 1 18 1

Tasnuua 2 — Ecological distribution of the total number of species with respect to water salinity

Ecological distribution of algae in relation to the saltiness, in the studied lakes are presented in
table 3.

Lake Salinity, g / | Specie FW FW- | BW- BW BW-
BW FW SW
during | during |in to-
the col- | the tal
lection | season
period
Spring collection
Malyi 60 60-180 | 2 - - - 2 -
Kossor
Bolshoi 100 73-199 | 4 1 - - 3 -
Kossor
Koksor 110 98-305 |7 3 - - 4 -
Saubaisor | 110 102- 7 2 3 1 1 -
193
Balkashsor | 141 133- 3 1 1 - 1 -
141
Bulaktysor | 190 172- 3 1 1 - 1 -
177
Muzdykol | 210 200- 3 - 1 - 2 -
319
Kyzyltuz* | 210 207- 4 - 1 - 3 -
369
Autumn collection
Ashytakyr | 72 72-85 6 3 - 1 2 -
Seiten 140 115- 9 3 1 5 -
124
Kalcha 160 87-136 | 2 1 1 -
Kazy 210 179- 17 - 2 1 13 1
221
Kyzyltuz**| 260 239- 2 - - - 2 -
282
Karakaska | 310 243- 3 - 1 - 2
257
Zhamantuz| 310 331- 2 - - - 2
338

Note: *-Zhelezinsky district; **- Akkulinsky district
Table 3 — Ecological distribution of algae in relation to the salinity in the lakes under study
Considering that salinity plays a primary role in the amount of the species composition of the
algal flora of water bodies, photosynthetic activity, productivity, it is natural to assume that there
is a high degree of correlation between the salinity indicators and the number of phytoplankton
species. However, for the lakes we studied, the Pearson correlation coefficient turned out to be low
and amounted to minus 0.14. (p>0.1).
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In our opinion, this depends on the presence of peculiar ecotops in salt water bodies with different
mineralization of water and, of course, with various phytoplankton representatives.

Reservoirs with the presence of such ecotopes are characterized by the spatial separation of indi-
viduals of a single gene pool, which contributes to the deployment of potential features of aquatic
organisms in a variety of habitats, accompanied by variability on a number of grounds, and the envi-
ronmental conditions do not go beyond their reaction norms. Thus, the lake population of Artemia
was previously described (1) with groups of phenotypes sharply distinguished by their appearance,
which are located in different ecotopes of the reservoir. With a practically similar size of body,
individuals of different groups significantly differed in the length of the abdomen, the C:A ratio, and
especially in the biometric parameters of the furca. The length of the furcal ramus of Artemia living
in a desalinated ecotope was 6 times longer than that of the individuals from the main lake and 3
times longer than the width and number of setae.
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Pucvnok 2 — Relationship of the number of phytoplankton species and water salinity

The presence of various ecotopes in the studied water bodies also links the weak relationship be-
tween salinity and the proportion of salt-loving (halophilic) species (Figure 3). In general, the eco-
logical analysis of algae in the studied lakes shows that with increasing water salinity, the proportion
of freshwater brackish-water and brackish-water species increases (Pearson’s correlation coefficient r
= 0.30, Significance level for a one-sided criterion > 0.1).
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Pucvnok 3 — Relationship of the proportion of salt-loving (halophilic) species and salinity

Ecological factors influence the formation of such ecological clusters (ecologic algosenoses), as
phytoplankton, epiphytes, littoral species.

In the lakes under study, planktonic algae go up to 17 species and varieties. There are 12 littoral
species and varieties, these include algae: Amphora perpusillae Grun., Scoliopleura peisonis Grun.,
Navicula Komarovii Poretzky, Navicula longirostris Hust., Nitzschia vivax var. hyperborea Grun.,
Fragilaria pinnata Ehr., Fragilaria virescens var. subsalina Grun., Nitzschia punctata var. aralensis
Borszczow, Nitzschia hungarica Grun., Navicula peregrina (Ehr.) Skv., Navicula peregrina var.
hankensis Skv., Synedra pulchella var. maviculacea Grun. Epiphytic forms: in the lakes studied,
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there are 3 types and varieties of epiphytic algae: Synedra tabulata var. fasciculata (Kutz.) Grun.,
Cocconeis placentula Ehr. and Cocconeis scutallum Ehr. The ecological structure of the algal flora
of the lakes under study is determined mainly by the ratio of the two main groups - planktonic (17)
and littoral (12) species of algae.

