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Associative growth-stimulating strains of bacteria and their whole genome sequencing
Abdurashytov S.F.1, Melnichuk T.N., Chirak E.R.?, Egovtseva A.Y.%, Abdurashytova E.R.%, Andronov E.E.?
'FSBSI “Research Institute of Agriculture of Crimea”, Simferopol; 2FSBSI “All-Russia Research Institute for Agricultural Microbiology”,
St. Petersburg, Russia
E-mail: asuleyman83@rambler.ru

Key message. Strains Paenarthrobacter nitroguajacolicus L1, P. nitroguajacolicus M3, Bacillus sp. B5 and Agrobacterium tumefaciens R1
are growth-promoting agents for winter wheat. The effectiveness of their interaction with plants is probably provided by 4-9 groups of genes
responsible for the synthesis of auxins, according to the recognized RAST subsystems.

Keywords: associative bacteria, isolated root method, whole genome sequencing, RAST subsystems

Molecular-genetic and ecological-biochemical aspects of the interactions of associative and symbiotic microorganisms with plants are the
subject of study by many researchers. Using the whole genomes sequences data of both microorganisms and plants, it is possible to
determine the spectrum of genes that ensure effective interaction of symbiotic partners. Therefore, the aim of our research was to identify
genes that promote plant growth stimulation in new strains of associative bacteria to Triticum aestivum L. Strains Paenarthrobacter
nitroguajacolicus L1, P. nitroguajacolicus M3, Bacillus sp. B5 and Agrobacterium tumefaciens R1 were isolated in 2018 from the
rhizosphere of winter wheat. The rhizosphere was selected from soils: L1 and R1 — ordinary chernozem, and M3 and B5 — southern
chernozem. lIsolation was carried out by the method for obtaining roots isolated from the external environment in a Leonard vessel
(Sherstoboev, Melnichuk, 2005). DNA was isolated from pure cultures of bacterial strains. Libraries based on the DNA obtained were
created using standard kits and sequenced on the MiSeq (Illumina) on the basis of the Centre of Collective Usage “Genomic Technologies,
Proteomics and Cell Biology”, ARRIAM. Bacterial genomes were assembled via the CLC Genomic Workbench program.

The RAST (Rapid Annotation using Subsytems Technology) resource was used to annotate whole genomes. The largest percentage (42%)
of the identified subsystems was in the strain of Bacillus sp. B5, the smallest (27%) was detected in two strains of P. nitroguajacolicus L1
and M3. This is due to the small number of available complete genomes of the species P. nitroguajacolicus (8 annotated genomes). The
sequences number of the species Bacillus thuringiensis (the closest homolog to the studied strain B5) was 1082 units.

New strains showed growth-stimulating activity to winter wheat during pre-sowing seed inoculation, increasing the crop yield by 3.2-12.8%.
According to the recognized RAST subsystems, the interaction efficiency of the Bacillus sp. B5 and A. tumefaciens R1 with a
macrosymbiont were provided by 4 groups of genes responsible for the synthesis of plant hormones auxins, in P. nitroguajacolicus L1 and
M3 -9 and 7, respectively.

At the moment, we have to recognize most of the genes of the studied bacterial strains, which can reveal their new features, including the
interaction with the partner plant.

This work is supported by the Russian Foundation of Basic Research (Grant No A_18-016-00197) and within the Framework of the State
Assignment of Fundamental Research (No 0834-2015-0005).

AcconMaTUBHbIE IITAMMBI 0aKTepHii-pOCTCTHMYJISITOPOB M UX MOJHOTeHOMHOE CeKBEHHPOBaHHE
Ab60ypawumos C.®D.1, Menvnuuyx T.H.Y, Yupax E.P.?, Ezoeyesa A.FO.Y, A60ypawumosa D.P.%, Andponos E.E.?
! ®I'BYH «Hay4Ho-Hccle10BaTebCK il HHCTHTYT CEIbCKOro xo3ssiicTea Kpbivay, Cumdeponons; 2 ®TBHY «Bceepoccuiickuii HaydHO-
HCCIICIOBATENLCKUI HHCTUTYT CENTbCKOXO03HCTBEHHOI MUKpoouonoruny, Cankr-IlerepOypr, Poccust

Annomayusn. [Imammer Paenarthrobacter nitroguajacolicus L1, P. nitroguajacolicus A3, Bacillus sp. B5 u Agrobacterium tumefaciens R1
AGNAIOMCS POCMCMUMYIAMOPAMU K RUeHUYe 03UMOU. DPDekmusHocmb ux 63aumMooeticmeus ¢ pacmeHus ML, 803MOIUCHO, 0becneuusaemcs
4-9 epynnamu 2enos, omeeuaowux 3a cCuHmes ayKCuhog, co2nacHo pacnosianisim noocucmemam RAST.

Knroueswie cnosa: nonnozenommoe cekgenuposanie, accoyuamushvle 6axmepuu, noocucmemvt RAST, memoo uzonuposannwix koprei
MoneKynspHO-TEeHETHIECKHE M JKOJIOro-OMOXMMHYECKHE  AaCTeKThl  B3aWMOMACHCTBHS  ACCOIMATHBHBIX W CHMOHMOTHYECKHX
MHUKPOOPTaHNU3MOB C PACTEHHSAMH SIBISIOTCS MPEIMETOM H3ydeHHs MHOTHX HcciegoBaresiedl. C MOMOMIBIO JAaHHBIX O MOJHOM T'eHOME Kak
MHUKpPOOPTaHMU3MOB, TaK W PACTeHHH, BO3MOXHO ONPEJENNTh CIIEKTP I'eHOB, 00eceunBaomux 3(pGeKTHBHOE B3aNMOACHCTBHE MapTHEPOB.
IMosToMy menpl0 HAMMX HCCIENOBAaHHWH OBLIO ONPEAENUTH TEHBI, CIIOCOOCTBYIOIINE CTUMYJISIMH POCTA PACTEHUH, Y HOBBIX IITaMMOB
accormatiBHbBIX Oaktepuit k Triticum aestivum L. IlItammber Paenarthrobacter nitroguajacolicus L1, P. nitroguajacolicus M3, Bacillus sp.
B5 u Agrobacterium tumefaciens R1 Boimenens B 2018 roay us puzocepst Triticum aestivum L. pasnuunbix coprtoB. Pusocdepa Obiia
otobpana u3 mous: L1 u R1 — uepHo3eM 0ObIKHOBEHHBIH, a M3 1 BS — yepHo3eM 10kHBIH. Brinenenue npoBoguiiM METOIO0M JUIsl IOy YeHHUS
W30JIMPOBAHHBIX OT BHEIIHell cpensl KopHel B cocyne Jleonapna (Illepcro6oes, Mempanuyk, 2005). JTHK BbIgensian U3 4UCTBIX KyJIbTYp
mraMMoB Oakrepuii. bubmmorexkn Ha ocHOoBe momydenHoi [IHK co3maBamy ¢ moMoOmIpi0 CTaHAApPTHBIX HAOOPOB M CEKBEHHPOBAIM Ha
mwiaropme MiSeq (Illumina) va 6aze LIKIT «I'eHOMHbBIE TEXHOJIOTHH, IPOTEOMHUKA U KieTouHas ouosorusyy ®TBHY BHUUCXM. Coopka
GakTepHaIbHBIX TCHOMOB BBINOIHEHA ¢ TToMoIisio mporpammbl CLC Genomic Workbench.

Pecypc RAST (Rapid Annotation using Subsytems Technology) ucrosp30Banu st aHHOTAKH NONHBIX TeHoMOB. HanbGomnbiiast moms (42
%) WICHTHQUIMPOBAHHBIX MojcHcTeM Obuta y mmramma Bacillus sp. B5, wammensmias (27 %) BbIsiBICHa y JABYX IITamMMoOB P.
nitroguajacolicus L1 u M3. Dto cBs3ano ¢ HeOOJNBIIMM YKMCJIOM JOCTYIHBIX IOJHBIX Te€HOMOB Buaa P. nitroguajacolicus (8
aHHOTHPOBaHHBIX reHoMOB). KonmuecTBo sxe cukBencos Buaa Bacillus thuringiensis (6mmkaiimmii romosior Kk ucciaeayemomy mramMmy BS)
coctassuio 1082 equHUIBL

HoBsle mTaMMBI IPOSIBISUIN POCTCTUMYJTHPYIONTYIO aKTUBHOCTH K IIIEHHIIE 03UMOI IIPH MPEATIOCEBHON WHOKYISIIUN CEMSH, YBEIHMINBAs
YpOXaHOCTh KyJIbTYpHI Ha 3,2-12,8%. CoriacHO pacro3HaHHBIM HojcucteMaM, 3hGeKTHBHOCTD B3auMozeiicTBus mrammos Bacillus sp.
B5 u A. tumefaciens Rl ¢ makpocumOuoHTOM ObecneunBanack 4 rpymnmnaMd I'€HOB, OTBEYAIONIMX 3a CHHTE3 PAaCTHTEIBHBIX TOPMOHOB
aykcuHOB, y P. nitroguajacolicus L1 u M3 — o 9 u 7, COOTBETCTBEHHO.

Ha ﬂaHHbIﬁ MOMECHT HaM MPEACTOUT pacCliO3HATh 60J'lbIJJyI'O YacTh I'CHOB U3Yy4Ya€MbIX IITaAMMOB 6a1<Tep1/1f/’1, YTO MOXET BBIABHUTH HOBBIC UX
0COOCHHOCTH, B TOM YHCIIE, [0 B3aUMO/ICHCTBHIO C paCTCHUEM-TTAP THEPOM.

PaGota BbinosHeHa npu nojepxke rpanta POOU A_18-016-00197 u rocyaapcTBeHHOTO 3amaHust GpyHIaMEHTAIbHBIX HCcaeqoBaHui No
0834-2015-0005.

lepcroboes H.K., Menpanuyk T.H. Meromonorndeckuii MOAXoJ K H3YYCHHIO AaCCOIMATHBHBIX MHKpPOOpPraHm3MoB // BecTHuk
Opnecckoro HanpoHanbHOTO yHHBepcuTeTa. — 2005.T. 10. Bem. 7. C. 311-315.



nd [nternational Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

Influence of biopreparations on the content of proline and chlorophyll Sorghum bicolor L. in Steppe conditions
Abdurashytova E.R., Abdurashytov S.F., Turin E.E.
Research Institute of agriculture of Crimea, Simferopol, Crimea
E-mail: elvi-jadore@mail.ru

Key message. The use of biopreparations on sorghum contributed to a 38.2% increase in proline and 1.4 times more yields in a dry year,
and in a favorable year, seed pre-sowing inoculation reduced the concentration of proline (by 49.8%) and chlorophyll (by 6.5%).

Keywords: drought, proline, chlorophylls, complex of microbial preparations, sorghum

Plant drought stress is associated with the accumulation of low-molecular weight substances such as proline. Proline, which can perform an
antioxidant and membrane-stabilizing function and may affect on the photosynthetic apparatus indirectly through an osmotic effect [1].

The aim of the work was to study the effect of the complex of microbial preparations (CMP) on the content of proline and chlorophylls in
Sorghum bicolor L. grown by no-till technology in the Crimean Steppe.

Sorghum (Krymbel variety) was grown in 2018-2019 in a stationary field experiment with five-field crop rotation on southern chernozem.
CMP based on strains of associative bacteria and arbuscular mycorrhizal fungi (AMF) were used for presowing treatment of seeds. In the
control version, biological treatment was not performed. To assess the changes in physiological and biochemical processes in plants during
the sweeping phase, the content of proline [2] and chlorophyll [3] was determined, and sorghum grain productivity was also taken into
account.

The initial period of vegetation of sorghum in 2018 was characterized by atmospheric drought and less rainfall compared to the long-term
average. According to the data obtained, the use of biological products contributed to increasing the resistance of plants to drought by
increasing the proline content in the leaves by 38.2% compared with the control (38.3 pg/g of plant). The chlorophylls content in the studied
variants remained unchanged at 14.8 mg/g of the plant. The productivity in the control was 1.52 t/ha, the use of CMP with AMF increased it
by 1.4 times.

Against the backdrop of favorable weather conditions in 2019, the proline content in the control was lower than 42.5%, and chlorophylls
were higher by 14.7% than in 2018. When using the ILC, the concentration of proline and chlorophylls decreased by 49.8% and 6.5%,
respectively, compared with the control without treatment. These data testified to insignificance of stresses when using biological products
in 2019. There are no changes in yield in the conditions of this year were observed.

Thus, it was noted that the use of biopreparation with S. bicolor contributed to an increase the proline content by 38.2% and a 1.4-fold
increase in sorghum yield in a dry year relative to the untreated control. And in a favorable year, pre-sowing inoculation of sorghum seeds
reduced the concentration of proline (by 49.8%) and chlorophylls (by 6.5%).

Bunsinue GuonpenapaToB Ha coJep:KaHue NpoJuHa U xJopoduiia B Sorghum bicolor L.,
BBIPAIEHHOTO0 M0 TEXHOJIOTHH MPSIMOT0 NOCeBa
Ab6oypawumosa I.P., A6oypawumos C.®., Typun E.E.
OI'BYH «Hay4no-nccnenoBaTenbCKiii HHCTHTYT CENBCKOTO X03saiicTBa Kpbimay, Cumdepornons, Pecirybmmka Kpeim

Annomayusa. Ilpumenenue buonpenapamog Ha cop2o cnocob6cmeosano nosvluienuto cooepiicaus npoauna na 38,2 % u ypooicaiinocmu 6
1,4 pasza 6 3acywinugblii 200, a 8 61a20NPUAMHLILL 200 NPEONOCEeBHAA UHOKYIAYUA CeMAH CHUdcana Konyenmpayuto nponuna (na 49,8 %) u
xaopogunnog (na 6,5 %,).
Knroueswie cnosa: sacyxa, nponun, X1opo@uaibl, KOMNIEKC MUKPOOHBIX NPENapamos, copeo 3epHOBoe
BEI3bIBacMBIil 3aCyXOH CTpecc pacTeHWH CBsI3aH C HAaKOIUICHHEM HH3KOMOJICKYJSIPHBIX BELIECTB, TAKUX KaK IIPOJIMH, KOTOPBIH MOXKET
BBIMOJIHATE AHTHOKCHAAHTHYIO M MeMOpaHOCTaOWIM3MPYIOIIYI0 (YHKIMIO W BO3JEHCTBOBaTh Ha (DOTOCHHTETHYECKHMH armapaT
OIIOCPEIOBAHHO, Yepe3 ocMOoTHYecKoe AeicTaue [1].
Lempio paboThl SABISIIOCH W3yYCHHE BIMSHHUA KOMIUIeKca MUKpOOHBIX mpemapartoB (KMII) Ha comepkanme mponmHa U Xyiopodmiia B
pacrenusix Sorghum bicolor L., Berpamiensoro o texuomnoruu npsimoro mocesa (ITIT) 8 Crenu Kpoiva.
Copro 3epHoBoe copta Kprimben BeipanmBanmy B 2018-2019 rr. B IATHNIONEHOM CEBOOOOPOTE B YCIOBHUIX CTAIIIOHAPHOTO TTOJIEBOTO OMBITA
mo m3ydenuro I1I1 Ha yepHO3eme rokHOM. KMII Ha OCHOBE MITAMMOB aCCONMATHBHBIX OaKTepuil M apOyCKYISIPHO-MHKOPU3HBIX TPHOOB
(AMI') mpumeHsuH JUIsl TIPEANIOCEeBHOI 00pabOTKM ceMsH. B KOHTpoOJbHOM BapuaHTe 00pabOTKy OMomnpemnapaTamu He mpoBoIwiIH. Jlis
OLIEHKH M3MEHEHHs (PM3HOJIOr0o-OMOXUMHYECKHX MPOLECCOB B PACcTeHHUIX B (ha3y BHIMETBHIBAHHS ONPEACISUTN COJepKaHWe MpojvHa [2] n
xnopoduios [3], a Takke MPOBOIMIM yUET 36PHOBOH MPOJAYKTHBHOCTH COPTO.
HavaneHblit mepmon Beretaumu copro B 2018 r. xapakrepusoBayics aTMOc(EepHOH 3aCyXOoW M MEHBIIMM KOJIMYECTBOM OCAJKOB IO
CpaBHEHMIO CO cpenHedl MHoroseTHed. COrnacHO MONydeHHBIX JAHHBIX IPUMEHEHHE OWOIpEenapaToB CIIOCOOCTBOBAJIO YBEIHUCHUIO
YCTOWYMBOCTH PACTEHMIl K 3aCyXe MOBBIIICHHEM COAEPXKAaHHS NPOJIMHA B JUCThSAX Ha 38,2 % mo cpaBHeHUIO ¢ KoHTponeM (38,3 MKr/T
pacrenus). ConeprkaHue XJIOpo(QUILIOB B HCCIIEAYEMbIX BapUaHTaX OCTaJOCh HEM3MEHHBIM 14,8 MI/r pacTeHus. YPOKaifHOCTh B KOHTPOJIE
cocrasmia 1,52 1/ ra, npumeneane KMII ¢ AMI mossicuio ee B 1,4 pasa.
Ha ¢one OnaronpusTHbIX moroaHsix ycnosuit 2019 r. conepikaHue MpojuHa B KOHTpoJie ObUI10 MeHBIINM 42,5 %, a X10po(HIUIOB — BbIIIE
Ha 14,7 %, yem B 2018 r. Ilpu wucnosnp3oBannu KMII koHIeHTpamus MpoJivHa U XJOPO(UIIOB yMeHbInwiach Ha 49,8 % u 6,5 %
COOTBETCTBEHHO II0 CPaBHEHHIO C KOHTposieM Oe3 00paGoTku. DT JaHHBIE CBUETENHCTBOBAIM 00 HE3HAUMTEIBHOCTH CTPECCOB IIPU
ucrnosb3oBanuy 6uonpenaparos B 2019 r. MI3MeHeHUs ypoxKaiiHOCTH B YCIOBHSX ATOTO Iojia He HaOII0TaITH.
TakuM 06pa3oM, OTMEYECHO, YTO MPUMEHEHHEe GromnpenapaTtoB ¢ S. Dicolor crmocoOCTBOBAIO HMOBBIIICHUIO COJIEPIKAaHUS MPOIHHA Ha 38,2 % n
ypoxaiHOCTH copro B 1,4 pa3a B 3aCyIUIMBEIN IO/ O OTHOIICHUIO HEOOPaOOTaHHOMY KOHTPOJIO. A B OIarONPHATHBIA TOJ IPEIIOCEBHAS
HMHOKYIISIIMSL CEMSTH COPTO CHIKaJa KOHIIEHTpaIHIo mposnHa (Ha 49,8 %) u ximopoduiios (Ha 6,5 %).
1. Rapacz M., Wojcik-Jagta M., Fiust A., Kalaji H. M., Koscielniak J. Genome-wide associations of chlorophyll fluorescence OJIP
transient parameters connected with soil drought response in barley / Plant Sci., 2019.
2. Illuxaneesa, I'. H. MoaudikoBana Mero[uka BU3HAYCHHs NpoJiHy B pociuHHHX o0'ektax / [.H. IlluxaneeBa, A.K. Bynausk, N.1.
[Inxanees, O.JI. Bamenko // Bicuuk XapkiBchKoro HaiioHanbHOTO yHiBepcutery imeHi B.H. Kapasina. Cepis: bionoris. 2014. — Bu.
21. Nel112. - C. 168-172.
3. CrenuansHbIA IPaKTUKYM 110 OnoxuMmuH U ¢usnonornu pactenuit / M.M. Oxynnos, K.I'. Bpy6nesckas, B.M. I'onsx [1 1p.]. — Tomck:
Wzn-Bo Tomckoro yauBepcureta, 1966 . — 103 c.
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The seed proteome of pea (Pisum sativum L.) lines different in their response to beneficial microorganisms highlights
the different strategies for seed production in plants
Afonin A.M.%, Mamontova T.3, Soboleva A.?, Lukasheva E.?, Sulima A.S.%, Shtark O.Y.}, Kulaeva O.%, Gribchenko E.%,
Romanyuk D.1, Akhtemova G.A. !, Povydysh M.N.#, Sinz A.3, Frolov A.2, Zhukov V.A.2, Tikhonovich 1.A.}2
IFSBSI ARRIAM, St. Petersburg, Russia; 2St. Petersburg State University, St. Petersburg, Russia; 3Department of Bioorganic
Chemistry, Leibniz Institute of Plant Biochemistry, Halle, Germany; “R&D Department, Saint-Petersburg State Chemical and
Pharmaceutical University, St. Petersburg, Russia
E-mail: afoninalexeym@gmail.com

Key message. The analysis of the seed proteome of pea lines contrasting in their responsiveness to inoculation with soil
microorganisms revealed the mechanisms underlying the extension of the seed filling phase in highly responsive line K-8274.
Keywords: Pisum sativum L, legume-rhizobial symbiosis, arbuscular mycorrhiza, proteomics

Plants of the Fabaceae family possess the ability to form beneficial symbioses with rhizobial bacteria (Rh) and arbuscular
mycorrhizal fungi (AM). Different pea (Pisum sativum L.) lines were observed to differ in their response to the
microsymbionts, some increasing their productivity more than others. Two pea lines with were chosen for this study, as
contrasting in their efficiency of interaction with soil microorganisms (EIBSM), high for K-8274 and low for K-3358.
Analyzing the pea seed proteomes of the lines both with and without combined microbial inoculation we were able to identify
111 differentially expressed proteins in the two lines (previously published in: Mamontova et al., 2019). The effect of plant
genotype on seed proteome signatures turned out to be more pronounced, than that of inoculation with BSM, with proteins
important for seed maturation being more abundant in the seed of K-8274.

The high-EIBSM line K-8274 responded to inoculation by up-regulation of proteins involved in cellular respiration, protein
biosynthesis, and down-regulation of late-embryogenesis abundant proteins. In contrast, the low-EIBSM line demonstrated
lower levels of cell metabolism proteins. The line K-8274 demonstrating prolonged seed filling under optimal conditions, and
the line K-3358, that completes the seed development as fast as possible are reminiscent of the K- and R-strategies
characteristic for various organisms.

Taking into consideration the findings about the retardation of pea plant senescence caused by inoculation with AM
(previously published in: Shtark et al., 2019), it is reasonable to assume that the AM component of the inoculant plays an
important role in the extension of the vegetation period in the lines with high EIBSM, and shortening it in those with low
EIBSM. This finding might be useful in the selection of pea varieties with specific traits, including the high responsivity to
inoculation.

This work is supported by the RSF grants (17-76-30016,16-16-00118).

IIpoTeom cemsiH imHMi ropoxa (Pisum sativum L.), oTJM4yaommxcsi mo cBoeii peakuy Ha MoJie3Hbie MUKPOOPTaHU3MBI,
YKa3bIBaeT HAa pa3/jM4iHble cTpaTeruu GopMHpPOBaHUs ceMsIH y pacTeHHit
Agponun A.X, Mamonmosa T.3, Cobonesa A2, Jlykawesa E.2, Cynuma A.C., IlImapx O.10.%, Kynaesa O.%, I'pubuenxo 2.1,
Pomaniox JI.X, Axmemosa I A.%, IToevioviu M.H.%, Cuny A.3, @ponos A.2, Kyxoe B.A.Y, Tuxonosuu U.A.*
®I'BHY BHUUCXM, Cankt-Iletepbypr, Poccus; 2OI'BYO Cankr-Iletep6yprekuit rocynapcTseHHblii yausepcutet, Cankt-IletepOypr,
Poccus; 3(I)aKyJ'ILTeT Guoopranuyeckoi xumun, MHCTUTYT GHOXUMUHK pacTeHuii Accouuanyu Jleiiouuna, I'anne, epmannus; “@axyabTer
(apmakorno3un, Cankr-IleTepOyprekuii rocyaapcTBEHHBIN XUMHUKO-(hapMarieBTHyeckuii yauBepcuret, Cankt-IletepOypr, Poccust

Annomayus. Aunanuz npomeoma cemAH JUHUL 20pOXA, KOHMPACMHBLIX NO OM3bIGYUBOCU HA UHOKYIAYUIO NOYEEHHBIMU
MUKPOOP2AHUSMAMU, NO3BONUTL PACKPBIMb MEXAHUIMDL, Jedcayie 8 0CHo8e NPOOIeHUs. Pa3bl HATUBA CEMAH Y BbICOKO-0M3bIGUUBOL
aunuu K-8274.

Knruesvie cnosa: 20pox nocesHoii, 606060-pu300uanbHblil cUMOUO3, apOYCKYIAPHAS MUKOPU3A, NPOMEOMUKA, IPPeKmusHocms
cumbuosa

Pacrenns cemeiictBa Fabaceae oGmagaroT cmocoOGHOCTHIO 0OPa30BBIBATH MOJIC3HBIC CHMOHO3bI ¢ pu30OHanbHbIMU Oaktepusimu (Rh) u
rpubamu apOyckysipHoil Mukopu3bel (AM). Panee GbUTO MOKa3aHO, YTO pasHble JIMHUK ropoxa (Pisum sativum L.) pasnuuaroTces mo cBoei
pEaKIuK Ha MUKPOCMMOHOHTSI, TIPUYEM HEKOTOPHIE U3 HUX ITOBBIMIAIOT CBOIO MPOAYKTHBHOCTH B YCIOBHAX CMMOHO3a B OOIbIIIeH cTeNeH:,
4eM ApyTHe.

B Hacrosimieit paboTe wuccneqoBaHBI ABE JIMHUM TOPOXa, KOTOPBIE OTIMYAIOTCA IO TNPU3HAKy S(P(EKTHBHOCTH B3aMMOJCHCTBHSA C
nmoyBeHHBIMU MUKpoopranuzMamu (IBIIIIM): K-8274 (Beicokoaddexrusnas) n K-3358 (auskas). [Ipu aHamm3e mpoTeoMOB CeMSH JTHMHUI
ropoxa 0e3 WMHOKY/SIIMH M C Pa3IMYHBIMH BapHaHTAMH HHOKYJSLMM MHKPOOpPTaHH3MaMH, HaM yjajaock wuaeHTHuimpoBats 111
nuddepeHranbHO NPECTABICHHBIX OENKOB y IBYX JHHHN (paHee omyOnukoBaHo B: Mamontova et al., 2019). BausiHue rexortumna
pacTeHus Ha MPOTEOM CEeMsH OKa3aloch 0ojiee BHIPAXKEHHBIM, YeM IPH WHOKYJLILMHU MOJE3HBIMH MOYBEHHBIMH MHMKPOOpPraHM3MaMH, MpU
3ToM B ceMeHax mHuu K-8274 6buto 06HapyxeHo Oosblie OEIKOB, yYacTBYIOLIMX B CO3peBaHUU ceMsH, yeM y K-3358.

Jlunus ¢ Beicokoit DBIIIIM (K-8274) pearnpoBana Ha HHOKYJSIIMIO ITOBBIIICHHBIM YPOBHEM OCJKOB, yYacTBYIOIIMX B KJICTOYHOM
IIbIXaHWH, OHOCHHTE3e Oelika W TOJaBICHHHM H30BITOYHBIX OENIKOB MOo37Hero sMmbpuoreHesa. HampoTus, nuHMs ¢ Huzkod OBIIIIM
MPOIEMOHCTPHPOBaJIa CHI)KCHHbIE YPOBHH OENIKOB KJIETOUHOro MeTaboiu3ma. Oexotunsl inHuil K-8274, neMoHCTpHpyOLei [UTHTEeIbHOES
CO3pEBaHME CEMsH IPH ONTUMANIbHBIX yCIOBHAX, U MuHUK K-3358, KoTopas MakcuMallbHO GBICTPO 3aBEpIIACT PAa3BUTHE CEMsH, MOJOOHBI
K- ¥ r-ctparerusm, XapakTepHbIM ISl Pa3JIMYHBIX OPraHU3MOB

[lpyHUMasT BO BHHMAaHHE BBIBOJBI O 3aMEJICHHHM CTapeHHs pACTeHHH Tropoxa, BBI3BAHHOM HHOKyisiueidr AM rpubamu (paHee
omy6nukoBaHo B: Shtark et al., 2019), pasymHO mpenmnoioxuth, 94t0 AM-KOMIOHEHT HHOKYJISTHTA HIPAaeT BAXXKHYIO POJIb B MPOJJICHUH
BETrETAIMOHHOTO MepHoia B JIMHUAX ¢ BeIcOKOi DBIIIIM u cokpariiieHnu ero B uHuAX ¢ Hu3KoW DBIIIIM. D10 HabmIOAEHHE MOXKET OBITH
IOJIE3HO MPH CEJICKIIMU HOBBIX COPTOB ropoxa € OnpeaACJICHHbIMU ITPU3HAKAMU, B TOM YHUCJIC BBICOKOM OT3BIBYMBOCTHIO Ha HUHOKYJISILIUIO.
Pa6ora noxnepskana rpantamu PHO (17-76-30016, 16-16-00118).
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Evaluation of the effectiveness of integrated biofertilizer in the cultivation of spring wheat in Northern Kazakhstan
Aipova P., Abdykadyrova A.Zh., Kurmanbayev A.A.
RSE "National Center for Biotechnology" of the Ministry of Education and Science of the Republic of Kazakhstan,
Nur-Sultan, Kazakhstan
E-mail: rakhilya_73@mail.ru

Key message. Based on Plant Growth Promoting Rhizobacteria (PGPR), a biological product for wheat was created and
tested in Northern Kazakhstan.

Keywords: plant growth stimulation, efficiency, wheat, biofertilizers, productivity

The great importance for Kazakhstan has the creation of complex-acting microbial preparations containing compositions from
various groups of microorganisms. In this regard, the most promising is the rhizobacteria of the PGPR group, which allow to
increase the yield of spring wheat.

The aim of the research is to determine the effectiveness of PGPR complex biofertilizers in spring wheat cultivation in
Northern Kazakhstan. The objects of research were: spring wheat (Triticum aestivum L) cultivar "Astana 2". The effectiveness
of the active PGPR strains of microorganisms in vegetation experiments in the field was evaluated. Field plot experience was
laid in the fields belonging to RPCGM named after A.l. Baraev. Seeds were treated with complex biofertilizers K1 and 2/1C.
According to the results of studies, it was found that bacterization increased the grain productivity of spring wheat compared
with the control in all cases. An analysis of the results of wheat productivity showed that the use of biofertilizer 2/1C for pre-
sowing bacterization of seeds in soil climatic conditions of Northern Kazakhstan is an effective way to increase grain
productivity. The effectiveness of the preparations is confirmed by the data on the quality of wheat grains. The highest amount
of protein content and gluten were noted in the experimental variants: K1-14.82%—27.92% and 2/1C — 14.75% -27.85%,
relative to the control variant 14.37% -27.18%, respectively. Despite the severe drought of 2019 and low temperatures during
the sprouting phase, biological products provided a grain yield of 14.38-15.72 c / ha, which exceeded the untreated control by
1.89-3.23 ¢/ ha.

Thus, according to the results of field trials, K1 and strain 2/1C can be recommended as biological products for increasing the
yield of spring wheat in the conditions of Northern Kazakhstan. The results will be the basis for the development of new
competitive biotechnological products for crops.

This work was carried out as part of the state program "BR06349586" according to the Ministry of Agriculture and as part of
the program BR05236334 for BB, Ministry of Education and Science of the Republic of Kazakhstan.

Ouenka 3(ppeKTUBHOCTH KOMILJIEKCHOT0 0M0y100peHHsl IPU BO3/1eJIbIBAHMHU SIPOBOIl MIIEHNLbI
B CeBepHom Ka3zaxcrane
Aunosa P., A6ovikadviposa A.JK., Kypmanbaes A.A.
PI'TI "Hammonanshsrii ieatp 6unotexsHonorun” KH MOH PK, Hyp-Cynran, Kazaxcran

Annomayus. Ha ocnose cmumynupyrowux pocm pacmenuti (PGPR - Plant Growth Promoting Rhizobacteria) cozoan u
ucnviman 6uonpenapam nood nutenuyy 8 Cegepnom Kazaxcmane.

Knrouesvie cnosa: cmumynsayus pocma pacmeHnuil, 3pghexmusHocms, nuieHuyd, 6uoyo0obpenus, yporcatHocms

Bonbiyto BakHocTh Juisi KazaxcraHa MMeeT cO37jaHHEe MHKPOOHBIX MpENaparoB KOMIUIEKCHOTO JEWCTBHS, COJEpIKallue
KOMITO3MLIMM M3 Pa3IMYHBIX TPYNI MUKPOOPraHU3MOB. B 3TOM IiaHe HanOosiee NepCreKTHBHBI PU300aKTEPUU TPYIIIBI
PGPR, mo3Bomnstoniye MOBBICUTH YPOKAHHOCTD SPOBOM IMIICHUIII.

Lenp uccnemoBanuit — onpexaencHre 3(h(HEeKTUBHOCTH KOMIUIEKCHBIX OnoynoOpenuit u3 PGPR mpu Bo3nmenpBaHus sipoBoid
nmenunsl B CeBepHoMm Kaszaxcrane. OObeKkTaMu McCleloBaHMil sSBISUTHCH: sipoBas mmenuna (Triticum aestivum L) copra
"Actana 2". [IpoBeneHa oneHKa 3(pGEKTUBHOCTH aKTUBHBIX mTaMMoB PGPR MUKpOOpraHN3MOB B BEreTallMOHHBIX OIBITaX B
MOJIEBBIX YCIOBUSAX. [loNeBOW MEeNsTHOYHBIN OMBIT OBLT 3aJOKeH Ha moiriX, npuHamrexanmx HITH3X unm. A.M.bapaesa.
CemeHa oOpabarbiBau KoMmIuieKCHBIMU Onoynoopenusimu K1 u 2/1C. Tlo pesysibTaTtaM HCClIEIOBaHUIl yCTAaHOBIIEHO, YTO
OakTepu3alus MOBBIIIANA 3€PHOBYIO IPOJYKTHBHOCTH SIPOBOM IMIICHUIIBI 10 CPAaBHEHHIO C KOHTPOJIEM Ha BCEX BapHaHTaXx.
AHanu3 pe3ysbTaToB YpOXKAWHOCTH TMIIEHMIBI TOKa3all, 4YTO MNpPUMEHEeHus OuoynoOpennu 2/1c sl mpearnoceBHON
OakTepu3alny CEMsH B MOYBEHHBIX KiIMMaTHdeckux ycnoBusix CeBepHoro Kasaxcrana siBisiercst 3)peKTUBHBIM IPHEMOM
MOBBILICHUs] 3€PHOBOM MPOAYKTHBHOCTH. D(deKkTHBHOCTh mpenaparoB MNOATBEPXKICHa JaHHBIMH II0 KadecTBY 3epHa
nineHupl. Haubospliee cospepikanue Oeika M KOJMYECTBO KICHKOBHMHBI OTMEYEHBI B ONBITHBIX Bapuanrtax: K1-—14,82%—
27,92% u 2/1¢-14,75%-27,85%, oTHOCHTEIBHO KOHTpONbHOTO BapwuaHTa 14,37%-27,18%, coorBeTrcTBeHHO. HecMotps Ha
XKecToKyto 3acyxy 2019 roga u HM3KHMe TemIepaTypbl BO BpeMs (a3bl BCX0JI0B OHOIpenaparsl o0ecrnedmim ypoxai 3epHa B
14,38-15,72 w/ra, uTo npeBhImano HeoOpaboTaHHBIM KOHTPOIb Ha 1,89 - 3,23 m/ra.

Takum oOpa3zoM, 1o pesynpTaTtaM MoJeBbix HcnblTaHuid K1 m mramm 2/1c MoryT OBITh pEKOMEHJOBAaHBI B KauyecTBE
OuorpenaparoB JUIsl TIOBBILICHNS YpOXKasi sipoBOW muieHuIb! B yciuoBusx CeepHoro Kazaxcrana. ITonyueHHbIe pe3ysbTaThl
OyZIyT TOJIOXKEHBI B OCHOBY pa3pabdOTKH HOBBIX KOHKYpPEHTOCHOCOOHBIX OHMOTEXHOJOIMYECKHX NPErapaToB I0J 3€pHOBBIC
KYJIbTYPBI.

Pabora BbINoJHEHa B paMKax rocynapcrBeHHoi nporpaMmsl "BR06349586" mo MCX u B pamkax nporpamMbel BR05236334
no bb, MOH PK.
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Culturable endophytic bacteria from garden pea (Pisum sativum L.)
Akhtemova G.A.}, Vasileva E.N.%, Afonin A.M., Zhukov V.A.%, Tikhonovich 1.A.12
All-Russia Research Institute for Agricultural Microbiology, Saint Petersburg, Russia; 2Saint Petersburg State University,
Saint Petersburg, Russia
E-mail: ahgulya@yandex.ru

Key message. From the organs of various genotypes of Pisum sativum L., culturable endophytic bacteria belonging to phyla
Proteobacteria, Firmicutes, and Actinobacteria, were isolated. Among them, growth-stimulating strains were identified.
Keywords: endophytic bacteria, pea (Pisum sativum L.)

Leguminous plants form beneficial symbioses with microorganisms inhabiting the internal environment of the plants
(endosphere), namely nodule bacteria, arbuscular-mycorrhizal fungi and plant-growth promoting bacteria (PGPB). Endophytic
PGPB colonizing the intercellular space in various plant tissues can be isolated from all plant parts, including dry seeds. Aim
of this work: to isolate and study culturable bacterial endophytes of pea (Pisum sativum L.). Endophytic bacteria were isolated
from stems, leaves and seeds of different pea genotypes: SGE, JI 2822, K-8274, K-3358 and bred cultivar "Triumph". Plant
organs were sterilized with 70% ethanol and 5% sodium hypochlorite, homogenized and plated on Petri dishes with agar
nutrient medium TSA. All culturable endophytic bacteria were isolated as pure cultures; the collection was stored at at -80 C.
At the same time, pure cultures of endophytic bacteria were identified and tested for agronomically useful traits (plant growth
promoting activity, production of auxin-like compounds, fungicidal and antibiotic activity). Molecular-genetic identification
of these strains was performed by sequencing of V1-V9 variable regions of 16S rDNA amplified with universal primers.
Endophytic bacteria found in pea belong to phyla Proteobacteria (a-Proteobacteria, p-Proteobacteria, y-Proteobacteria),
Firmicutes and Actinobacteria, which are represented by families Sphingomonadaceae, Enterobacteriaceae, Ralstoniaceae,
Bradyrhizobiaceae, Oxalobacteraceae, Pseudomonadaceae and Bacillaceae, and 11 genera: Bacillus sp., Stenotrophomonas
sp., Microbacterium sp., Paenibacillus sp., Kocuria sp., Staphylococcus sp., Micrococcus sp., Actinobacter sp., Serratia sp.,
Rahnella sp., Enterobacter sp. Also, it was shown that the strains of Rahnella sp., Bacillus sp., Enterobacter sp., Serratia sp.
and Acinetobacter sp. isolated from pea tissues stimulate the growth of plant and inhibit the growth of pathogens.

This work was supported by the grants of RSF (17-76-30016) and RFBR (19-016-00194 A), and the Government contract Ne
0664-2020-0022.

KyabTuBupyembie 3u10(puTHbIe 6aKkTepun ropoxa mocesnoro (Pisum sativum L.)
Axmemoea I' A, Bacunvesa E.H., Aponun A.M., XKyxoe B.A.*, Tuxonoeuy HU.A?
1®I'BHY BHUU cenbckoxossiicTenHoil Mukpoouonoruy, Cankt-Ilerep6ypr -ITymkun, Poccus; 2Canxt-TletepOyprekuii
rocynapcTBeHHbIN yHIBepcuteT, CankT-IletepOypr, Poccus

Annomayun. U3 HAO3eMHbIX OpP2AHO8 NAMU 2CHOMUNOE 20POXA NOCEEHO20 GbLOCICHbI KYIbMUSUDYEMble IHOODUMHbLE
baxmepuu, npunaorexcawue Kk ¢guiam Proteobacteria, Firmicutes u Actinobacteria. Cpeou nux ewvissnens
DOCICIMUMYIUPYIOWUE UMAMMBL.

Knrouesvie cnosa: snoogummusie baxmepuu, 2opox nocesnot (Pisum sativum L.)

BoboBble pacTeHUss 00pa3ylOT B3aMMOBBITOJIHBIE CHMOMO3bI C MHKPOOPTaHM3MAaMH, HACENSIOIIMMH BHYTPEHHIOIO Cpemy
pacteHuit (3HAOCHEpYy): KIyOCHBPKOBHIMH OakTepUsIMH, apOyCKYISPHO-MHUKOPU3HBIMH TpHOaMU W OaKTepUSIMH,
cnocobcetByromumu pocty pacrenuit (PGPB, Plant Growth-Promoting Bacteria). Dunodurusie PGPB, xonoHu3upyroiue
MEXXKJIETOYHOE MPOCTPAHCTBO B PACTUTENIFHBIX TKaHAX, MOTYT OBITh BBIAEIEHBI W3 BCEX YaCTeH PAaCTEHHs, BKIIOUYas CyXue
ceMeHa. Llenb naHHOW paOOTHI: BBIACIUTh M W3YYHTH KyJbTHBHpPYeMble OakTepuanbHble 3HAO(GUTH ropoxa (Pisum sativum
L.). DumodurHeie GakTepuy BBIICISLIA M3 CTEONIEH, JTHCThEB W ceMsH ropoxa moceBHoro (Pisum sativum L.) pasmuunsIx
renotuno: SGE, JI 2822, K-8274, K-3358 u cenekiuonubiii copt «Tpuymd». Opransl pacteHuit crepuausosain 70%
3TaHOJIOM H 5% THUIMOXJIOPUTOM HATPHsi, TOMOTEHU3UPOBAIM M BhICEBANM Ha Yamku lleTpu ¢ arapoBoil mUTaTENbHON cpeoi
TSA. Bce KysbTUBHpYEMbIe SHIO(GHUTHBIE OaKTEPUU JOBOJMIN JIO COCTOSIHUSI YMCTBIX KYJbTYP, KOJUIEKIIHIO OTHPABIISUIA Ha
juntenbHoe xpaHeHue npu -80 °C. OAHOBpEMEHHO, YHMCThIE KYJbTYPbl 3HAO(PUTHBIX OaKkTepHil HUACHTH(UIMPOBAIH U
TECTUPOBAJIM HAa arpOHOMMYECKH IOJIE3HbIe NPU3HAKKU (aKTUBHOCTB, CIIOCOOCTBYIOINAS POCTY pacTeHMi, NPOIYLHPOBaHUE
AayKCHHONOMOOHBIX  COCNWHEHMH, (QYHTHOMIAHAS W  AHTHOMOTHYECKas aKTUBHOCTB). MOJEKYJISIPHO-TEHETHIECKYTO
WAGHTH(QHUKAINIO I[ITaMMOB OCYIIECTBISUIM  CEKBEHHMpOBaHHMEM BapuabenbHbIX obOmacterr  V1-V9  16S  pJlHK,
aMILTU(UIMPOBAHHBIX C HCIIOJIL30BaHUEM YHHBEPCAIBHBIX IpaiiMepoB. DHIOQUTHBIE OaKTepuH, OOHAPY)XKEHHBIE BO BCEX
TEHOTUIIaX Tropoxa, HpuHaexkat K Tumy Proteobacteria (o-, B-, y-mporeobakrepuu), Firmicutes u Actinobacteria. B
OCHOBHOM, OHH TNpeACTaBiIeHbI ceMelicTBamu Sphingomonadaceae, Enterobacteriaceae, Ralstoniaceae, Bradyrhizobiaceae,
Oxalobacteraceae, Pseudomonadaceae u Bacillaceae, xotopsie otHocsaTcs k pomam: Bacillus sp., Stenotrophomonas sp.,
Microbacterium sp., Paenibacillus sp., Kocuria sp., Staphylococcus sp., Micrococcus sp., Actinobacter sp., Serratia sp.,
Rahnella sp., Enterobacter sp. beito Takke ycraHoBIeHO, uTo mtammel 6aktepuit Rahnella sp., Bacillus sp., Enterobacter sp.,
Serratia sp. u Acinetobacter sp., BbImeneHHBIE W3 TKaHEH TOpPOXa, CTUMYIHPYIOT POCT PACTCHHH W TIOMABISIFOT POCT
MaTOTeHOB.

PaGota BeIniosTHEHa TipH mozaepskke rpantoB PH® (17-76-30016) u PODU (19-016-00194 A), a Taxxe Tocsamanus Ne 0664-
2020-0022.
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The number of microbes-symbionts directly depends on the development power of the root system of the plant
Akhtyamova G.A., Chikov V..
Kazan Institute of Biochemistry and Biophysics, Federal Research Center, Kazan Scientific Center of the Russian Academy of
Sciences, Kazan, Russia
E-mail: guzel1687@mail.ru

Key message. Separation of the flow of seeds and fertilizers during sowing of barley and the subsequent processing of the
sowing with ammonia made it possible to increase the number of shoots and the weight of plants by a factor of three, while
reducing the consumption of mineral fertilizers.

Keywords: photosynthesis, regulation, root growth, symbiosis of microorganisms

Since the mass of plant roots, and hence the interaction surface of soil microbes, free nitrogen fixers, depends on the presence
of nitrates in the soil and the amount of transported sugars from the leaves, we tried to influence the symbiosis of microbes
with plants in both of these ways. We closed in a standard seeder SZS-3.6, part of the fertilizer wires (16 out of 24) for feeding
fertilizer in the row so that after each one row with fertilizers, two rows without fertilizers followed. Thus, we have increased
seed germination in rows without fertilizers by 40%. Subsequent spraying of the crops with complex compounds of zinc and
copper with ammonia (ammonia) led to the activation of the appearance of additional tillering shoots and an increase in the
mass of the whole plant by a factor of two. It is proposed to use this approach in the field for research with microbiologists on
the features of regulation of the symbiosis of microbes with plants. The most important factor for implementing this approach
is the use of mechanisms of regulation of photosynthesis at the level of the leaf and the whole plant, which was discovered in
our laboratory.

KoanyecTBo MUKPOOOB—CHMOMOHTOB NPSIMO 32aBMCHT OT MOLIIHOCTH Pa3BUTHSI KOPHEBOH CHCTEMBbI PacTeHHSA
Axmamosa I A., Yuxos B.H.
Kazanckuit nHCTUTYT OMOXMMUM 1 Onodpu3rku deaepaabHOTO UCCIIe0BaTENLCKOTO IeHTpa, Ka3zaHckuil Hay4HBIi LEHTp
Poccuiickoit akanemuu Hayk, Kazans, Poccus

Annomauyun. Pasdenenue nomoxos ceman u yoobpenuil npu nocege sAuUMeHs U nociedyrnwas obpabomka nocesa
AMMUAKAMAMU NO360IULA NPU CHUNCEHUU PACX00A MUHEPATIbHBIX YOOOpeHUll 8 mpu pa3a NogulCUMb YUCI0 nobe2os u Maccy
pacmenuli 8 06a pasa.

Knrouesvie cnosa: chomocunmes, pecyasiyus, pocm KOpHet, CUMOUO3 MUKDOOP2AHUIMOG

ITockonbky Macca KOpPHEH pacTeHHs, a 3HAYUT M TOBEPXHOCTh B3aUMOJICHCTBUSA TMOYBEHHBIX MHKPOOOB-CBOOOIHBIX
aSOTq)HKC&TOpOB, 3aBUCUT OT NPUCYTCTBUA B MMOYBEC HUTPATOB U KOJIMYECTBA TPAHCIOPTHUPYEMBIX CaxapOB U3 JINCTHCB, TO MbI
MONIPOOOBaIH MOBIUATH HA CHMOMO3 MUKPOOOB € pacTeHUAMH 00OMMH 3TUMH MyTSIMHU. 3aKpBUIH B cTaHAapTHOH cesike C3C-
3,6, 4acTh TyKO-TIpoBOIOB (16 u3 24) as mojavyu B pAJIOK MoceBa yI0OpeHH TakiuM 00pa3oM, YTOOBI TOCIIE KaxXI0T0 OJTHOTO
psana ¢ ynoOpeHUs MU, ClieZoBasio JBa psanka 0e3 ymoOpenmii. TakuM o0pa3oM, MBI TIOBBICHJIM B psiKax 0e3 yaoO0peHui
BcxoxecTh ceMstH Ha 40%. [loceaytromiee onprICKUBAHIE ITOCEBA KOMIUICKCHBIME COCTHHCHUSIMH IIMHKA M MEJH C aMMHAKOM
(aMMuaKaThl) IPUBEIIO K aKTHBAIIWH TOSBJICHUS JOMOTHUTEIBHBIX TOOCTOB KYIICHUS U YBEIHMUCHHS MAaCChI BCETO PACTCHUS B
mBa pasa. IlpemmaraeTcs HCHONB30BATH B TOJEBBIX YCIOBHSX JTOT TOAXOJ IS COBMECTHBIX C MHKPOOHOIIOTaMH
HCCIICIOBAaHUHA 0COOCHHOCTEH PETyISAINU CHMOM03a MUKPOOOB ¢ pacTeHUsIMH. BakHeHIIIM (hakTOpOM /sl peaTu3aiy 3TOro
MIOTX0/1a SBJISIETCS MCIIONIb30BaHUE MEXaHU3MOB PETYJIAIHNK (POTOCHHTE3a Ha YPOBHE JIMCTA H [EJIOTO PACTEHUSI, KOTOPBIH OBLI
OTKPHIT B HAIIEH 1abopaTopuu.

Uukos B.U., Axtamosa ['.A., baramesa C.H., MuxaiinoB A.JI., Xamuaymmna JLA., TumodeeBa O.A. Bnusuue
OJIOKMPOBAHUS T'€HA ANOIUIACTHON MHBEPTA3bl HA (POTOCUHTE3 B pacTeHusx Tomara // dusuonorus pacrenuit, 2015, Tom 62,
Ne 1, C. 45-51.

Chikov V.1. The participation of apoplast invertase in the regulation of photosynthesis by stomatal mechanism. Journal of
Plant Sciences 2017; 5(5): 134-145.

Uuxos B.U., Axtsamosa I'.A., [TaxomoBa B.M. IIpotuBopeune mMexay CyLIECTBYIOIIEH arpOTEXHUKON M 3BOJIFOLIMOHHBIM
pa3BUTHEM pacTeHHUU JOIDKHO ObITh ycTpaHeHo // Jokmansl TCXA Bt 291, (wacte 11). Mocksa. M3nat. PTAY-MCXA.
2019. C. 386- 391.
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Comparison of the reaction of barley plants to treatment with microorganisms producing auxins and cytokinins
Akhtyamova Z.A.
Ufa Institute of Biology, Ufa Federal Research Center, Russian Academy of Sciences, Ufa
Email: akhtyamovazarina@gmail.com

Key message. We studied the effect of bacterization of seedlings of barley plants with strains of hormone-producing bacteria
B. subtilis IB-22 and P. mandelii IB-Kil4. The parameters of plant growth, as well as RWC and the content of chlorophyll in
their leaves were estimated.

Keywords: Hordeum vulgare L., growth, growth-stimulating bacteria

The ability of many strains of rhizospheric bacteria to stimulate plant growth and increase their productivity is increasingly
used in crop production. The purpose of this work was to evaluate in detail the growth reaction of the shoots and roots of
barley plants to bacterization of their seeds and to identify the peculiarities of the plants' response to treatment with bacteria
that can mainly produce cytokinins or auxins. Barley plants were inoculated with the cytokinin-producing bacteria B. subtilis
IB-22 (Arkhipova et al., 2006) and the auxin-producing bacteria P. mandelii IB-Kil4 (Kuzmina et al., 2018) from the
collection of microorganisms of the Ufa Institute of Biology of the UFRC RAS. Bacterization of daily seedlings was carried
out by soaking in suspension for 20 minutes and then introducing a suspension of bacteria into the root environment of plants
(108 CFU / g of soil). On the eleventh day from the beginning of the experiment, the fresh mass of shoots and roots, the length
of the longest root, and the relative water content and chlorophyll in the leaves were evaluated; the length and width of the
leaves was mesured every two days from the appearance of the seedlings. P. mandelii IB-Kil4 showed their growth
stimulating effect during the first days after bacterization, but by the end of the experiment it no longer appeared. The most
stable effect from treatment with B. subtilis 1B-22 strain was the shortening of plant roots, which persisted throughout the
experiment. The beneficial effect of bacteria of B. subtilis IB-22 strain on barley plants was manifested in their effect on the
relative water content and concentration of chlorophyll. An increase in the concentration of chlorophyll in the leaves
contributed to a more rapid accumulation of plant biomass treated with bacteria of the B. subtilis 1B-22 strain. Thus, this work
demonstrates the greater effectiveness of the B. subtilis 1B-22 strain in stimulating the growth of barley plants and the
associated physiological processes.

CpaBHeHHe peaKIUM PACTeHUHl iUMeHsI Ha 00pa00TKY MUKPOOPraHu3MaMHu,
NMPOAYUUPYIOIIUMHI aAYKCUHBI H HIUTOKHHHHBI
Axmsamosa 3.4.
Y dumcknii ”HCTUTYT Onosorun Y puMckoro demepanbHOro uecieaoBatenbekoro nenrpa PAH, Yoa

Aunomayus. Hzyuanocv enusinue 6axmepuzayuu npopoCcmMKO8 PACMEHUs SUMEHS WMAMMAMU 20PMOHRPOOYYUPVIOUUX
oaxmepuii B. subtilis 1B-22 u P. mandelii I1B-Kil4. Oyenusanucy napamempwi pocma pacmenuil, a makdxce OCB u
cooepaicanue X10poPUILA 8 UX TUCTbSX.

Knroueswie cnosa. Hordeum vulgare L., pocm, pocm-cmumynupyiowue 6axmepuu

CrHocoOHOCTh MHOTHX IITaMMOB pH30C()EpHBIX OAKTEPUIl CTUMYJIMPOBATh POCT PACTEHHI U MOBBINIATh UX YPOXKaWHOCThH BCE
IIMpe UCIIONB3YIOT B pacTeHHeBocTBe. Lleab naHHO# paboThl cOCTOsIa B JeTaJbHON OLICHKE POCTOBOW PEaKIMU HOOEroB
KOpHEHl pacTeHHil TYMeHs Ha OaKTepH3alMI0 HX CEMSH U B BBISABICHHU OCOOCHHOCTEH pearupoBaHus pacTeHuil Ha 0OpadoTKy
OaKTepusIMH, CIMIOCOOHBIMH MPEUMYLIECTBEHHO MNPOIYLHMPOBATh LIMTOKMHUHBI MM ayKCHHBI. JIJI8 MHOKYJIALMH pacTeHHH
SYMEHSI MCTIOJIb30BAIM  LUTOKUHUHIpOAylupytome Oakrepun B. subtilis 1B-22  (Apxunosa u ap., 2006) wu
aykcuHnpoayupytonme 6aktepun P. mandelii 1B-Kil4 (Ky3pmuaa u gp., 2018) u3 KOMIEKIHM MHKPOOPTaHH3MOB
Ydumckoro uncruryra 6uonorun YOUL[ PAH. Bakrtepusaiuio cyTOYHBIX NMPOPOCTKOB MPOBOIMIM ITyTEM 3aMadMBaHHS B
cycniensuu B TeueHdue 20 MUHYT M TIOCJIELYIONIMM BHECEHHEM CYCIIEH3MM OakTepuil B MPUKOPHEBYIO cpedy pactenuii (10°
KOE / r noussr). Ha omuHHaamaTeie CyTKHA C Havana dKCIICPHMEHTa OICHUBAIM CHIPYIO MacCy MOOEroB W KOPHEH, UTHHY
CaMoro JUTMHHOTO KOPHS, & TaK)Ke OTHOCHTENIbHOE COJep)KaHue BOJABI U XJIOPO(DUIUIA B JIMCThSIX; JUIMHY U HIMPUHY JIUCTHEB
OLICHMUBAJIM KaXK/ble JBa IHSI C MOMEHTa TOSBJICHHS BCcxoaoB. bakrepum P. mandelii 1B-Kil4 mposiBisiiu cBOit poct
CTUMYIHPYIOMHH 3 GEKT B IepBble JHU IOCIe OaKTepU3alny, HO K KOHIY SKCIIEPHMEHTA OH Y)Ke He mposiBisiics. Haunbonee
cTabmIbHBIM 3 dexToM oT 06paboTku mrammoM B. subtilis 1B-22 6110 ykopoueHHe KOpHE# pacTeHUi, coXpaHsoleecs Ha
NPOTSDKEHHH BCEro JKCIepUMeHTa. brarompustHoe neiicTBue Oaktepuii mramma B. subtilis IB-22 na pacrenus sumens
NpPOSIBISUIOCH B WX BJIMSHUM HAa OTHOCUTENBHOE COJiep)KaHHE BOABI M KOHIEHTpanuio xnopodwmnia. [loBbimenue
KOHLEHTPALMH XJIOPO(HIUIA B JINCTBIX CIIOCOOCTBOBAIO OoJiee OBICTPOMY HAKOIUICHHIO OMOMAcCCHl pacTeHHH, 00pabOTaHHBIX
Oakrepusivu wtamma B. subtilis IB-22. Takum oGpas3om, naHHas paboTa CBHAETEIBLCTBYET O Ooubluei 3(h(EeKTHBHOCTH
mrramma B. subtilis IB-22 B crumysiin pocta pacTeHnit sUMEHS M CBA3aHHBIX C HUM (DU3HOJIOTHYECKUX TIPOIIECCOB.
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The strategy for choosing nodule bacteria by perennial leguminous plants, depending on the stage of their vegetation
Akimova E.S., Koryakov I. S., Baymiev An.Kh.
Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia.
E-mail: iv.katerina-bio@yandex.ru

Key message. Data on the genetic diversity and phylogeny of nodule bacteria of the wild perennial legume Lotus zhegulensis
at different stages of its vegetation are obtained.

Keywords: highly effective symbiosis, perennial legumes, vegetative stage, nodule bacteria, genetic diversity of nodule
bacteria

Leguminous plants of a temperate climate, mostly perennial, during their ontogenesis go through multiple cycles of interaction
with nodule bacteria (rhizobia). Gaining knowledge about the level of specificity when choosing symbiotic partners by plants
at different stages of their vegetation is an important condition for creating highly effective symbioses for plant growing.

The goal is to analyze the genetic composition of rhizobia obtained from nodules of wild perennial leguminous plants at
different stages of their vegetation. The following methods were used: polymerase chain reaction (PCR) and its modifications
(RAPD, RFLP), sequencing and analysis of nucleotide sequences.

At this stage of the work, the genetic composition of rhizobia obtained from nodules Lotus zhegulensis was analyzed. Nodules
were collected at different stages of its growing season: in summer — at the stage of seed ripening and in autumn - at the end of
the growing season, of which 75 and 55 isolates were subsequently isolated, respectively. Subsequent analysis of genetic
diversity by the RAPD method using several arbitrary primers showed that all isolates are characterized by a relatively low
polymorphism of the DNA sequence, while the RFLP profile of the 16S rRNA gene microorganisms isolated from autumn
nodules are more heterogeneous than those obtained from summer "nodules. Determination of the phylogenetic position of the
strains showed that according to the 16SrRNA and recA gene sequences, all the bacteria analyzed were related to
microorganisms of the genus Mesorhizobium. In addition, the phylogeny of their symbiotic genes (sym genes) was studied:
nifH and nifD, the presence of which in the bacterial genome is a prerequisite for the formation of an effective nitrogen-fixing
symbiosis. Phylogenetic analysis of nifH and nifD revealed that studied microorganisms according to the sequences of these
genes belong to bacteria of the genus Mesorhizobium as well. In the future, it is planned to isolate bacteria from nodules,
which will be collected from the roots of Lotus zhegulensis at an early conduct their genetic analysis. Also, microsymbionts
and other perennial wild bean plants obtained at various stages of their ontogenesis will be investigated.

This work was financially supported by the RFBR Nel7-44-020201.

Crpaterus Bbi0opa KJIYOeHbKOBBIX 0aKTepHii MHOT0J1eTHUMH 0000BBIMHI PACTEHUSIMU B 3aBHCHUMOCTH OT CTAUH UX
BereTanuu
Axumosa E.C., Kopskoe U.C., baiimueg An.X.
MHCTUTYT OMOXMMHHU U TEHETHKHU — 000CO0JIEHHOE CTPYKTYpHOE Moipa3aeicHie DeaepalbHOTO TOCY1apCTBEHHOTO 010 KETHOTO
HAYYHOTO YUpekaeHus Y GUMCKoro deaepaibHOr0 HCCIeJ0BaTeILCKOTrO IIeHTpa Poccuiickoit akagemun Hayk, Y da, Poccus

Annomayus. Ilonyuenvl OanHble O 2eHEMUYECKOM pA3HOOOpA3UU U @uioceHuu KIYOEeHbKOBbIX OaKmepuil OuUKopacmywezo
MHOo20onIemHe20 60006020 pacmenus Lotus zhegulensis na pasuvix cmaousx e2o gecemayui.

Kniwouesvte cnosa: sgppexmugnuiii cumbuos, muozonemuue 60006vie pacmenusi, cmaouu eecemayuu, KiybeHbKosble baxmepuu,
2enHemuueckoe pasHoobpasue puzoouil

BoboBbIe pacTeHHs YMEpPEeHHOTo KIIMMaTa, B OOJbIIeH CTENeHH MHOTOJIETHHE, B X0/Ie CBOETO OHTOTEHE3a MPOXOAAT MHOTOKPATHEIE
LUKJIBI B3aMMOJICHCTBHUS C KIIyOCHBKOBBIMU OakTepusamu (pu3zoOusimu). [TomyueHue 3HaHUA 00 ypoBHE clIeU(UUHOCTH MIPH BHIOOpE
CUMOHMOTHYECKHX TApTHEPOB PACTEHMSMH Ha DPA3HBIX CTaIWiX HMX BETeTallMH SBJISAETCS BAKHBIM YCIOBHEM [UIS CO3aHHS
BBICOKO3()(DEKTUBHBIX CHMOMO30B IJIsl PACTEHHEBOICTBA.

Ilenpio TaHHOTO MCCNIEAOBAHUS CTal aHAIN3 TEHETHUECKOTO COCTaBa PHU300Ui, IONYyYEHHBIX U3 KIyOEHBKOB JUKOPACTYIIUX
MHOTOJIETHHX O0OOBBIX PAacTeHHMH Ha Pa3HBIX CTAJHAX MX BETeTallMd. BBUIM MCIIONB30BaHBI CIEMYIOMINE METOJBI: MOJIUMepa3Has
nenHas peakuus (ITLP) n ee monudukauuu (RAPD, [I[IP®D), cexkBeHMpOBaHKE U aHAIN3 HYKJICOTHIHBIX MOCIEI0BATEIbHOCTEH.

Ha nmanHOM oTame pa®oThl OBUI NPOBENESH aHAJ M3 T'€HETHYECKOTO COCTaBa PHU300HH, MONYYEHHBIX M3 KIyOCHBKOB JISABEHIA
xuryneBckoro (Lotus zhegulensis). Kiybenbkn 6butH cOOpaHbI Ha Pa3HBIX CTAAUSIX €r0 BEreTAIlMH: JICTOM — Ha JTale CO3PEBaHHUsI
CeMsSH M OCEHBI0O — B KOHIIE BEreTallid, W3 KOTOPHIX B JaNbHEHIIEM OBUIO BBIIETICHO 75 W 55 W30JIATOB COOTBETCTBEHHO.
IMocnenyromuil aHaIU3 TeHETHYECKOTO pazHooOpa3us MeTonoM RAPD c¢ ucnonb3oBaHHEM HECKOJIBKUX MIPOM3BOJIBLHBIX MpaiiMepoB
MOKa3aJl, YTO BCE M3O0JIATHl OTIIMYAIOTCS OTHOCHUTEIBHO HH3KHM Honumopdm3MoM nocnenoBarensHoctr JTHK, B TO Bpems kak 1o
MMAP®-npoduiro rena 16S pPHK mMukpoopraHusmbl, BEIIEICHHBIE U3 «OCEHHUX» KIyOCHHKOB Oosiee pasHOPOIHEI, UeM TaKOBBIC,
MOJYyYSHHBIE M3 <JIETHHX» KIyOeHbKOB. OrmpenencHue (HIOTeHETHYSCKOTO TIOJNIOKEHHUsS MITaMMOB [OKA3aJlo, 4YTO IO
nocnenosaTenbHOCTSIM reHoB 16SpPHK u recA, Bce anammsupyemble OakTepuH, SBISIOTCS POACTBEHHBIMH C MHKPOOPTaHM3MaMHU
poma Mesorhizobium. Kpome toro, Gbuia u3ydeHa QuiioreHus ux cHMOHOTHYECKHMX TeHoB (Sym-reHoB): nifH u nifD, mammuune
KOTOPBIX B TE€HOME Oaktepuil sBIseTCs 00s3aTeNbHBIM yciaoBUeM s (GopMmupoBaHus 3(PQEeKTHBHOTO a30TPUKCHUPYIOIIETO
cumbuosza. @unorenernueckuit amanmm3 NifH wu nifD  BBSIBUI  NPHHAAIEKHOCTH HCCIEAYEMBIX MHKPOOPTaHH3MOB 10
MOCJIC0BATENFHOCTIM JaHHBIX [CHOB Takke K Oakrepusm poaa Mesorhizobium. B nanpHeiimem miaHupyeTcs BBACIHTh OaKTepHU
13 KIIyOCHBKOB, KOTOpbIe OyIyT COOpaHbI ¢ KOPHEH JIABEHIIa JKUTYJIEBCKOTO Ha paHHEH CTaJuM ero BereTaluuy (BeCHOH), U TakkKe
IIPOBECTH UX TeHeTWdeckui aHamu3. Takxke OyAyT HCcIeNOBaHBl MHUKPOCUMOHMOHTHI M APYTMX MHOTOJETHHX IUKOPACTYILIHX
000O0BBIX PacTEeHHH, IMOMYYECHHbIC B PAa3IMYHBIC CTAJAUM HX OHTOreHe3a. PaboTa BBIMONHEHA NMPU (PHHAHCOBOW MOAJECPIKKE TPAHTA
POOU p_a Nel7-44-020201.
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The influence of growth stage on the structure and formation of fungal microbiota in potato root
Akosah Y.A.%, Pudova D.S.}, Vologin S.G.2, Mardanova A.M.!
!nstitute of fundamental medicine and biology of KFU, Kazan, Russia; 2Tatar Research Institute of Agriculture,
Kazan, Russia
E-mail: akosah2005@gmail.com

Key message. In the potato root, Fusarium populations greatly increase during the flowering stage of growth. At senescence,
a decrease in their share and a significant surge in Monographella spp. is observed.
Keywords: fungal microbiome, potato, growth stage, metagenomic analysis

The spread of fungal-related diseases in potato plants, including Fusarium wilt is an urgent problem for the Mid-Volga region
of Russia. The aim of the study was to characterize the formation and change of the fungal microbiota of potato roots at
different stages of vegetation. Potato plants of the Zhukovskij rannij cultivar were grown on alfisol and soil probes of the soil
(SL), rhizosphere (RS) and rhizoplane (RP) were sampled during different vegetation periods: flowering (FP) and senescence
(PS). Total DNA was isolated using the commercial FastDNA® SPIN Kit for Soil according to the manufacturer's protocol
and amplicons of conserved ITS regions of 5.8S rRNA genes were sequenced via high-throughput sequencing (Illumina Hi-
seq). The fungal community of SL, RS, and RP was represented by 3 primary phyla: Ascomycota, which comprised 89.99-
97.35% in the SL, 89.47-93.85% in the RS and 94.67-99.09% in the RP; Basidiomycota, which covered 0.88-1.88%, 2.26-
4.90% and 0.25-1.42% in the SL, RS and RP respectively; as well as Zygomycota, the shares of which were 0.72-2.89%, 1.19-
8.16% and 0.66-3.85% in the SL, RS and RP, respectively. Besides Sordariomycetes being dominant (43.54-89.39%) in all
three compartments during both stages of growth, the population of fungal classes differed considerably compartment-wise.
For instance, Eurotiomycetes were registered significantly in almost all SL (22.06-30.99%) and RS (11.17-12.29%) probes but
substantially low in the RP (1.29-1.32%). In contrast, Agariomycetes were only noted in the RP but at minimal proportions
(1.18-2.24%). According to the analysis of similarity by the Bree — Curtis and UniFrac metrics, the structure of the microbiota
clearly clusters into microbiomes of SL and RP, with the RS microbiome occupying an intermediate position between them.
Assessment of alpha diversity by Shannon’s, Simpson’s and Chaol indices indicates that the diversity of species is higher in
RS in comparison to SL and RP. At both stages of growth, sequences of Penicillium spp. were appreciably registered in the
SL (FP=18.12+4.17%, PS=27.7442.59%), moderately noted in the RS (FP=8.97+1.64%, PS=10.81+£2.94), but virtually
lacking in the RP (FP=0.67+0.25%, PS=0.38+0.20). On the other hand, representatives of the Fusarium genus were present in
all tested samples; no considerable variations were noted in the SL during FP (15.54+£2.19%) and PS (14.824+2.81%).
However, their populations contrasted significantly in the RP and RS, having a higher representation of OTUs during the FP
(RS=16.30+4.87%; RP=43.504+9.75%), in comparison with the PS probes, which remained considerably low
(RS=7.42+1.52%; RP=10.33+1.88%). During the PS, the RS and RP recorded a surge in presence of Monographella (RS =
50.30+5.17%; RP=47.05+7.42%) and Verticillium (RS=9.84+2.01%; RP=14.37+5.50), which were practically nonexistent in
these compartments at FP. It was concluded that flowering conditions favor an increase in the proportion of Fusarium in the
root zone of potatoes, which, in turn, may lead to the occurrence of Fusarium infections in potato plants. During the
senescence period, a decrease in the proportion of Fusarium and a surge in the proportion of Monographella spp.
demonstrates the significance of the later in the degradation and utilization of dead plant matter. In addition, the formation of
Fusarium communities in RP in such large proportions could be likewise tied to their important role in the biospheric cycle of
nutrients and interaction with terrestrial plants (i.e., their influence on the growth and development of the host plant). In this
regard, the fight against Fusarium, related diseases must be focused on measures aimed at the conservation of beneficial
species, such as bio-control methods, crop rotation approaches and a number of other environmentally safe methods.

This work was supported by the Russian Foundation for Basic Research [project no. 19-316-90028].
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Study of the genetic organization of the strain Rhizobium leguminosarum bv. trifolii forming a symbiosis
with clover Trifolium ambiguum
Aksenova T.S., Onishchuk O.P., Kurchak O.N., Andronov E.E., Provorov N.A.
All-Russian Research Institute for Agricultural Microbiology
E-mail: t.aksenova@arriam.ru

Key message. R. leguminosarum bv. trifolii strains are characterized by narrow host specificity. We have identified a strain
that forms nodules on several types of clover and studied the genetic organization of its symbiotic region.
Keywords: R. leguminosarum bv. trifolii, T. ambiguum, N2-fixing symbiosis

Rhizobium leguminosarum bv. trifolii (RIt) strains are characterized by narrow specificity to host plants and are able to form
nodules only on species of the Trifolium genus. These rhizobia have a high specificity of interaction with different types of
clover. The highest selectivity to microsymbionts is inherent to clover T. ambiguum, the Caucasian endemic specie. It has
been shown that rhizobia, that are capable to form an effective symbiosis with T. ambiguum, usually do not form symbiosis
with T. repens and T. pratense and vice versa (Beauregard et al. 2004). The genetic basis of this specificity is poorly
understood, but it is known that in other rhizobia species, symbiotic genes, which evolution is controlled by host plants, are
responsible for this function. In the present work, analyzing the collection of strains isolated from the soil of the Leningrad
Region (Vyritsky District), strain 23B, which forms pinkish nodules on T. ambiguum, was detected in a micro-vegetation
experiment using trap plants T. repens and T. pratense. Like the other studied strains, this strain formed pink nodules on the
widespread types of clover - T. repens, T. pratense, T. hybridum. Total DNA was isolated from five RIt strains and genome-
wide sequencing (Oxford Nanopore) was performed. It was revealed that the size of the entire symbiotic cluster located on
Sym-plasmids and including the nodXONMLEFDABCIJ, nifBA, fixXCBA, nifHDKEN, and fixNOQPGHIS operons, is
726431643 bp for the strains incapable of symbiosis with T. ambiguum, meanwhile as in strain 23B, capable of forming
nodules on T. ambiguum, the size of the symbiotic cluster was 29016 bp. According to preliminary data, this difference is
associated with reduced (almost three times) intergenic distances in the symbiotic region of strain 23B. The data obtained
allow us to begin to identify genetic factors that determine the specificity of clover rhizobia in relation to Trifolium ambiguum.
The equipment of the Center for Genomics, Proteomics and Cell Biology, ARRIAM was used. Supported by the Russian
Science Foundation, grant 19-16-00081.

N3yyenue renernyeckoii opranuzanuu mramma Rhizobium leguminosarum bv. trifolii, o6pa3syromero cuméuos c
kJjesepom Trifolium ambiguum
Axcenosa T.C., Onuwyk O.I1., Kypuax O.H., Anoponos E.E., I[Iposopos H.A.
BHUU censcroxo3sitcTBeHHOH Mukpoouonorun, Cankt-IletepOypr, Poccus

Annomayus. Pusoouu suoa R. leguminosarum bv. trifolii xapaxrepusyrorcst y3koit xo3siickoil crenupuuHoCcThIO0. Hamu
evisagen wmamm, obpasyiowui kayoenovku wna Trifolium ambiguum u  wusyvena eememuuecxas opeanuzayus ezo
CUMOUOMUUECKO20 PeSUOHA.

Knrouesvie cnosa: R. leguminosarum bv. trifolii, T. ambiguum, xossiickas cneyugpuunocme, azomogpuxcupyrowuii cumbuos

IMrammbr Rhizobium leguminosarum bv. trifolii xapakrepu3syrorcst y3koit crieriu)UuHOCTBIO 10 OTHOIICHHUIO K PACTEHUSM-
X03s51eBaM M CIIOCOOHBI (OPMHUPOBaTh KIyOSHBKH TOJIBKO Ha BHAax poxa Trifolium. [lns stux pu3oOwuit xapakTepHa BbICOKas
crel(pUYHOCTh B3aUMOJCHUCTBUS C Pa3HBIMH BHIaMH KieBepa. HauGospimell W30MpaTeNbHOCTBIO MO OTHOLICHHIO K
MHKPOCHMOHOHTaM XapakTepusyeTcs KieBep T. ambiguum, koTopblid sBisiercst sHneMukoM Kapkasa. Bpuio mokasano, 4to
pu306uu, criocobHbie popMuUpoBaTh FPPekTHBHbIN cuMOro3 ¢ T. ambiguum, oObraHO He 0OpasytoT cumOuo3a ¢ T. repens u T.
pratense u Haobopot (Beauregard et al. 2004). ["'eHeTHUeCKHe OCHOBHI TaKOW CHENU()UIHOCTH Mall0 U3ydYeHBI, HO W3BECTHO,
YTO y JIPYrHUX BHIOB PU300MH 3a 3Ty (YHKIHMIO OTBEYAIOT CUMOMOTHYECKHE T'€HBI, SBOJIIOIMS KOTOPBIX KOHTPOJIHPYETCS
pacTeHusIMH-X03s5ieBaMi. B HacTosei paboTe aHaIM3UPYsl KOJUICKIHUIO IITAMMOB, BBIICIEHHBIX M3 MOYBHI JIeHHHrpaicKoil
obmactu (Belpunkuii paifoH), B MEKPOBETETAlMOHHOM OIIBITE C UCIIOJIb30BAaHUEM pacTeHUH-TOBYIIEK T. repens u 7. pratense
ObL1 BhIsIBIEH mTamm 23B, obpasyrommii po3oBateie KiayOeHbKH Ha T. ambiguum. Dtot mrramm GpOpMUpPOBa, KaK U JPyrHe
H3ydYeHHBIE IITaMMBI, PO30Bble KIyOGHBKHM Ha IIMPOKO PACIpPOCTPAaHEHHBIX BHIAax KieBepa - 1. repens, T. pratense, T.
hybridum. 13 msatu mrammoB Rt Geuta Beiienena Totanpas JJHK u npoBeneHo nonHorenoMHoe cexkBerupoBanue (Oxford
Nanopore). BrrsBieno, 4to pamep Bcero CMMOMOTHYECKOTO KJIAcTepa, HaXOIIErocss Ha SYM-Ia3MHIaX W BKIIIOYAIOIIETO
oneporsl NOAXONMLEFDABCIJ, nifBA, fixXCBA, nifHDKEN u fixXNOQPGHIS, cocrasnsier y mrtaMMoB, He CTOCOOHBIX K
cumbuosy ¢ T. ambiguum, 726431643 m.o., B To Bpems Kak y mramma 23B, cmocoGHOTO (GopMHpoBaTh KiIyOeHBKH Ha T.
ambiguum, pa3mep cumbuoTHyeckoro knactepa cocrtaBmi 29016 n.o. CornacHo mpeABapUTENbHBIM JaHHBIM, 3TO pasiHIKe
CBSI3aHO C YMEHBIICHHBIMH (MIOYTH B TPH pa3a) MEXTCHHBIMH PAacCTOSHHUSIMH B CHMOMOTHYECKOM pernoHe y mramma 23B.
[onydeHHbIe JTaHHBIC MO3BOJISTIOT TMPHUCTYMUTh K BBISIBICHHIO T€HETHYECKHX (DAKTOPOB, ONPENEIISIOMNX CHenn(pUIHOCTD
pu3o6uii KieBepa mo oTHoureHuo K Trifolium ambiguum.

Paboma evinoanena c ucnonvzosanuem obopyoosanus LIKII «'enomuru, npomeomuru u xiemounou ouonocuuy BHUUCXM,
npu unancosou noodepacke PODU 6 pamkax nayunozo npoexma Ne 18-34-00839 u PH®, epanm 19-16-00081.
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Petchoa in vitro culture
Alatortseva T. A.
Saratov State University, Saratov, Russia
E-mail: alatortsevata@mail.ru

Key message. The possibility of Petchoa hybrid Beautical Caramel Yellow in vitro propagation was investigated. The optimal
concentration of phytohormones for regeneration has been established.
Keywords: petchoa, leaf explants, in vitro, regeneration

In decorative floriculture, along with Petunia and Calibrachoa, their intergeneric hybrid - x Petchoa G. Boker & J.M.H.
(Petunia Juss. x Calibrachoa Cerv. Ex La Llave & Lex) is becoming popular [1]. Petchoa combines the best qualities of
parents: large flowers and fast growth from Petunia, unique flowers color, small leaves without stickiness like Calibrachoa.
Commercial and scientific interests in the intergeneric hybrid require its mass reproduction. Petchoa is an allopolyploid with
the number of chromosomes 3n = 25. One chromosome set was obtained from Petunia, 2n = 14, and two sets from
Caliberachoa, 4n = 36 [2]. Genome imbalance and cytoplasmic male sterility inherited from Calibrachoa [3] prevent seed
propagation of the hybrid. The method of clonal micropropagation allows to overcome difficulties. The purpose of the
experiment is to evaluate the regeneration potential of petchoa during in vitro cultivation. Fragments of Petchoa hybrid
Beautical Caramel Yellow leaves were explanted. The nutrient medium included MS mineral salts, vitamins, sucrose, and
IAA and BAP in various combinations. There were 6 variants. Positive reaction of explants to cultivation conditions was
revealed. There were: callusogenesis (morphogenic and non-morphogenic), hemmogenesis and regenerant development. The
intensity and type of morphogenetic processes depended on the concentrations of 1AA and BAP.The maximum amount of
regenerants is observed on nutrient medium with IAA — 2.0 mg/l and BAP — 4 mg/l. The results suggest that Petchoa Hybrid
Beautical Caramel Yellow can be a promising object for in vitro propagation.

KyasTypa in vitro nerxoa
Anamopyesa T.A.
OI'BOY BO «CapaToBckuil HAIMOHAIBHBIN HCCIeN0BATENbCKUI TOCYJapCTBEHHBIHN yHUBepcuTeT umeHu H.I'.
Uepnsimesckoro», Caparos, Poccus

Annomauyusn. Hccnedosana eosmosicnocms pasmuosicenus Petchoa hybrid Beautical Caramel Yellow kyasmype in vitro.
Vemanosnena onmumansras 015 pecenepayul KOHYEHMpPayust PUMoO20pMoHo8.
Kniouesnie cnosa: nemxoa, nucmogoie sxcnianmel, in Vitro, pecenepayus

B nexopaTMBHOM LBETOBOJCTBE, HAPSAY C METYHHEH M KannOpaxoa, CTAHOBHUTCS MOMYJISIPHBIM HX MEXPOJOBOWH TMOpmI —
ITerxoa x Petchoa G. Boker & J.M.H. (Petunia Juss. x Calibrachoa Cerv. ex La Llave & Lex) [1]. B nerxoa coueratoTcs
JydIliMe KauecTBa POJAUTENel: KPYIHbIE [IBETKH U OBICTPBINA POCT OT NETYHUH, YHUKAJIbHASI OKPACKa [[BETKOB, MEJIKHE JINCThS
6e3 JHUNKOCTH Kak y KanubOpaxoa. KoMMepueckuil n HaydHbIe HHTEPECHl K MEXPOJOBOMY THOpUAY TpeOyIOT €ro MacCOBOTO
BOCTIPOM3BOACTBA. ]leTx0a — aJuTOMONUILION]T ¢ YUCIOM XpoMocoM 3N=25. OauH XpOMOCOMHBIA HabOp MOy4YeH OT MEeTYyHHMH,
2n=14 u nBa Habopa — oT kanuOpaxoa, 4n=36 [2]. HecOamaHCHpOBaHHOCTh T€HOMa M IMTOILUIA3MATHUECKas MYKCKasi
CTepWJIBHOCT, YHAcJeIOBaHHAas OT KanmuOpaxoa [3], MpemsTCTBYIOT CEMEHHOMY pa3MHOXeHHIo rubpuma. Ilpeomoners
TPYAHOCTH TO3BOJISIET METOJ KJIOHAJIBHOTO MHMKpOpasMHOXKeHHs. Llenb HacToseidl paboTbl — OLEHUTH pereHepanvuoOHHbIA
MOTEHIMA TeTX0a MpPU KyJIbTUBHUpOBaHWHM iN Vitro. Dkcrulantuposainu (parmentsl nuctheB Petchoa hybrid Beautical
Caramel Yellow. IMurarensHast cpeaa BKiIOYajga MuHepalibHble conmu MS, BuTamuHbI, caxaposy, a take MYK u BAII B
pa3nuHbIX KoMOMHaIusIX. Beero 6 BapuanToB. BeIsgBIeHa MO3UTHBHAS peaKIysl SKCIUIAHTOB Ha YCJIOBHS KyJIBTHBHPOBAHUSI.
Nmenn mecto: xajurycorene3 (MopQoreHHsIit 1 HeMOP(OTEHHBIN), TeMMOT'€HE3 U Pa3BUTHE pereHepanToB. IHTEHCHBHOCTE 1
TUIBI MOP(OTeHETHYECKUX MpoleccoB 3aBucenu ot koHueHTpanuii UYK u BAIl. MakcumanbHOe KOJMYECTBO PEreHEPAHTOB
oTMeueHOo Ha nuTatenbHo# cpene ¢ UYK — 2,0 mr/m u BATI — 4 mr/in. Pe3ynbsTaTel MO3BOISIOT 3aKII0UMTh, uto Petchoa hybrid
Beautical Caramel Yellow moxeT 6bITh TEepCIIEKTUBHBIM 0OBEKTOM TS BOCIPOU3BOJICTBA B YCIOBHSX N Vitro.