The research is carried out under the scope of the project of State Institution “Science Committee

of the Ministry of Education and Science of the Republic of Kazakhstan” Ne AP05132859.
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CepUsChI» >KYPHAJIBIH/IA MaKaJia X»Kapusjiay epe>keci
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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
T.c.c. »kyprisieni. Kiranka »kacajaThlH ciaTeMesiepie KOJJAaHBUIFAH Oerrep e Kopcerinyli kepek (mbicansl, [1, 45 Ger]).
?Kapusnanbaran enbekrepre ciiremesep kacanMaiinsl. COHBIMEH KaTap, PEleH3UsIaH OTIEHTIH 6achlIbIMIapra Ja cliremesuep
»KacaaMaiiapl (omebuerTep TisiMiHiH o3ipJsey yirisepin TeMeHeri MakaJaHbl POCiMEY YIrICIHEH KapaHbi3).

Makasia coHpIHIATBI duebuerrep TidiMiHeH KeiliH 6ubauoepaPuanviy, MaALMEMMEDP OPBIC XKOHE AFbLINIBIH Tulinge (erep
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-
2Kaifbl, TesiedoH, e-mail — Ka3aK, OPBIC 2KOHE AFBLIMIBIH TiIAEPIHAE TOJTBIPBLIALEL.

6. Komkazba MYKHAT TeKcepinreH 0osybl KaxkeT. TexHUKaJIBIK TajalTapra cail KeJMereH KoJskadbaJsiap KaiiTa eHIeyre
Kafitapsuiansl. Kosrkasbanbly KafTapblIybl OHBIH 2KypHAaIAa 6acbuIyblHa »Kibepityin 6inmipmeiini.

7. Pejnaknusra TyCKeH MakaJja KaOblk, (aHOHMMJI) Tekcepyre »Kibepineni. BapJsblk perensusiiap aBrop/apra »Kibepiiei.
ABTOop (peneHsenT MakaJIaHbl Ty3eTyre YChIHBIC GepreH XKaraaiiia) Y KyH apasibIFbIHIa KaliTa Kapall, KoJrKasbaHblH Ty3eTIreH
HYCKAaChIH peJlakiusira KaiiTa >Kibepyi kepek. PelieH3eHT »kapaMcCbhI3 Jlell TaHbIFaH MakaJja KalTapa KapacCTbhIPbLIMaiiibl.
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
KkpI3MeTkepsiepi yurin 4500 Tenre xone 5500 Tenre 6acka yYHbIM KbI3METKEpJEpiHe.

PekBusursr:

1)PT'II IIXB "Espasuiickuii Hanuonauabubiii yausepcurer umenn JI.H. l'ymunesa MOH PK
AO "Bank IlearpKpenut"

BUK 6anka: KCIBKZKX

NUNK: KZ978562203105747338

K6e 16

Kmn 859- 3a crarsio

2)PT'II 1IXB "Espaswuiickuii narmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buxk 6anka: KINCKZKA

NUK: KZ498210439858161073

Ko6e 16

Kmu 859 - 3a crarbio
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3)PI'II IIXB "Espasuiickuii nanpmonanbublii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NHNK: KZ599650000040502847

Ko6e 16

Kunu 859 - 3a crarbio

4)PT'II IIXB "Epaswuiickuii HannoHanbublit yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoausiit Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Ko6e 16

Kun 859.

Hnst corpynuukoB EHY - 4500 Tenre, mjst croponaux opranusanuii - 5500 Tenre

"3a nybaukamuio B Becrauke EHY @O asropa"
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2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
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contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).
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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)

IHoanoe naumenosarue opzanusdayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ANUAX, HEOOXOIUMO
[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
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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.

I.C. Mykusinosa ', A.2K. Ak6acosa', M.X. ITozo?, P.T. Omapos !

! 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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