1. Shaw, J.M.H. A new hybrid genus for Calibrachoa x Petunia (Solanaceae) / J.M.H. Shaw // Hanburyana. - 2007. - Vol. 2.
- P.50-51.
2. Jedrzejuka, A. Characterization of interspecific hybrids of Petunia and Calibrachoa by multiplex PCR, DNA content, and
chromosome number / A. Jedrzejuka, L. Meyerb, M. Serek // J. Hortic. Sci. Biotech. — 2017. — Vol. 92, - No.5. — P. 493-501.
3. Colombo, N. A novel source of cytoplasmic male sterility in Calibrachoa pubescens / N.Colombo, A.Coviella, J. C
Hagiwara // Revista Brasileira de Horticultura Ornamental. 2017. - Vol. 23. - No. 3. - P. 311-318.
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Characteristics of epiphytic microorganisms of wheat plants antagonists of phytopathogenic fungi
Aldosari M.D., Ksenofontova O.Y.
Saratov national research state University named after N. G. Chernyshevsky, Saratov, Russia
E-mail: ksenofontova64@mail.ru

Key message. Epiphytic microbiological complex of the surface of spring wheat plants of the Saratov 70 variety was studied.
Among of the selected epiphyte cultures, strains of fungicide producers were screened for the genera Alternaria, Aspergillus
and Fusarium.

Keywords: Epiphytic microorganisms, antagonists, phytopathogenic fungi, Bacillus, Alternaria, Aspergillus, Fusarium

Epiphytic microflora of plants plays an important role in the life of plants, namely, it provides protection of plants from
pathogens [1]. In nowaday, the damage to agricultural plants by phytopathogenic microorganisms is estimated at 12%. It was
found that the most of the plant pathogens are fungi [2]. Chemical protection of plants from phytopathogens still occupies a
leading place in the arsenal of control measures. However, it is not environmentally safe and must be combined with
biological means of protection. The use of various biological preparations for the control of phytopathogens is one of the
promising methods of biological protection of plants from mycoses [3]. As biological control measures against
phytopathogenic fungi, the most practical interest is represented by antagonistic microorganisms, the search for which is
advisable to conduct among the microbial population of plants.

All of the above has determined the purpose of our research to study the antagonistic activity of wheat plant phylloplan
microorganisms in relation to phytopathogenic fungi. Our experiments were aimed at studying the epiphytic microbiological
complex of the surface of spring wheat plants of the Saratov 70 variety. The composition of epiphytic microflora was studied
at various stages of plant development: germination, tillering, earing and maturation. Among the selected epiphyte cultures,
strains of fungicide producers were screened for the genera Alternaria, Aspergillus and Fusarium.

Methods. For the work, a pilot site was selected in the fields of the research in Agricultural Research Institute of South-East
Region in Saratov, where all the studied plants were kept in identical conditions. Sampling for the study of microoragnisms of
phylloplanes was carried out by the method of imprinting the upper and lower leaf blade. For research, 30 plants were selected
at a certain stage of development. Cultivation of microorganisms was carried out at 28+2°C for 2-5 days on a potato medium
and potato-dextrose agar. Isolated cultures of bacteria and fungi were identified using standard methods. The antagonism was
determined using agar blocks on potato-dextrose agar.

Results. The analysis of the obtained results allowed us to establish that the most common bacteria were microorganisms of
the genera Bacillus, Paenibacillus, Lactobacillus, Kurthia, Arthrobacter, Rhodococcus, Sarcina, Pseudomonas, Pantoae,
Erwinia, Escherichia. The dependence of the number of microorganisms of the phase of wheat development was revealed.
The largest number of epiphytic bacteria were isolated during the tillering and stemming phases. The most effective producers
of fungicidal substances among epiphytes were bacteria of the genus Bacillus, which intensively suppressed the growth of
fungi of the genera Alternaria and Aspergillus.

1. Selikhova A. A. Epiphytic microflora of plants as a specific factor of plant immunity. // Young scientist, 2019. No. 51
(289). P. 280-282.

2. Sanin S. S., Ibragimov, T. Z., Strizhekozin Y. A. Method of calculation of losses of the wheat crop from diseases
/[Protection and quarantine of plants. 2018 (1). P. 11-15.

3. Azizbekyan R. R. Biological preparations for the protection of agricultural plants / / Biotechnology. 2018. 34 (5). P. 37—
47.
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Recombinant Bacillus subtilis strain deficient in production of surfactin loses ability to induce resistance
of wheat plants against aphid Schizaphis graminum (Rond.)
Alekseev V.Yu., Veselova S.V., Blagova D.K., Sarvarova E.R., Burkhanova G.F., Rumyantsev S.D.,
Kasimova A.R., Maksimov 1.V.
Institute of Biochemistry and Genetics, Ufa Federal Research Center of the Russian Academy of Sciences, Ufa, Russia
E-mail: valentin-1994@yandex.ru

Key message. An important role of surfactin synthesis by endophytic bacteria in protecting wheat against cereal aphids has
been shown to manifest itself in a direct insecticidal effect and an indirect effect through the induction of systemic resistance
in plants.

Keywords: Bacillus subtilis 26D, surfactin, Schizaphis graminum, insecticidal activity, induced systemic resistance

The application of biological agents based on bacteria of the genus Bacillus is an effective way to increase the resistance of
crops to aphids. Many members of the genus Bacillus can effectively inhibit the development of pests on plants due to various
mechanisms, including the synthesis of peptide antibiotic substances — lipopeptides, which are involved in the relationship of
bacteria with plants, phytopathogens, and pests. The aim of the research was to study the role of surfactin in protecting plants
from cereal aphids. We used the bacterial strain Bacillus subtilis 26D, synthesizing surfactin and the recombinant line B.
subtilis 26Dsfp-, deficient in surfactin synthesis with knockout of the gene for surfactin synthetase (sfp). We used methods for
assessing pest survival and plant response to insect damage, real-time PCR, spectrophotometric methods for determining the
concentration of reactive oxygen species (ROS) and the activity of pro / antioxidant enzymes. Unlike B. subtilis 26D, the
recombinant line of B. subtilis 26Dsfp™ did not directly insecticidal effect on the greenbug aphid S. graminum. In addition, B.
subtilis 26D indirectly influenced the mortality of greenbug aphid fed on wheat plants treated with this strain. This strain
increased pest mortality by a factor of three compared to untreated plants. Treatment of plants with the recombinant line B.
subtilis 26Dsfp- did not affect mortality of greenbug aphids. With indirect (through the plant) effect on greenbug aphid B.
subtilis 26D strain synthesizing surfactin increased the tolerance of wheat plants, and also induced systemic resistance, which
was manifested in the accumulation of ROS, increased peroxidase activity and the accumulation of genes transcripts encoding
protective proteins are markers of systemic resistance (PR-1, PR-2, PR-3, PR-6, PR-9 - pathogenesis-related protein).
Treatment of plants with the recombinant line B. subtilis 26Dsfp” did not increase the tolerance of plants and did not lead to
the induction of systemic resistance, which was appeared in a decrease in the content of ROS and the absence of accumulation
of transcripts of genes encoding protective proteins.

This work was supported by State Project no. 0246-2018-0035 and the RFBR project no. 17-29-08014.

PexomounanTubiii mramm Bacillus subtilis nedpunmuHblii o npoaykuuu cyppakruHa TepsieT CHOCOOHOCTD
HHAYIHMPOBATH YCTOHYMBOCTb PACTEHHIl MIIEHUIBI K 3J1aK0Boii Tie Schizaphis graminum (Rond.)
Anexceeg B.IO., Becenosa C.B., brazosa /].K., Capsaposa E.P., Bypxanosa I'.®., Pymanyes C. /1.,
Kacumosa A.P., Maxcumos U.B.

Wucrutyt ouoxumun u renerrnkd ®IBHY Vdumckoro denepanbroro uccnenosarensckoro nenrpa PAH, Ya, Poccust

Annomayus. Ioxaszana easicnas ponv cunmesa 3HOOGumublMU baxmepusimu cyphaKmuna 6 3aujume NUEHUYbl OM 31AK0GOT
My, NPOs6IAGUIAACS 8 NPSIMOM UHCEKMUYUOHOM 3Pgexme u onocpedosanHom spgexkme uepes UHOYKYUIO CUCMEMHOU
YCMOUYU80CMU 8 pacmeHUsX.

Kniouesvie cnosa: Bacillus subtilis 26/, cypgpaxmun, Schizaphis graminum, wuncekmuyuonocms, cucmemnas
UHOYYUPOBAHHAS YCIMOUUUBOCTIb

Db deKTHBHEIM €HOCOO0M TMOBBINICHHS YCTOHYMBOCTH 3€PHOBBIX KyJNbTYp K TISM SBIACTCS IPUMEHEHHE OHMOIOTHYECKHX
npenapaToB Ha OCHOBe Oaktepuii poxa Bacillus. Muorue npencrasurenn poxa Bacillus moryt addexrurHo caepxuars pasBuTHe
BpeAUTeNel Ha PacTeHHAX 3a CYET PA3IMYHBIX MEXaHH3MOB, B TOM YHCIIE 33 CYET CHHTE3a aHTHOMOTHYECKUX BEIIECTB IETTHIHON
HPHUPOJBI — JIUIOICTITHAOB, BOBJICKAIOIIMXCS BO B3aWMOOTHOIICHUS OaKTEpHi ¢ pacTeHUSIMH, (GUTONATOreHAMH M HACEKOMBIMH-
BpexutemsiMi. Llens paboTHl cocTosIa B M3YYEHMH POIM cypdakTWHA B 3allUTe PACTCHHH OT 37TaKOBBIX Tieil. B pabore Obum
ucIons30BaHbl OakTepuaneHbiid wramm Bacillus subtilis 261, cuaresupyrommii cypdaxktiun u pekomOunantHas nunust B. subtilis
26/1sfp", nedunurHas o cunTesy cypdakTHHa ¢ [OJABICHHON aKTUBHOCTBIO SKCHIpeccHHt reHa cypdakruacunrerassl (Sfp). B pabore
HCIIONB30BaHBl METO/IbI OLCHKH BBDKMBAaGMOCTH BpPEIUTENsI M OTBETA PACTCHHs Ha MOBpexkJIeHHe HacekoMmbiMu, IIIP B pexume
pearbHOTO BPEMEHH, CIIEKTPO(QOTOMETpHUYECKHE METOIBI ONpEAeNCHNs KOHIEHTPAlMH akKTUBHBIX (opMm kucrmopoga (ADK) n
AKTHBHOCTH IPO-/aHTHOKUCAAHTHBIX (epmenToB. B ommmume ot B. subtilis 26/1, pexombunanTras nunus B. subtilis 26/Isfp™ ne
OKasblBasia MPIMOro HHCEKTHIMIHOTO dddekra Ha 3makoByto Tir0 S. graminum. Kpome Toro, B. subtilis 261 orocpeoBaHHO BIUsLI
Ha CMEPTHOCTb 3J1aKOBOH TJIM, KOPMHBILECHCS HA 00pabOTaHHBIX JAAQHHBIM [ITAMMOM PACTCHHUSX MIICHHUIBI, YBEINYNUBAs CMEPTHOCTh
BPEAUTEISI B TPH pa3a [0 CPAaBHEHUIO ¢ HeoOpaboTaHHbIME pacTeHusiMi. OOpaboTka pacTenuii pekomOuHanTHON nuHEeH B. subtilis
26]1sfp” He BAMsIA HA CMEPTHOCTH 37aKOBO# TiH. IIpu omocpeqoBaHHOM Yepe3 pacTeHue Bo3aeicTBuu mramm B. subtilis 26/
CHHTE3UpPYIONHil cyp(akTHH MOBBIIA BEIHOCIHBOCT PACTECHHMIT MIICHUIB, a TaKKe WHAYINPOBA CHCTEMHYIO yCTOHIHBOCTD, YTO
nposiisiocs B HakoruieHnn A®DK, MOBBIICHHHM aKTHMBHOCTH IEPOKCHIAa3 M HAKOIUICHHH TPAHCKPHITOB T'CHOB, KOJUPYIOLIHUX
3alquTHBIC OENKK Mapkepsl cucTeMHol ycroitumBocti (PR-1, PR-2, PR-3, PR-6, PR-9). O6paboTka pacTeHnii peKOMOWHAHTHOM
nuHuei B. subtilis 26/1sfp” He moBbImIaNa BEIHOCIHBOCTh PACTCHUH M HE NMPUBOAMIA K MHAYKIHH CHCTEMHOI yCTOHYHMBOCTH, YTO
HPOSBILIIOCE B CHIDKEHUH coepxanus ADK 1 0TCYyTCTBHM HAKOIUICHUS TPAHCKPHUIITOB T'€HOB, KOAUPYIONIHNX 3alIUTHBIE OCIKH.
Pabora BeImonHeHa B paMkax roczananus Ne 0246-2018-0035 u npu ¢punancosoit nognepskke PODU Ne 17-29-08014.
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Growth-promoting activity of endophytic bacteria of the genus Bacillus
Alekseev V.Yu., Veselova S.V., Sarvarova E.R., Maksimov L.V.
Institute of Biochemistry and Genetics, Ufa Federal Research Center of the Russian Academy of Sciences, Ufa, Russia
E-mail: valentin-1994@yandex.ru

Key message. Growth-promoting concentrations of the genus Bacillus new isolates and mixtures of endophytic strains of
Bacillus subtilis were selected. Isolates B. subtilis StI7 and Ttl2 are promising for the creation of biocontrol agents.
Keywords: Bacillus subtilis, plant growth promoting bacteria, biocontrol agents

Recently, the increasing attention of scientists has been focused on biocontrol agents based on plant growth promoting
bacteria (PGPB). Endophytic bacteria that live mutualistically in plant tissues are particularly interesting. To establish the
effectiveness of a future biocontrol agents based on PGPB in laboratory conditions, a method is used to determine intergrowth
energy, seed germination and increment of raw and dry biomass using higher plants as a test object (GOST 12038-84). The
aim of the work was to select growth- promoting concentrations of the genus Bacillus new isolates and mixtures of endophytic
strains of Bacillus subtilis. Two strains (B. subtilis 26D, B. subtilis 11VM) and 2 isolates (B. subtilis StI7 and Ttl2) were
selected for experiments. The B. subtilis Stl7 isolate was isolated from the internal tissues of potato leaves. B. subtilis Ttl2
isolate was isolated from the internal leaf tissues of wild wheat Triticum timopheevii Zhuk. Growth-promoting activity of
endophytic bacteria was tested on seeds of soft spring wheat T. aestivum L. of two varieties - Ekada 113, Salavat Yulaev. In
our work, growth-stimulating concentrations of bacterial suspensions were selected: 2 pl per 1G of seeds for B. subtilis 26D
and 1 pl per 1G of seeds for B. subtilis 11VVM, B. subtilis Stl7, B. subtilis Ttl2. Ratio with a growth-promoting effect for the
mixture of strains B. subtilis 26D and B. subtilis 11VM (26D+11VM) was selected. The treatment of seeds with bacterial
suspensions increased germination by approximately 8.5 - 23% of the control level; the strain B. subtilis 26D had the greatest
effect. At the same time, a mixture of 26D+11VM strains increased seed germination by 14%. The increment of raw and dry
biomass of seedlings when treated with bacteria increased by 18-27% of the control level, the greatest effect was exerted by
the B. subtilis TtI2 isolate. At the same time, treatment with a mixture of 26D+11VM strains increased the raw and dry weight
of seedlings by 18 and 23%, respectively. Thus, B. subtilis StI7 and Ttl2 isolates and a mixture of 26D+11BM strains are
promising prototypes for creating effective biocontrol agents.

The work was supported by RFBR no. 17-29-08014.

PocT-cTumyJiMpyomas akTHBHOCTB SHA0(UTHBIX OakTepuii poxa Bacillus
Anexceeg B.IO., Becenosa C.B., Capeaposa E.P., Maxcumos U.B.
Wucturyt 6noxumrn u reHetukd ®TBHY Y pumckoro dpenepanbHoro uccinenoparensekoro nearpa PAH, Ya, Poccus

Annomauyus. Ilpousseden noobop pocm-cmumyaupyrowux KOHYeHmpayuii Hogvlx usoasmos pooa Bacillus u snoogummvix
wmammos Bacillus subtilis u ux cmeceii. Ioxaszana nepcnexmusnocms uzonsmos B. subtilis StI7 u T2 ons cozoanus
buonpenapamos.

Knroueswie cnosa: Bacillus subtilis, cmumynupyrowue pocm pacmenuii 6axmepuu, 6uonpenapamot

B nocnennee Bpemst Bce Oosbliiee BHUIMaHNE YUSHBIX MPUKOBAHO K CO3[aHUI0 OMOMNPENaparoB, OCHOBY KOTOPBIX COCTABIISIOT
cTuMynupyromme poct pacrteHuid  Oakrepun (CPPB) oOmamaromme CBOMCTBOM —SHAO(PHUTHOCTH, T.€. CHOCOOHBIE
MYTYaIUCTUYECKH XHUTh BHYTPHM PAcTUTENbHBIX TKaHeH. [l ycraHoBieHus 3¢ deKkTuBHOCTH Oynymiero Ouompenapara Ha
ocHoBe CPPB B 11a00opaTopHBIX YCIOBHSAX HCIIOIB3YIOT METOAMKY OIPEAEICHHS SHEPIHH IPOPACTAHMS, BCXOXKECTH CEMSH U
MPUPOCTa CHIPOH M CyXO# OMOMAcChl C UCIOJB30BAaHUEM B KayecTBe TecT-00bekTa Bhicuminx pactenuit (TOCT 12038-84).
Llenp paboThl cOCTOsIa B MOAOOpPE POCT-CTUMYJHMPYIOLIMX KOHLEHTpalMid HOBBIX M30ysATOB poxa Bacillus m m3BecTHBIX
supoduTHEIX mTammoB Bacillus subtilis u ux cmeceit. lis sxcnepumenToB Obir 0ToOpanst 2 mramma (B. subtilis 261, B.
subtilis 11BM) u 2 usonsrta (B. subtilis StI7 u Ttl2). U3omsr B. subtilis Stl7 61 Beizenen U3 BHYTpEHHUX TKaHEH JHUCTHEB
kaptodens. Mzomsar B. subtilis Ttl2 6sur BeieneH U3 BHYTpEeHHHX TKaHEH JIMCTHEB MUKOW MImeHHUIBI Triticum timopheevii
Zhuk. PocT-cTuMynupyromias akTHBHOCTh SHAO(DUTHBIX OaKTepHil MPOBEpsIach Ha CeMEHAaX MSTKOH SIPOBOM MIMEHHIBI T.
aestivum L. gByx coptoB — Okama 113, CamaBar lOnaes. B wameit pabote Obuti MOmOOpaHBl POCT-CTUMYITHPYIONIHE
KOHIIEHTpAIlMH OaKTepHaNbHBIX cycreH3ui: 2 Mk Ha It cemsin s B. subtilis 26J] u 1 mxn Ha 1r cemstn s B. subtilis
11BM, B. subtilis StI7, B. subtilis Ttl2. dus cmecu mrammos B. subtilis 26J] u B. subtilis 11BM (26/1+11BM) 6su10
oJI00paHO COOTHOIIEHHE C pocT-CTUMyiupyoumM 3¢dexktom. OOpaboTka ceMsH OaKTepHaIbHBIMH CYCIECH3MSIMHU
MOBBIIIATA BCXOXKECTh NPUMEPHO Ha 8.5 — 23% OT ypoBHS KOHTpOJIsI, HAaHOOIbIINK 3 dekT okazan mramm B. subtilis 26/1.
ITpn srom cmech mrammoB 26/I+11BM mnoBeimana BcxoxkecTs ceMssH Ha 14%. IlpupocTt cbipoii M cyxoil Onomacchl
IIPOPOCTKOB ITpu 00paboTKe OakTepusMH yBennuuBaics Ha 18 — 27% oT ypoBHS KOHTpoJIsi, HanOobInid 3dexT okazan
m3ost B. subtilis Ttl2. TIIpu atom o6paboTka cMmechto mramMmoB 26/1+11BM noBbimaia CHIPYIO U CYXYH Maccy IpOPOCTKOB
Ha 18 u 23%, coorBercTBeHHO. TakuM oGpasoM, u3oisatsl B. subtilis StI7 u Ttl2 u cmeck mrammo 26/1+11BM sBisitoTcst
MEePCIEKTHBHBIMU MMPOTOTHIIAMH JUIS CO3aHusl 3 PEKTUBHBIX OHONPEnapaToB.

Pabora BbInosiHeHa B pamkax PODU Ne 17-29-08014.
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Influence of Azospirillum lectins on a stress-dependent change in the content of low-molecular antioxidants in plants
Alen’kina S.A., Nikitina V.E.
Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia
E-mail: alenkina_s@ibppm.ru

Key message. It was shown that the lectins Azospirillum brasilense Sp7 (epiphyte) and Sp245 (endophyte) with different efficacy changed
the content of ascorbate and glutathione in the initial period of exposure to CuSOa, CoSOas, ZnSO4, Pb(CH3COO)2 on the wheat seedling
roots.

Keywords: rhizosphere, Azospirillum lectins, wheat roots, low-molecular-weight antioxidants, abiotic stresses

Azospirillum brasilense is a plant-growth-promoting bacterium. Azospirillum colonizes both root surface and inner tissue: A. brasilense
Sp245 was found in the root xylem, whereas A. brasilense Sp7 was found on the root surface. Endophytic bacteria are of particular interest,
because they can live mutualistically inside plant tissue. The surface lectins of A. brasilense Sp7 (epiphyte) and Sp245 (endophyte) can bind
specific carbohydrates, and they ensure the adhesion of the bacteria to the root surface.

We investigated possible effects of the Sp7 and Sp245 lectins on the content of low-molecular-weight antioxidants - ascorbate and
glutathione in roots of 4-day-old wheat seedlings. The roots were exposed to salts of heavy metals — CuSO4, CoSO4, ZnSO4, Pb(CH3COO)a.
Spectrophotometry was used to determine the content of ascorbate and glutathione in wheat seedling roots.

Combined effect of the lectins and the heavy metal salts also increased the root content of ascorbate and glutathione. With the Sp7 lectin, the
highest increase in the presence of CoSO4, ZnSOs, and CuSO4 was observed after 60 min of incubation; the effective lectin concentrations
were 20 ug ml-1 with CoSO4 Combined effect of the lectins and the heavy metal salts increased the root content of ascorbate and
glutathione. and ZnSO4 and 10 pg ml-1 with CuSO4. The highest effect, however, was obtained with Pb(CH3COO)2 and 10 pg ml? of the
Sp7 lectin; the incubation time was 30 min. The content of ascorbate increased by 150%, and that of glutathione increased by 200%. With
the Sp245 lectin, the picture was the same but in the presence of Pb(CH3COO)., the effect was maximal at 5 pg ml-1 of the Sp245 lectin
after 30 min of incubation. The content of ascorbate increased by 210%, and that of glutathione increased by 250%. With both lectins, the
direction of changes in the content of the antioxidants was the same in all cases; yet, the lectins had different levels of activity. These
differences may have been caused by the different structures and carbohydrate specificities of the lectins, resulting in differences in the
interaction with the plant cell surface, which are of deciding importance for the “switch on” of the subsequent stages.

The Azospirillum lectins are involved in adaptational changes in wheat seedling roots, and this involvement promotes the normal course of
metabolism and ensures regulation of the plant-Azospirillum interaction in a wider range of soil and climatic factors. The range of effects of
Azospirillum lectins on host plant metabolism is wider than previously thought. Together with the already existing evidence, our present
data permit correction of the current views about the mechanisms that govern associative plant—bacterium interactions.

YyacTue JIeKTHHOB a30CHUPH/LI B CTPecc-3aBHCHMOM H3MEHEHHUH KOJINYecTBA HU3KOMOJIEKYJISIPHbIX AHTHOKCHAAHTOB B PACTEHUSX
Anenvkuna C.A., Hukumuna B.E.
DenepanbHOE TOCYIapCTBEHHOE OIOKETHOE yUPEKIACHHE HAyKH
WuctutyT Onoxumun ¥ GU3MOIOTHN pacTeHUI 1 MUKpOOpraHu3MoB Poccuiickoii akanemun Hayk CapatoB, Poccust

Annomayus. Iloxaszano, ymo nexmunvt Azospirillum brasilense Sp7 (snugpum) u Sp245 (snoogpum) ¢ paznuunoii s¢hhexmuenocmoio
UBMEHANU coOepIcaHie ackopbama u 2iymamuona 6 Havaibholll nepuod éozoeticmeuss CuSOQa, CoSO4, ZnSO4, Pb(CH3COO)2 na kopru
nPOPOCMKO8 NUJeHUYb.

Knrouesuvie cnosa: puzocgepa, 1ekmumbl a30CNUPUILL, KOPHU NUEHUYbL, HUSKOMOLEKYISPHbLE AHMUOKCUOAHMbL, ADUOMUYECKUE CIPECChl

Azospirillum brasilense — aTo 6akrepun, crrocOOGCTBYIOIIIE POCTY PACTEHHU. A30CTUPUILTBI KOJOHU3UPYIOT KaK MOBEPXHOCTh KOPHSI, TAK U
BHyTpenHue Tkanu. [lItamm A. brasilense Sp245 6sut HalizieH B KCHieMe KOpHs, B Toxke Bpems mramM A. brasilense Sp7 6sut o6HapyskeH
Ha TIOBEPXHOCTH KOPHA. DHAOPHUTHBIE OAaKTEpHUH IMPEICTABISIIOT OCOOBII WHTEPEC, IMOCKOIBKY OHH CIOCOOHBI MYTYAJIMCTHYECKH KHUTh
BHYTPU pAacTHTENbHBIX TKaHed. IloBepxHocTHble sekTHHBI A. brasilense Sp7 (smupur) u Sp245 (3HAODHUT) MOTYT CBA3BIBATH
crerUUecKre yrIIeBOIbI U 00€CIeunBaTh aAre31I0 GaKTEepHii K MOBEPXHOCTH KOPHSI.

MbI nccenoBanu BO3MOXKHOE BIMSIHUE JIEKTMHOB SP7 U Sp245 Ha conepikaHWe HU3KOMOJIEKYJSIPHBIX aHTHOKCHIAHTOB - ackopbara u
IIIyTaTHOHa B KOPHSX 4-JHEBHBIX MPOPOCTKOB MIICHHIBI NPH BO3ACHCTBHU coyield Tspkenbsix MeTawioB - CuSO4, CoSO4, ZnSOs,
Pb(CHsCOO)2.

Jlns omnpeneneHus coAepKaHusl ackop0aTa M TIIyTaTHOHA B KOPHSX HMPOPOCTKOB MIIEHHIBI UCIONB30BAINCH CHEKTPOHOTOMETPHIECKUE
METOJBI.

CoBMeCTHOE JIeHCTBHE JIGKTHHOB M COJIEH TSDKEJBIX METAIOB YBEJIHYHJIO COZCpIKaHHE ackopOara M IyTaTHOHA B KOpHAX. B ciyuae
nekTrHa SP7 Haubomblee yBenuueHne Habmoaanock B mpucytctBun CoSOs, ZNSO4 u CuSO4 mocne 60 MuH uHKYyOanu. DhheKTHBHbIC
KOHIIEHTpalMu JeKTHHa cocTaBisuit 20 Mxr/mi - B citydae ¢ C0SO4 u ZnSO4 u 10 Mkr/mia — B ciydae ¢ CuSO4. Haubonbmmii sddexr,
oxHako, Obul moiyuer B Bapuante ¢ PH(CH3COO)2 u koHuentpaumu jiektuHa 10 MKr/Mi; BpeMs MHKyOaruu cocTaBisuio 30 MuH.
Coneprxanue ackop6ara yBeianumiocs Ha 150%, a rimyratuona - Ha 200%. C nexktrnHOM Sp245 kapTHHA ObLIa Takol ke, HO B IPUCYTCTBUU
Pb(CH3COO)2 a¢hdexr 6bL1 MaKCUMAIIBHBIM NPH KOHIEHTpaLUu JieKTHHAa 5 MKr/mia mocie 30 muH mHKyOanun. Conepxanue ackopbara
yBemmumnocs Ha 210%, a rayratnona — Ha 250%. C 000MMM JISKTHHAMH HaNpaBIICHHE M3MCEHEHHH COJIep)KaHUsI aHTHOKCHIAHTOB OBLIO
OJJMHAKOBBIM BO BCEX CIy4asX, TEM HE MEHee, JICKTHHBI IPOSBISIIA Pa3Hble YPOBHH aKTHBHOCTH. ODTH PA3IM4Usl MOTYT OBbITh BHI3BaHBI
Pa3INYHON CTPYKTYPOH M YIJIEBOJHON CIEHM(UYHOCTHIO JIEKTHHOB, YTO NMPUBOIUT K Pa3IHYMSAM BO B3aHMOJCHCTBHU C IIOBEPXHOCTHIO
PaCTHTENBHBIX KJIETOK, KOTOPbIE MMEIOT pelIalolee 3HAUCHHE TSl «BKIIIOUSHHUS TTOCIEAYIOUINX CTaIHi.

Pe3ynbraThl HacTosIIeil pabOThl CBUACTEIBCTBYIOT 00 y4acTHH JIEKTHHOB a30CIHPHILI B aIallTAIIMOHHBIX PEAKIMAX B KOPHSIX MPOPOCTKOB
HIICHHUIBI, YTO 00ECIeUYnBaeT HOPMAJIbHBIN X0/ METa0OIMYECKUX MPOIIECCOB U PEryJIIIUI0 B3aUMOJICHCTBHS PACTEHUIl C a30CHUPUILIAMH
1pH a0MOTHYECKHUX BO3JEUCTBUSIX. BaKHBIM SIBIISIETCS TO, YTO JISKTUHBI CIIOCOOHBI POSIBISATH POCTCTUMYIUPYIONIHI U 3alUTHBII 3 deKTsI
B HU3KHMX KOHIICHTPAIMAX, TO €CTh B JKOJOTHYECKH Ge3omacHbIX no3ax. Crektp BosneiicTBus jexkTuHOB AZOSpirillum na merabonmsm
pacTeHHMI-X035€B LIMpe, YeM IPEeAIoaraloch paHee. Bmecte ¢ yKe MMEIONIMMHCS JaHHBIMHM HAlld HBIHEUIHWE AaHHBIC MO3BOJISIOT
CKOPPEKTHPOBATH CYIIECTBYOIINE PEACTABICHHS O MEXaHU3MaX, KOTOPbIE YIPABISIOT aCCOLMATHBHBIMH B3aUMOJICHCTBUSAMU PACTECHHUIT 1
OakTepuit.
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Application of microbial preparations and plants of genus Vaccinium for peat-hag recovery
Aleschenkova Z.M.%, Rupasova Zh.A.?, Yakovlev A.P.?, Kartyzhova L.E.!, Antohina S.P.?
Ynstitute of Microbiology, NAS of Belarus, Minsk, Belarus; Central Botanic Gardens, NAS of Belarus, Minsk, Belarus
E-mail: aleschenkova@mbio.bas-net.by

Key message. The technology was originally developed for phytoremediation of exhausted peateries with cultures of genus
Vaccinium, like blueberry cultivars and microbial preparations PolyFunCur, MacLoR, AgroMyc, Bactopin.

Keywords: phytoremediation, peat-hag, microbial preparations

The areas abandoned after peat excavation are typically overgrown with bog-meadow vegetation or turn into marshland.
Currently elaboration of biotechnologies for peat-hag remediation has come to the foreground as top priority challenge.

Aim. Development of peat-hag phytorecultivation technology based on introduction of berry cultures of Vaccinium genus e.g.
blueberry varieties and microbial preparations.

Methods. Biofertilizer PolyFunCur was ploughed in the autumn soil across the total field area 1.3 ha to enrich the depleted
peat deposits with extra organic matter and beneficial microbiota and thereupon in spring 3000 blueberry seedlings were
planted. Microbial preparations (MacLoR, AgroMyc, Bactopin) were introduced twice per vegetation season (in May and
June).

2 ye;r application of microbial preparations in blueberry phytocenoses was found to promote alkalization of peat soil by 19%
over the control (with 10% MaCloR solution) and by 24% (50% MaCloR solution), build-up of ammonium nitrogen levels
from 44,3 mg/kg to 52,2 mg/kg soil, of phosphorus from 57,0 mg/kg to 117,2 mg/kg soil, of potassium from 134,5 mg/kg to
194,7 mg/kg soil with concomitant reduction of nitrate nitrogen concentration from 70,1% to 67,7%, biogenic potential of soil
to 3,1x10%* CFU/qg, restructuring of major ecological-trophical groups in peat-hag microbiocenoses, accumulation of microbial
biomass to 405 mgC/g soil. It was found that efficiency of microbial preparations exceeds the effect of mineral fertilizers by
1,1-3 times (concerning vegetating activity of blueberry seedlings), 10% MaCloR working solution ensured the highest yields
of vegetating blueberry cultivars Northcountry and Northblue. The onset of the sustained fruit-bearing period by 5 years of
blueberry growth was accompanied by the increased beneficial impact of microbial fertilizers on productivity of berry
plantations (harvest increment totaled 17-26%) and quality (nutritional and vitamin value) of the collected produce (solids
content rose by 5-21%, soluble sugars ratio by 4-20% and flavor/taste characteristics improved by 44-142% in comparison
with the control).

Hcnonb30BaHne MUKPOOHBIX MPENapaToB M pacTenuii poga Vaccinium aist pekyJabTHBAIIMHE BHIPA0OTAHHBIX TOP(PIHBIX
MeCTOPOKAeHUI
Anewenxoea 3.M.X, Pynacoea JK.A.%, Axoenes A.I1.2, Kapmwincosa JI.E.:, Aumoxuna C.I1.?
! Uncrutyt muxpobuonorun HAH Benapycu, Munck, Benapycs; 2 Llentpanbhbiit 6otanuueckuii cax HAH Benapycu, Munck,
Bbenapycn

Annomauusn. Bnepevie pazpabomana mexuonozus gumopemeduayuu 8bipabomanHblX MopGIHUKOE HA OCHOGE UCTONb308ANHUS
pacmenuii pooa VaccCinium wa npumepe copmogoti 2oaybuku u Mukpoouwvix npenapamos Ilonu®@ynKyp, MaxJloP, AepoMuk u
baxmonun.

Knroueswvie cnosa: ghumopemeouayus, 8blpabomanHvle mop@OaHuKy, MUKpoOHble npenapamol

AxryansHocTh. [locie mobGbpdm TOopda BEIpaOOTaHHBIE TOP(SHUKKA OOBIYHO 3apacTaloT OOJOTHO-TYTOBOW PacCTUTEIBHOCTBIO U
KyCTapHHKaMi WJIM TOJBEpPrarTcsi 3a0osiauMBaHUi0. Pa3paboTka TEXHOJIOTHI OMOJOrMYECKON pEeKyJbTHBALUU BbIPAOOTAHHBIX
TOPQSHBIX MECTOPOIKICHHH SBISETCS aKTyalbHOH 3aJadel B HACTOsIIIee BpeMsl.

Iens. PazpaboTka TexHONOrHMK (PUTOPEKYNHTHBAIIMM BHIPAOOTAHHBIX TOP(SHUKOB Ha OCHOBE MCIIOJIB30BAHMS ATOJHBIX PACTEHHUH
poxa Vaccinium Ha mpumepe cOpTOBOM rONyOHKH 1 MUKPOOHBIX ITPEIapaTosB.

Mertoapl. B moneBbix ycnoBusx Ha muomanu 1,3 ra oceHblo mpoBeaeHa 3amamika Ouoynodpenus I[lomu®yuKyp c wensio
oborarieHust BEIpabOTaHHOW TOP(SIHON 3aNeKH JOMOITHUTENFHBIM OPraHMYeCKUM BEIIECTBOM U TOJIE3HOH MUKpPO(IOpOH, BECHOM
nocaxkeHsl 3000 mTyk caxkeHLeB rodyouku. Buecenne mukpoOHbIx mpenaparoB (MaKnoP, ArpoMuk, bakTonuH) ocymecTBIsIn
JIBaYKJIBI 32 CE30H (B Mae W HIOHE).

Pe3ynbraTel. YCTaHOBIEHO, YTO NPUMEHEHHE MUKPOOHBIX IPENapaToB B (PUTOLEHO3€ rONyOUKH B TEUEHHE 2-X JIET CHOCOOCTBYET
MOJIEeTaYNBAaHAI0 TOP(SHOI 3aexu o cpaBHEHHIO ¢ KOHTpoieM Ha 19% (B coctase ¢ 10% p-pom MaKinoP) u Ha 24% (B cocraBe
¢ 50% p-pom MaKnoP); nonosHUTEIbHOMY HaKOIUICHHIO aMMHUA4YHOTO a30Ta oT 44,3 mr/kr 10 52,2 mr/kr noussl, pocdopa ot 57,0
Mr/kr g0 117,2mr/kr, kamus ot 134,5 mr/kr 1o 194,7Mr/Kr; CHIXKEHHUIO HUTPATHOTO a30Ta B mouse oT 67,7% 10 70,1%; yBenuueHuto
ouoresnocT mousskl g0 3,1x10° KOE/r mouBBI, TepecTpoiike OCHOBHEIX 9KOJOTO-TPOMHMUECKHX TPYIN B CTPYKType
MUKPOOOIIeHO3a TOP(SIHON 3aJIe)H; HAKOIUIEHHIO MHKPOOHOH 6romacchl 10 405Mkr C/T IOYBBIL

IMokazano, uTo 3P HeKTUBHOCTE MUKPOOHBIX IPENapaToB IPEBOCXOANT AeiiCTBIE MUHEPAIBHBIX yRoOpeHuii B 1,1-3 pasa (pa3Burue
BeretaTUBHON cdepsl pacteHuii ronybuku). Y coproB Northcountry u Northblue wauGonsinyro npuGaBKky ypoXailHOCTH B
BereTaTUBHOU cdepe, obecneunBano npumenenue 10%-Horo pabouero pactBopa MaKnoP. Ilpu BcTymneHMH pacTeHMH B
YCTOMYMBBIN MEPUOJ| MJIOAOHOMICHUS HA 5-M TO/AY pa3BUTHS TONYOMKH BBISBICHO YCHJICHHE TO3WTHBHOTO BIHMSHHS MHUKPOOHBIX
ymoOpeHnii Ha POAYKTHBHOCTH SITOJHBIX IUTaHTanuii (mpubaBka cocraBmwia 17-26%) u kadecTBO (NHMTATEIBHON M BHTAMHUHHOM
LIEHHOCTH) TOJIyYEeHHOHW MPOAYKIMH (HAKOIUICHHE CyXUX BeliecTB Ha 5-21%, oboramieHue pacTBOpUMbIME caxapamu Ha 4-20% u
YIJIydlIeHUE OPTaHOJENTHIECKUX CBOUCTB Ha 44-142% 110 CpaBHEHHUIO C KOHTPOJIEM).
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Auxin production and agronomic significance of halotolerant bacterial communities
associated with Suaeda fruticosa (L.)
Ali B.
Department of Microbiology and Molecular Genetics, University of the Punjab, Lahore, Pakistan
E-mail: basharat.ali.mmg@pu.edu.pk

Key message. Natural plant settings of saline habitats are a good source for the isolation of beneficial salt tolerant bacteria to
grow crops under saline conditions.

Keywords: bacterial auxin production; halotolerant bacteria; halophytes; plant growth promoting rhizobacteria; salinity
stress

Halotolerant bacterial strains associated with the rhizosphere and phytoplane of Suaeda fruticosa (L.) growing in saline
habitats were isolated to mitigate the salinity stress of Zea mays. 16S rRNA gene sequencing confirmed the presence of strains
that belong to Gracilibacillus, Staphylococcus, Virgibacillus, Salinicoccus, Bacillus, Zhihengliuella, Brevibacterium,
Oceanobacillus, Exiguobacterium, Pseudomonas, Arthrobacter and Halomonas genera. Strains were screened for auxin
production, 1-aminocyclopropane-1-carboxylate (ACC) deaminase and biofilm formation. Bacterial auxin production ranged
from 14 to 215 pg mll. Moreover, several bacterial isolates were also recorded positive for ACC-deaminase activity,
phosphate solubilization and biofilm formation. In pot trials, bacterial strains significantly mitigated the salinity stress of Z.
mays seedlings. For instance, at 200 and 400 mM NacCl, significant increase for shoot and root length (up to 1-fold) was
recorded with Staphylococcus jettensis F-11. At 200 mM, Zhihengliuella flava F-9 (45%) and Bacillus megaterium F-58
(42%) witnessed significant improvements for fresh weight. For dry weight, S. jettensis F-11 and S. arlettae F-71 recorded up
to three-fold increase at 200 mM, over respective control. Results of this study suggested that natural plant settings of saline
habitats are a good source for the isolation of beneficial salt tolerant bacteria to grow crops under saline conditions.
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Pathways of wheat drought stress tolerance improvement under the influence of endophytic bacteria Bacillus subtilis
Allagulova Ch.R., Avalbaev A.M., Lastochkina O.V.
Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Center
of the Russian Academy of Sciences, Ufa, Russia
E-mail: allagulova-chulpan@rambler.ru

Key message. Endophytic bacteria Bacillus subtilis, which belongs to plant growth promoting microorganisms, are
considered as an alternative to agrochemicals for increasing of wheat drought stress tolerance.
Keywords: PGPB, Bacillus subtilis, wheat, Triticum aestivum L., drought

Drought is one of the main factors that reduce plant growth and productivity. For yield improvement of different crops,
including wheat, traditionally used agrochemicals which pose a serious threat to humans and the environment. Application of
beneficial plant growth-promoting bacteria (PGPB) is bio-safe and eco-friendly alternative approach. The endophytic Bacillus
subtilis has a particular advantage due to they are able to colonize the internal host-plant tissues and influence on their
metabolism inside throughout ontogenesis, maintaining a protective potential in the post-harvest period. The positive effect of
B. subtilis is based on their ability to influence on the state of the plant hormonal system, assimilation of mineral nutrition
elements (nitrogen, phosphorus and potassium), to produce a wide range of biologically active compounds (biosurfactants,
siderophores, vitamins: folic acid, biotin, thiamine, nicotinic acid, B6, B12, etc.) and hormone-like substances. IAA-
synthesizing B. subtilis stimulated the formation and growth of roots in wheat plants, thereby enhancing the process of water
absorption and nutrients uptake in conditions of water stress was found. An important contribution to B. subtilis-induced
drought tolerance of wheat can be made through activation of antioxidant and osmoprotective defense systems, facilitating to
ROS neutralization and as well as preventing cell water losing and recovering their water supply, which enhance water-
holding capacity of wheat plant tissues and their drought tolerance in general.

This work was supported by RFBR (Ne 19-016-00035) and the President of the Russian Federation (Ne MK 643.2019.11).

ITyTn noBpIIeHUs YCTOWYMBOCTH PACTEHUH NMIIEHUIbI K 3acyXe IO/ BJIHSTHHEM
suoduTHbIX 6akTepuii Bacillus subtilis
Annaeynosa 4.P., Asanvbaes A.M., Jlacmouxuna O.B.
Wucturyt 6noxumun u reHerukn Y OUL] PAH, . Ya, Poccus

Annomayus. Paccmampusaiomes cmumynupyiowue pocm pacmenuti snoogumusie 6axmepuu Bacillus subtilis ¢ kauecmse
QAILMEPHAMUBLL AZPOXUMUKAMAM OJI5 NOBLIUEHUSL YCMOUYUBOCINU NULEHUYbL K 3ACYXe.
Knrouesvie cnosa:. PGPB, Bacillus subtilis, nuenuya, Triticum aestivum L., 3acyxa

OmHUM W3 OCHOBHBIX (DAaKTOPOB, CHIKAIOMIMX POCT M TPOAYKTHBHOCTH PACTEHHH, SIBISETCA 3acyxa. TpamuilHOHHO st
MOBBIIICHUST YPOKAWHOCTH 3€PHOBBIX KYJIBTYP, B YACTHOCTH IIICHHIIBI, UCIIONB3YIOTCS arpOXUMHUKATHI, TPEICTABISIONINE
CEephE3HYIO YIPO3y VIS YeTIOBEeKa M OKPYKaromIeil cpe/ibl. ANbTEPHATHBHBIM HHCTPYMEHTOM SIBIISICTCS] TPUMEHEHHE TTOJIC3HBIX
pocT-ctumynupytonx Oakrepuit (PGPB - plant growth-promotung bacteria). OcoObiM mpenmyIiecTBOM 00JaIAI0T
supoputhsie Bacillus subtilis, criocoOHble KOMOHM3UPOBATh TKAHU PACTEHHN-XO035I€B U U3HYTPH BIMATH HA X METa0OJIHM3M B
TEYeHHWE BCEr0 OHTOrEHe3a, COXpaHss 3allUTHBIH MOTEHIWAT B NOCIeyOOpOYHBIA mepuox. B ocHOBe peanu3anuu
HOJIOXKHTEIBHOTO JeicTBus B. subtilis iexut nx cnocoGHOCTh OKa3bpIBaTh BIHMSHHE HAa COCTOSHHE TOPMOHAJIBHON CHCTEMBI
pacTeHHi, YCBOCHHE 3JICMEHTOB MHHEPAILHOrO MUTaHms (a3ota, docdopa M Kamus), NPOAYyLHUPOBATH IIHUPOKUHA CIEKTp
OHMOJIOTHYECKU aKTUBHBIX coequHeHuil (0nocypdakranToB, cuaepohopoB, BATAMUHOB: (oHeBas KUCIOTa, OMOTHH, THAMHH,
HUKOTHHOBasi kuciora, B6, B12 u MH.Ap.) M BemecTB ¢ TrOpMOHalbHOI akTHBHOCThIO. OOHapyxkeHo, yro MVYK-
cunresupyromue B. subtilis crumynupoBann npomecchl 00pa3oBaHMs W POCTa KOPHEH MIIEHMIB, YCHIIUBAsS TEM CaMBIM
MpOIeCC TOTJIONIEHHS BOABI M IMHTATEIbHBIX BEIISCTB B YCIOBHAX BOJHOTO cTpecca. Baxwbiii Bkmax B B. subtilis-
HHJYIIMPOBAHHOE PAa3BHTHE 3aCyXOYCTOWYMBOCTH MIICHUIBI MOXXET BHOCHTH AKTHBAIUS CHCTEM AaHTHOKCHIAHTHON W
OCMOTIPOTEKTOPHOH 3aIUTHI, CIOCOOCTBYOMUX HelTpanm3anun ADK, a Takke NpeIoTBpAIEHUIO MOTEPH KJIETKaMU BOJIBI U
BOCCTAHOBJICHHIO MX BOJOCHA0)XEHHUS, YTO OTPAXKASTCs B IOBBILICHHN BOJOYICPKHUBAIOIIECH COCOOHOCTH TKaHEHW pacTeHUH
MIISHHULBI U UX 3aCYXOYCTOHYMBOCTH B LIETIOM.

Pa6ota nonnepxkana rpantamu POOU (Ne 19-016-00035) u [pesunenra PO (Ne MK-643.2019.11).
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Detection of bacteria in water by an acoustic slot-mode sensor
Alsowaidi A.K.M.%, Guliy O0.1.2, Zaitsev B.D.3, Karavaeva 0.4.2, Khomyakova A.A.}, Shavishvili 1.Z.1, Ksenofontova O.Yu.!, Borodina I.A.°
1Chernyshevsky National Research State University, Saratov, Russia; 2Institute of Biochemistry and Physiology of Plants and
Microorganisms, Russian Academy of Sciences, Saratov, Russia; *Kotelnikov Institute of Radio Engineering and Electronics, Russian
Academy of Sciences, Saratov, Russia
E-mail: alialsoweide@gmail.com

Key message. A method has been developed for the determination of amoxicillin in an aqueous medium using an acoustic sensor system and
bacteria sensitive to a defined antibiotic. The analysis time is 15 minutes.

Keywords: acoustic sensor, microbial cells, amoxicillin, determination

Relevance. Antibiotics are used in medicine, veterinary medicine, the food industry for canning, for processing food products during their
transportation. In this regard, the development of methods for the determination of antibiotics in water, food, wastewater of pharmaceutical
enterprises and other facilities is relevant. Goal. Development of a method for determining antibiotics in aqueous solutions using a non-
contact acoustic sensor. Methods. We used a sensor based on a structure consisting of two piezoelectric plates of lithium niobate with a gap
between them. Interdigital transducers were applied on one side of the plate to excite and receive an acoustic wave with shear horizontal
polarization. A liquid container was placed on the opposite side of the plate with some clearance, the base of which was made of a lithium
niobate plate Z — X + 30° cut with a thickness of 500 um. The gap between the bottom of the container and the surface of the piezoelectric
plate was provided using strips of aluminum foil 16 pum thick. The velocity of an acoustic wave propagating in such a structure changes with
a change in the conductivity of the liquid in the container. A change in the wave velocity leads to a change in the output parameters of the
sensor (peaks of resonance absorption in the frequency dependence of the insertion loss of the acoustic delay line). Using the sensor, we
studied the effect of different concentrations of amoxicillin on microbial cells sensitive to the antibiotic directly in the liquid phase. To do
this, the sensor was connected to the S-parameters meter E5071C (Agilent, USA) in the mode of measuring the frequency dependence of the
insertion loss of the output signal of the device. Results. The effect of amoxicillin on microbial cells was studied using the probe under
study. It was established that the effect of amoxicillin (from 4 to 50 pg / ml) leads to a change in the depth of the resonance peaks. A method
has been developed for determining amoxicillin based on a non-contact acoustic sensor with a minimum detecting antibiotic concentration
of 4 pug / ml with an analysis time of 15 minutes. The method is based on recording changes in the depth and frequency of the resonance
absorption peaks on the output signal of the sensor before and after exposure of the antibiotic to microbial cells sensitive to the studied
antibiotic. Control experiments were carried out to assess the effect of the antibiotic on microbial cells using an acoustic biological sensor
and seeding cells on solid nutrient media after exposure to antibiotics. A distinctive feature of the sensor used is the presence of a removable
liquid cell, which makes it possible to reuse it and facilitates the process of cleaning the cell from the sample, which is an important
condition when working with microorganisms. The developed method allows the analysis of amoxicillin in aqueous solutions of water in a
short time.

This work was partially supported by the RFBR grant No. 19-07-00300 and 19-07-00304.

MukpoOHasi ceHCOpHAasi cUCTeMa /IS onpe/esIeHUs] AMOKCUIIMJLJINHA
Ancossitau A.KM.1, Tynuit O.11.2, 3aiiues 5.J1.%, Kapasaepa O.A .2, Xomsxosa A.A L [asumbsuu 1.3.1,
KcenoponTona O.10.1, Boponuna U.A.2
!CaparoBckuii HAMOHANBHBII HCCIIEI0BATENILCKUI FOCY 1apCTBeHHbIN yHuBepeuTeT uM. H.I'. Yepnbnnesckoro, Caparos; 2HCTHTYT
OGuOXUMMH M (PHU3HMOJNIOTHH pacTeHHUi 1 MUKpoopranu3mos PAH, Capatos; SMIHCTUTYT paJHOTEXHUKHU M SJIEKTPOHUKH UM B.A.
Kotensaukosa PAH, CapatoBckuii ¢pumman, Capato

Annomayusn. Paspaboman cnocob onpeoenenus aMOKCUYUIIUHA 8 B0OHOU cpede C NOMOWbIO AKYCMUYECKOU CEeHCOPHOU CUCmeMbl U
baxkmepuil, 4y8CmMeUmelbHbIX K OnpeoesisieMomy anmubuomuxy. Bpems ananuza cocmasnsem 15 mum.

Knrouesvie crosa. Axycmuueckuii 0amuux, MUuKpobHbie KIemKu, aMOKCUYULIUH, ONpedeleHue

AKTyanbHOCTh. AHTHOMOTHKH TMPUMEHSIOTCS B MEIUIIMHE, BETCPUHAPUH, MHIICBOM MPOMBINUICHHOCTH MPH KOHCEPBUPOBAHUU, IS
00pabOTKH MHUINEBBIX TPOAYKTOB M TPH HX TPAHCIOPTHPOBKE. B CBS3M € 3THM aKTyaJbHBIM SIBIISIETCS pa3paboTKa METOMOB s
oTpeeNieHns] aHTUOMOTHKOB B BOZE, MPOIYKTaX MUTAHHSA, CTOYHBIX BOJAaX (hapMaleBTUUECKHX MPEANPUATHA U IPYrHX oObekTax. Llems.
PazBuTHE MeTOma ompeneneHHs aHTHOMOTHKOB B BOJHBIX PacTBOpax ¢ MOMOMIBIO OECKOHTAKTHOTO aKyCTHUECKOTO Aardnka. Mertoznspl. B
paboTe MCIIONIB30BaIH TAaTYNK, OCHOBAHHBIN Ha CTPYKTYpPE U3 JBYX IbE303IEKTPUICCKUX TUIACTHH HHOOATa JIUTHS C 3a30pOM MEKTy HUMH.
Ha o1iHO#i U3 CTOPOH IJIaCTHHBI OBUTH HAHECEHBI BCTPEYHO-IITHIPEBEIE TpeoOpa3oBaTey Juisl BO30YKICHUS U IPHEMa aKyCTHYECKOW BOJTHBI
C TIONePeYHO-TOPU3OHTAIBHOI mossipu3arueil. Ha mpoTHBOIONIOKHON CTOPOHE IIIACTHHBI C HEKOTOPBIM 3a30pOM HOMEIIAJICS JKHIKOCTHBIH
KOHTEHHEp, OCHOBAHNE KOTOPOTO OBLIO BBHIMOJIHEHO U3 TUIACTHHBI HHOOaTa utus Z—X+30° cpesa tonmuaoi 500 MkM. 3a30p MeXIy THOM
KOHTEWHepa U MOBEPXHOCTHIO ITbE30TUIACTHHEI 00ECIIeUMBAIICS C TIOMOIIBIO MOJOCOK AIFOMUHNEBOH (onbru TonumHol 16 MkM. CkopocTh
aKyCTHYECKON BOIHBI, PACIIPOCTPAHSIIONIEHCS B TAKOW CTPYKTYpe, U3MEHSIETCS] IPH U3MEHEHHUH MTPOBOJMMOCTH KHUIKOCTH, HAXOISIICHCS B
KoHTeiHepe. MI3MeHeHne CKOPOCTH BOJHBI TPUBOIUT K N3MEHEHHIO BHIXOTHBIX TApAMETPOB JaT4yrKa (IIMKOB PE30HAHCHOTO TOTJIOMICHHS Ha
YaCTOTHOH 3aBHCHMOCTH TIOJTHBIX MTOTEPh aKyCTHUECKOW JIMHUM 3aJep>KKh). [Ipu moMomu maTdrka MCCIeIoBaIOCh BO3AEHCTBHE Pa3HBIX
KOHIICHTpaNui aMOKCHIMIDIHHA Ha MUKPOOHBIE KJIETKH, YyBCTBUTENBHBIE K aHTHOMOTHKY HETOCPEICTBEHHO B *XHAKOU (aze. s aToro
JATYMK MOJKITIoYancs K m3Mepurenio S—mapamerpoB E5071C («Agilenty, CIITA) B pexume H3MepeHUsI YaCTOTHON 3aBUCHMOCTH MOJIHBIX
MOTEPL BBIXOAHOT'O CHI'HaIa yCTpOI\/'lCTBa. PeSyJ’leaTbI. I/ICC.]'le)IOBaHO BJIMSIHUC AMOKCHIIMJIJIMHA Ha MI/IKpO6HbIe KJICTKH C IIOMOIIBIO
UCCIIelyeMOro JaTuuKa. YCTaHOBJICHO, YTO BO3JCHCTBHE aMOKcHImLIMHAa (0T 4 1o S50 MKI/MII) NPHUBOIUT K W3MEHEHHIO TyOWHBI
pe30HAaHCHBIX NHKOB. PaspaboTaH cmoco® ompeneseHHs aMOKCHLIM/UIMHA Ha OCHOBE OECKOHTaKTHOTO aKyCTHYECKOTro MAaTdhKa IpH
MHHAMAJIBHON ONpEeAesIoniel KOHIICHTPAIlMd aHTHONOTHKA 4MKI/MJT TIpH BpeMeHH aHaimm3a 15 muH. CrocoO OCHOBaH Ha PErHCTPAId
M3MEHEHUH ITyOUHBI M YaCTOTHI TUKOB PE30HAHCHOTO MOTJIONICHHUS Ha BRIXOJHOM CHUTHAJIE IaTYMKa JIO | [OCJe BO3ICHCTBUS aHTHOMOTHKA
Ha MHUKPOOHBIC KIIETKH, YyBCTBUTEIBHBIE K HCCIEIYyeMOMY aHTHOMOTHKY. [IpoBemeHBI KOHTpPOJBHBIC JKCIIEPHMEHTHI MO OLECHKE
BO3ICHCTBUS aHTUOMOTHKA HAa MHKPOOHBIE KIETKH C MOMOIIBIO aKyCTHYECKOTO OMOJOTMYECKOTO NaTYMKa W BHICEBA KJIETOK HA IUIOTHBIE
MMUTATENBHBIE CPEIbl TOCIe BO3JCHCTBHA HAa HUX AHTHOMOTHKOB. OTIMYUTENEHOW OCOOCHHOCTBIO HCIOJNB3YEMOTO IATYMKa SBISETCS
HaJIN4YUue C”beMHOI\/'l )KH}I](OCTHOﬁ ﬂ'-lefll(ld, 4YTO HAa€T BO3MOKHOCTb €€ MHOT'OKPATHOI'O UCIIOJIb30BaHUA U OGHGaneT IpouecCc OYMCTKHU ﬂ‘{eﬁKH
oT o0pasia, 4To SIBISIETCS BAXHBIM YCJIOBHEM INPH paboTe ¢ MUKpOOpraHu3Mamu. Pa3paOoTaHHBIH METO]| MO3BOJISET MIPOBOIUTH aHAIM3
AaMOKCHIWJJIMHA B BOAHBIX pacTBOpPax BOAbI B KPATKHUE CPOKH.

PaborTa BBINMOJHEHA IPH YaCTHYHON GrHAHCOBOH moaaep:kke rpanta PODU NeNe 19-07-00300 u 19-07-00304.

23



Q9

®.@: 2 International Conference “Plants and Microbes: the Future of Biotechnology’, Saratov, October 5-9, 2020

ol

Study of the population dynamics of endophytic bacteria introduced into winter wheat
Ananyeva I.N., Aleschenkova Z.M., Rybaltovskaya P.V., Chindareva M.A.
Institute of Microbiology, NAS of Belarus, Minsk, Republic of Belarus
E-mail: ananeva@mbio.bas-net.by

Key message. High efficiency of introducing endophytic microbiota was demonstrated upon application of nitrogen-fixing and
phosphate-mobilizing bacteria for pre-sowing treatment of winter wheat seeds.
Keywords: endophytic bacteria, wheat, introduction

One of the main functions of endophytic microorganisms is to provide the host with nutrient elements such as nitrogen and
phosphorus by converting them into easily digested forms. Endophytic bacteria are able to produce plant hormones and to
provide a growth-promoting effect on plants, which is particularly important at the early stages of plant ontogenesis.

Aim. Study of the population dynamics of endophytic bacteria introduced into winter wheat.

Methods. The introduction of antibiotic-resistant strains of nitrogen-fixing and phosphate-solubilizing endophytic bacteria was
carried out by inoculating winter wheat seeds of "Bogatka" variety. Microbiological culture of plant samples (root, stem, leaf)
of winter wheat were plated on the media (Ashby and glucose-aspartic with calcium orthophosphate) containing rifampicin in
concentration 0150 ug / ml on 14 and 21 days after inoculation.

Seed inoculation is an effective method of wheat treatment with endophytic bacteria, providing high introduction capacity.
Seeds were inoculated. Under model conditions with nitrogen-fixing strain Rahnella aquatilis A3K (nitrogen-fixing activity in
pure culture — 38 nM C2H4 vial per day, phosphate-mobilizing activity - diameter of calcium phosphate dissolution zones —
19.5 mm, IAA synthesis — 72 ug/ml) and phosphate-mobilizing strain Pantoea agglomerans 6SK (phosphate-mobilizing
activity - diameter of calcium phosphate dissolution zones — 17.5 mm, 1AA synthesis — 133 ug/ml). The treatment resulted in
accumulation of nitrogen-fixing bacteria in roots, stems and leaves of seedlings by 14 days in cell titers (2.360+0.147)-107,
(2.681+0.045)-108, (7.958+0.800)-10° CFU/g, respectively, and of phosphate-mobilizing bacteria — (3.780+0.207)-107,
(4.723+0.003)-108, (1.336+0.201)-10" CFU/g, respectively. On 21 days after inoculation, the number of endophytic nitrogen
fixing species in the roots, stems, and leaves increased to (8.849+0,147)-107, (3.920+0.040)-108, (9.130+0..435)-10° CFU/g
respectively. The cell titer of phosphate-mobilizers by 21 days constituted (1.055+0.068):108 (2.240+0.120)-108,
(5.609+0.217)-10° CFU/qg, respectively.

In model experiments, the high efficiency of using seed treatment for the introduction of endophytes was established.

H3yyeHne TMHAMMKH YMCJIEHHOCTH MHTPOAYUHPOBAHHBIX FJHA0(PUTHBIX OAKTepHil 03MMOii MILIEHHUIIbI
Ananvesa U .H., Anewjenxosa 3.M., Pvibarmosckas I1.B., Yunoapesa M.A.
HucturyT mukpobuonorun HAH Bemapycn, Munck, Peciry6nuka Benapych

Annomayusn. Ha ocnosanuu pe3yibmamos ucnoib308anus azome@ukcupyiomux u ocoamcontooumuzupyiomux sH00Qumnsix
baxkmepuil 0151 06pAOOMKU CEMAH O3UMOU NUEHUYbL YCMAHOBLEHA 8bICOKASL IPPEKMUBHOCIb OAHHO20 CROCO6A UHMPOOYYUU
9HOOPUMO8.

Knouesvie cnosa: sndogummvle baxmepuu, nuuenuya, UHmpooyKyus

OnHo#f W3 OCHOBHBIX (YHKIMHA DHAOQUTHBIX MHKPOOPTaHM3MOB SBISIETCS OOECIICUYCHHE XO35MHA ITHTaTeIbHBIMU
9JIEMEHTaMH, TAKUMH KaK a30T U (ocdop, myTeM nepeBoa Hx B JIErKoycBosieMble GopMbL. DHA0DUTHBIE OaKTEPUH CIIOCOOHBI
MPOJyLMPOBaTh PACTUTEIbHbIE TOPMOHBI M OKa3bIBaTh POCTCTUMYJIUPYIONINI 3G deKT Ha pacTeHHe, 4TO 0OCOOEHHO BAXKHO Ha
PaHHUX CTaJUsIX OHTOTEHE3a PACTEHHUH.

Henb. M3y4nTh TMHAMUKY YUCICHHOCTH MHTPOIYIUPOBAHHBIX SHIO(MHUTHBIX OaKTepHid 03MMOM IIIIEHHUIIBL.

Meroabl. MHTPOAYKIMIO aHTHUOMOTUKOPE3UCTEHTHBIX IITAMMOB a30TQHUKCUPYIOUIHMX U  (HOCGaTCONOOHIM3UPYIOIINX
SHIOMUTHBIX  OakTepuil OCYLIECTBISUIM METOJOM WHOKYJUSIIMM CeMsH O3MMOHM  mmeHunbsl copra «borarkay.
MuxpoOHOIOTHYECKUI TTOCEB PACTHTENHFHBIX 00pas3loB (KOpeHb, CTeOeNb, JHCT) O3MMOHM MIICHHWIBI Ha cpenpl (Jmobu u
TJIFOK030-aCIaparnHOBYIO ¢ OpTo-(hocdaToM KanbLus) ¢ pudaMIHIHHOM B KOHIEHTpauu 150 MKr/Mi1 ipoBoaniy yepes 14 u
21 cyTKH MOCie HHOKYJISILUU.

O¢ddexTuBHEIM CcTIOCOOOM 00paOOTKH SHAOGUTHBIMH OAKTEPHSIMHA PACTCHHN TIICHHIBI, OOCECIIEYHBAIOIINM BBICOKYIO
HUHTPOJYLHUPYIOIIYIO CIIOCOOHOCTD, SBJIACTCS MHOKYJALMS CeMsH. B MOJCNBHBIX yCIOBHSX OOpaOOTKY CEMsIH HPOBOIMIN
asorpuxcupyromum mrammom Rahnella aquatilis A3K (asotdukcupyroras akTuBHOCTh B ukcTON KyibType — 38 HM CoHa
¢u./cyT, hocdharmMoOmIM3yOIIas aKTUBHOCTS — JHAMETpP 30H pacTBOpeHus (ocdaroB kambiust — 19,5 MM, curres YK — 72
MKr/Mi1) u ¢ochaTcomobuamupyromuM mTammoMm Pantoea agglomerans 6SK  (docdarmobumusyromias akTHBHOCTh —
IuaMeTp 30H pacTBopeHHs (ocdara kampums — 17,5 mm, cumares MYK — 133 ™mkr/mi) obecredynBaeT HaKOIUICHHUE
a30TQUKCUPYIOMUX OAKTEPUl B KOpHE, CTeOlie M JUCThAX IPOPOCTKOB depe3 14 nHeil B kommuectse (2,360+0,147) 107,
(2,681£0,045):108, (7,958+0,800):10% KOE/r, coorBercTBeHHO, a (ocharmodbumusyromux Gaxtepuii — (3,780+0,207) 107,
(4,723+0,003):108, (1,336+0,201) 10" KOE/r, cootBercTBenHo. Ha 21 cyTku mociie MHOKYJIALUH YUCIEHHOCTh SHAO(PUTHEIX
a30T(QUKCATOPOB B KOPHE, CTeONle M JIMCTBAX yBenuduiach W cocraswia  (8,849+0,147)-107, (3,920+0,040)108,
(9,130+0,435)-10° KOE/r. Uncnennocts pocdarmodummzaropos Ha 21 cytku cocrasuna (1,055+0,068)108, (2,240+0,120) 108,
(5,609+0,217)-10° KOE/r, COOTBETCTBEHHO.

B MopenpHBIX 9KCIEpUMETaX yCTAaHOBJICHA BBICOKAs 3(QEKTUBHOCTH HCIIOJIBb30BaHMS O00pabOTKM CeMsH sl MHTPOILYLMH
SHI0(UTOB.
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Blue honeysuckle introduction to in vitro culture
Antsiferov D.V.%, Lukjanova E.A.%, lvasenko D.A.%?
!Darwin LLC, Tomsk, Russia; 2Laboratory of Industrial Microbiology, Biological Institute, Tomsk State University,
Tomsk, Russia
Email: dmitry.antsiferov@gmail.com

Key message. In vitro cultures of three varieties of blue honeysuckle were obtained, the optimum time for material selection
was determined and the method of explants sterilization was developed.
Keywords: microclones, honeysuckle, explants, sterilization, propagation

Honeysuckle (Lonicera caerulea L.) has a number of important physiological properties, such as high frost resistance, the
ability to tolerate frost during flowering, and a long fruiting period (up to 40 years). The fruits of this culture are in demand in
many countries of the world. This makes it economically viable for cultivation in our country, where most of the territories are
in the risky farming zone. But, despite the fact that Russia occupies a leading position in honeysuckle breeding, our nurseries
are not able to fully satisfy the demand for seedlings of this crop. This is partly due to the use of ineffective methods for
propagation. The purpose of this study: to select the conditions for the preparation and sterilization of blue honeysuckle
explants for their subsequent in vitro cultivation. The material for the study was annual lignified shoots, which were cut in
October, November and December. The shoots were washed in running tap water for 30 minutes. Then they were placed in a
microelement solution of MS and illuminated for 16 hours per day and an intensity of 3500 lux. Flower buds were cut. After
two weeks, the overgrown green shoots were cut off and washed for two hours with running tap water. The washed shoots
were moistened for 10 seconds in a 70 % ethanol solution, then sterilized for 10 minutes in a 2.6 % solution of sodium
hypochlorite (in active chlorine). After sterilization, they were washed three times with sterile distilled water. The buds were
isolated with 4-5 rudimentary leaves. The latter were placed in test tubes with half MS medium with the addition of 6-BAP -
0.6 mg/L and ascorbic acid - 10 mg/L. As a result of studies, it was shown that only 20 % of explants taken from shoots cut in
October are capable of developing in vitro, and only 7 % have successfully undergone sterilization; for explants received in
November - 87 % and 22 %, respectively; and for the “December” explants, these figures were 100 % and 94 %. Moreover,
the growth of “late” explants was noted already on the 3rd-4th day of cultivation, which is 3-5 days earlier than that taken in
October and November. Thus, in vitro cultures of 3 varieties of blue honeysuckle were obtained. It was established that the
material for the subsequent production of microclones should be cut off not earlier than December, and it is advisable to use
green shoots as explants.

Beenenue B KyJabTypy in Vitro :KUMoI0CTH CHHEI
Anyugpepos JI.B.Y, Jlyxvanosa E.A.Y, Heacenxo JJ.A.*?
1000 «Jlapeun», Tomck, Poccust; 2JlabopaTopHst IPOMBIIIEHHON MUKpOOKOIorkl brostorudgeckoro uacturyta ToMckoro
rocyJlapcTBEHHOI0 yHuBepcurera, Tomck, Poccus

Annomayus. Ilonyuensvt Kynomypuvl in Vvitro mpéx copmos HCumoaoCmu cunel, onpeoenenvl CPOKU ombopa mamepuand u
ompaboman mMemoo cmepuIu3ayull IKCHIAAHMOS.
Knrouessie cnosa: MukpoKkionbl, HCUMOAOCHIb, IKCHIAHMbL, CINePUTUZAYUS, PAZMHONCEHUE

XKumonoctp (Lonicera caerulea L.) wmmeer psg BaxHBIX (DU3HOJNOrMYECKHX CBOMCTB, TaKMX KaK BBICOKas
MOPO30YCTOHYHBOCTh, CIIOCOOHOCTH MEPEHOCHUTH 3aMOPO3KH BO BPEMsI LIBETEHUS, JUIMTEIbHBIH CPOK IutojoHomeHus (1o 40
ner). IImoasl 3Ol KyIbTyphl MOJB3YIOTCS CIPOCOM BO MHOTHX CTpaHax MHpa. JTO AeiaeT €€ SKOHOMHUYECKH BBITOJHON IS
BO3ZICTIBIBAHUS B Halled cTpaHe, rie OojbIlas 4acTh TEPPUTOPHH HAXOAWTCS B 30HE pHCKOBaHHOTrO 3emuenenus. Ho,
HECMOTPS Ha TO YTO B CEJICKIIH XHUMOJIOCTH Poccus 3aHMMaeT JUAMpYIOIIee MOJI0KEeHNE, HAlllM MUTOMHUKH HE CIIOCOOHBI
MOJTHOCTBIO YAOBJIETBOPUTH CHPOC HA CaXEHHbl 3TOH KyJIbTypbl. OTYacTH 3TO OOYCIOBIEHO WCIOJIb30BaHUEM IS
pa3MHOKeHUs] MallodPPEeKTUBHBIX MeTOJOB. Llenb JaHHOTO MccieoBaHus: NOA00PaTh YCIOBHS MOJYYCHHUS U CTEPHIM3aLUH
9KCIUIAHTOB KUMOJIOCTH CHHEW IS WX MOCIEMYIOIIero KyJIbTHBHPOBaHus iN Vitro. MaTtepuaiom i MCCIeI0BaHUs ObLIH
OJIHOJIETHHE OJAPEBECHEBIINE TOOETH, Cpe3aHHBIE CO B3POCIBIX PACTEHHH B IMEpHOA C OKTIOpsS mo mexabpb. [loberu
[IPOMBIBAJIM B MPOTOYHOM BOJONPOBOJHON Bojae B TedeHue 30 MHMH. 3aTeM MOMELIAIX B pacTBOp MHUKposneMeHToB MC u
OCBEIAN C TEPUOIMYHOCThIO 16 9acoB B cyTku W mHTeHCHBHOCTHIO 3500 JIk. I[Berounpie OyToHBI oOphIBamu. Uepes nBe
HEeJIeJIN Cpe3allil OTPOCIIne 3eJIEHbIe TO0eTH | JIBa Yaca IPOMBIBAIM B POTOYHOHN BOAOTIPOoBOAHON Boje. [IpombITeIe ToOeru
cmauuBanu B TedeHue 10 cexynn B 70% pacTBope 3TaHOma, 3aTeM cTepunnioBanu 10 MuUHYT B 2,6 % pacTBOpe TUIOXJIOpUTA
HaTpus (IO akTUBHOMY XJopy). [locne crepunuzanuy MX TPWOKIBI NPOMBIBANIN CTEPHIBHOW JUCTWIIIMPOBAHHON BOJIOW.
[Mouku BbIUIeHsUM ¢ 4-510 3a4aTOYHBIMU JHCThAMH. [locienHue momemany B NpOOMPKH C TMOJOBHHHOW cpemoii MC c
nobasienueM 6-BAIl — 0,6 mr/1 u ackopOouHOBO# KUCTOTH — 10 Mr/m. B pesynbraTte ncciemoBaHUK MOKa3aHO, YTO TOJNBKO
20 % SKCIUIAHTOB, B3ATHIX C MOOETOB, CPE3aHHBIX B OKTAOpE, CIOCOOHBI Pa3BHBATHCSA B YCIOBHSX iN Vitro, u mums 7 %
YCIENIHO TPONLIH CTePUIN3aINIO; JUIsl SKCIUIATHOB, TOJIY4YeHHBIX B HOsOpe — 87 % um 22 % COOTBETCTBEHHO; W JUIS
«J1eKaOPBCKUX» SKCIUIAHTOB 3TH Moka3atenu coctaBwin 100 % u 94 %. IIpu 3TOM POCT «IO3MHHUXY HKCIUIAHTOB OTMEYalH
yxe Ha 3-4i1 neHb KyJIbTUBHPOBAHHWS, YTO Ha 3-5 JIHEW paHblle, 4eM y B3ATHIX B OKTAOpe W HosOpe. Takum oOpasom,
MOJTyYeHBI KyJIbTYPBI iN VItFO Tpex COpPTOB )UMOJIOCTH CHHEH. Y CTAHOBJICHO, YTO MaTEepHal JJIs TOCIEAYOIIET0 MOy YCHHSI
MHKPOKJIOHOB CIIEJIyeT Cpe3aTh He paHee JAeKadpsl, a B KaUeCTBE 3KCIUIAHTOB 1eJIecO00pa3HO NCII0JIL30BaTh 3€IEHBIE 00T .
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Selection of genetically marked maize lines for the ability to parthenogenesis
Apanasova N.V.
Saratov State University named after N.G. Chernyshevskiy, Saratov, Russia
E-mail: apanasova.natasha@mail.ru

Key message. New genetically marked lines have been created. They could facilitate the transfer of parthenogenesis genes to
other lines and serve as the basis for creating a collection of parthenogenesis donors.

Keywords: Zea maize, haploid, parthenogenesis

The creation of maize lines with recessive marker genes could facilitate the transfer of parthenogenesis genes to other lines
and would allow controlling the homo- or heterozygosity of apomicts, autonomous or hybrid origin of the endosperm.

The aim of the work was creating parthenogenesis analogues of maize lines in which each chromosome carries known
recessive genes that are well manifested phenotypically (Ig, bm, su, g, gl, wx, etc.).

A series of lines was obtained by crossing the Tester Mangelsdorf line and the parthenogenetic line AT-1

Data analysis of field research in 2006 - 2017. The lines with the highest frequencies (5-10%) of haploids were identified. The
frequencies of haploids varied in different years.

The analysis of data on the occurrence of haploid plants in the field was divided into periods (2006-2011 and 2012-2017). The
frequency of haploids increased in 18 of 24 lines.

The greatest change in this frequency is more than 9 times observed at line 19. High values of haploids are characterized by
lines 17 and 18, and, to a lesser extent lines 5, 13 and 21.

The lines whys signs of parthenogenesis and homozygous in recessive genes, located in the nine chromosomes very obtained.
Parthenogenetic line with marked genes in 5 chromosome don’t obtained. it can be assumed that the parthenogenesis factor
may be located on the 5th chromosome.

To confirm the parthenogenesis origin of haploid plants in the lines a cytoembryological analysis was performed.

The following groups of embryo sacs were distinguished: 1) normal structure; 2) with additional egg cells and egg-like
synergides; 3) with parthenogenesis proembryo; 4) with additional divisions in the central cell. Embryo sacs with
parthenogenetic proembryo were detected only in 13 and 18 lines. Embryo sacs with additional egg cells were observed in all
the studied lines with a frequency of 0.7 to 3.3%, while with an egg-like synergid only in 6 and 15 lines. Autonomous
development of the endosperm was noted in lines 13, 6, 18 and 11 (1.3; 0.5; 1.0 and 1.0%, respectively).

The created lines inherited the ability to parthenogenesis from the parent line AT-1 and could serve as the basis for creating a
collection of parthenogenesis donors.

OT00p reHeTH4YeCKU MAPKUPOBAHHBIX JIMHUI KYKYPY3bl Ha CIOCOOHOCTH K MAPTEHOTeHe3y
Ananacoea H.B.
OI'bOY BO «CapatoBckuit rocyaapcTBeHHbIN yHUBepcuTeT uMeHu H.I'. UepHeimesckoroy», Caparos, Poccus

Annomayun. Co30anbl HOBble 2eHemUYecKU MAPKUPOBAHHblE TUHUU, KOMOpbvle Mo2au 0Ovl 0bae2uumsv nepeoayy 2eHos
napmeHnozenesa 8 Opyaue TUHUU U ROCLYIHCUMb OCHOBOU O/ CO30AHUS KOJLIEKYUU OOHOPO8 NapmeHo2eHe3d.

Kniouesnvie cnosa: xyxypysa, canioud, napmeHnozenes

Cosznanue JIMHUKA KyKypy3bl C PELECCUBHBIMU MaPKEPHBIMU T€HAMH MOTJIO Obl 00JIErYUTh Nepeaavy reHOB NapTeHOreHe3a B IpyTrue
JIUHUHU U TIO3BOJIMIIO ObI KOHTPOJIUPOBATH TOMO - WIIH T€TEPO3UTOTHOCTH AIOMUKTOB, ABTOHOMHOE HJIM THOPHIHOE MPOUCXOXKICHHE
SHJIOCTIEpMA.

Ienpto paboTHl OBUTO CO3/aHME MAPTCHOTEHETHYECKUX aHAJIOTOB JIMHUHM KYKypy3bl, Y KOTOPBIX Ka)Jas XpOMOCOMa HeECeT
M3BECTHBIC PEIIECCHBHBIE TEHBI, XOPOIIIO TposBistomiuecs penorurmaecku (Ig, bm, su, g, gl, wx u ap.).

Cepus JMHUI ObLTa TIOJTyYeHa B pe3ysbraTe ckpeuuBanus quHun Tectep Manrenbcaopda u napreHoreneTnyeckoit muaun AT-1.
Ha ocHoBe aHanm3a NDaHHBIX MHOTOJICTHHX TOJEBbIX uccienoBanuii ¢ 2006 mo 2017 rr. BBIACIUIN JIMHAK ¢ HauOOJIee BHICOKUMHU
3HAYEHUSMH YaCTOT BO3HUKHOBEHHS raruton1oB (5-10%). YacToThl raruroniny BappbupOBalid B Pa3HbIE TOIBI HCCIIETIOBAHISL.

AHanmu3 JaHHBIX 0 BCTPEYaEMOCTH TaIIOMAHBIX PAcTeHH B moje pasmenwnd Ha mepuonsl (2006-2011 rr. u 2012-2017 rr.).
Yacrora rammonuy yBeandnBaiach B 18 nmuHusAx u3 24.

Haubosbiliee M3MEHEHHE YacTOTHI rariouand Oosiee 4eM B 9 pa3 oTMe4eHO y JuHUHM 19. BBICOKMMH 3HAYEHUSIMH TarIOUIHd
XapakTepu3yroTcs TMHUM 17 1 18 1 B HECKOJIBKO MeHbIIeH cTeneHu Junun 5, 13 u 21.

Brutn moy4yeHs! TUHUH ¢ TIpU3HAKaMU MMapPTEHOTEeHEe3a TOMO3UTOTHEIE TI0 MAPKHPOBAHHBIM PEIIECCUBHBIM T€HaM, JIOKaJIN30BaHHBIM
B JIEBATH XpoMocomax. 1o 5-oif XpoMocoMe MOJyYHTh FOMO3UIOTHYIO JIMHUIO HE YAAJIOCh, O3TOMY MOXKHO INPEIIOI0XKUTh, YTO
(akTop mapTeHOreHe3a MOKET pacroiaraTbCs B JAHHON XpOMOCOME.

Jns  TOATBEpXKACHHUS  MApTEHOTEHETUYECKOTO0  MPOMCXOXKICHHS  TalUIOWAHBIX PACTeHWH y JIMHUE  ObUI  TPOBEICH
UTOIMOPHOIOTHIECKUI aHAH3.

B pesymbraTe IUTOIMOPHONOTHYECKOTO AaHANM3a BBIACICHBI CIIEAYIONIME TPYMIBl 3apOIBINICBBIX MEIIKOB: 1) HOPMAaIbLHOTO
CTpOeHUs; 2) C JOTOJHHUTEIBHBIMH SIATEKICTKAMH W SIMIIEKIETKOTIOJOOHBIMA CHHEPTUIaMH, 3) C IMapTeHOTCHETUIECKIM
mpo3MOpro; 4) C JIOTMOJHUTEIbHBIMH JIEJICHUSIMH B IIGHTPAJIbHOW KJIETKE. 3apOABIIIEBbIE MEIIKH C MapTEHOICHETUYECKUM
MPOAMOPHUO 3apPETUCTPUPOBAHBI TONHKO y JduHUK 13 u 18. 3aponblmieBbie MEMIKA C JAOMOJHUTEIHHON SIMIIEKIETKON OTMEUYEHBI BO
BCEX MCCJICAOBAHHBIX JIMHUAX ¢ 4acToToi ot 0,7 1o 3,3 %, Torna kak ¢ sHIeKIeTKONo00HOW CHHEPTUAOHN TONBKO y TMHUK 6 U 15.
ABTOHOMHOE pa3BHUTHE dHIOCTIEpMa OTMedeHO y ymHui 13, 6, 18 u 11 u coctasuio 1,3; 0,5; 1,0 u 1,0 % cooTBEeTCTBEHHO.
Co31aHHBIC JTMHUN YHACAEIOBAIN OT poAnTenbekol muHuU AT-1 ciocoOHOCT K MapTeHOreHe3y U MOTJIM OBl MOCITY>KUTh OCHOBOM
TSI CO3JIaHVsI KOJUIEKIIMH JOHOPOB apTeHOTeHe3a.
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Comparison of the influence bacteria producing either auxin or cytokinin on growth and water relation
of wheat plants under salinity
Arkhipova T.N., Martynenko E.V., Kuzmina L.Yu., Veselov D.S.
Ufa Institute of Biology — Separate Structural Division of Ufa Federal Scientific Centre of Russian Academy of Sciences, Ufa,
Russia
E-mail: TNArkhipova@mail.ru

Key message. Rhizobacteria reduced the negative effects of salinity on wheat plants. Similarities and differences in the effect of
hormone-producing halotolerant bacteria on plant growth and water relations during salinity are discussed.

Keywords: wheat, hormone-producing halotolerant bacteria, salinity, water relations, growth

A deeper understanding of the mechanism of action of PGP bacteria on plants will increase the effectiveness of biotechnologies
aimed at increasing plant stress resistance.

The aim of this work was to study and to compare the effect of auxin and cytokinin-producing halotolerant bacteria on the growth,
water relation and productivity of wheat plants (Triticum durum Desf., Bashkirskaya 27) under salinity.

We measured plant growth, transpiration, water content and RWC, stomatal and hydraulic conductivity, water and osmotic
potentials, hormone content, MDA, photosynthesis, and productivity.

Introduction of halotolerant auxin- (P. mandelii 1B-Kil4) or cytokinin-producing (B. subtilis IB-22) bacteria into the rhizosphere of
wheat plants (Triticum durum Desf.) reduced the negative effects of salinity. Against the background of salinity under laboratory
conditions, inoculation increased the shoot mass, roots and leaf area, and these indices were higher in the case of B. subtilis 1B-22-
tretament than under P. mandelii 1B-Ki14.

Inoculation with both strains increased transpiration of plants compared to non-inoculated plants which required an increase in water
flow from the roots. Transpiration was higher in the case of B. subtilis 1B-22 treatment compared to P. mandelii IB-kil4 inoculation.
In the case of auxin producing bacteria salvation of the problem of maintenance of water flow from the roots was achieved due to a
decline in leaf water potential enabling an increase in the driving force for lifting water from the roots as well as due to an increase in
root mass as influenced by inoculation. In the plants treated with cytokinins producing bacteria optimization of water balance was
due to increased hydraulic conductance alongside with the increased root mass resulting in higher effectiveness of growth
stimulating effect on plants produced by these bacteria. Furthermore, the weakening of oxidative stress and an increase in the content
of chlorophyll under bacterial influence contributed to the greater efficiency of the action of cytokinin-producing bacteria. In the
field, against the background of different salinity levels, pre-sowing treatment of wheat seeds with hormone-producing bacteria
increased plant productivity, but to a greater extent under the influence of B. subtilis IB-22. At the early stages of development,
optimization of water relations under the influence of bacteria manifested in the accumulation of osmotics and a decrease in the level
of stress-induced accumulation of ABA in shoots contributed to an increase in plant productivity against the background of salinity.
(RFBR Ne 18-04-00577, Ne 20-04-00305).

CpaBHeHMe BJIUSIHUS OaKTePUil, MPOAYUHUPYIOUIUX AYKCUHbI MM IMTOKMHUHBI, HA POCT U BOJHBIH 00MeH pacTeHui
MIIEeHUIbI MPH 32C0JeHUH
Apxunosa T.H., Mapmuinenxo E.B., Kysemuna JI.1O., Becenog /].C.
Y oumcknit UHCTATYT OHONIOTHE — 000CO0ICHHOE CTPYKTYpHOE noapas3aencane deneparbHOro ToCyJapCTBEHHOTO
OFO/KETHOTO HAYYHOTO YUpeKIeHUs Y PUMCKOTO (perepalbHOTo UCCIIeI0BATeIhCKOTO IeHTpa Poccuiickoil akameMun HayK,
Yoa, Poccus

Annomayus. Puzobaxmepuu ymeHowaniu ompuyamenbHbvie NOCIeOCMEUs OelCmBUs 3acOleHUs HA pacmenus NUeHUlybl.
Obcysrcoaromes cxo0cmea u pasiunus 8 0elcmeuu 20pMOHRPOOYYUPYIOWUX 2AN0MONEPAHMHBIX OAKMepUll Ha pOCM U 800HbIL
o0bMmen pacmeHull npu 3aCONEHUU.

Kniouesnvie cnosa: nuenuya, 20pmonnpooyyupyiowjue 2aiomonepanmusie bakmepuu, 3acoienue, 600Hblll 0OMeH, pOCH

Bonee riybokoe monnmanue MexaHusma nerctBusi PGPOakrepuit Ha pacTeHHs MO3BOJHT YBEIHYHUTH 3(P(PEKTHBHOCTE OMOTEXHOJOTHH,
HAINpAaBJICHHBIX Ha TOBBIIICHIE CTPECCOYCTONYMBOCTH PACTECHHIA.

Llens paboThl COCTOSIA B CPABHEHHH BIHSHHS ayKCHH- W HUTOKHHHHIIPOIYILHMPYIOIIMX TaOTOJNCPAHTHBIX GakTepuil Ha pOCT, BOAHBIN
00MeH 1 POAYyKTUBHOCTH pactenuii muenuws (Triticum durum Desf., copt Bamkupckas 27) npu 3acoeHuUH.

V3Mepsiti pOCT pacTeHMil, TpaHcnupanuio, copepxanue Boasl 1 OCB, yCTBHUHYIO M THAPABIMYECKYIO HPOBOJMMOCTH, BOJAHBIA U
OCMOTHYECKHIT MOTEHIHANIbI, COJiepKaHne TOpPMOHOB, MJIA, nokazarenn pOTOCHHTE3a 1 3JIEMEHTBI CTPYKTYPBI YPOXKasL.

Beenenne B pusocdepy pacrenuit mireHnipl aykcuanpoayupyommx (P. mandelii 1B-Kil4) wim nurokuauanpoxynupyromux (B. subtilis
IB-22) Gakrepuii yMEHbIIANO OTPHILATEIbHbBIEC MMOCIEACTBHS 3acoieHus. Ha ¢one 3acorneHuss B 1aGOPATOPHBIX YCIOBHUAX HHOKYIISIIUS
yBellMYMBajia Maccy mobera, KOpHeH W IUIOIIAIb JMCThEB W npu oOpabotke B. subtilis IB-22 stu mokaszarenu ObuTH BbIlIE, YeM MPH
neiicreun P. mandelii IB-Kil4. MHokymsiiust 000MMH IITaMMaMH TOBBIIIATA TPAHCIHPAIMIO PACTEHHH, YTO TPeOGOBAO yBETHYCHUS
NPUTOKA BOJBI M3 KOpHEH. B ciyuae aykCHHIpOAyLHPYHOIMX OakTepwil peIleHHeM 3TOi MpoOJeMbl OKa3alnoCh CHIDKEHHE BOIHOTO
MOTEHIHAa JMCTHEB, 00ECIEUHBAIONIET0 yBEIMYCHHE JBUKYIIEH CHIIBI U1 MOAbEMa BOJBI, a TAK)XKE HapalllMBaHHE MAacchl KOpHEH Mo
BIIMSIHUEM HHOKYJISILHU. Y pacTeHuii, 00paboTaHHBIX IUTOKMHHHIIPOYIUPYIONIMMU OAaKTEPHAMHU, ONTHMU3ALIN BOJHOTO OanaHca Hapsy
C YBEJIMYECHHEM MAcChl KOPHEH CIIOCOOCTBOBAIO MOBBILICHHE THAPABINYECKON POBOJUMOCTH, YTO ONPEASIHIO 0OMbIIYI0 3))EKTHBHOCT
POCTCTHMYJIHPYIOLIETo ACHCTBUS ATUX OakTepuil Ha pacTenus. Taroke CBOH Bk B 60NbIIyI0 3G (eKTHBHOCTh JEHCTBHS OallULT BHOCHIIO
ocnablieHre MO/l WX BIUSHHEM OKCHIATHBHOTO CTpecca M YBEIHUYCHHE COJCp:KaHHs XJIOpoduimia. B MoJeBbIX yCIOBHIX MpEANOCeBHAs
00paboTKa ceMsH MIICHUIBI TOPMOHIPOAYLHUPYIOMMMH OaKTEPUsIMU IIOBBILIANA YPOXKAWHOCTh PAcTeHHH, HO B OOJbIICH CTENEHU IOJ
siustuieM B. subtilis 1B-22. OnruMuszands BOJHBIX OTHOLIEHMH I10JI BIMSHUEM OaKTepUil HA pPaHHMX CTagMsAX Pa3BUTHSA, KOTOpas
HPOSIBISUIACH B HAKOIUIGHMM OCMOTHKOB M CHMDKCHHH YPOBHSI CTpecc-MHIylHpoBaHHOro HakorteHus ABK B moGerax, cmocoGcrBoBana
YBEITMYCHUIO YPOKAHHOCTH pacTeHui Ha one 3aconeHus (PODU Ne 18-04-00577, Ne 20-04-00305).
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Fungi of Aspergillus genus in oil contaminated soils of Azerbaijan
Atakishiyeva Y.Y.
Institute of Microbiology of National Academy of Sciences of Azerbaijan, Baku, Azerbaijan
E-mail: y.atakishiyeva@mail.com

Key message. The thesis presents the results of studies on the species composition of fungi of Aspergillus genus in oil-
contaminated gray-brown soils of Azerbaijan.

Keywords: oil-contaminated soils, micromycetes, genus, Aspergillus

Fungi genera: Alternaria, Aspergillus, Cephalosporium, Cladosporium, Fusarium, Mucor, Rhizopus and others are well known
for their ability to use hydrocarbons and create the potential for oil decomposition in heterogeneous microorganisms in the
environment. Genus Aspergillus is one of the most common among these fungi groups.

The purpose of this work is to isolate and study the species composition of microscopic fungi of Aspergillus genus from the
oil-contaminated gray-brown soil of Azerbaijan.

20 soil samples from six main oil producing areas in Absheron were selected for this study. The hydrocarbon content in the
soil was measured gravimetrically after hexane extraction. Isolation of micromycetes was performed in Czapec nutrient
medium. Species identification was done by using common methods. Soil samples were provisionally divided into three
groups according to the quantitative content of oil pollution: 1) contaminated soil around live drilling wells (oil pollution-
above 15%), 2) areas of bituminized soil around old, abandoned oil derricks (oil pollution-5-10%), 3) weathered soils with
weak vegetation cover (oil pollution — 4.0-5.0%).

Analyses have shown that in heavily oil-contaminated soils, almost all groups of microorganisms, including micromycetes, are
suppressed. Overall, there were isolated 8 species of micromycetes of Aspergillus genus from the studied soils, including those
not contaminated with oil: A. flavus, A. fumigatus, A. oryzae, A. ustus, A. niger, A. wentii, A. flavipes A. versicolor.

8 species of micromycetes of Aspergillus genus were isolated from the studied soil samples taken from outside of the pollution
zone, 4 species isolated from weathered soils with 4.0-5.0% oil and from areas around abandoned derricks 2 species. Among
the isolated and identified aspergillus, representatives of A. fumigatus take a leading place. They dominate in all the studied
soils. Representatives of A. niger are also present in the studied samples, but in very small amounts.

A. oryzae and A. wentii species were isolated only from samples of unpolluted soil and group 3. The complete absence of
species A. flavipes A. versicolor and A. ustus species was noted in oil- contaminated soils.

Thus, it has been shown that the change in the species composition of microscopic fungi of Aspergillus genus is affected by
the amount and period of oil pollution.

I'pudsi pona Aspergillus B HedTe3arpsizHeHHBIX OYBaxX A3epOaiikaHa
Amaxuwuesa A.1O.
Wuctutyt Mukpo6uonorun HAH Asepb6aiimxana, baky, AsepOaiimkan

Annomauus. B mesuce npusedenvl pe3yibmamvl UCCICO08AHUN NO USYYEHUIO 6U006020 COCMABA 2pubos poda Aspergillus 6
3a2pAZHEHHbIX Hehmblo cepo- Dypubix noysax Asepbaiiodxcana.

Knrouesvie cnosa: neghmesazpsiznentvle nougsl, mukpomuyemsi, poo, Aspergillus

I'pubsr poma Alternaria, Aspergillus, Cephalosporium, Cladosporium, Fusarium, Mucor, Rhizopus u ap. Xopomio H3BECTHBI
Omarofapst MX CIOCOOHOCTH MCIOJIB30BaTh YIIEBOAOPOAbI M CO3JaBaTh IOTCHILMAN Ppa3IOoXKEeHHs HeDTH y PpasHOPOIHBIX
MHKpPOOPraHMU3MOB B Okpyskatomieii cpene. Pox Aspergillus sieiasiercss ogHoi n3 Hambosee pacnpoCTPaHEHHBIX CPeAM ITHX TP
rpuoOB.

Llens naHHOM paboOTHl — BBIAGNCHHE W HM3YYCHHE BHIOBOIO COCTaBa MHKpOCKONMH4Yeckux rpuboB poma Aspergillus us
HedTe3arps3HeHHON cepo-Oypoil mouBsl AsepOaiimxkana. J[ng uccrnenoBanust Obutd 0TOOpaHbl 20 MOYBEHHBIX OOPA3LOB IOYB IO
IIECTH OCHOBHBIM paifoHaM HedTenoObran Ha AmmepoHe. ComepikaHHe YIIEBOIOPOIOB B TPYHTE OMPEIENSIN TPaBUMETPHIECKH
HOC/Ie PKCTPAKIMU TeKCaHOM. BplaeneHne MMKPOMHUIIETOB IPOBOAWIM Ha NMUTaTenbHON cpenae Yameka. VpeHTudukanuio BUIOB
TPOBOAMIN OOIMIETIPUHATEIMI METOIAMH.

OO0pastpl MOYB OBUTH YCIIOBHO pa3feieHbl Ha TPHU TPYINBI MO KOJMYSCTBEHHOMY COMCP)KAaHHI0 HE(TIHOTO 3arpsi3HeHus: 1)
3aMa3ydeHHBIE 3€MJIM BOKPYT JACHCTBYIONIMX OypOBEIX CKBAXHH (He(TSHOE 3arps3HeHHe — BbIme 15%), 2) ydacTkm
OUTYMM3HUPOBAHHBIX 3€MeJIb BOKPYT CTaphIX, OPOIIECHHBIX HEQTAHBIX BhILICK (HedTsHOE 3arpsisHeHHe — 5-10%), 3) BbIBeTpUBaeMbIe
MTOYBBI CO CTa0bIM PACTUTENBLHBIM MOKPOBOM (He(TsHOe 3arps3uenue — 4,0-5,0%).

AHanM3bl IOKA3aJIY, YTO B CHIILHO HE(THIO 3aTPSA3HEHHBIX [104YBaX HAOIIONACTCsl YTHETEHHE IIOUTH BCEX IPYIII MUKPOOPTaHU3MOB, B
TOM 9HCIIe ¥ MHKPOMHIIETOB. Bcero m3 mccieqyeMbIX MOYB, B TOM YHCIE M HE3arps3HCHHBIX HE(THIO ITOYB BEIIEICHO 8 BHIOB
mukpomuietos poxa Aspergillus: A. flavus, A. fumigatus, A. oryzae, A. ustus, A. niger, A. wentii, A. flavipes A. versicolor.

W3 nccreoBaHHBIX MOYBEHHBIX 00PA3IOB, B3ATHIX M3 BHE 30HBI 3arpsA3HEHNUS, OBUIO BBIIEICHO 8, U3 BEIBETpUBAaeMBIX 104B C 4,0-
5,0% HedThi0 4 M M3 yYaCTKOB BOKDPYI OpOIICHHBIX BbINIEK 2 Buaa MukpomuieroB poxa Aspergillus. Cpexu BbigeneHHBIX U
HIeHTH(HUIMPOBAHHBIX aCMepruiuioB npeacraButend Buaa A. fumigatus zanumator Bemymee mecto. OHM JOMHHHPYIOT BO BCEX
uccreoBaHHBIX mouBax. IlpeactaBurenu A. Niger Takke MPUCYTCTBYIOT B HCCJICAOBaHHBIX oOpasunax, HO OYCHb B MajoM
KOJIYECTBE.

Bunsr A. oryzae u A. wentii ObUTH BBIIETICHBI TOJBKO M3 00PA3LOB HE3arpsi3HEHHBIX 3eMesib M 3-i rpymmsl. [lonHOE OTCyTCTBHE
BuzoB A. flavipes A. versicolor u A. ustus otMeueHo B He(Te3arpsA3HEHHBIX MOYBAX.

TakuMm 00pa3oM IIOKa3aHO, YTO HA M3MEHCHHE BHOBOTO COCTaBa MHKPOCKOITMYECKHX rprOoB poaa Aspergillus eiauser konnuecTBo u
BPEMEHHOH IIepHOJ HE(PTAHOTO 3arpsI3HEHHUS.
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Study of the antibacterial properties of sulfated polysaccharides from brown algae Fucus vesiculosus
Ayrapetyan O.N.%2, Zhurishkina E.V%., Obluchinskaya E.D.3, Kulminskaya A.AL., Lapina .M,

INational Research Center "Kurchatov Institute", B.P. Konstantinov Petersburg Nuclear Physics Institute, Gatchina, Russia;
23aint-Petersburg National Research University of Information Technologies, Mechanics and Optics, St. Petersburg, Russia;
3Federal State Budgetary Scientific Institution of Murmansk Marine Biological Institute, Kola Scientific Center of the Russian
Academy of Sciences, Murmansk, Russia
E-mail: ayrapetyan_on@pnpi.nrcki.ru

Key message. Two fractions of fucoidans were identified and characterized, and their effects on bacteria were investigated.
The values of the minimum inhibitory concentration (MIC) were determined, and the effect on the formation of biofilms was
studied.

Keywords: fucoidan, bacteria, biofilms, bacteriostatic action

The necessity of searching for new antimicrobial agents is due to the growing resistance of pathogenic strains to antibiotics.
Brown algae, whose contain sulfated polysaccharides (fucoidans) with a wide range of biological activities, are currently
being actively studied as a natural source of antibacterial compounds.

Purpose: To Study the antibacterial properties of two fractions of sulfated polysaccharides with different degrees of
purification, emitted from brown algae Fucus vesiculosus.

The monosaccharide composition was determined by the HPLC method, the content of sulfates and uronic acids was
determined by the turbidimetric method. MIC -by dilution on a tablet; determination of living and dead cells-
spectrophotometry. Researching the biofilms-staining with a crystal violet dye.

Brown algae Fucus vesiculosus has been collected in the littoral of the Barents Sea. Polysaccharides were emitted in
accordance with the technological scheme [1]. The chemical composition of the purified fucoidan fraction obtained as a result
of processing the native fucopolysaccharide differed from the composition of the coarse fraction. The following bacteria were
used as the research object: E. coli, B. licheniformis, S. epidermidis, and S. aigeis. The minimum inhibitory concentration of
polysaccharides was determined. The growth curves of microorganisms during cultivation for 24 hours are constructed. [2]
The Bacteriostatic effect of fucoidans was proved by the growth of microorganisms treated with polysaccharides when
transferred from a liquid medium to an agarized one. During processing the bacterial cultures at the early stages of biofilms
formation with fucoidans in MIC concentrations, a violation of their formation is observed. While at a low concentration of
fucoidans (below MIC), film formation increases. [3]

HccnenoBanue aHTHOAKTEPUATBHBIX CBOMCTB CYJIb()PATHPOBAHHBIX N0JIMCAXAPUI0B
u3 6yphIx Bojopoc.ieii Fucus vesiculosus
Aiipaneman O.H"?, JKypuwxuna E.B.*, Obnyuunckas E.JI.3, Kynomuncrasn A.A.%, JTanuna U.M*
'HULI «KypuatoBckuii uHCTUTYT» - [IMSI®D, Tarunna, Poccus; ZHayuHo-UCCIE0BATENLCKUM HHCTUTYT MEXAHUKH,
Texnonoruii u ontuku, Cankr-Tlerep6ypr, Poccus; *Mypmanckuii Mopckoii Guonorudeckuii HHCTUTYT KonbCKOro Hay4HOro
uentpa PAH, Poccus

Annomayusn. Boinu gvloeneHvl u oxapakmepuzo8atnvl 08e pakyuu QyKouoanos, uccied08aHo ux 6030elicmaue Ha baKmepuu.
Onpedenensl 3HaUeHUsE MUHUMATLHOU noodagasaowell kouyenmpayuu (MIIK), uzyyeno enuanue Ha popmuposarie OUONIEHOK.
Knioueswie cnosa: gpyrxouoan, bakmepuu, buonienxu, bakmepuocmamuieckoe oeticmaue
HGOGXOILI/IMOCT]) IIOMCKa HOBBIX aHTI/IMI/IKpO6HbIX CpeACTB O6yCJ'IOBJ'[CHa POCTOM PE3UCTCHTHOCTH MATOIC€HHBIX IITaMMOB K
aHTHOMOTHKaM. B kadecTBe MPHPOTHOTO NCTOYHHKA AaHTHOAKTEPHAIBHBIX COCANHEHMIT B HACTOSIIEE BPEMs aKTUBHO HCCIETYIOTCS
Oypble BOIOpOCIH, KOTOpBIE cOIepXkaT cCysbhaTHPOBaHHbIC mNojucaxapuibl ((yKouaaHsl), oONafaloUIMe IIUPOKHUM CIIEKTPOM
OHONOTHIECKUX aKTHBHOCTEH.
Iens: MccnenoBanue aHTHOAKTEpUATbHBIX CBOMCTB ABYX (pakuuil cyab(paTHpOBaHHBIX IOJIMCAXapHIOB C PA3HOU CTENEHbIO
OYMCTKH, BBIICJICHHBIX U3 OypbhIxX Bogopocieit Fucus vesiculosus.
MonocaxapuaHbIi coctaB 0511 onpezerneH MerogoM BOXKX, comeprkanue cynb(haToB H yPOHOBBIX KHCIOT — TYpOUINMETPUICCKUAM
MmerozoM. MIIK — MeTonoM pa3Be[eHUi Ha IUIAHIIETe; ONPEIEICHNE XKUBBIX U MEPTBBIX KIETOK — CIEKTpodoToMeTpus. M3yuenue
OMOTIIICHOK — OKpAIINBaHIE KPHCTAININIECKAM (DHOTETOBEIM.
Bypsie Bomopocin Fucus vesiculosus Osumu cobpansl B auTopain Bapennesa mopsi. ITonmicaxapuabl BBIICICHB B COOTBETCTBHH C
TeXHOJOTHYecKoil cxemoii [1]. Xumudecknil coctaB ounmeHHOH ¢paknnu (QyKoWmaHa, OTIMYAICS OT COCTaBa rpyOoi (pakmum
(M3MEHUIIUCH COOTHOUIEHHUS MOHOCAXapHI0B, YMEHBIIWIOCH KOJIUYECTBO YPOHOBBIX KUCIOT). B kauecTBe 00BEKTa HCCIEN0BaHUS
OBUTH HCTIONB30BaHbI crenyromue 6akrepun: E. coli, B. licheniformis, S. epidermidis, S. aureus. Beina onpemeneHa MUHAMAaIbHAS
MOJIaBJIsAOIIAsl KOHIEHTpalus. IIocTpoeHb! KpUBbIE POCTa MUKPOOPTaHU3MOB MPH KyJIbTUBUPOBAaHUU B TeueHue 24 yacos. [2]. Ilpu
00paboTKe KyIbTyp Ha paHHUX CTaAMSIX (POPMHPOBaHHS OHMOIUICHOK (ykomonmcaxapunamu B koHreHTpamusax MIIK raGmonaercs
HapylleHue uX (opMupoBaHusa. Torga Kak NpH HU3KOW KoHIeHTpauuu ¢ykonmaHoB (Hmwke MIIK) npoucxomur ycunenue
IuIeHKooOpa3oBanusl. [3]
1. Tar. 2337571 Poccuiickas ®enepanus MITIK A61K41 A61J; C01, CO7, C08, C12N; C11D; C12N, A23L1/30, A23L 1/308
A23L1/337 Crioco6 komIuiekcHo nepepabotku Oypsix Bogopocieit O6nyuntckas E.JI., 3asiButens u npaBooGuagarens; MMBU
KHII PAH, B.11. Ne 31 (2008)
2. Foerster, M. Unemo, L.J. Hathaway, N. Low, C.L. Althaus, Time-kill curve analysis and pharmacodynamic modelling for in
vitro evaluation of antimicrobials against Neisseria gonorrhoeae, BMC Microbiol. 16 (2016) 216
3. Djordjevic D, Wiedmann M, McLandsborough LA. Microtiter plate assay for assessment of Listeria monocytogenes biofilm
formation. Appl. Environ. Microbiol. 2002; 68:2950-8

29



? 2nd International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

I 3
C5amic
3020

Creation of a collection of microorganisms - destructors of organic substances that are promising
for bioremediation of technogenic disturbed lands in Kazakhstan
Baigonusova Zh.A., Rysbek A.B., Kurmanbaev A.A.
RSE "National Center for Biotechnology" SC MES, Nur-Sultan, Republic of Kazakhstan
E-mail: zhanatb71@mail.ru, kurmanbayev@biocenter.kz

Key message. The cultural-morphological and biochemical properties of 83 selected strains of organic substance destructor
were studied. The analysis of nucleotide sequences of the genome of bacteria Bacillus cereus Fd 2 was performed.
Keywords: surfactant destructor, oil destructor, fat destructor, production-valuable strain, identification

Collections of microbial cultures are fundamental to biotechnology. The cultures stored in the collections are the basis for
using the achievements of Microbiology, genetics, and molecular biology in industry, agriculture, and medicine.

The purpose of the research was to create and replenish the collection of microorganisms with strains of organic substance
destructor bacteria.

The generic identity of the isolated bacteria was determined on the basis of morphological, cultural and chemotaxonomic
characteristics, using the "Determinant of Bergi bacteria” [1]. Tests for biochemical properties were used to differentiate
microorganisms to the genus [2]. The identification of bacteria using MALDI-TOF mass spectrometry was performed by
comparing data on the composition and ratio of peptides obtained by hydrolysis of proteins in the colony of the studied
microorganism with similar data of typical strains from the database using the Biotyper 3.0 RTC program (Bruker Daltonics,
Germany). Full-genome sequencing of Bacillus cereus FD 2 strains was performed on the Miseq, Illumina platform. Initially,
bacterial DNA was isolated from the culture medium using a standard STAV method [3].

The objects of research were 83 active strains of oil and surfactant destructive bacteria isolated from the soils of Mangistau,
Atyrau, Aktau regions, from the effluents of active silt of the treatment facilities of Nur-Sultan "Astana Su Arnasy", as well as
from the wastewater of private baths and car washes.

Morphophysiological and biochemical properties of collection bacterial strains of fat destructors (Fd), surfactant destructors
(Sd) and oil destructors (Od) were studied.

As a result of the analysis of 16 bacterial strains of fat destructors, 10 strains were gram-positive rods, 6 were gram-negative
rods, all had oxidase and catalase activity. Microscopy of smears of surfactant destructor strains (Sd) revealed that 9 of them
were gram-positive rods, 9-gram-negative rods, 1 strain was assigned to gram - positive cocci, and 1-to gram-negative cocci.
Among the oil destructor bacteria (Od), 10 strains were gram-positive rods, 30 gram-negative rods, 2 strains were assigned to
gram - positive cocci, and 5-to gram-negative cocci, 20 strains did not have oxidase activity, and 22 strains have catalase
activity.

All the studied bacterial strains of organic destructors had catalase and oxidase activity, were capable of liquefying gelatin,
carried out starch hydrolysis, did not form indole, and assimilated glucose, fructose, trehalas, sucrose, mannose, rhamnose and
maltose, galactose and lactose.

54 bacterial cultures were identified to the genus and species using MALDI-TOF mass spectrometry.

In this study, the Fd — 2 active strain with lipase activity was selected from the collection of studied microorganisms for full-
genome sequencing.

Thus, a collection of active strains of bacteria — destructors of organic matter is obtained. All the studied strains of
microorganisms can serve as the basis for creating preparations for cleaning the environment from xenobiotics.

This work was prepared as part of the BR05236334 project, funded by the Ministry of education and science of the Republic
of Kazakhstan for 2018-2020.

1. Holt J. et al. The determinant of Bergi bacteria / TRANS. from English in 2 volumes / Moscow: Mir, 1997. - 800 p.

2. Tepper E. Z., Shilnikova V. K., Pereverzeva G. I. Practicum on Microbiology / ed. by V. K. Shilnikova. - Moscow:
bustard, 2004. - 256 p.

3. Tamura K., Stecher G., Peterson D., Filipski A., and Kumar S. MEGA 6: Molecular Evolutionary Genetics Analysis
Version 6.0 // Molecular Biology and Evolution. — 2013. — Vol.30. — P. 2725-2729
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Induction of somatic embryogenesis in different cotton cultivars and lines
Baimukhametova E.A., Musin K.G., Kuluev B.R.
Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia
E-mail: elvina.baimuhametova@yandex.ru

Key message. During in vitro cultivation of various cultivars and lines of cotton, lines less prone to browning and forming
healthy calli were revealed. The experiments on induction of somatic embryogenesis in these lines are conducted.
Keywords: cotton, transgenic plants, somatic embryogenesis

The cultivation of cotton - one of the economically important crops - in the climatic conditions of the Russian Federation is
extremely problematic. Therefore, it seems relevant to create stress-resistant transgenic cotton plants. The main problem in
this process is the regeneration of plants by somatic embryogenesis, which is effective only in some foreign cultivars. The aim
of our work was to study different cultivars and lines of cotton for the possibility of successful in vitro cultivation and
induction of somatic embryogenesis. For this, the sterile cotyledon leaves of cotton plants were cut into explants, which were
placed on a number of nutrient media of various compositions. In the experiments we used Yulduz, AN-415 and C4727
cultivars of cotton medium-fiber Gossypium hirsutum L., as well as lines Ne. 1, 2, 7, 8, 10, 12, 90 of domestic selection
provided by VoISAU. During the experiment, the selection of lines most suitable for in vitro cultivation was carried out. Thus,
it was found that cultivars and lines of cotton differ both in the intensity of callus formation and in the nature of the formed
calluses. So, in lines Ne. 1 and 8, the appearance of predominantly hydrated calli was observed. Therefore, these lines were
excluded from the experiments, as well as the Yulduz and AN-415 cultivars, in which darkening of the calli and nutrient
medium due to the active isolation and oxidation of phenolic compounds was observed. Lines Ne 2, 7, 10, and 12 turned out to
be less browning, their calli remained green and healthy. At the moment, the calli of these lines are cultivated on the MSBEF
medium. The induction of somatic embryogenesis and plant regeneration is expected. Thus, in our experiment, it was shown
that the cotton lines Ne 2, 7, 10, and 12 are most suitable for in vitro cultivation. The remaining lines and varieties form either
hydrated calluses or have a high level of synthesis of polyphenolic compounds that reduce callus survival and inhibit the
induction of somatic embryogenesis and plant regeneration.

Nuaykuus coMmaTu4yeckoro 3M0puoreHe3a y pa3JjiiiHbIX COPTOB U JIMHUI XJI0MYaTHUKA
Batimyxamemosa 3.A., Mycun X.I'., Kynyes B.P.
WuCcTHTYT OMOXUMIH U TEHETUKU — 000COOJICHHOE CTPYKTYpHOE ToapaseneHne denepaabHOT0 ToCy1apcTBEHHOTO
OIOKETHOTO HAYYHOTO YUpeKAeHU Y puMcKoro (emeparbHOTO UCCIEI0BATEIbCKOTO IeHTpa Poccniickoii akageMuu HayK,
Ya, Poccus

Annomauusn. B xo0e in Vitro Kyibmusuposanusi pa3iuiHbiX COPMos U JIUHUL XTONYAMHUKA SbIGIICHbL IUHUL MEHee CKIOHHbLE
K KOpUYHeseHUio u obpasyloujue 300pogvie Kallycol. Bedymces pabomuvl no unOykyuu comamuyecko2o smopuozenesa y
OQHHBIX TUHUIL.

Knroueswvie cnosa’ xnonuamuux, mpanceeHHvle pacmeHust, COMamu4eckuli SIMopuoenes

BosznensiBaHue XJIOMYaTHUKA — OMHOW W3 3KOHOMHYECKH BaXKHBIX CEIBCKOXO3SAWCTBCHHBIX KYIbTYp — B KIMMATHYECKHX
ycnoBusix PO kpaiine npobiematinaHo. [103TOMY, aKTyalTbHBIM IPEACTABISACTCS CO3TaHUE CTPECCOYCTONIHUBEIX TPaHCTECHHBIX
pacteHui xiormyaTHrKa. OCHOBHOW MPOOIEMOI! IPH 3TOM SBISETCS PereHepaIysl paCTeHUH depe3 HHAYKIUIO COMAaTHIECKOTO
sMOpuoreHe3a, 3(p(eKTHBHO MpOUCXOIAIIas JHIIb Yy HEKOTOPBIX 3apyOekHBIX coproB. Llempio Hameit paboTel OBLIO
HCCIIEIOBAHME COPTOB M JIMHHM XJIOMYaTHHKA HA BO3MOXHOCTH YCIEIIHOrO IN Vitr0 KyJbTHBHPOBAHUSA M WHIYKIIUH
cOMaTH4ecKoro sMOpuoreHesa. J[ms 3Toro crepuibHBIE CEMSJIONBHBIE JIMCThSI PACTEHHM XJIOMYAaTHHKA DPa3pe3aluch Ha
9KCIUIAHTHI, KOTOPBIE MMOMENIANCH Ha PAJ] MUTATEIBHBIX CPEJ] pa3IMYHOI0 COCTaBa. B skcriepuMeHTax MCIONIb30BaINCh COPTa
XJIOMMUATHUKA cpeaHeBooKHICcTOoro Gossypium hirsutum L. FOnay3, AH-415 u C4727, a taxxke muanu Ne 1, 2, 7, 8, 10, 12, 90
OTEUeCTBEHHOW CeNleKIuU, mpeaocTaBieHHble Bonl'AY. B xome skcmepumeHTa MpOBOAWICS OTOOp JHMHUE Hambosee
MOAXOMANIKNX JUTst iN Vitro KynpTuBHpoBaHus. Tak, GbUT0 OOHAPYKEHO, YTO COPTA U JIMHUH XJIOMYATHUKA OTIMYAFOTCS KaK 110
WHTEHCUBHOCTH KaJUTyCOOOpa30BaHMA, TaK H IO XapakTepy oOpasyrommxcs kamrycoB. Tak, y nmuaui Nel u 8 HaOmonamoch
MOSIBJICHHE MTPEUMYIIIECTBEHHO TMIPATUPOBAHHBIX KaJUTycOB. [103TOMY NaHHBIC TUHUU OBUTH UCKITFOYCHBI U3 SKCIICPUMEHTOB,
Takke kak u copra HOmmy3 m AH-415, y KOTOpPBIX YK€ Ha THEpBBIX 3Tamax KCCICIOBAHUS HAOIONANIOCH MOTEMHEHUE
00pa3yoNuXxcs KaJlyCOB U IMMUTATEIHHON CpeJbl BCICACTBUE aKTUBHOTO BBIACICHHUS M OKUCICHUS (DEHOIBHBIX COCIMHCHHA.
JIuaun Ne 2, 7, 10 u 12 oxasaquch MeHee KOPHUUHEBEIOIIMMH, MX KaJUTyChl OCTaBallCh 3€I€HBIMM M 310pOBbIMH. B
HACTOSIIIMHA MOMEHT KaJUIyChl JaHHBIX JIMHUN HaxoisaTcss Ha nutaTtenbHoil cpene MSBEF. Oskupaercss WHIYKIMS
COMAaTHYECKOTo SMOpPHOTeHe3a U pereHepanus pacteHuid. TakuM o0pa3om, B X0Jle JaHHOTO IKCIIEPUMEHTa OBLIO MOKa3aHo,
9TO HanboJee MOAXOMAIIUMH JUTA iN Vitr0 KyJIbTHBUPOBAHMUS SIBIISIOTCS JIMHAY XJIOMIATHAKA CPETHEBOJIOKHUCTOTO Ne 2, 7, 10
n 12 u3 Bonl'AY. OcranpHble THHAKW W copTa 00pa3yloT JuO0 THAPAaTUPOBAHHBIE KaJUTYChl, JIMOO 00JaIalOT BBICOKUM
YPOBHEM CHHTE3a M OKHCIICHHUS MOIH()EHOIBHBIX COCTUHEHUH, CHIKAIONINX BBDKMBAEMOCTh KaJUTyCOB M NMPETSITCTBYIOMINX
HMHIYKIIMH COMaTHYECKOTO IMOpHOTeHe3a 1 pereHepaluy pacTeHHH.
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Promising microorganisms for coping herbicide stress in plants
Bakaeva M.D., Chetverikov S.P., Chetverikova D.V., Kendzhieva A.A.
Ufa Institute of biology — Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences, Ufa, Russia
e-mail: margo22@yandex.ru

Key message. Herbicide-resistant strains of Pseudomonas and Achromobacter have been isolated. They are diazotrophic, can
mobilize phosphorus from insoluble compounds and synthesize phytohormones in the presence of herbicides.
Keywords: herbicidal stress, PGPB, Pseudomonas, Achromobacter

The use of herbicides is an element of integrated protection of agricultural plants. Nevertheless, herbicides have a negative
stressful effect on the development of the cultivated plant too. Herbicide stress can be overcomed using anti-stress agents
based on herbicide-resistant PGP-bacteria that have a complex positive effect on the plant.

The purpose of this work is to characterize some herbicide — resistant plant growth promoting microorganisms.

Initially the microorganisms were selected according to their ability to grow on the of Raymond mineral medium with the
addition of herbicides based on 2,4-D (2,5 g/l) (Octapon, Florax, Chistalan) and sulfonylureas (1,0 g/l) (Nanomet).
Phytohormone production was measured by enzyme immunoassay [Veselov et al., 1992], antifungal activity was detected
when bacteria and fungi were cultured together in Petri dishes [Asabina et al., 2009]. The ability of bacteria to mobilize
phosphorus from insoluble compounds and fixing atmospheric nitrogen were also evaluated taking into account its ability to
grow on selective nutrient media. Whether the studied strains retained PGPB characteristic in the presence of herbicides was
investigated as a property important for their anti- stress potential.

Herbicide-resistant strains of the Pseudomonas and Achromobacter were isolated. They were capable of suppressing
phytopathogenic Fusarium, Alternaria, Rhizoctonia, Bipolaris, Botrytis, synthesizing auxins, nitrogen fixation and mobilizing
phosphorus from insoluble compounds under the influence of herbicides. The described microorganisms can be recommended
for field testing as anti-stress agents for coping herbicidal stress of plants.

The study was carried out within the framework of the Ministry of education and science of Russia Ne 075-00326-19-00 on
the topic No AAAAA-A19-119021390081-1.

IMepcniekTHBHBIE MUKPOOPTAHU3MBI JIJIS HUBEJIMPOBAHHUS TePOMIIMIHOTO CTPecca pacTeHu i
baxaesa M.J[., Yemesepuxos C.11., Yemesepuroea /[.B., Kendocuesa A.A.
Y dumckuit UactutyT OMOIOTHE - 000C00IEHHOE CTPYKTYpHOE NopasaeneHue deneparibHOro rocyapcTBeHHOTO
OF0/DKETHOTO HAYYHOTO yUpexaeHus Y GUMCKOro (eaeparbHOro UCCIe0BaTenbCKoro neHTpa Poccuiickoil akageMun Hayk,
r. Yoa, Poccus

Annomauyusn. Buvioenenvl ycmotiuugble K Oeiicmeuio psoa 2epbuyudos baxmepuu pooos Pseudomonas u Achromobacter.
Tokazana ux cnocobnocmv 6 npucymcmeuu 2epouyudos K cuHmesy QUMOLOPMOHO8 U AHMUOUOMUKOS, MOOUIU3AYUL
coedunenuti pocghopa u azomepuxcayuu.

Kniouesvie cnosa: cepbuyuonsiii cmpece, PGPB, Pseudomonas, Achromobacter

IMpumeHenue repOULMAOB — OAUH U3 3JIEMEHTOB MEPONPHUATHH [0 MHTEIPUPOBAHHOH 3all[UTE CEIbCKOXO3SHCTBEHHBIX PacTeHHUi,
OKa3bIBAIOIINI OJHOBPEMEHHO M OTPHLATENEHOE CTPECCOBOE BO3ACHCTBHE HAa pa3BHTHE KyJbTUBHPYEMOTO pACTEHHS.
HusenupoBaHue repOUIMAHOTO CTpecca BO3MOXKHO C HCIIOJIb30BAaHUEM aHTHCTPECCOBBIX MpernaparoB Ha ocHoBe PGP — Gakrepwii,
YCTOWYMBBIX K JEWCTBUIO TEPOHMLIMIOB M B UX NMPHCYTCTBUH CIIOCOOHBIX OKa3bIBaTh KOMIUIEKCHOE MOJIOKUTEIFHOE BO3JEHCTBHE Ha
pacTeHue.

Lenp HacTosimield paboThl — OLEHKA MOTEHIWANa Ul HUBEIMPOBAHUS TepOUIMIHOTO CTpecca y PE3HCTEHTHBIX K TepOHIuIaM
MHUKPOOPTaHU3MOB.

[epBUYHBIH CKPHHIUHT MHKPOOPTaHU3MOB MPOBOAMIIM IO CIIOCOOHOCTH K POCTY Ha MHHEpaIbHOH cpene PaiiMoHIa B IPHCYTCTBUH
repouiunoB Ha ocHoBe 2,4-11 (2,5 r/m) (Okranon, ®nopakc, Yucranan) u cyiabdonunmouesuH (1,0 r/n) (Hanomer). TIpoBoaunu
HU3MepeHne TPOAYKIMH (UTOTOPMOHOB METOIOM MMMyHO(epMeHTHOTO aHanu3a [Veselov et al., 1992], aHTUrpnOHON aKTHBHOCTH
METOZIOM JIyHOK [AcabuHa u ap., 2009]. Taxke oleHHMBaNIM CHOCOOHOCTh K MOOMIIM3AIMK coequHeHHi (ocdopa ¥ MmoTeHIHAI
a30T(UKCAIMU 110 HAIWYUIO POCTa Ha CENEKTHBHBIX cpepaxX. OLEHKY NOTEHIMala JUIl HUBEIMPOBAaHHS TepOHIMIHOTO cTpecca
IIPOBOJMIIN IO COXPAHEHUIO CBOMCTB, XapakTepHbIX A1 PGP - 6akTepuii B MpUCYTCTBUU FepOUIUIOB.

BsigeneHs! yeTOHYMBBIE K ACHCTBHIO repOunmaoB bakrepun pomos Pseudomonas u Achromobacter, ciocoGHbie B X IPHCYTCTBHE K
nozasneHuo ¢uromnaroreHoB poxa Fusarium, Alternaria, Rhizoctonia, Bipolaris, Botrytis, cunte3sy aykcuHOB, a30TduKcaMU 1
MoOmIH3aIMu coequHeHni hochopa. HoBbie MEKPOOPraHU3MBI MOTYT OBITh PEKOMEHIOBAHBI JUIS TPOBEICHUS MOJIEBBIX UCIIBITAHUIH
B KaueCTBE aHTUCTPECCOBBIX ar€HTOB 110 HUBEJINPOBAHUIO TePOUIIIIHOTO CTpecca pacTeHUMH.

HUccnenoBanue BeIMONHEHO B pamkax '3 MuHoOpHayku Poccun Ne 075-00326-19-00 mo Teme Ne AAAA-A19-119021390081-1.

Acabuna E.A., Yersepukos C.II., JlorunoB O.H. Ontumuzanus 6MOCHMHTE3a MHIHOMTOPOB pocTa (UTONATOrCHOB OAKTEPUAMHU

pona Pseudomonas // Buotexuomnorus. 2009. Ne 3. C. 67-71.

Veselov S.U., Kudoyarova G.R., Egutkin N.L., Guili-Zade V.Z., Mustafina A.R., Kof E.M. Modified solvent partitioning scheme

providing increased specificity and rapidity of immunoassay for indole 3- acetic acid // Physiologia Plantarum. 1992. V. 86. P. 93—
96.
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The influence of plant growth stimulating bacteria on phytoremediation of oil-contaminated soils
Bakaeva M.D., Vysotskaya L.B., Arkhipova T.N., Kuzina E.V., Chetverikov S.P., Rafikova G.F, Korshunova T.Y.,
Loginov O.N., Veselov D.S., Kudoyarova G.R.

Ufa Institute of Biolog, RAS, Ufa, Russia
E-mail: vysotskaya@anrb.ru

Key message. The mechanisms of the effect of bacteria oxidizing hydrocarbons and synthesizing hormones on plant resistance
to oil pollution of the soil are studied.

Keywords: bacteria — hydrocarbon destructors, hormones, plant growth, photosynthesis

The effectiveness and safety of soil cleaning from oil pollution depend on the use of hydrocarbon destructing bacteria and
plants associations, which mechanisms of interaction are poorly studied.

Goal. The study of the influence of bacteria of the genus Pseudomonas on the growth, water balance and state of the
photosynthetic apparatus of plants, brought about by ability bacteria to degrade oil hydrocarbons and the synthesis of
phytohormones.

Methods. In laboratory experiments, soil pollution was simulated by introducing crude oil. The resistance of oats, barley,
Sudan grass, sowing peas, seedless bonfire, meadow fescue, meadow clover and hedgehogs to the presence of oil
hydrocarbons in the soil was assessed.

Results. We found inhibition of plant germination and growth, a decrease in transpiration and a change in photosynthesis
parameters: maximum (Fv / Fm) and effective (Y (1)) quantum yield of photosystem Il and non-photochemical quenching
(NPQ). Different potential ability to accumulate IAA (ABA and cytokinins - trace amounts), when cultured on King B.
medium, was shown for a number of bacterial strains, actively oxidizing oil hydrocarbons, mainly from the genus
Pseudomonas belonging to the collection of the Ufa Institute of Biology of the UFIC RAS. We revealed some strains
demonstrating minimal reduction of IAA synthesis in the presence of oil and hydrocarbons in the medium. Inoculation of
barley plants with P. plecoglossicida 2.4-D, P. turukhanskensis 1B 1.1 and P. hunanensis IB C7, Enterobacter sp. UOM 3, to
varying degrees, reduced the negative impact of oil on the studied indicators. It was shown that this was not always directly
dependent on the ability of the strains to reduce the content of oil hydrocarbons in the soil. At the same time, the maximum
mass of barley plants in the presence of oil was observed during inoculation of plants with the strain P. hunanensis IB C7,
characterized by minimal reduction of IAA production in the presence of oil hydrocarbons in the culture medium. Obviously,
the bacterial IAA contributed to the detected activation of root growth in conditions of impaired access to water and nutrition
due to oil pollution and to an increase in root secretions, which is important for both introduced and native microorganisms
oxidizing hydrocarbons.

This work was supported by a grant of Russian Foundation of Basic Researches Ne 18-29-05025.

Bimsinne 6aKkTepHii, CTHMYJHMPYHIIHNX POCT PACTeHHIi, Ha GUTOPEMeTNAINIO 3arPSI3HEHHBIX He(PTHIO MOYB
baxaesa M.J[., Bvicoyxas JL.b., Apxunoea T.H., Kysuna E.B., Yemeepukoe C.I1., Paguxosa I'.®., Kopwynosa T.FO.,
Jloeunos O.H., Becenog JI.C., Kyoospoea I'.P.

Y oumckuit Uucruryt ouonorun YOUL] PAH, Y da, Poccus

Annomayusn. H3zyuenvl Mexanuzmol 6IUsHUSL OKUCTSIOUWUX Y2Ae8000p00bl U CUHMESUPYIOWUX PUMOLOPMOHBL Oakmepull Ha
VCMOUYUBOCb PACMEHUL NPU HeQhMAHOM 3A2PA3HEHUU NOYE.

Knruesvte cnosa: baxmepuu — decmpykmopbul yeies000po00s, 20pMOHbL, POCH pacmerutl, homocunmes

D deKTHBHOCT, U 0€30MacHOCTh OYHUCTKU MOYB OT HE(TSHBIX 3arps3HEHMH 3aBHCAT OT NMPUMEHEHHS acCOUMalid OakTepuil -
JIECTPYKTOPOB YITIEBOJOPOIOB U PACTEHHUN, MEXaHU3MBI B3aUMOJICHCTBUS KOTOPBIX MaJI0 UCCIIEJOBAHBL.

Llens. W3yuenne Brausinus Gakrtepuii poga Pseudomonas Ha poct, BOAHBINM OamaHC W COCTOSIHHE (DOTOCHHTETHYECKOTO armapara
pacTeHuii, 00yCI0BICHHOE UX CTIOCOOHOCTBIO K JECTPYKIUH YIIIEBOJIOPOAOB HEPTH U CUHTE3y (PUTOTOPMOHOB.

Meronpl. B mabopaTopHBIX ONBITaX MOJAENUPOBANM 3arps3HEHHE IMOYBBI, BHOCS B Hee Chpylo HedTh. I[IpoBeneHa oreHka
YCTOHYUBOCTH pacTeHUil OBca, SUMEHs, CyJaHCKOH TpaBbl, TOPOXa IOCEBHOI0, KOCTpa 0E€30CTOr0, OBCSHMIIBI JIYyTOBOH, KieBepa
JIYTOBOTO U €XKH COOPHOH K MPUCYTCTBHIO B MOYBE YTIIIEBOJOPOIOB HEPTH.

OOHapyKeHO IOJAABJICHUE NPOPACTaHUs M POCTAa PACTEHMH, CHIDKEHHE TPAaHCHMPAallUM U M3MEHEHHE MapaMeTpoB (OTOCHHTE3A:
Makcumaibhblii (Fv/Fm) u addexrusnniii (Y (I1)) kBanTOBBINM BhIXOH (oTocucteMmbl I u HedoToxummdeckoe tymenue (NPQ).
IMoka3zana pasHas MOTEHIMAJbHAs CIOCOOHOCTh psima OakTepuii B OCHOBHOM pojaa Pseudomonas u3 xostekiu Y PUMCKOTO
Wucturyra Ouonorun YOUILL PAH, akTHBHO OKHCHAOMIMX yrieBogopoabl HedTH, HakaruBath UYK (ABK u nuTOKUHHMHBI —
CJIeZIOBbIE KOJIMYECTBA) MPU KyJIbTUBUPOBaHUHU nX Ha cpeae Kunr b. BelgBieHbl mTaMMbl, KOTOpblE MUHUMAJIBHO CHUKAJIM CHHTE3
WNYK B mpucyrctBum B cpeie HedTH W yrieBogoponxoB. MHOKymsnMs pacTeHUil SYMEHS OTOOPaHHBIMH IO 3TOMY INPHU3HAKY
mrrammamu P. plecoglossicida 2.4-D, P. turukhanskensis IB 1.1, P. hunanensis IB C7 u Enterobacter sp. UOM 3 B pasHoii creneHu
HHUBEJIMpPOBAJa HETaTUBHOE BIMSHME HEe(TH Ha M3y4eHHbIE INoKasarenu. [Toka3zaHo, 4TO He BCETZa 3TO HAMPAMYIO 3aBHCENO OT
CIOCOOHOCTH IITAMMOB CHHXATh COJEPYKaHWE YTIIEBOJOPOJOB He(TH B MoyBe. B TO ke BpeMs MaKCUMaJbHYI0 Maccy pacTeHHH
STIMEHsI B MPUCYTCTBUH He(DTH HAONIIOMAIM HPH MHOKYJIALMHU pacTeHuit mrammoM P. hunanensis IB C7, koTopslii B HauMeHbIIeH
crernieHy cHwxan npoaykuuio MYK B mpucyTcTBuM yriieBogopofoB HeTH B KyJbTypalibHON muTaTenbHOM cpene. OueBHIHO,
GakrepuanbHas YK cnocoOcTBoBana 0OHapy>KEHHOH aKTHBALMHM POCTa KOPHEH B YCIOBHSAX HapyIICHHS IOCTYIHOCTH BOIBI U
MUTAHUS BCIIEICTBHE HE(TSIHOrO 3arpsA3HEHHS U YBEJIMYEHUIO KOPHEBBIX BBIACTICHUH, YTO Ba)KHO KakK IS BHOCHMBIX, TaK H
A0OPHUTeHHBIX OKUCIIIIONINX YTIICBOAOPOIBI MUKPOOPTaHU3MOB.

Pabora BbIOIHEHA IPH YaCTHYHON (pUHAHCOBOMU moaepxkke rpanToM PODU Ne 20-04-00305.
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Bacteria Lelliottia nimipressuralis CCM 32-3 -- the producer of organic acids
Baranskaya M.I., Chaikovskaya L.A.
FSBSI “Research Institute of Agriculture of Crimea”, Simferopol, Republic of Crimea
E-mail: baranskaya@rambler.ru

Key message. It was established that the CL strain of L. nimipressuralis CCM 32-3 contains acetic, citric and gluconic
organic acids, as well as a substance of unknown nature.
Keywords: Lelliottia nimipressuralis CCM 32-3, organic acids

During the life of microorganisms, a large number of metabolites accumulate, which determine the quality characteristics of
the final product. One of these metabolites is organic acids. Its accumulation leads to a change in the active acidity of the
nutrient medium, which significantly affects the speed and nature of biochemical reactions that occur during the cultivation of
microorganisms in various substrates. Acidification of the environment also affects the charge of the cell membranes, the
solubility of cations and anions, which leads to an improvement in the intake of nutrients to the microbial cell and, as a result,
to the intensification of all ongoing metabolic processes. Many microorganisms with a complex of useful properties have been
used in various sectors of the national economy, including agricultural production. Given the above, the aim of our research
was to determine the qualitative and quantitative content of organic acids in the culture fluid of the strain L. nimipressuralis
CCM 32-3. The strain included in the Crimean collection of microorganisms (http://ckp-rf.ru/usu/507484/) of FSBSI
“Research Institute of Agriculture of Crimea”. L. nimipressuralis CCM 32-3 is a basis of a fertilizer preparation for
optimizing the mineral nutrition of plants, stimulating their growth and increasing productivity.

Determination of organic acids was performed by high-performance liquid chromatography (HPLC). It was found that the
cell-free cultural liquid (CL) contains 8 components, 3 of which quantitatively prevail. When using the labels of standard
substances, it was shown that the following organic acids predominate in the CL of the strain L. nimipressuralis CCM 32-3:
acetic — 0.39 g/I, citric — 0.36 g/l and gluconic — 0.06 g/l, as well as an unidentified substance containing carboxy! groups.
Thus, it was established that the CL strain of L. nimipressuralis CCM 32-3 contains acetic, citric and gluconic organic acids,
as well as a substance of unknown nature.

Baxkrepus Lelliottia nimipressuralis CCM 32-3 — npoayueHT opraHu4ecKux KucJaoT
bapanckaa M.HU., Yaiikosckas JI.A.
OI'BYH «HayuHo-nccnenoBaTenbCKUi HHCTUTYT CEJIbCKOTO XaszsicTBa Kpbimay
Cumopepomnons, Pecrryommka Kpsim

Annomayusn. Ilpusedenvl pe3yromamel UCCIeOOGAHUN NO USYHEHUIO KAYECMEEHHO20 U KOIUYECHBEHHO20 COOePICAHUSL
opeanuueckux kuciom 6 xKyambmypanvhot scuoxocmu Lelliottia nimipressuralis CCM 32-3. Yemanosneno, umo 6 npoyecce
ACUZHEOEMENbHOCU WMAMM NPOOYYUPYEm OP2AHUYECKUe KUCIOMbL: YKCYCHYIO, TUMOHHYIO U 2TIOKOHOBVIO 8 KOJIUHecmee
0,39 2/n, 0,36 2/n u 0,06 2/n coomeemcmeenno.

Knrouesvie cnosa: Lelliottia nimipressuralis CCM 32-3, opaanuueckue kuciomol

B mpoiiecce KXU3HEAEATETBPHOCTH MHUKPOOPTAHU3MOB HAKAILTHBACTCSI OOJBIIOC KOJIMIECTBO METa0ONUTOB, OIMpPEIEIISIONINX
KaueCTBEHHbBIE XapaKTEPUCTHKHA KOHEYHOro Npoaykra. OIHUMH U3 TaKMX METabOIMTOB SIBJSIOTCS OPraHUYECKHE KHUCIIOTHI,
HaKOIIEHHE KOTOPBIX MPUBOJUT K W3MEHEHHIO aKTHMBHOMN KHMCIIOTHOCTH ITHTATENLHOM CPEJIBI, YTO CYNIECTBEHHO BIUSET HA
CKOPOCTh M XapakTep OHOXHMHUYECKHX PEaKIHii, TPOUCXOANINX MPH KyJIHTHBUPOBAHHH MHUKPOOPTaHH3MOB B PAa3JIMUHBIX
cyoOcTparax. [TogkucIeHre cpebl BIUSET TAKKe W Ha 3apsi] KIETOYHBIX 000JI0UeK, PACTBOPUMOCTh KATHOHOB M aHHOHOB, UTO
TPUBOJIUT K YIIYUIIEHHIO MMOCTYILIEHHS MTUTATELHBIX BENIECTB B MUKPOOHYIO KIETKY H, KaK CJIEACTBHE, K HHTEHCH(PUKAIIUN
BCEX MPOTEKAIOIINX META0OIMIECKHUX MPOIECCOB. MHOTHE MUKPOOPTAaHU3MBI, 00JIa/Iaf0lIie KOMIUIEKCOM ITOJIE3HBIX CBOWCTB,
HAIUTH TIPUMEHEHHE B PAa3IMYHBIX OTPACIIAX HAPOJHOTO XO3SHCTBA, B TOM YHCIIE M CEIbCKOXO3SHCTBEHHOM MPOM3BOJICTBE.
VYuuThiBasi BHILIECKA3AHHOE, I€]b HAIIMX HCCIEIOBAHMN 3aK/IH0Yaiach B ONPENEJEHHH KAaueCTBEHHOTO M KOJHMYECTBEHHOTO
COJIEpIKAHUST OPraHMYECKUX KHMCIIOT B KYJIbTYPaabHOM x)uakocTH mTamma L. nimipressuralis CCM 32-3. U3yuaemblii mramm

Kpbimckoit  kostekumu  MukpoopranusmoB  ®IBYH "HUUCX Kpeima"  (http://ckp-rf.ru/usu/507484/) — ocuoBa
yI0OPUTENLHOTO TIpenapara Uit ONTUMHU3ALMKE MUHEPAILHOTO THUTAHWS PACTEHUM, CTUMYJISALMH MX POCTa U MOBBIICHUS
YPOKaHOCTH.

OnpeneneHre OpPraHAYECKUX KHCIOT MPOBEACHO METOIOM BHICOKOI(D()EKTUBHOW KUAKOCTHOH Xpomatorpaduu (BIXKX).
YcTaHOBIICHO, YTO OCBOOOX/IEHHAs! OT KJIETOK KyJbTypasibHas kujnkocTh (KOK) comepkur 8 KOMIIOHEHTOB, 3 M3 KOTOPBIX
KOJIMYECTBEHHO TMpeBaNupyroT. [Ipy Hcnonb30BaHMEM METOK CTAaHAAPTHBIX BEIIeCTB IokazaHo, uyro B KOK mramma L.
nimipressuralis CCM 32-3 nmpeo0iaaaioT ciaeayroune OpraHndeckKiux KUciaoTsl: ykeycHas — 0,39 r/m, numonHas — 0,36 r/n u
rimokoHoBast — 0,06 1/11, a Takke COAEPXKUTCS HEe UIICHTU(UIMPOBAHHOE BEIECTBO, COAEpIKaliee KapOOKCHIIbHbIE TPYIIIIBL.
Takum obpasom, Merogom BOXKX ycranosneno, uro B KK mramma L. nimipressuralis CCM 32-3 copepkatcsi yKCycHas,
JIMMOHHAsI U TJIFOKOHOBAsI OPraHU4eCKHe KUCIIOThI, & TAKXKE BEIIECTBO HEYCTAHOBJICHHOM MPUPO/IBI.
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Influence of the microbiological preparation Atuva + Premax on the formation of soy nodule bacteria
Barchukova A.Ya., Chernysheva N.V., Tosunov Ya.K.
Kuban state agrarian University named after I. T. Trubilin, Krasnodar, Russia
E-mail: nv.chernisheva@yandex.ru

Key message. Soy is characterized by specific nutrition, the ability to assimilate nitrogen from the air through symbiosis with
nodule bacteria. Microbiological preparation Atuva + Premax activates the formation of nodule bacteria.
Keywords: soy, Atuva + Premayx, inoculant, nitrogen fixation, nodule bacteria

The goal is to establish the optimal concentration of the test drug solution for pre-sowing treatment of soybean seeds.

The experiments were carried out in a field experiment at the experimental site of Kubgau (Uchkhoz "Kuban", ot. 1). The
registered area of the plot is 25 m2, the repeatability is fourfold. Soya — Vilana variety. The experiment scheme included:
control-without seed treatment; experimental variants — Atuva + Premax-pre-sowing treatment of seeds (drug consumption —
62.5, 125, 250 ml/50 kg of seeds, working solution consumption — 10 | / t). During the flowering phase, plant samples were
taken to determine the number and mass of nodules.

The main mechanisms of stimulation of plant growth by microorganisms are: fixation of atmospheric nitrogen, synthesis of
phytohormones, suppression of growth of phytopathogenic microorganisms. Previously widely used in production, Nitragine
increased the accumulation of nodules in roots and crop residues, which had a very favorable effect on the yield of crops sown
after legumes [1, 2, 3]. Pre-sowing treatment of soybean seeds with microbiological preparation Atuva + Premax had a
significant impact on the formation of nodule bacteria. In experimental variants, especially in the variant with the use of the
drug at a dose of 250 ml/50 kg of seeds (optimal concentration), a larger number of nodules (29.3-32.6, in the control — 26.1
PCs.), larger by weight (9.96-14.04 mg, in the control — 6.80 mg) were formed. It should be noted that if the percentage of
inactive nodules (less than 2 mm) and inactive nodules (2-4 mm) that take a minimal part in the symbiotic process is 75.5 %,
then in the experimental variants — 40.2-62.5 %. Moreover, with an increase in the rate of consumption of agrochemicals, the
percentage of inactive nodules decreases, thereby increasing the nutrition regime, and, consequently, the growth of soy plants
is activated.

Bausinne mukpo6uosiornyeckoro npenapara Atrysa + Ilpemakc Ha ¢popMupoBanne Ki1y0eHbKOBBIX 0aKTepuii con
bapuykoea A. A., Yepnvuuesa H. B., Tocynos A. K.
®I'BOY BO «Kybanckuii TocyIapCTBeHHBIN arpapHbliil yauBepcuteT umeHH U.T. TpyOmmmHa», Kpacaomap, Poccns

Annomayun. Cos xapaxkmepusyemcs cCneyupuuHoOCmvio NUMAHUA, CHOCOOHOCHbIO ACCUMUIUPOBAMb A30M U3 8030VXd
nocpedcmeom cumobuosa ¢ KiyoeHvkosvimu baxmepusmu. Muxpobuonoeuueckuii npenapam Amysa + Ilpemaxc akxmugupyem
Gopmuposanue KkirybenvKkoguix baxmepui.

Kniouesvie cnosa: cos, Amysa + Ilpemaxc, unoxynsium, azomepuxcayusi, Kiybenvkogvle baxmepuu

Ilenb — yCTaHOBUTH ONTUMAJIBHYIO KOHLIEHTPAIMIO PacTBOPA MCIBITYEMOTO IpenapaTa Il IPeAnoCeBHON 00paboTKH CeMSH
cou.

ONBITEl TPOBOJMIUCH B YCIOBUSX TOJIEBOTO OmMbITa Ha ombITHOM yuacTke KyOI'AY (yuxo3 «KyGawby», otd. 1). Ydernas
IUTOIIAb NEJISTHKY — 25 M2, IOBTOPHOCTH — 4eThipexkparHas. CopT con — Bunana. Cxema onbITa BKIIOYana: KOHTPOJIb — 0e3
00paboTKH CeMsH; OIBITHBIC BapHaHTH — ATyBa + [Ipemakc — mpeamnoceBHas 00paboTKa ceMsH (pacxof mpemapara — 62,5,
125, 250 ma/50 kr cemsiH, pacxona paboduero pactsopa — 10 1/1). B a3y uBerenust oTOupain pacTUTENbHBIE 00pa3ibl s
OTIpeJIeTIeH s KOJIMUECTBA M MACCHI KIIyOCHBKOB.

OCHOBHBIMH MEXaHHW3MaM{ CTHMYJISIIIMHA MHKPOOPTaHM3MaMH pOCTa PacTeHHMH SBIAIOTCS: (UKcAUs aTMOC(EpHOro a3oTa,
cuHTEe3 (UTOrOPMOHOB, IIOJIABIEHHE POCTa (PUTONATOTEHHBIX MHKPOOPraHW3MOB. PaHee IIMPOKO HCIOJB3yeMbId B
pou3BoJicTBe HuTparnu ycmimBan HakoIUIEHHE KITyO€HBKOB B KOPHSX M NMOKHUBHBIX OCTaTKaX, YTO BEChbMa OJIArONpHITHO
CKa3bIBAJIOCh HA YPOXKaHOCTH CEJILCKOXO3SIMCTBEHHBIX KYJBTYp, BBICEBaeMBIX mocie 6060Bwix [1, 2, 3]. IlpeamoceBHas
00paboTka ceMsH COM MHKpoOHWoNormueckuM mpemapatom AtyBa + I[Ipemakc okazama CyIIEeCTBEHHOE BIIHMSHHUE Ha
(dopmupoBanue KiI1yOeHbKOBBIX OakTepuil. B ONBITHBIX BapuaHTax, OCOOCHHO B BapHaHTE C NPHUMEHEHUEM IIperiapara B J103e
250 mi/50 kT cemsH (onTHMaNbHas KOHIIGHTpanus), GOpMHPOBAIOCH OoJblIee YHCI0 KIyOeHpKoB (29,3-32,6, B KOHTpoIe —
26,1 mrt.), 6onee kpymHBIX IO Macce (9,96-14,04 mr, B koHTpOIe — 6,80 Mr). [Ipu 3TOM clexyeT OTMETHTD, YTO CIIU MPOICHT
HEaKTUBHBIX KJIyOCHBKOB (MeHee 2 MM) M MaJOaKTHBHBIX (2-4 MM), NPUHAMAIONIMX MUHMMaJIbHOE YydYacTHE B
CUMOHMOTHYECKOM TIporiecce, cocraBisieT 75,5 %, To B onbITHBIX BapuaHtax — 40,2-62,5 %. [Ipudem ¢ yBesmueHneM HOPMBI
pacxosa arpoxMMmHKaTa ITPOILEHT HEaKTHBHBIX KIyOSHBKOB CHIKAETCS, TEM CaMbIM, YCHJIHMBACTCS PEXHUM IUTaHUS, a,
CJIE/I0BATEINILHO, aKTHBUPYETCS] POCT PACTEHHUH COM.

1. bapanos B.®. Nukpyctuposanue cemsH con KITMC — 3amor Beicokux ypoxkaeB / B.®. bapanos, O.M. Hlupunsa, H.®.
Yaiika // Cenbckue 30pu, 2004. — Ne 2. — C. 21.

2. bapuykoBa A.Sl. [IpuMeHeHHe HOBBIX IpenapaToB sl HHOKYJsnMU cemsiH cou / A.Sl. bapuykosa, D.111. ['abubyinaes,
T.B. [ukyukosa, B.}O. Xpenosckuii // 3emnenenue, 2010. — Ne 3. — C. 26-27.

3. Mumycrun E.H. Mukpoopranusmsl u npogyKkTuBHOCTh 3emiteneius / E.H. Mumyctun. — M., 1972. — 343 c.
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The effect of the biological product on the productivity of plants of the Solanaceae
Baubekova D.G.
Volzhsko—Caspian branch of FSBI «VNIRO» (FSBSI «CaspNIRKh»), Astrakhan, Russia
E-mail: suslig.zenia@mail.ru

Key message. A laboratory sample of a biological product has a pronounced phytostimulating activity and does not show a
phytotoxic effect. The use of a sample in field experiments increases the yield of a tomato, improving its qualitative and
quantitative indicators.

Keywords: Phytostimulating activity, biological product, productivity, plants of the Solanaceae, agriculture

One of the strategic areas of biological farming is biotechnological research on the development of technologies for the
production and practical application of new environmentally friendly microbial biological products. The use of biological
products based on microorganisms that are antagonists of phytopathogens allows not only to reliably control the development
of the disease caused by phytopathogens, but also to influence the agronomic characteristics of cultivated crops, including
yield.

The aim of the study was to study the effect of a laboratory sample of a biological preparation based on a microorganism of
the genus Bacillus on the productivity of plants Solanaceae.

To achieve the goal in the work, a number of laboratory and field studies were carried out. In laboratory experiments, the
phytostimulating activity of a laboratory sample in relation to a test culture (white rhapsody «mustard») was studied. In the
field, the effect of the laboratory sample on the agronomic characteristics of the Gift variety tomatoes was studied. Cultivated
seedlings before planting in open ground were sprayed with a laboratory sample. The first strait under the root of the plants
was carried out in the budding phase, the second strait during flowering. The growing season lasted 5 months.

As a result of preliminary studies, a manifestation of the phytostimulating activity in relation to white mustard by the studied
laboratory sample was established. The introduction of a laboratory sample helps to stimulate the growth of seedlings of test
plants by 79 % relative to the control. When studying the effect on seed germination of a test plant, the absence of toxic
effects was determined: the difference in the number of germinated seeds in the experiment and control did not exceed 30 %
and amounted to 3 %.

The use of the studied laboratory sample in field experiments on tomato showed the influence of the sample on the
germination of seedlings (increase by 4,0 %), biometric indicators of the culture (increase in plant height by 2,0 %, number of
leaves by 2,5 %, shoots by 6,5 %, fruit by 13,0 %), as well as increase yield (by 30,8 %), qualitative and quantitative
indicators of tomato (increase in fruit weight by 4,5 %, decrease in the number of diseased fruits by 100,0 %).

JeiicTBHe 6M0J10rMYeCKOro NMpenapara Ha yposkalHoOCTh pacTeHuii ceMeiicTBa IlacieHoBbIX
bayberosa /1.T.
Bomxkcko-Kacnuiickuit punnan ®I'BHY « BHUPO» («KacnHUPX»), Acrpaxans, Poccust

Annomauusn. Jlabopamopuwiii 0bpaszey buonpenapama ooradaem blpadlceHHOU GuUmMoCMUMyaupyoueti akmugHoCmvio U He
nposeisem Gumomoxcuyeckoeo oevicmeus. Ilpumenenue o6pasya 6 nONEGLIX IKCHEPUMEHMAX NOGLIULAET YPOICAUHOCTIb
momama, yIyuas e2o KaiecmeeHHvle U KOIUYeCmeeHHble NOKA3AmMeNu.

Knwoueswie cnosa. pumocmumynrupyrowas axkmusHocms, buonpenapam, ypoxcatiHocms, pacmenus cemevicmea Ilacnenoguix,
CenbCKoe X03aUCmeo

OmHMM W3 CTpaTerHYeCKUX HAalpaBiIeHHH OHOJIOTHYECKOr0 3eMIICACIHUS SBISTIOTCS OHOTEXHOJOTMUECKHE HCCICHOBAHUS TI0
pa3paboTKe TEXHOJIOTHI MOJY4YCHUS M IPAKTHYECKOTO IPUMEHEHHS HOBBIX SKOJIOTHUECKH 0€30MacHbIX MUKPOOHBIX OHOTIpenaparos.
Hcnonb3oBanne OuonpenapatoB Ha OCHOBE MHKPOOPTaHW3MOB—AaHTArOHHUCTOB (DUTONATOTCHOB IMO3BOJSIET HE TOJBKO HAIEKHO
KOHTPOJIMPOBaTh pa3BUTHE 3a00JIEBaHMS, BBI3BAHHBIX (UTONATOTCHAMH, HO W BIMSTh Ha arpOHOMHYECKHE XapaKTEpUCTHUKU
BO3JIEJTBIBAEMBIX CEIBCKOXO3AHCTBEHHBIX KYJIBTYp, B TOM YHCIIE U Ha HX YPOXKAHHOCTB.

Lenpro WccimenoBaHUs —SBISUIOCH HM3yYeHHE BIWSHUS JabOpaTOpHOro oOpasia OWONOTHYecKOro Tpermapara Ha OCHOBE
MHKpooprann3ma poza Bacillus a ypoxaitHocTs pactenuii cemeiictsa ITacieHOBBIX.

Jns noCTMKeHHs TOCTaBJICHHOW B padOTe e NPOBENeH DS Ja0OpaTOPHBIX M MOJEBBIX HCCIEAOBaHUHA. B madopaTopHBIX
HKCIIEPUMEHTAX BO BIAXKHBIX KaMepax U3yueHa (GUTOCTUMYJIUPYIOLIAs aKTUBHOCTh JJAOOPaTOPHOTo 00paslia 0 OTHOLIEHUIO K TECT—
KynpType (ropunie Oemoil copra «Pamconus»). B moneBbIX yCIOBHSX HCCIEIOBaHO BIWsSHUE JaboparopHoro oOpasma Ha
arpOHOMUYECKUE XapaKTEpPUCTUKU ToMaToB copTa «llomapounsiit». BelpalieHHble BCXOABI MEpE] BBICAIKON B OTKPBITBIM I'PYHT
OTIPBICKUBAIIM JTA0OPATOPHBIM 00pa3LOM, HEPBBIA NPOJMB MOJ KOPEHb PACTEHHH OCYIIECTBHIM B a3y OyTOHM3aIUH, BTOPOI
MPOJIMB — BO BpeMsI [[BETeHUs. BereTanoHHbIH OMBIT JUTHJICS 5 MECSIIEeB.

B pesynbraTe nmpenBapUTEIbHBIX UCCIEAOBAHUNA YCTAHOBICHO MPOSBICHHE HCCIEIyEeMbIM 1ab0paTOPHBIM 00pa3oM BBIpaXKEHHO
(duToCTUMYNHMpYIOLICH aKTUBHOCTH [0 OTHOIIEHHIO K Tropuuie Oenoil. BHecenume naGoparopHoro obOpasma crocoOCTByeT
CTHMYJISAIH POCTa MIPOPOCTKOB TECT—PACTEHHUS HA 79 % MO OTHOLIEHHIO K KOHTPOJI0. [Ipy nccaeoBaHUY BIUSIHUS Ha BCXOXKECTh
CEeMSIH TECT—PACTCHHUS OIPEJCIICHO OTCYTCTBHE TOKCHYECKOTO ACHUCTBHA: pPa3HMIA B KOJMYECTBE MPOPOCIIMX CEMSH B ONBITEC U
KoHTpoJe He npebimana 30 % u cocrasisiia 3 %.

HVcnonb3oBanue ucciieryeMoro 1abopaTopHoro odpasia B MOJIEBEIX 3KCIEPUMEHTaX Ha TOMaTe MOKA3aJI0 MOJI0KUTEIbHOE BINSHNE
oOpasia Ha BCXOXKeCTh BCX0/10B (noBbinieHue Ha 4,0 %), bnomerprudeckue mokazaTelu KyJlbTyphl (YBEJIMUYEHHE BBICOTHI PACTECHUIN
Ha 2,0 %, komuecTBa nUCThEB Ha 2,5 %, noberos Ha 6,5 %, onos Ha 13,0 %), a Takxke noBbIIeHUIO ypoxaiiHocTH (Ha 30,8 %),
Ka4eCTBEHHBIX M KOJMYECTBEHHBIX TOKa3aTeliedd ToMara (YBEIHMYSHHEe Macchl II00B Ha 4,5 %, CHW)KEHHE KOJNMYecTBa OOJNBHBIX
oo Ha 100,0 %).
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Artificial symbioses of plants and microorganisms
Baymiev Al.Kh., Vershinina Z.R., Chubukova O.V., Matniyazov R.T., Baymiev An.Kh.
Institute of biochemistry and genetics UFRC RAS, Ufa, Russia
E-mail: baymiev@mail.ru

Key message. The report discusses the problems of creating artificial associations of cultivated plants and rhizobia using
plant and bacterial adhesins, as well as systems of controlled synthesis of growth-promoting substances by rhizospheric
microorganisms.

Keywords: symbiosis, rhizobia, adhesins, nod genes

The creation of rhizosphere associations of cultivated plants with bacteria that stimulate plant growth and protect them from
stresses of a biotic and abiotic nature is one of the most promising directions for the development of modern ecologically
oriented agriculture. In this work, we consider the possibility of using plant and bacterial adhesins to create artificial
associations of cultivated plants with rhizobia, in which the mechanism of activation of nod genes by root exudates is used for
the controlled synthesis of growth-promoting substances. Using genetic engineering methods, we created various transgenic
plants (tobacco, rapeseed, tomato, radish) expressed psl lectin gene of pea or rapAl adhesin gene of Rhizobium
leguminosarum, and recombinant rhizobia strains containing gfp/gus marker genes under the control of Rhizobium
leguminosarum nodABC promoter. On tobacco, tomato, and rapeseed plants, transgenic for psl and rapAl genes, showed the
selectivity of colonization of their rhizosphere by R. leguminosarum bacteria in competition with natural soil microflora.
Using rhizobia strains expressing the RFP fluorescent protein gene, a significant increase in the number of bacteria adhered to
the roots of transgenic plants was shown compared with the control, which was preserved after a month of cultivation in the
soil. It was shown that in recombinant rhizobia strains transformed with plasmids carrying the activation system for the
synthesis of nod genes “nodD gene + nod promoter ABC + gfp/gus”, the synthesis is activated and the products of marker
genes are accumulated when treated with root exudates of host plants.

The strategy of inducible incorporation of target genes of PGPR microorganisms in the plant rhizosphere, with an
experimental approach to constructing an “artificial rhizosphere” of nonsimbirophic plants, selectively and competitively
colonized by nodule bacteria, can be successfully used to create stable and effective associations of nonsimbirophic
economically beneficial plants with microorganisms with increased and included growth-promoting activity.

This research was supported by the Russian Foundation for Basic Research (project18-34-20004 mol_a_ved).

HckyccTBeHHbIEe CMMOMO3bI PACTEHU 1 MUKPOOPTraHU3MOB
baiimues An.X., Bepuwununa 3.P., Yybykosa O.B., Mamnussos P.T., baiimueg An.X.
WHuCTUTYT OMOXUMIH U TEHETUKU — 000COOJICHHOE CTPYKTYpHOE Topa3neneHue OenepaabHOro rocy1apcTBEHHOTO
OIOKETHOTO HAYYHOTO YUPSKICHUS Y PHUMCKOTO (peepaTbHOTO HCCIeA0BAaTEILCKOTO IIeHTpa Poccuiickoil akaeMun HayK,
Yba, Poccus

Annomayun. Ob6cysicoaromes npobaemvl CO30aHUS UCKYCCBEHHLIX aACCOYUAYU KYAbMYPHBIX PACMeHuti U puzooutl ¢
NpUMEHeHUeM  pACMUMENbHbIX U OAKMepuanbHbiX — ao2e3uHos, 4 makdce CUcmeMvl —pezyiupyemozo  CuHmesa
POCHOCMUMYIUPYIOWUX 6€U4eCnE PUIOCPEPHBIMU MUKPOOPSAHUSMAMU.

Knrouesvie cnosa: cumbuos, puzobuu, aozezumnwvt, N0Od-2ensi

Co3nanne pu3oc(epHbIX accouuamuii KyJIbTYpHBIX PpAacTeHHH C OakTEepHsMH, CTUMYIHPYIOIIMMH PpOCT pacTeHHH H
3aMIMINAIOIIMHA HX OT CTPECCOB OMOTHUYECKOI M aOMOTHYECKOH MPHPOIbI, SBISETCS OJHUM M3 HauOoJee NMepCHeKTHBHBIX
HalpaBJIeHUH HA MyTH Pa3BUTHs COBPEMEHHOTO YKOJIOTHYECKH OPUEHTUPOBAHHOTO CEJILCKOTO X03sHCTBa. B mpencraBineHHOM
paboTre paccMaTpuBaeTCsi BO3MOXKHOCTb HCIIOJIb30BAHMS PACTUTEIBHBIX M OaKTepHalbHBIX aAre3WHOB JUIS CO3IaHUS
HCKYCCTBEHHBIX aCCOLHMALMI KyJIbTYPHBIMH PACTCHUI C PU30OHAMH, B KOTOPBIX MEXaHH3M aKTHBAMU NOU-reHOB KOPHEBBIMH
9KCCyaTaMH MCHOJB3YETCs U PETYJINPYEMOro CHHTE3a POCTOCTUMYJIMPYIONINX BeniecTB. MeToaMu TeHHOH MH)XKeHepHn
ObLIM MOy YEHBI JTUHUHU PA3JIMYIHBIX KYJIbTYPHBIX pAaCTeHUi (Tabak, parc, TOMAT, pe/ibKa) TPAHCTEHHBIX MO TeHaM PS| mekTuHa
ropoxa u rapAl amresmna Rhizobium leguminosarum, a rtakke peKOMOMHAHTHBIC IITAMMBI PH300HIA, COmEpKaIHe
MapkepHsie rerbl §fp u gus moj ynpasnennem npomoropa NOJABC Rhizobium leguminosarum. Ha tpascrennsix mo resam psl
n rapAl pacrenusx Ttabaka, TOMara M parnca IOKa3zaHa H30MpaTeNbHOCTh KOJIOHM3AaLMH WX pusochepbl OaKkTepUsiMu
R. leguminosarum B ycioBusix KOHKYPEHIIMH C €CTECTBEHHOH MUKPOGIIOpoii mouBbl. C HCIIONB30BaHUEM IIITAMMOB PH300HIA,
JKCTIpeccupylomux TeH ¢uyopecuentHoro Oenka RFP, mokasaHo 3HaunmTenbHOE yBEIMUYEHHE KOJIMUYecTBA OakTepuid
aAre3UpOBaBIINXCSI HA KOPHAX TPAHCTCHHBIX PACTEHUH MO CPaBHEHUIO C KOHTPOJILHBIMH, KOTOPOE COXPAHSJIOCh W Uepes3
MecsIl BhIpanuBaHus B ouse. [lokazaHo, 4TO B PeKOMOMHAHTHBIX IITaMMax pu300Hid, TpaHC(HOPMHUPOBAHHBIX IJIa3MUAAMH,
HECYIIMMHU CHCTEMY aKTHBAllMU cuHTe3a Nod-reHoB «rex nodD + mpomortop nod ABC + gfp/gus» mporcXoauT BKIFOUCHHE
CHHTE3a U HAKOIUIEHHE MPOYKTOB MAPKEPHBIX F€HOB ITPU 00pabOTKe KOPHEBBIMHU SKCCYAAaTaMU PAaCTEHUH-X035€EB.

Crpateruss MHIyLHPYEMOTO BKJIIOYEHHUS LelieBbIX TeHOB PGPR-mukpoopranmsmMoB B pusocepe pacTeHHH BKyne c
9KCHEPUMEHTAIBHBIM IOJX0/A0M K KOHCTPYHPOBAHUIO «HCKYCCTBEHHOW pH30C(hepbDy HECHMOMOTPO(HBIX pPaCTeHHH,
n30MpaTeTbHO M KOHKYPEHTOCIIOCOOHO KOJOHHM3HPYEeMOH KIyOCHBKOBBIMU OaKTepUSAMH, MOXET OBITh C YCIIEXOM
WCTIONB30BaHa MU CO3JaHUS CTAaOMIBHBIX M 3()()EKTUBHBIX accommanuii HeCUMOMOTPO(HBIX XO3SHCTBEHHO-TIOJIE3HBIX
pacTeHui ¢ MEKpOOpraHU3MaMH, 00J1aIal0NIMMHU OBBIIIIEHHOHN U BKIIFOYaeMON POCTOCTUMYJIHPYIONIEH aKTHBHOCTBIO.

PaGora BeimosHeHa npu noauepkke rpanra PODU  18-34-20004 mon_a Ben «PusocdepHbie MHUKPOOPraHH3MBI C
PETYIUPYyEMBIM CHHTE30M POCTOCTUMYIHPYIOIINX BEUIECTBY.
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High activity of horizontal gene transfer in nodule bacteria as a strategy for interaction with legumes
Baymiev An.Kh., Vladimirova A.A., Akimova E.S., Koryakov 1.S., Baymiev Al.Kh.
Institute of Biochemistry and Genetics - Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia.
E-mail: baymiev@anrb.ru

Key message. The contribution of the legume plant to the formation of the genetic diversity of nodule bacteria and its effect on
the activity of horizontal transfer of symbiotic genes in rhizospheric bacteria is studied.
Keywords: rhizobia, horizontal gene transfer, symbiotic genes, legumes

The interaction of partners in legume-rhizobium symbiosis occurs along a complex multi-stage path in which both plant and
bacterial components take an active part. Leguminous plants of a temperate climate, mostly perennial, undergo multiple cycles
of interaction with nodule bacteria during their ontogenesis. An important role in this is played by seasonal cyclicality, in
which cycles of nodule formation and dying off occur. In turn, nodule bacteria undergo changes in ecological niches in the
plant-soil system in which various selection factors act on bacteria. The main genetic component in the legume-rhizobial
interaction is the symbiotic bacterial genes, which largely determine the specificity and effectiveness of legume-rhizobial
symbiosis. In the saprophytic state, rhizobia often lead to the loss of symbiotic genes as unnecessary genetic material under
the given conditions of existence. The continuous processes of loss and acquisition of sym genes associated with “infection
and release” require nodule bacteria to have genome plasticity and high horizontal gene transfer activity, which, in turn, is one
of the reasons for the high polymorphism of the populations of these microorganisms. The contribution of the legume plant to
the formation of the genetic diversity of nodule bacteria, it’s influence on the activity of horizontal transfer of symbiotic genes
in rhizosphere bacteria by studying the patterns of changes in the genetic diversity and phylogenetic composition of nodule
bacteria obtained from nodules of perennial wild legume plants at different stages of their ontogenesis, is considered. The
mechanism for the formation of the specificity of legume-rhizobial symbiosis with high polymorphism of nodule bacteria, the
importance of high mobility of symbiotic genes and the panmictic structure of the rhizobia population for successful symbiotic
interaction are also considered.

Bbicokasi aKTUBHOCTH TOPM30HTAJIBHOIO IIEPEHOCA FeHOB Y KJIY0eHbKOBBIX 0aKTepuii
KaK cTpaTerust B3aumoJeicreus ¢ 0000BbIMH PaCTEHUSIMHU
baiimues An.X., Braoumuposa A.A., Axkumosa E.C., Kopsaxos U.C., Batimues An.X.
HHeTuTyT ONOXMMUH U TeHETHKH — 000CO0JIEHHOE CTPYKTYpHOE Mojpa3aeneHue denepanbHoro rocyIapcTBEHHOTO
OI0/PKETHOTO HAYYHOTO YUPEXKIACHUS Y GUMCKOTo (peZepaabHOro HCCIeA0BaTEILCKOTo eHTpa Poccuiickoil akaqeMnu HayK,
Ya, Poccus.

Annomauyun. Paccmompen 6xna0 60608020 pacmenus 6 Gopmuposanue 2eHemuiecko20 pasHooopasus KiyOeHbKOo8biX
baxmepuil, €20 6IUAHUS HA AKMUBHOCTL 2OPUIOHMATLHO20 NEPEHOCA CUMOUOMUYECKUX 2€HO8 Y pU3OChephblx bakmepuil.
Kniouesvie cnosa: puzoduu, 20pu3oHmMaibHblil NEPeHOC 2eH08, CumbuomuiecKkue 2etvl, 60606bie pacmenus

BzanmopeiicTBre mapTHEpOB B 0000BO-pH300HANEHOM CHMOHMO3€ MPOUCXOMUT 1O CIOXHOMY MHOTOCTAQAWHHOMY MYTH, B
KOTOpPOM aKTHBHOE y4acTHe NPUHUMAIOT KaK pacTHUTENbHBIC, TaK M OaKTepHaJbHBIC KOMIIOHEHTH. BoOOBEIE pacTeHus, B
OOJNbIIEeH CTENMEHH YMEPEHHOTO KIIMMaTa, B XOJE CBOETO Pa3BUTHSA MPOXOISIT MHOTOKPATHBIE LUKIBI B3aHMMOICHCTBHS C
KITyOCHBKOBEIMH OakTepusMu. HemanoBakHYIO pOjb B 3TOM HUrpaeT CE30HHAs MNUKIMYHOCTh, IPU KOTOPOM IPOUCXOIAT
OUKIBI 00pa30BaHUsI M OTMHpaHHS KIyOeHBKOB. B CBOIO odepens y KIyOCHBKOBBIX OaKTepHUH MPH ITOM IMPOUCXOISAT
W3MEHEHHsI DKOJIOTMYECKUX HUII B CUCTEME «PacTEHHE-TI0YBa», B KOTOPHIX Ha OaKTepHM JECHUCTBYIOT pasjiMuHble (HaKTOPBI
oTOopa. OCHOBHBIM TE€HETHYECKMM KOMIIOHEHTOM B 0000BO-pH300MaIbHOM B3aMMOACHCTBHM SIBISIOTCS CUMOHOTHYECKHE
reHbl OaKTepuii, KOTOpPBIE ONPEEISIIOT BO MHOTOM CHenH(UIHOCTh U 3PPEeKTUBHOCTE 6000BO-pr300MaIbHOr0 cuMOno3a. B
canpo(UTHOM COCTOSIHMM Yy PH300Mil 4acTO MPOMCXOAUT MOTEPs] CUMOMOTHYECKUX IeHOB, KaK HEHY)KHOTO I'€HETHYECKOTO
MaTepHaja B IaHHBIX YCIIOBHSX CyIIecTBOBaHHUSA. [I0CTOSHHBIE MPOLIECCH IOTEPH M MPHOOPETEHUS Sym-T€HOB, CONPSHKEHHBIE
¢ «uH(peknued 1 0CBOOOKICHUEM», TPEOYIOT OT KIyOCHBKOBBIX OAKTEPH IUIACTUYHOCTH I'EHOMA M BBICOKOW aKTHBHOCTH
TOPH30HTAIHHOTO MEPEHOCa TCHOB, YTO, B CBOIO OYEpE/ib, SBISCTCS OJHOW M3 MPUIHH BRICOKOTO MOIMMOP(HU3MA MOITYIISIIUI
JIAaHHBIX MHKpOOpraHm3MoB. PaccMoTpeH Bkiajg 06000BOro pacreHus B (OPMHUpPOBAHHE TI'€HETHYECKOTO pa3sHOOOpasus
KIIyOE€HBKOBBIX OaKTEpHii, €ro BIMSHHS HA aKTHBHOCTh TOPU3OHTAIBHOTO NEPEHOCa CHMOMOTHYECKHX T'€HOB Y PU30C(EPHBIX
OakTepuil IyTeM H3y4eHHMs 3aKOHOMEPHOCTEH M3MEHEHHsI T'€HETHYECKOro pa3sHooOpasusi W (PUIOTeHeTHYECKOro COCTaBa
KIIyOE€HBKOBBIX OaKkTepHH, MOTy4YEHHBIX U3 KIIyOEHbKOB MHOTOJIETHUX JMKOPAcTYIIMX O0OOBBIX PACTEHUI Ha pa3sHbIX CTAAUIX
UX OHTOTCHE3a, a TaKKe MeXaHM3M (OPMHUPOBAHHS CrElU(PUIHOCTH 0000BO-PU300MATBEHOTO CHMMOHMO3a TPH BBICOKOM
MOJIMMOP(HOCTH KITyOCHBKOBBIX OaKTepHid, 3HAYEHHH BHICOKOH MOOWIBHOCTH CUMOHMOTHYECKHX TE€HOB M MaHMHUKTHYHOMN
CTPYKTYPHI IOMYJIIINH pU300UH [T yCIIEIIHOTO CUMONOTHYIECKOTO B3aMMOACHCTBHS.
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Response of plants and nitrogen-fixing symbiosis to the toxicity of cadmium and mercury
using the pea mutant SGECd!
Belimov A.A., Shaposhnikov A.l., Syrova D.S., Guro P.V., Yuzikhin O.S., Azarova T.S., Sazanova A.L.,
Gladkov G.V., Sekste E.A., Safronova V.I.
All-Russia Research Institute for Agricultural Microbiology, Saint-Petersburg, Russia
E-mail: belimov@rambler.ru

Key message. The combined effect of Hg and Cd on the growth, elemental composition, root exudation and interactions with
rhizobia of pea SGE and its mutant SGECd! was studied in hydroponics and sand. The tolerance mechanisms of legume-
rhizobia symbiosis to heavy metals are discussed.

Keywords: heavy metals, nitrogen fixation, nodulation, Pisum sativum, symbiosis

Heavy metals (HM) cadmium (Cd) and mercury (Hg) are among the most widespread and toxic soil pollutants, that inhibits
plant growth and microbial activity. Legume plants are relatively sensitive to heavy metals. Although plant mutants with
altered metal tolerance and accumulation have been used to study physiological mechanisms regulating these traits, using
these plants to study the role of microorganisms in plant-HMs interactions and phytoremediation of polluted soils is limited. In
this respect, the pea (Pisum sativum L.) mutant SGECd' with increased Cd tolerance and decreased Hg tolerance (Belimov et
al., 2016) is of particular interest.

The previously developed gnotobiotic method of cultivating plants in open plastic vessels with forced aeration by sparging
was used to study the combined effect of Hg and Cd on the growth, elemental composition and root exudation. The content of
Cd, Hg and nutrients in the obtained plant samples was carried out using an ICPE-9000 emission spectrometer. The total
nitrogen content in plants was determined using a Kjeltec 8200 automatic analyzer. The effect of HMs on the root exudation
was studied using the UPLC Waters ACQUITY H-class system. Pot experiment was conducted in which plants were
inoculated with nodule bacterium and grown in vessels containing washed silica sand enriched with Cd and Hg.

Inhibition of SGE root growth by Cd was approximately 2 times stronger than that of the SGECd® mutant. Mercury treatment
did not affect the biomass of SGE roots, but reduced the biomass of SGECd! roots by 2 times. Combined treatment with Cd
and Hg of plants did not have an additive or synergistic effect on root biomass of both genotypes. The additive effect of Cd
and Hg appeared only on the SGECdt shoots. The Cd content in the roots and shoots of the mutant was higher than that of
SGE. The Hg content was also higher in the roots of the mutant. Mercury prevented Cd from entering the roots and
transporting this metal into the shoot of the mutant. Cadmium treatment of plants led to a decrease in the content of most
nutrients in the roots and shoots, and this effect was manifested to a greater extent for SGE compared to SGECd!. The negative
effect of Hg on the consumption of nutrients by roots and their transport to the shoot was found in mutant plants. Important
and original observations seem to be the opposite in the action of Cd and Hg on genotypic differences in the transport of
elements from the root to the shoot and the leveling of these differences under combined stress.

The treatment with Cd significantly increased the exudation of several amino acids, sugars and organic acids. This effect was
manifested to a greater extent in the mutant SGECd!. Stimulation of the exudation of amino acids was also found in Hg
treatment to a greater extent in wild-type SGE. The combined action of Cd and Hg did not lead to a further increase in
exudation. Cluster dendrograms were constructed showing the similarity and differences of the exudation profiles by roots
SGE and SGECd". The obtained results indicate various mechanisms of exudation of the studied fractions, while the most
pronounced differences are observed between the fractions of amino acids or sugars with organic acids.

Enrichment of sand with Cd reduced the biomass of roots and shoots in control and inoculated plants of only wild-type SGE,
and Hg reduced only the biomass of shoots of inoculated plants SGECd®. Cadmium reduced the nodule biomass in the wild-
type SGE, and mercury reduced the nodule biomass in the mutant SGECdt. The combined effect of metals on the biomass of
nodules was more negative than the effect of individual metals. The nitrogen fixation activity of plants also decreased. The
results suggest the ability of the SGECd! to actively transport nitrogen from the nodule to the root and further to the shoot
under stressful conditions. It was established that SGECd* has mechanisms to maintain the effective functioning of the nodule
under stress. The reaction of the SGECd! mutant and its symbiotic apparatus to stress caused by the toxicity of Hg and the
combination of Hg and Cd was characterized, and valuable information was obtained on the mechanisms of resistance of
legume-rhizobial symbiosis to heavy metals.

The work was supported by the Russian Science Foundation (grants 19-16-00097 and 16-16-00080).

Belimov A.A., Dodd I.C., Safronova V.I., Malkov N.V., Davies W.J., Tikhonovich I.A. The cadmium tolerant pea (Pisum
sativum L.) mutant SGECd' is more sensitive to mercury: assessing plant water relations. J. Exp. Bot., 2015, 66(8), 2359-69.
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An integrated approach to design of new biotechnological products to reduce man-induced load on environment
Belovezhets L.A.%, Tretyakova M.S.2, Markova Yu.A.?
HRIH SB RAS, Irkutsk, Russia; 2SIFIBR SB RAS, Irkutsk, Russia
E-mail: lyu-sya@yandex.ru

Key message. The regularities of transformation of complex organic substrates (oil, sawdust, hydrolysis lignin) by microbial
associations have been established.
Keywords: microorganisms, lignocellulose substrates, oil destruction, integrated approach

Industrial and communal human activities are accompanied by strong atmospheric pollutant emission. Currently, the most
promising methods for soil remediation are based on the application of a variety of microorganisms and microbial
communities.

The present work is aimed at the development of an integrated approach to the biotransformation of lignocellulosic substrates
and oil by microorganisms.

It is found that the processes occurring during composting of lignocellulosic waste and remediation of soil from oil have
similar features. It is proved that the observed surge in the phytotoxicity of the transformable substrate is due to the effective
activity of oxidoreductase enzymes and an increase in the number of microorganisms, which differ in substrate specificity and
type of nutrition. Consequently, this accelerates all the processes, thereby significantly reducing the transformation time. After
3-4 months, all indicators of biological activity are normalized, and toxicity does not differ from the control that evidences the
completion of the substrate transformation and efficiency of the drugs. Correspondingly, the processes, which without
treatment usually last for decades, in the presence of microorganisms take 2—3 months to afford almost non-toxic products. In
addition, the comprehensive studies reveal a multi-faceted biological activity of microorganisms, incorporated in the drug
composition, which positively affects the properties of the processed lignocellulosic waste and remediation of soil from oil.
For instance, it is established that the microorganisms exhibit phytostimulating effect due to their ability to synthesize
biologically active substances such as amino acids and phytohormones. It is also found that the microorganisms can
synthesize biosurfactants. The structure and main physical-chemical properties of these surfactants have been studied. It is
shown that the effect of these compounds on plant survival under the conditions of soil contamination with oil is owing to
emulsification of the oil film on the root surface.

The study was supported by a grant from the Russian Foundation for Basic Research, project No. 20-016-00114 A.

KoMnuiekcHbI N0AX01 K CO3IAHMIO HOBBIX OMOTEXHOJIOTHYECKUX NPenapaToB Il CHUKEHUs TeXHOTeHHOM HAarpy3Ku
HA OKPYKAKIIYIO CPexy
Benoseacey JI.A.Y, Tpemvsaxoe M.C.2, Mapkoea FO.A.?
IMpUX CO PAH, UpkyTck, Poccus; 2CUDUBP CO PAH, Upkytck, Poccust

Annomauyusn. B pezynomame pabomol visignenvl 3aKOHOMEPHOCTU MPAHCHOPMAYUU CTONCHBIX OPLAHUYECKUX CYOCMPamos
(Hebmb, onuaKuy, UOPOSUSHBLUL TUSHUH) MUKPOOHBIMU ACCOYUAYULMU.
Kniouesnvie cnosa: mukpoopeanuzmol, 1TUSHOYEATIONI03HbIE CYOCmMpampl, HeghmedecmpyKyus, KOMIIEKCHbIl NOOX00

[TpousBosncTBeHHAsT M OBITOBAas JEATEIHLHOCTH YEIOBEKAa COMPOBOXKIAETCS BBIOPOCOM B OKpPY’KAalOMIYIO Cpexy OOJIBIIOTO
KOJIMYEeCTBAa 3arps3HSIOMNX BelIeCTB. B Hacrosmiee BpeMsi HanOoliee NMEPCHEKTUBHBIMH SIBISIOTCS METOABI peMEHallvH,
UCTIONIB3YIOIINE Pa3HOOOpa3Hble MUKPOOPTaHU3MBI 1 MUKPOOHbIE COOOIIECTRa.

Llenbro paboTs! ObLTa pa3paboTKa KOMIUIEKCHOTO MOAX0Aa K OHOTpaHC(hOpMaIy JMTHOLEIUTIONO3HBIX CyOCTpaToB U He(hTH
MHUKpPOOPTaHU3MaMHU.

Pe3ynbraThl McClieOBaHUsI BBISBUIN OJJHOTUITHOCTB IPOLECCOB, IPOUCXOSIIUX PH KOMIIOCTUPOBAHUH JIMTHOLIGIUTIONIO3HBIX
OTXOJ/IOB M peMeaualuy 1moys oT Hedru. JlokazaHo, 4TO HaOJIOJAEMBbIH BCILIECK (PMTOTOKCHYHOCTH TPaHC(HOPMUPYEMOTO
cyOcTpaTta MpOUCXOAUT 3a c4eT 3((PEKTUBHON IESATENBHOCTH OKCHAOPEAYKTa3HBIX (DEPMEHTOB M YBEJINYEHHS YHCICHHOCTH
MHUKpPOOPTraHM3MOB, PA3JIMYHBIX 110 CyOCTpaTHOI CHEUM(PUYHOCTH M THILy NHUTaHMS. DTO NPHUBOIUT K YCKOPEHHIO BCEX
MIPOIIECCOB, YTO 3HAYUTENBHO COKpamaeT cpoku Tpanchopmaruu. YUepes 3-4 mecsma Bce MOKazaTead OMOJIOTHUECKON
AKTHBHOCTH HOPMAJIM3YIOTCSA, @ TOKCHYHOCTh HE OTIMYAeTCS OT KOHTPOJA, HYTO CBHJICTEIBCTBYET 00 OKOHYAHWH
Tparchopmarmu cyocTpaToB U 3¢ PeKTHBHOCTH mpenapatoB. COOTBETCTBEHHO, MPOIECChI, 0e3 00pabOTKU pacTATHBAOIIHECS
Ha JIECATHIICTHUS, MPOUCXOJAIT B TeUEHHE 2-3 MECSLEB M NPUBOAAT K IOJHOMY OTCYTCTBHIO TOKCHYHOCTH HpoaykTa. Kpome
TOTO, B pe3yibTare KOMIUIEKCHOTO HCCJIEIOBaHMS BBISIBIEHA MHOTO(AKTOpHas OWOJOrHYecKas JesTeIbHOCTD
MHUKPOOPTaHM3MOB, BXOJSIIMX B COCTaB IIpeNaparoB, MO3WTHBHO BIMSIOIIAs Ha CBOWCTBAa IepepadOTaHHBIX
JIUTHOLIEJUTIOJIO3HBIX OTXOJIOB M OYHMCTKY IouBbl OT Hedtu. Tak, ycTaHOBiIeHO QuUTOCTUMYyNHpYIOLee eHCTBHE
MHUKpPOOPraHM3MOB, OCHOBAaHHOE Ha HX CIOCOOHOCTM CHHTE3MPOBATh OMOJOTMYECKH AaKTHUBHBIE BELIECTBA, TaKHE Kak
aMHHOKHCIIOTBI M (DUTOTOPMOHBI. BpIsiBIeHa CHOCOOHOCTH MHKPOOPTaHW3MOB CHHTE3UPOBATH OWMOTEHHBIE ITOBEPXHOCTHO-
aKTHBHBIC BEIIeCTBAa — OMOCyp(haKTaHTHI, UCCIETOBAHbI HX CTPYKTYpa M OCHOBHBIE (PM3UKO-XMMHUYECKHEe CBOHCTBA. JloKazaHo,
YTO BJIMSHHE 3THUX COCJMHEHHH HAa BHDKMBAEMOCTH PACTCHUI B YCIOBMSX 3arpsi3HEHHsI MOYBbI HE(PTHIO MPOMCXOAUT 33 CUET
OMYJILIUPOBaHUS HEPTAHOMN IUIEHKH HAa MOBEPXHOCTH KOPHEH.

Hccnenoranue noaaep:kano rpaarom PODOU, npoext Ne 20-016-00114 A.
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The effectiveness of the use of strains of soil microorganisms in the cultivation of spring wheat in the Primorsky Kray
Berezhnaya V.V.%, Klykov A.G?, Sidorenko M.L.2, Bykovskaya A.N.?
IFSC of agrobiotechnology in the Far East named after A. K. Chaika, Timiryazevsky, Ussuriysk, Russia; 2FSC of Biodiversity
FEB RAS, Vladivostok, Russia
E-mail: bereg911@mail.ru

Key message. The results of studies of the effects of nitrogen-fixing, phosphate- and potassium-mobilizing strains of
microorganisms on the discovery of the potential of spring wheat during pre-sowing seed inoculation and seedling treatment
in different phases of growth and development are presented.

Keywords: nitrogen-fixing, phosphate and potassium-mobilizing microorganisms, soil, spring wheat

One of the promising methods of cultivating field crops is the use of environmentally friendly farming systems using microbiological
fertilizers, which are based on living cultures of soil microorganisms [1, 2]. Presowing treatment of seeds and vegetative plants with
these fertilizers reveals the potential of plants due to a decrease in the anthropogenic load on the soil [3].

The goal is to evaluate the effect of presowing seed inoculation and seedling treatment with active strains of soil microorganisms in
spring wheat crops in the Primorsky Kray.

Methods. The studies were carried out in 2018-2019. on the experimental field of the Federal State Budget Scientific Institution
"Federal Research Center for Agrobiotechnologies of the Far East named after A.K Chaika” (Ussuriysk, stl Timiryazevsky) together
with the Federal State Budget Scientific Center “Biodiversity of Terrestrial Biota East Asia” FEB RAS (Vladivostok) on spring
wheat cultivars of Primorskaya variety 39. Based on strains of soil nitrogen-fixing, phosphate- and potassium-mobilizing bacteria
obtained from a collection of microorganisms of the Federal Research Center for Biodiversity, Far Eastern Branch of the Russian
Academy of Sciences, various combinations for presowing treatment of seeds (working fluid solution of 10 liters per ton) and plants
in the seedling phase (working fluid solution of 300 liters per hectare) were compiled. As a comparison, the drug “Extrasol” and the
control version without treatments were used.

The results of the studies showed that the nitrogen-fixing, phosphate- and potassium-mobilizing strains of microorganisms used
increase their number in the soil, contribute to the mineralization of organic compounds and translate the main nutrients into a form
accessible to plants. As a result, the yield of spring wheat increases. Treatment of seeds before sowing and vegetating plants with
bacteria in the seedling phase promotes resistance to the defeat of harmful diseases, brown rust (Puccinia recondita, P. trichina) and
septoria (Septoria tritici), as well as to damage to the spike by fusarium (Fusarium graminearum). Thus, the use of live cultures of
soil microorganisms is a promising agrotechnical technique that allows to reveal the potential of spring wheat in the Primorsky Kray.

9¢d¢eKTHBHOCTH NPUMEHEHHS IITAMMOB MOYBEHHBIX MUKPOOPTAHU3MOB NPH BO3/1eJIbIBAHUU SIPOBOIl MIIIEHU b
B ycaoBusix [Ipumopckoro kpasi
Bepeoicnas B.B., Knvikoe A.I'.Y, Cudopenxo M.J1.?, Buikosckas A.H.?
1DHI] arpobuorexunonoruit JJansnero Bocroka um. A K. Yaitku, Tumupssesckuit, Y ccypuiick, Poccust; 2OHI] Buopasnoobpasus
JBO PAH, Bnagusoctok, Poccust

Annomavusn. Ilpusooamces pezynrbmamvl UCCAE008AHUL OeliCMBUs A30MPUKCUKCUPYIOWUX, pocham- U KaTUUMOOUTUSUPYIOUUX
WMAMMO8 MUKPOOP2AHUIMO8 HA PACKPbIMUE NOMEHYUATLHBIX 603MOICHOCEN APOBOU NUEHUYbI NPU NPEeONOCesHO UHOKYIAYUU
ceMsiH U 06pabomke 8cx0008 8 pasHvle (hazvl poCma u pa3eumus.
Kniouesvie cnosa: azomgucupyrowue, pocgham u Kaautimoouruzupyiowue MUKpOOp2aHu3Mbl, no46d, Apoeas nuleHuya
OnHUM M3 TEPCIEKTUBHBIX IMPHEMOB BO3JCIBIBAHUS TIOJIEBBIX KYyJIbTYpP — HIPUMEHEHHE SKOJIOTHYECKH Oe30MacHBIX CHUCTEM
3eMIIeZIENNs C WCIIOB30BAaHNEM MHKPOOHOJIOTHUECKHX yNOOPEHHIA, OCHOBY KOTOPBIX COCTAaBILSIIOT JKUBBIE KYJIBTYPHI MOYBEHHBIX
MuKpoopranusmoB [1, 2]. IIpennoceBHas 006paboTka ceMsH U BETCTUPYIOLUIMX PACTEHUI 3TUMU YAOOPEHUSMHU MO3BOJISIET PACKPHITH
MOTEHIHANTbEHBIE BO3MOYKHOCTH PaCTeHUH BCIEICTBUE YMEHBIICHHS aHTPOIIOTeHHOM Harpy3KH Ha 1mouBy [3].
Lenp - OLECHUTH BIMSHHE INPEANIOCEBHOW WHOKYJSALUUM CEMSH M 00pabOTKM BCXOJOB AaKTHBHBIMH IITAMMaMH [OYBEHHBIX
MHUKpPOOPTAaHU3MOB B ITOCEBAX SPOBOM IMIIEHHIIBI B yCIOBHAX [IpUMOpCKOTO Kpast.
Mertonbl. Uccnenoanus Boimonusutiuch B 2018-2019 rr. Ha onbiTHOM nonie @TBHY «®HI] arpoouorexuosnoruii lansuero Bocroka
um. A K. Yaiikn» (1. Yecypuiick, . TumupszeBckuii) coBmectHo ¢ @TBYH «®HI] Bropasnoobpasust HazeMHO#t 6HOTHI BocTouHOM
Azun» JIBO PAH (r. BraguBocTok) Ha moceBax sipoBoil mmenuipl copta [Ipumopckas 39. Ha ocHoBe mTaMMOB NOYBEHHBIX
azorpukcupyomux, ¢ochar- H KAMHAMOOHIM3HPYIOIMX OaKTepHil IONYYeHHBIX W3 KOJJIEKIMH MHUKpoopranmMo OHI
Buopasznoo6pazust IBO PAH cocraBnensl pa3nuyHble KOMOMHAIMU Ul TPEANOCEBHOH 00paboTku ceMsH (pacTBop paboueit
xunkoctd 10 11/T) wu pacrenuid B (asy BcxomoB (pacTBop paboueii xumkoctu 300 n/ra). B kadecTBe cpaBHEHHS HCIIOJb30BAIH
npenapaTt « DKCTPacoi» U KOHTPOJIbHBIN BapuaHT 0e3 00paboToK.
Pe3ynpraTel HMCcIeqOBaHMI ITOKAa3aiH, YTO HCIIOJB3yeMble a3oTdukcHpyromme, Gocdar- U KaIHAMOOHIH3HPYIOIINE [ITaMMBI
MHUKPOOPTaHM3MOB YBEJIUYMBAIOT WX YHUCICHHOCTh B TI0OYBE, CIMOCOOCTBYIOT MHUHEpAIM3allMd OPraHUYECKUX COEIWHCHUH U
MePEeBOIAT OCHOBHBIC 3JIEMEHTHI IIHTAHWS B IOCTYIHYIO IJIsl pacTeHWil Gopmy. B pesynbrare Wero moBBINIACTCS YPOXKAHHOCTD
spoBoil mmeHunbl. O0paboTka ceMsH Mepex MOCEBOM M BETETHPYIOIIMX pacTeHui OakTepusMmH B (pasy BCXOJOB, CIOCOOCTBYET
YCTOMUYMBOCTH K MOPAKCHHIO BPEIOHOCHBIX 3aboiieBaHuii, Oypoii pxkaBumHe (Puccinia recondita, P. trichina) u cemropuosy
(Septoria tritici), a Takke k mopaxeHuro Kojoca ¢ysapuozom (Fusarium graminearum). Takum 06pa3oM, MpUMEHEHHE >KUBBIX
KYJIBTYp TOYBEHHBIX MHUKPOOPTaHM3MOB — IEPCHEKTHBHBIH arpOTEXHUYECKUH NpHeM, MO3BOJISIOMINN pacKpbITh MOTEHIMAIbHBIC
BO3MOXHOCTH SIPOBOH MIIEHHUIBI B yCII0BHAX [IpuMoOpcKoro Kpas.

1. IlerpoB, B.b. Mukpobuonoruueckie mnpenapaTtsl — 0a30BbI 3JIEMEHT COBPEMEHHBIX HWHTEHCHBHBIA arpoTeXHOJOTHH

pactenueBojctia / B.b. ITetpos, B.K. Uebotaps // Joctmwxkenuns Hayku u texauku AIIK. —2011. C. 11-14.

2. 3aBanuH, A.A. Buonpenapartsl, yaoopenus u ypoxaii / A.A. 3aBanun. — M.: BHUUA, 2005. — 302 c.

3. bepexnas B.B., KneikoB A.I'., Cunopenko M.JL., beikoBckass A.H., borman I1.M. Briusiane 6akTepHallbHBIX KOMIDIEKCOB Ha

ypoxaiHOCTh sipoBoii mireHuis (Triticum aestivum L.) // Becta. IBO PAH. — 2019. - Ne 3. — C. 103-111.

41



o

: 2 International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

C5amic
2020

Characterization of Erwinia amylovora bacteriophages isolated in Belarus
Besarab N.V.1, Golomidova A.K.2, Kulikov E.E.?, Letarov A.V.?, Lagonenko A.L.%, Evtushenkov A.N.!

Faculty of Biology, Belarusian State University, Minsk, Belarus; ?Federal State Institution «Federal Research Centre
«Fundamentals of Biotechnology» of the Russian Academy of Sciences», Winogradsky Institute of Microbiology, Moscow,
Russia
E-mail: natal-vasilna@rambler.ru

Key message. Erwinia amylovora bacteriophages from the Myoviridae and Podoviridae families were isolated in Belarus. The
E. amylovora growth rate was 1.6-7.8 times decreased in the presence of investigated bacteriophages.
Keywords: Erwinia amylovora, bacteriophages, fire blight, Podoviridae, Myoviridae

Control of phytopathogenic bacteria Erwinia amylovora, the causative agent of fire blight, could be conducted using specific
bacteriophages, able to suppress the growth of phytopathogen without the use of antibiotics. Such phages can be isolated from
natural sources and characterized by various methods before use as a biocontrol agent. This work was aimed to isolate from
natural sources and characterize the E. amylovora bacteriophages as the potential biocontrol agent to combat the
phytopathogen. Isolation of bacteriophages from soil samples was performed using enrichment culture method and bacterial
strain E. amylovora 1/79Sm was used for bacteriophage propagation. The analysis of the morphology of bacteriophage
particles was carried out employing the JEOL JEM-2100 transmission electron microscope (TEM), by using negative staining
with 2% uranyl acetate. Bacteriophage protein profiles were analyzed by SDS-PAGE technique in a 10% polyacrylamide gel.
The dynamics of bacterial culture growth after infection with bacteriophages were studied during an incubation in LB broth in
96-well plates at a temperature of 28 °C using a Thermo Scientific Multiskan FC photometer. In the present work, E.
amylovora bacteriophages were isolated from soil samples on the territory of the Minsk and Grodno regions of Belarus.
Electron microscopic studies indicated that bacteriophages belong to two tailed phages families — Myoviridae (Hena2, Pixel,
Dichka, Roschal, VyarbaS) and Podoviridae (Loshitsa2, Fleur, Stepyanka, Micant). The particle sizes of bacteriophages
belonged to a range of values: head 54,19+2,38 - 61,15+1,87 nm (Podoviridae), 64,10+3,45 - 72,28+1,86 nm, tail 104,30+2,01
- 107,08+2,5 nm (Myoviridae). SDS-PAGE analysis of phage proteins indicated similarity of protein profiles among
bacteriophages of these groups. The ODeg20nm measurement of the bacterial culture during 5 hours of incubation after infection
with bacteriophages (10® and 107 PFU/mI phage titer) indicated a 1.6-7.8 times decrease of the bacterial culture growth rate.
The growth rate was determined by the slope of the linear function of the bacterial culture growth as an approximation model.
A more significant effect on the bacterial growth rate was exerted by infection with the investigated bacteriophages of the
Podoviridae family — a 6,1 (Fleur, Loshitsa2), 7,8 (Stepyanka) times decrease of the growth rate. This study identified new
Myoviridae and Podoviridae bacteriophages capable of reducing in vitro growth of E. amylovora. This data is of great
importance to guide the discovery of new possible plant-protection product to be used in the management of fire blight.
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Bacteria of Pseudomonas genus in sugar beetagrocenosis
Bezler N.V., Petyurenko M.Yu.
Federal State Budgetary Scientific Institution “The A.L. Mazlumov All-Russian Research Institute of Sugar Beet and Sugar”, Voronezh
E-mail: bezler@list.ru

Key message. Bacteria of Pseudomonas genus able to fix nitrogen and to produce heteroauxin are developed on roots of sugar beet. Their
isolation from rhizoplane and introduction onto surface of sugar beet leaf apparatus promotes development of aerobic spore-forming
bacteria, ammonificators, and nitrogen immobilizators that activates growing of leaf blade growth, syntheses of sucrose and growth of beet
roots.

Keywords: bacteria, Pseudomonas sp., P. fluorescens, ammonificators, immobilizators

Bacteria of Pseudomonas genus are assigned to microorganisms capable to activate growth and development of plants at the expense of
atmosphere nitrogen fixation and physiologically active substances production. Pseudomonads are one of the most numerous groups of
microorganisms in the zone near plant roots and remarkable for great colonizing ability [1]. Their use in agriculture is one of actual
directions of ecological agriculture development.

Aim of the investigations is to study influence of Pseudomonas genus bacteria isolated from sugar beet rhizoplane on microbial community
of leaves and to reveal interaction between the bacteria and plants.

In the Laboratory of soil ecological-microbiological studies (Federal State Budgetary Scientific Institution “The A.L. Mazlumov All-
Russian Research Institute of Sugar Beet and Sugar”), Pseudomonas fluorescens 116 and Pseudomonas sp. 75 were isolated from sugar beet
rhizoplane. Genus and species to which they belonged were identified with the help of molecular-genetic methods, and their ability to fix
nitrogen was determined by presence of the gene nifH coding nitrogenase [2].

Ability of P. fluorescens 116 to produce heteroauxin was shown in a laboratory experiment with Salkovsky reagento.

Based on the laboratory investigations, a field experiment was set up [3]. Cultivation methods were common for the Central Black-Earth
Region. Suspension of bacterial cultures were applied by pneumatic sprayer. A titre of viable bacterial cells was 1081° colony-forming
units/ml. Working solution consumption was 200 I/h. The experiment was designed with 4 replications.

The investigation results showed that introduction of P. fluorescens 116 and Pseudomonas sp.75 onto sugar beet leaf surface made the
number of aerobic spore-forming bacteria (with many antagonists of phytopathogens revealed among them) more by 0.0081 and 0.0091
million of colony-forming units per 1 sm? of leaf area accordingly (vs. 0.0003 in the control). Quantity of ammonificators and nitrogen
immobilizatorsincreased by 33 % and 0.019-0.136 million of colony-forming units per 1 sm? of leaf area accordingly (vs. 0.0001 in the
control). It indirectly testified to increase of nitrogeneous substances’ supply for leaf surface. Practically, it could be compared with to foliar
application of nitrogen for plants. This method promoted growth of leaf blade mass due to its thickening by 46 %. Sugar content of beet
roots improved by 0.3 %, and productivity had a 2.2 t/h gain only when spraying sugar beet with P. fluorescens 116 102 colony-forming
units/ml.

Bakrepun poga Pseudomonas B arpoueHose caxapHoii CBeKJIbI
besnep H.B., I[lemwopenxo M.IO.
OI'BHY «Bcepoccuiickuii HayYHO-HCCIIEA0BATEIbCKUAI HHCTUTYT caXapHOW CBEKIBI M caxapa uM. A.JI. MasmymoBa». Boponex, Poccust

Annomayua. Ha xopnax caxapHoui ceexnvl passuearomcs bakmepuu pooa Pseudomonas, komopwvle cnocobuvl ukcupoeams azom u
npooyyuposams 2emepoayKkcut. Bvldenenue ux u3 pusonianvl u UHMPOOYKYUs Ha NOGEPXHOCHIL UCHOB020 ANNAPAMA CAXAPHOU CEEKbl
cnocobcmeyem pazeumuio aspobHbIX ChOpooOpasyiowux 6axmepuil, aMMOHUPUKAMOPOS, UMMODUIUZAMOPOE A30Md, YMO AKMUGUPYen
pocm 1ucmosou NAACMUHKY, CUHIE3 Caxapo3bl U POCH KOPHENT0008.
Knrouesnie cnosa: 6axmepuu, Pseudomonas sp., P. fluorescens, ammonughukamopbl, ummobunuzamopvl
Baxrepun pona PSeudomonasoTHOCAT KMHKpOOpraHM3MaM, CIIOCOOHBIMAKTHBH3UPOBATH POCT M PA3BHTHE PAcTeHMil 3a cueT Qukcamun
azota aTMOC(Eephl NPOAYNMPOBAHMS (PU3MONOTHYECKH AKTHBHBIX BEIIECTB. I[ICEeBAOMOHAmBI SBIAIOTCA OAHONW W3 Hamboiee
MHOTOYHCJICHHBIX I'PYNII MUKPOOPTaHU3MOB B HPHKOPHEBOH 30HE PACTEHHMI M OTIMYAIOTCS BHICOKUMH KOJOHHM3HPYIOUIMMH CBOHCTBAMH
[1]. Ucnionp30Banue UX B CENBCKOM XO3SIHCTBE — OJIHO M3 aKTYalIbHBIX HAMPABICHUIl PA3BUTHS SKOJIOTHUECKOTO 3eMIICICITHS.
Lenp vccnenoBanuii: U3yyuTh BIMsAHUE Gakrepuii poga Pseudomonas, BeiieieHHbIX U3 pU3OIUIaHbl caxapHoil cBekiibl, Ha MCO JHcTheB U
OIIPEAENUTh UX B3aUMOJICHCTBUE C PACTCHUSIMH.
B mabopatopun skomoro-mukpoduonormdeckux wuccnenoBannii mous ®I'BHY «BHUUCC um. A.JL. MasmymoBa» OBUIM BBIIENEHBI
Pseudomonas fluorescens 116 u Pseudomonas sp. 75m3pu3ominanbl caxapHOWl CBEKIBL POJOBYI0 M BHIOBYIO WX NPUHAIIEKHOCTH
UICHTU(GUIMPOBATIA € TOMOIIBIO MOJIEKYJISPHO-TEHETHYECKHX METO/IOB, CIIOCOOHOCTh (UKCHpPOBAaTh a30T MO Hanuuuio reHa nNifH,
KOIHUPYIOIIETr0 HUTpOoreHasy [2].
B naboparopHoM ombiTe ¢ peakTnBoM CanbKOBCKOTO OblTa mokasana criocobrocts P. fluorescens 116 mpoayuupoBarh rerepoayKCcrH.
Ha ocHoBaHnu 1abopaTOpHBIX HMCCIEIOBAaHUIA ObUT 3ayi0keH mojeBol ombIT [3]. TexHonmorus Bo3mensiBanus — oGmenpuHsTas st [[YP.
CycrneHsuto 6aKTepuaNbHBIX KyJIbTYp BHOCHIM TIOMIIOBBIM OTpHICKMBATENEM. THTP SKM3HECTIOCOOHBIX OaKTepHaNbHBIX KileTok — 10810
KOE/mi. Pacxox paboueit xuaxoct — 200 n/ra. [IoBTOPHOCTB ONBITA — YETBIPEXKPaTHASL.
Pe3ynprarsl uccrienoBanuii mokasanu, uto uatpoaykims P. fluorescens 116 u Pseudomonas sp. 75 Ha mMOBEpXHOCTH JHCTHEB CaXapHON
CBEKJIBI TOBBICHIJIA YUCICHHOCTh a3pOOHBIX CIIOpo0oOpasyromux OakTepuil (cpemy HUX BBISBICHO MHOTO aHTAarOHHUCTOB (PUTOIIATOTCHOB)
cootserctBenHo Ha 0,0081 u 0,0091 mma KOE na 1 cm? nuctoBoit mosepxuocT (B KoHTpone 0,0003). UHCIEHHOCT aMMOHH(UKATOPOB
BBIpOCTa Ha 33 %, a mMmoGmwIM3aTopoB asora — Ha 0,019 — 0,136 mim KOE ma 1 cM? nmuctoBoii mosepxnocTu (B koHTpone 0,0001)
COOTBETCTBEHHO. DTO KOCBEHHO CBHJETEIHCTBYET 00 YBENMUYECHUH IIOCTYIUICHHS A30THCTHIX BEIIECTB Ha IOBEPXHOCTh JHCTHEB. UTO
HPaKTUUECKU MOXKHO CPaBHHUTH C BHEKOPHEBOH MOJKOPMKOW PAacTeHHUi a30TOM. DTOT HPHEM CIIOCOOCTBOBAJ HApaCTAaHUIO MacChl JIUCTOBOI
IUIACTHHKY 33 CUET yBENMUYCeHHUs ee TONIIUHBI Ha 46%. CaxapucTocTh KOpHEIoa0B yBennuniach Ha 0,3 %, a ypoxaiiHocTh Ha 2,2 T/ra
TOJIBKO MPU ONPHICKMBaHKK caxapHoii ceeknnl P. fluorescens 116 ¢ turpom 108 KOE/mo.
1. Jlorunos O.H. bakrepuun Pseudomonas u Azotobacter kak 00beKThI CelTbCKOX03IHCTBEHHON OMOTEXHOIOIUH. — M.: Hayka, 2005. — 166 c.
2. Besnep H.B., Xycceiin A.C., Ilertopenko M.IO. TILIP uneHTudukanus u reHeruyeckoe pasHoobpasue Pseudomonas fluorescens,
BBIJICJICHHBIX U3 arpolieHo3a caxapHoii ceéxubl (Beta vulgaris L.) / Bectauk BT'Y. Cepusi: Xumus. Buonorus. @apmarus. — 2016. — Ne 1.
—C. 43-49.
3. HocnexoB B.A. Meroauka IOJIeBOro OMBITAa: ¢ OCHOBAMH CTaTHCTHYECKOI 00pabOTKM pe3ynbTaToB HCCIENOBaHUH, 5-€ U31., JOI. H
nepepad. — M.: Arponpomusnar, 1985. — 351 c.
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Efficient media for high production of microbial lipase from Bacillus Subtilis (BSK-L) using response surface
methodology for enantiopure synthesis of drug molecules
Bhushan Indu
School of Biotechnology, Shri Mata Vaishno Devi University, Katra, India
E-mail: indu.bhushan@smvdu.ac.in; sharmasmvdu92@gmail.com

Key message. Lipases are a multipurpose enzyme that holds a significant position in industrial applications due to its ability
to catalyse a large number of reactions such as hydrolysis, esterification, interesterification, transesterification which makes
it a potential candidate. It is also used for the separation of chiral drugs from the racemic mixture and this property of lipase
is considered very important in pharmaceutical industries for the synthesis of enantiopure bioactive molecules. Assuming the
tremendous importance of lipases, as stereoselective biocatalysts, in pharmaceuticals and various other commercial
applications, industrial enzymologists have been forced to search for those microorganisms which are able to produce novel
biocatalysts at reasonably high yield. In the present study microbial lipase was isolated from the water sample of pond at
Katra, Jammu and Kashmir (India). This enzyme has shown wide specificity and higher enantioselectivity, which make it
pharmaceutical important enzyme. To make it economical for industrial application, it was produced on cheap nutrient media
using Response Surface Methodology and got maximum production. It was used for resolution of chiral drugs and the
significant results obtained during the course of work shall have potential towards pharmaceutical industries.

Keywords: microbial lipase, enantioselectivity, hydrolysis and response surface methodology

Relevance and purpose of work: Microbial lipases are known to depict diverse properties and substrate specificity, making
them a potential source for various industrial applications. Several microbial lipases are produced commercially but their high
cost and poor stability seem to be a major factor in their successful commercial applications. A crucial factor of industrial
prices of these enzymes is the culture media composition that is constantly under review by researchers. In the present study,
maximum lipase production by Bacillus Subtilis (BSK-L), was achieved using response surface methodology (RSM). This
strain was collected from the water sample of Pond at Katra, J&K (India). The work is very relevant based on the review of
literature and background of the area of research. The methodologies have been utilized accordingly and work has been done
carefully towards achieving the objectives.

Methods: Culture medium parameters such as low and high cost carbon & nitrogen sources, substrates, temperature, pH, salts,
metal ions and incubation time were evaluated. The production of lipase was optimized through RSM based on central
composite design. Process optimization involved one variable at time (OVAT), wherein olive oil was used as an inducer and
as a carbon source.

Results: Olive oil and peptone were found to be the best carbon and nitrogen sources respectively, whereas, MnSQO,4 and
temperature observed to be most significant factors for production of lipase from BSK-L. Optimized media components
obtained from RSM produced satisfactory result of 7500U/g cell biomass and 12-fold increases in lipase production was
achieved than that of conventionally optimized conditions (627 U/g cell biomass). The lipase produced from indigenous strain
(BSK-L) was used for resolution of enantiomers of butyl-ketoprofen via hydrolysis.

Conclusion: In this investigation, significant enhancement in the production of microbial lipases was obtained using statistical
tools. The isolated enzyme used for racemic resolution of ketoprofen butyl esters which exhibited better enantiomeric excess
of 70% ee compared to commercially available Candida antarctica lipase (63% ee). This potential of lipase can be exploited
in pharmaceutical industry.
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Genetically transformed plants growing in Russia: bans and punishments
Bogatyreva N.V.
Saratov State Law Academy, Saratov, Russian Federation
E-mail: nvbogatyreva@gmail.com

Key message. The authors analyze the Russian system of prohibitions on work with plants obtained by genomic technologies
and penalties for their violation. They further conclude there is an imbalance in this system.

Keywords: regulation of genomic technologies, administrative responsibility, control over the release of GMOs, ban on the
cultivation of GMOs

The global climate change and increased cost of imported agricultural products due to the ruble depreciation cause increased
attention to the development of Russia’s own technologies in production of new crops varieties with increased yield and
resistance to unfavourable climatic conditions, including those genetically modified and genetically edited (GM- and GE-). In
this context, it is important to correctly determine what falls under the GM-plants cultivation ban in Russia and what are the
consequences of this ban’s violation. Such assessment gets complicated due to inconsistencies in the Russian legislation and
lacunae in the law. The results of the research show that it is formally allowed in the Russian Federation to grow plants that
have no genetic engineering material, the introduction of which could not be caused by natural processes (Article 50 Federal
Law No. 358). It means that GE-plants are formally not prohibited in Russia. However, the rules for issuing conclusions on
the equivalence of genetic modifications to natural processes, if such are to be grown for food production, have not been
established in Russia. It is impossible to register a GE-plant in the absence of such a conclusion. In fact, this is an unofficial
administrative ban on cultivation of GE-plants for food production. At the same time, liability for violation of the GM-plants
cultivation ban in the law is also not established. There is a liability for the cultivation of GM-plants for economic purposes
without a certificate of registration, but this is limited to organizations and their officials (Article 6.3.1 of the Administrative
Code of the Russian Federation). Only organizations growing GE-plants can become the subject of such responsibility in case
the court classifies these objects as GMOs, i.e. as organisms other than natural ones (Article 2 Federal Law No. 86). The
cultivation of GM- and GE-plants by farmers and other private persons is not punishable, although prohibited. Thus, the
current prohibition system in the field of growing GM- and GE-plants is unbalanced and creates unwanted consequences for
the Russian economic security, as it is not profitable for investors to invest in research, accompanied by significant external
legal risks.

This work was supported financially by the Russian Foundation for Basic Research (Project No.18-29-14048mk).

BeipamuBanue reHeTnyecku TpaHcGOpMHUPOBAHHBIX pacTeHuii B Poccum: 4To 3anpenieHo 1 YTo HAKa3yeMo
bozcamwvipesa H.B.
OI'BOY BO «CapaToBckas rocy1apcTBeHHas Iopuanyeckas akaaemus», Caparos, Poccust

Annomayua. Ilpoanarusuposana cucmema 3anpemos 6 PD ma pabomwvr ¢ pacmenusmu, nNOIYYEeHHLIMU C NPUMEHeHUeM
2CHOMHBIX MEXHONI02ULL, A MaKdice HaKa3anull 3a ux necoobnodenue. Chopmyauposan 6bi800 0 HeCOANAHCUPOBAHHOCMU M AKOU
cucmemui.

Kniouegvie cnosa: pecyruposanue 2eHOMHbIX MEXHON02UL, AOMUHUCIMPAMUBHAS OMBEMCMEEHHOCMb, KOHMPOIb 3a 8bINYCKOM
I'MO, 3anpem na evipawusanue ' MO

I'moGanbHOE M3MEHEHNE KIMMATHYECKUX YCJIIOBHH, MOBBIIICHHE CTOMMOCTH NMIIOPTHOH CENbCKOXO3SMCTBEHHON NMPOAYKINU
n3-3a MajJeHusl Kypca pyOns oOyclaBiaMBalOT IMOBBIIEHHOE BHUMaHHE K pa3BUTHIO B P@D coOCTBEHHBIX pa3pabOTOK IO
MOJTYYEHUIO HOBBIX COPTOB CEJIbCKOXO3SHCTBEHHBIX PACTEHUH C TIOBBIMICHHONW YPOXKaHHOCTBIO, YCTOHYMBOCTBIO K
HEeOIaronpuATHBIM KIMMAaTHYEeCKUM YCIOBHSAM, B TOM YHCIIE€ T€HOMHO-MOJU(HIIMPOBAHHBIX W TE€HOMHO-PEIAKTHPYEMBIX
(mamee — TM- u I'P-). B naHHBIX yCIOBHSAX Ba)XHO BEPHO ONpPEIENATh, YTO IMOMNAgaeT IMOJA 3aKOHOAATENBHBIH 3amper
BolpamuBaHust B Poccum ['M-pacTeHMi M KakoBBI TOCHEACTBHA ero HecoOmojeHus. OleHKa 3aTpyAHAETCS
HECOTJIaCOBAaHHOCTHIO JIEHCTBYIOIIETO 3aKOHOAATENbCTBA M €ro IPOOENbHOCTRIO. Pe3ynbTaThl MCCIEOBAaHUS TOKA3bIBAIOT,
yro B P® QopmanpHO paspelieHo BbIpallMBaHHE pAcTEHHH, B KOTOPBIX OTCYTCTBYET I'€HHO-MH)XEHEPHBIH Marepual,
BHECEHHE KOTOPOTO HE MOJKET SIBIATHCS PE3yJIbTaTOM €CTECTBEHHBIX mporeccoB (cT. 50 Ne 358-@3), To ects I'P-pacTrenns ne
monaaaT mox 3ampeT. OJHAKO OTCYTCTBYeT OQHIMaNbHAs METOJMKAa IPOBEACHUS MHCCIIEIOBAHMS Ha COOTBETCTBHE
TeHEeTHYeCKOH MOJU(UKAIMK €CTeCTBEHHBIM IIpOleccaM, €ClIM UX IUIAHUPYETCS HMCIOJIb30BaTh JUISl MOJY4EHHs MPOAYKTOB
nuTaHusi. B oTCyTcTBHE 3aKiIOUEHHs TAKOTO MCCIeIOBaHUs 3apeructpupoBaTh [ P-pacrenns ne momyuurcs. ITo cytn, ato
Heo(HINaTbHBIH, aIMUHUCTPATHBHBIN 3alIpeT Ha NX BhIpallBaHKe. B TO jke BpeMs OTBETCTBEHHOCTH 3a HAapyIICHHE 3ampeTa
Ha BeIpamuBanue ['M-pacTeHunii B 3aKkoHe HE yCTAaHOBJIEHO. 3a BhIpamuBaHue ['M-pacTeHuil B XO3SHCTBEHHBIX LEIAX 0e3
CBUJIETENIBCTBA O PErUCTPallMi OTBETCTBEHHOCTH €CTh TOJIBKO JJIsl OpraHu3anuii ¥ UX NODKHOCTHBIX jun (cT. 6.3.1 KoAll
P®). ITox 3Ty OTBETCTBEHHOCTH MOTYT MOMNACTh TOJBKO OpraHU3aluy, BeIpamuBarone ['P-pacTenus, ecinm cya MocuuTaer,
YTO OHH JOJDKHBI OBITH KiaccuduimpoBanbl kak MO, To ecTb OpraHm3Mbl, OTIIMYHBIE OT HPHPOAHBIX (cT. 2 No 86-D3).
BreipamuBanue I'M- u I'P-pacTenuii yacTHBIMM JHIIAMH, TaKuM O0pa3oM, aIMHHHUCTPAaTHBHO HE HAKa3yeMoO, XOThb H
3ampenieHo. TakuMm oOpa3oMm, [AeHCTBYIOIIas CHCTeMa 3ampeToB B cdepe BelpamuBanus [M- u ['P-pacrenmii
HecOaTaHCUPOBaHA U B KOHEYHOM HMTOTE CO3[aeT He)KeaTeIbHbIE ITOCIEeICTBH ATl SKOHOMHUYECKoi 6e3omacHocti PO m3-3a
HEXXEJIaHNS WHBECTOPOB BKJIAIBIBATH JCHBIH B HCCIEIOBAHUS, COIPOBOXK/IAIONINECS 3HAUNTEIbHBIMI BHEITHIMH ITPABOBBIMHU
pHUCKaMH.

Hccnenosanue BoInosHeHO Npyu (pruHaHCOBOM noanepxkke PO®U B pamkax HayuHoro npoekra Ne 18-29-14048.
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Synthesis and anti-phytopathogenic activity of some water-soluble isatin hydrazones
Bogdanov A.V.2, Tsivileva O.M.2, Gil’fanova A.R%., Voloshina A.D.%, Bukharov S.V.2
IA.E. Arbuzov Institute of Organic and Physical Chemistry FRC KSC RAS, Kazan, Russia; 2Institute of Biochemistry and
Physiology of Plants and Microorganisms RAS, Saratov, Russia; *Kazan National Research Technological University,
Kazan, Russia
E-mail: abogdanov@inbox.ru

Key message. The activity of new isatin derivatives against bacterial phytopathogens was first studied. The high activity of
compounds containing alkyl substituents at the ammonium nitrogen atom and the phenolic fragment is shown.

Keywords: heterocycles, phytopathogens, antimicrobial activity, isatin

Isatin (indoline-2,3-dione) is an object of natural origin, various heterocyclic compounds having a wide spectrum of biological
activity can be obtained on its basis. So, the Schiff- or Mannich-Isatin bases exhibit various types of activity (antiviral,
antibacterial, fungicidal). However, the solubility of isatin acylhydrazones in water remains an urgent problem.

In this work, the synthesis of new isatin acylhydrazones containing a positively charged nitrogen atom (trimethylammonium,
pyridinium) was first carried out. The approach found makes it possible to obtain with high yields isatin acylhydrazones
soluble in water and organic solvents, which have high antimicrobial activity and low cytotoxicity. The study of antibacterial
activity by the method of diffusion into agar (analysis of the size of the zones of inhibition) showed the high potential of these
compounds in the search for effective agents against bacterial phytopathogens. Preliminary results of the determination of
bactericidal activity with M. luteus B-109, P. atrosepticum 1043, P. carotovorum subsp. carotovorum MI, Ps. fluorescens EL-
2.1, X. campestris B-610 indicate non-zero activity against bacterial test systems of all samples studied. A commercially
available 0.05% solution of chlorhexidine bigluconate was used as a comparison drug. Depending on the bacterial test system,
many of the samples were characterized by an inhibition zone width of at least 4 mm. Among the entire series of compounds
studied, only two samples showed the ability to form a zone of inhibition of growth of phytopathogens with a width of at least
3 mm only in isolated cases. Other compounds had higher activity. So, at this preliminary stage of research, it could be
concluded that the test compounds containing the electron-donating substituent in the aromatic fragment of the heterocycle,
the spatially hindered phenolic fragment and the trimethylammonium or 2,3-dimethylpyridinium fragment exert the most
positive effect on their anti-phytopathogenic activity.

The synthetic part of the work was carried out as part of the state task Ne 0217-2018-003.

The study of biological activity was carried out in the framework of the state task No AAAA-A17-117102740098-8.

CuHTe3 1 aHTH(GHUTONATOTeHHAS] AKTHBHOCTh HEKOTOPbIX BOJOPACTBOPHMBIX T'H/IPA30HOB U3aTHHA
Bozoanoe A.B.%, Lusunesa O.M. %, A.P. Tunvgpanoea®, A.J]. Bonowuna®, C.B. Byxapoe®
MucruryT opranuyeckoil u pusuueckoit xumuu uM. A.E. Ap6ysosa KasHILI PAH, Kasans, Poccus; 2HHCTUTYT GHOXUMHY 1
(usuonoruu pactenuil 1 MukpoopranusmMos Poccuiickoii akagemun Hayk, Capatos, Poccus; *KasaHckuii HaMOHANbHbIH
HCCIEe0BATEIbCKUI TEXHONIOTHUECKUH yHUBEpcUTeT, Kazans, Poccus

Annomauyun. Bnepgvle uccredosana aKmuHOCMb HOBbIX NPOU3BOOHBIX U3AMUHA 6 OMHOWEHUU OAKMepUaIbHbIX
dumonamocenos. [lokazana 6bicoKas AKMUBHOCMb COCOUHEHUL, COOEPHCAWUX ATKUTbHbIE 3AMECTNUMen Npu aMmMOHUeBOM
amome azoma u eHoNbHbIL Ppasmenm.

Kiouesvie cnosa: cemepoyuiivl, humonamozenvi, AHMUMUKPOOHASE AKMUBHOCHIb, U3ATHUH

WzatnH (MHAOINH-2,3-TU0H) SABJISETCS 00BEKTOM MPUPOAHOTO MPOUCXOXKACHHS, HA €T0 OCHOBE MOTYT OBITH TOJIyY€HbI pa3InvHbIC
TeTepOIMKINYECKUE COSIMHEHHsI, 00JIafafolIie MIHPOKHM CIEKTPOM OMOJOTHYecKoi akTMBHOCTH. Tak, ocHoBanus ludda wmu
MaHHMXa U3aTUHA NPOSBIAIOT Pa3IMYHbIE BUJBI aKTUBHOCTU (IIPOTUBOBUPYCHYIO, aHTHOAKTEpUANIbHYI0, (YHIHIMIHYI0). OqHaKO
Ha CeTOIHSIIHUNA IeHb OCTAETCS aKTyalbHOM Mpo0iieMa pacCTBOPUMOCTH AlMIITHAPA30HOB H3aTHHA B BOJE.

B nanHo#t paboTe ObLI BIEPBbIE OCYLIECTBICH CUHTE3 HOBBIX al[UJITHPA30HOB M3aTHHA, COJEPIKAIIUX MOTO0KUTENbHO-3apsDKEHHBIH
aToM a3ora (TPUMETWIAMMOHHWEBBIH, NUPUIUHUEBBIH). HalaeHHBIH ITOIXOX IO3BOJIIET IOJNy4aTh C BBICOKMMH BBIXOJaMHU
PacTBOPUMBIE B BOJIE U OPTAHUUECKUX PACTBOPUTENSAX AlWITHAPA30HbI HA OCHOBE M3aTHHA, 00JIaJaloue BICOKOH aHTUMUKPOOHOH
AaKTHBHOCTBIO TPH HU3KOH HUTOTOKCHYHOCTH. lcciienoBaHue aHTHOAKTEpHadbHOW aKTHBHOCTH MO Merony auddysmm B arap
(aHanu3 pa3mMepoB 30H WHTMOMPOBaHMs) MOKa3aJl Ha BBICOKHH MOTEHIMAN JAHHBIX COCIUHEHUH B MOUCKE 3(PEKTUBHBIX arcHTOB
npoTHB OaKTEPUATBHBIX (UTOMATOTeHOB. [IpeBapuTebHbIe Pe3yIbTaThl OpeeieH s GakTepuiuaHoi aktusHOCcTH ¢ M. luteus B-
109, P. atrosepticum 1043, P. carotovorum subsp. carotovorum MI, Ps. fluorescens EL-2.1, X. campestris B-610 ykasbiBatoT Ha
HEHYJIEBYIO aKTUBHOCTb IIPOTHB OaKTepUaJbHBIX TECT-CHCTEM y BCEX MCCIEJOBaHHBIX 00pa3loB. B kauecTBe mpenapaTa cpaBHEHHS
OBUT UCTIONB30BaH KOMMepYecKd JocTymHbIH 0,05%-bIi pacTBOp XJIOPreKCHINHA OUTTIIOKOHATAa. B 3aBHCHMOCTH OT OaKTepHaTbHOM
TECT-CUCTEMBI, MHOTHE U3 00pa3loB XapaKTepHU30BaINCh BEIMYMHON IIMPUHBI 30HBI MHIHOUpOBaHus He MeHee 4 MM. Cpenu Bcero
psia MCCIIeIOBaHHBIX COSMHEHHH, BCETro 1Ba 00pa3ia TOJIbKO B €ANHUYHBIX CIy4asX MPOSBISLIH CIOCOOHOCTh OPMHUPOBATH 30HY
MHTHOMPOBaHUS POCTa (PUTONATOTEHOB MIUPUHOM He MeHee 3 MM. [Ipyrue npenapatsl o0nasany 6onee BEICOKOI akTHBHOCTEIO. Tak,
Ha JAHHOM IpEABapUTEIbHOM 3Talle HCCIeJOBAaHWH MOXKHO CKa3aTb, YTO HaWOoOJiee MOJIOKHUTENBHBIH 3()dEeKT B OTHOIICHHH WX
AQHTU(UTONATOTCHHON aKTHBHOCTH MPOSBISIIOT TECTHUPYEMbIE COCIUHEHHUS, COAEpIKAIlUe HICKTPOHONOHOPHBIH 3aMECTHTENh B
apoOMaTHYeCKOM (pparMeHTe TeTepOLHKIa, IPOCTPAHCTBEHHO 3aTPYAHEHHBINH (EeHONBHBIN (parMeHT M TPUMETHIAMMOHHEBBIN HIIH
2,3-IUMEeTHINUPUANHNEBBIH (parMeHT.

CuHTeTHYecKast 4acTh paboThl ObLIa OCYIIECTBICHA B pAMKax roCyIapCcTBeHHOro 3ananus (tema Ne 0217-2018-003).

HccnenoBanue 6MOIOTNUECKOI aKTUBHOCTH MPOBEAEHO B paMKax roCyJapcTBeHHOro 3aganust (Tema Ne AAAA-A17-117102740098-

8).
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Screening of promising bacterial strains against pests of Lepidoptera
Bondarchuk E.Yu., Asaturova A.M.
FSBI "All-Russian Research Institute of Biological Plant Protection”, Krasnodar, Russia
E-mail: alena_fox95@mail.ru

Key message. In laboratory conditions, a screening of 27 new aboriginal strains of bacteria from the Bioresource collection
of the Federal State Budgetary Scientific Institution VNIIBZR "State collection of entomoacariphages and microorganisms"
was carried out. As a result of the research, 6 new strains of bacteria with high and 2 strains with medium antagonistic
activity were identified, which will be further considered for the next stage of research.

Keywords: biological plant protection, bacterial agents, bioinsecticides, Cydia pomonella

The apple moth (Cydia pomonella) is the most common pest in fruit orchards. Damaged fruits fall off prematurely, lose
marketability and storage capacity. The search for effective biological agents is an important task of agrobiotechnology,
directly related to the creation of biological products for controlling the number of harmful organisms [1, 2].

In laboratory conditions, screening of new aboriginal strains of bacteria from the Bioresource collection of the FGBNU
VNIIBZR "State collection of entomoacariphages and microorganisms" was carried out. As a test object at the initial stage of
screening, larvae of the laboratory population of the wax moth (Galleria mellonella L.) were selected. The biological
effectiveness was determined by the number of dead and surviving insects in each variant on the 3rd and 5th days after
treatment [3].

A detailed examination of the results obtained made it possible to differentiate a number of strains by their insecticidal
activity. Thus, 6 strains with a pronounced and 2 strains with an average entomopathogenic effect were isolated. Strains BZR
588, BZR 1159, BZR 936, BZR 206, BZR 920 and BZR 277 showed the maximum efficiency - the death of caterpillars on the
5th day ranged from 84 to 95.3%. It is important to note that these strains showed a high mortality rate of insects already on
the 3rd day after treatment (from 72.1 to 95.3%), while strains BZR 3369 and BZR 673, on the contrary, showed weak activity
on the larvae of the honeycomb moth — 4 and 2.6% on the 3rd day; 4 and 7.2% on the 5th day, respectively.

So, as a result of the research, new strains of bacteria with high antagonistic activity against honeycomb moth (Galleria
mellonella L.) were identified, which will be further considered for the next stage of research.

Isolation of pure cultures and screening of bacterial strains were carried out in accordance with State Order No. 075-00376-
19-00 Ministry of Science and Higher Education of the Russian Federation within the framework of research work on topic
No. 0686-2019-0013 edges No. 19-416-233037 r_mol_a.

CKPUHHUHT MEePCNEeKTHBHBIX ITAMMOB 0aKTepuii B OTHOUIEHNH BpeauTeieii orpsina Lepidoptera.
bounoapuyx E. 0., Acamyposa A. M.
denepanpHOE TOCYIApPCTBEHHOE OIOKETHOE HAyYHOE YUpexkaeHue «Beepoccuiickuii HayqHO-HCCIIeI0BATENbCKUI HHCTUTYT
OHMOJIOrNYeCKOi 3auThl pacTeHuin», Kpacnomap, Poccust

Annomayusn. B nabopamopuvix yciosusx Ovll nposedeH CKpuHune 27 HOGbIX aOOpUSeHHBIX wmammos baxmepuil u3 buopecypchoil
xonnexyuu PIBHY BHUUE3P «I ocydapcmeentas KOMeKYyus SHMomMoaKapupazos u MuKpoopeanusmosy. B pesynomame uccredosanuil,
0bL10 BbIAGIEHO 6 HOBBIX WIMAMMOG GaKmepuil ¢ 8blCOKOU U 2 WMAMMA CO cpeOHell aHmMA2OHUCMUYEeCKOU aKmMueHOCMbIO, KOmopbvle 8
OdanvHeliuem 6y0ym paccmampusamscs 01 NPo8edeHUs CledyIowe2o 3Mand Uccied08aHuil.
Knrouesvie cnosa: buonozuueckasn sauyuma pacmenutl, baxmepuaivHsie azeHmsl, ououncekmuyuowl, Cydia pomonella
SA6nonnas mwioxoxopka (Cydia pomonella) — Hauboyiee paclpOCTPAHEHHBIA BPEOUTENb IUIOJOBBIX Cal0B. IIOBPEKIEHHBIE ILIOIBI
MPEKAEBPEMEHHO OIAJAIOT, TEPSIIOT TOBapHbIE KauecTBa M CHOCOOHOCTH K XpaHeHHIo. ITonck 3 peKkTHBHBIX OMOJIOTHUECKNX areHTOB —
Ba)KHAs 3a/laya arpoOMOTEXHOJIOTHH, HEMOCPEACTBEHHO CBsI3aHHAs C CO3JaHMEM OMOIpenapaToB ISl KOHTPOJS YHUCICHHOCTH BPEIHBIX
opranu3mos [1, 2].
B nabopaTopHBIX yCIOBHSIX OBUI MPOBENEH CKPUHHHT HOBBIX aOOpWTEHHBIX IMTaMMOB Oaktepuii m3 buopecypcroit xomeximu GIEHY
BHUUB3P «l'ocynapcTBeHHass KOJUJIEKIMSA SHTOMOAKapu(paroB ¥ MHUKPOOPTAaHH3MOB». B KkadecTBe TecT-0OBEKTa Ha HAYaIbHOM JTare
CKpUHHUHTA OBUTH BBIOpAHBI IMYHUHKH JTabopaTopHoi momyJsuu Bomuaoi Monu (Galleria mellonella L.). Buonoruueckyro sddexTrnBHOCTH
OTIPEEISUIN [0 KOJIUYECTBY TOTHOIINX U BBDKHBIIMX HACEKOMBIX B KaXKIOM BapuaHTe Ha 3 u 5 cyTku mocie o6padorku [3].
JletanbHOE PaccCMOTpEHHE MONYYEHHBIX PE3yJbTAaTOB IO3BOJIWIO AUG(EpEeHIUpOBaTh Psii MITAMMOB IO HHCEKTHLUIHOH aKTHBHOCTH.
Taxum o6pa3om, ObUIO BBHIAEJCHO 6 IITAMMOB C BBIP@KEHHBIM M 2 HITaMMa CO CPEJAHMM SHTOMONATOTeHHBIM JelcTBueM. lllTamMmbl
BZR 588, BZR 1159, BZR 936, BZR 206, BZR 920 u BZR 277 noka3ann MakcuMajJbHYI0 3((QEKTHBHOCT — THOEb TyCeHHUIl Ha 5 CYTKH
coctaBmwia oT 84 mo 95,3%. BaxkHo OTMeTHTB, YTO y AAHHBIX INTAMMOB yXXe Ha 3 CYTKH Iociie 00pabOTKH IPOSBIISUIACH BBICOKas
CMEpTHOCTh HaceKoMBIX (0T 72,1 mo 95,3%) Torma kak, mrammel BZR 336g n BZR 673, mao6opor, nposiBuiy c1abyro akKTHBHOCTh HA
JIMYUHKAX BOIIUHON Momu — 4 u 2,6% Ha 3 cyTku; 4 u 7,2 % Ha 5 CyTKH COOTBETCTBEHHO.
Wtak, B pe3ymnpTaTe HCCIENOBAaHWH, ObIIM BBIIBICHBI HOBBIE INTAMMBI OAaKTepWil C BBICOKOH aHTArOHHCTHYECKON aKTHBHOCTHIO B
otHomennu BomumHo# monu (Galleria mellonella L.), kotopsie B nanbHeiinieM OyayT paccMaTpHBATHCS ISl IPOBEACHUS CIEMAYIOLIEr0
JTana McciaeJ0BaHui.
BoieneHne YUCTBIX KyJNbTYp M CKPMHHMHI IITaMMOB OakTepHil BBINMONHEHBI coriacHO ['ocynmapcrBeHHoMy 3aganuio Ne(075-00376-19-00
MuHucTepcTBO Haykd M BbIciiero oopaszoBanusi P B pamxax HUP mno teme Ne 0686-2019-0013, wccrenoBaHusl HMHCEKTHLIUIHOIM
aKTHBHOCTH LITAaMMOB BBITIOJIHEHBI Npu (GuHAaHCOBOI moanepkke rpanta POOU u agmuuuctpauun KpacHomapckoro kpas Ne 19-416-
233037 p_mon_a.
1. Daisley B. A. et al. Microbiota-mediated modulation of organophosphate insecticide toxicity by species-dependent interactions with
Lactobacilli in a Drosophila melanogaster insect model // Appl. Environ. Microbiol. — 2018. — T. 84. — Ne. 9. — C. ¢02820-17.
2. lllrepammc M. B. TenaeHmn pa3BuTHsi OMOTEXHOIOTHH MUKPOOHBIX CPENCTB 3alIUTHI pacTeHuid B Poccuu // BectH. Tom. Toc. yH-Ta.
buomorus. 2012. Ne2 C-18.
3. Bypos B.H., Tiotepes C.JI., Cyxopyuenko I'.I., ITlerpoBa T.M. MeTo/bl OLIGHKH 3KOJIOTMYECKOH OE30MaCHOCTH MECTHLUIOB IPH
MCIOJIb30BaHUH UX B MHTETPUPOBAHHOM 3aIuTe pactenuil. Meroaunueckue ykasanus. — CI16., 1995. — 14 c.
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The role of heterotrimeric G proteins in the control of the development of symbiosis of leguminous plants
with nodule bacteria
Bovin A.D., Pavlova O.A., Kustova D.V., Leppyanen L.V., Dolgikh E.A.
ARRIAM, Saint Petershburg, Russia
E-mail: dol2helen@yahoo.com

Key message. In this work, we analyzed the localization and effect of suppression of gene expression of p-subunits of G-
proteins on nodule formation. The possible interaction of a- and f-subunits with a set of signal regulators in vitro was
revealed.

Keywords: heterotrimeric G-proteins, nodulation, signaling pathways, legumes

Heterotrimeric G proteins are known regulators of animal signaling pathways, but evidence of the presence of G proteins in
plants was obtained only a few years ago. The interest in studying heterotrimeric plant G-proteins as master regulators of
signaling pathways is due to their interaction with phospholipases C and D, protein kinases, as well as the effect on reactive
oxygen species formation and calcium metabolism in cells.

The aim of our work was to elucidate the role of heterotrimeric G proteins in the control of nodulation in leguminous plants —
Pisum sativum and Medicago truncatula. To this end, the effect of RNA interference suppression of the expression of the
Gbetal and Gbeta2 genes encoding the B1- and B2-subunits of the G protein in transgenic roots of P. sativum and M.
truncatula on the development of symbiosis was evaluated. To identify possible targets of action in the cell, an analysis of the
interaction of various a-, B- and y-subunits of G proteins with new and known components of the signaling pathway activated
by the plant reception of Nod-factor rhizobia signal molecules by co-immunoprecipitation. The localization of the expression
of Gbetal and Gbeta2 genes in plant roots in response to inoculation using reporter constructs pMtGbetal::Tomato and
pMtGbeta2::Tomato containing the promoters of the corresponding genes was studied.

As a result, it was shown that suppression of Gbetal gene expression in the roots of P. sativum and M. truncatula led to a
significant decrease in nodule number compared to control plants transformed with the vector containing the glucuronidase
gene (GUS control). Suppression of Gbeta2 expression in the roots led to disturbances in the primordia formation and further
development of nodules and lateral roots in P. sativum and M. truncatula. This effect may be associated with alterations in the
synthesis and/or reception of auxins. The possible interaction of pea a2-subunit with the kinase domain of the receptor for
Nod factors necessary for initiating the development of symbiosis was shown by co-immunoprecipitation. In addition, the
interaction of the B1-subunit of pea G protein with annexin 4, a possible regulator of the signaling pathway activated by Nod
factors, was revealed.

The research was supported by RSF (project No. 16-16-10043IT).

PoJn rereporpuMepHbIx G-0€eJIKOB B KOHTPOJIe pa3BUTHS cUMOH03a H000BBIX pacTeHUI
¢ KJ1y0OeHbKOBBIMH OaKTepHAMHU
bosun A.JI., Ilasnosa O.A., Kycmosa /[.B., Jlennanen U.B., J[oneux E.A.
OI'BHY BHUMCXM, Cankr-IletepOypr, Poccus

Annomauusn. B oannot pabome uzyueHvl JOKAIU3AYUSL U GIUSHUE NOOABILeHUs IKCnpeccuu 2eHo8 B-cyovedunuy G-6enxkos Ha
K1ybenvkoobpazoeanue. Boissieno 603modicHoe 63aumooeticmeue o- u f-cybbeounuy ¢ psioomM CUSHATIbHBIX Pecylisimopos
paszeumus cumobuo3a.

Knrouesvie cnosa: cemepompumepnvie G-oenku, kKiybeHbKO0Opasosanue, cueHaibhvle nymu, 60008vle pacmeHus
Iereporpumeprbie G-0€lIKH SBISIFOTCS M3BECTHBIMH PETYISITOPAMH CHUTHAIBHBIX ITyTEH Yy KUBOTHBIX, HO TOJBKO HECKOJBKO JIET
Ha3aj ObUIM TOJy4eHbI JlO0Ka3zaTelabcTBa Hamuuus G-0enkoB y pacTeHuil. MHTepec K HM3ydeHMIO reTepoTpuMepHbIX G-0enkoB
pacTeHnii Kak MacTep-peryJiiTOpOB CHTHANBHBIX IIyTeil oOycioBieH ux B3aumosneciicteueM c¢ ¢dochommmazamu C u D,
NMPOTECMHKNHA3aMH, a TaK)KE BJIIMSIHUECM Ha 06pa3OBaHI/le AKTUBHBIX q)OpM KucJjiopoaa u KaﬂbLlPlCBbIﬁ O6MCH B KJICTKax.

Llenpro Hame#t paboThl SBHJIOCH BBIICHCHHE POJIH TreTepoTpuMepHbIX G-0ElKOB B KOHTPOJE mpolecca KiIyOeHbKOOOpa30oBaHUS Y
60060BbIX pacternii — Pisum sativum u Medicago truncatula. JIns storo ObLIO OlleHEHO BIHMSHHUE MOaaBieHus merogom PHK-
uHTephepenimn dKcnpeccuu reHoB Gbetal u Gheta2, komupyromux Bl u P2-cyoneauuuisl G-0eka, B TPAaHCTEHHBIX KOpHAX P.
sativum u M. truncatula mHa pasButue cumOHO3a. J[Jisi BBISBICHUS BO3MOXKHBIX MHIICHEH MEHCTBHs B KJIETKE MPOBEIEH aHAM3
B3aMMOJICHCTBUS PA3IMYHBIX O-, - U y-cyObemunun G-0€NKOB ¢ HOBBIMH M HM3BECTHBIMH KOMIIOHCHTAMH CHTHAJIBHOTO ITyTH,
AKTUBHPYEMOTO HPH PELEIIUN PACTCHUSIMH CHIHAJIBHBIX MOJIeKyl pu3obuii Nod-¢pakTopoB, METOOM KO-UMMYHOIPELUITUTALNH.
W3yuena nokanusanus skcrpeccun reroB Gbetal u Gheta2 B kopHsix pacrteHunii B OTBET HHOKYJSIIIUIO IIPU MOMOIIH PEOPTEPHBIX
kouctpykiuii pMtGbetal::Tomato u pMtGbeta2::Tomato, comepxaiux mpoMOTOPbI H3yYaeMbIX T€HOB.

B pesynprare ObUTO MOKa3aHO, YTO MOAABICHHE dKcipeccun reHa Ghetal B kopmsx P. sativum u M. truncatula mpuseno x
CYIIECTBEHHOMY CHIKCHHIO 00pa3oBaHHsl KIyOCHHKOB [0 CPABHEHHIO C KOHTPOJIGHBIMH PAaCTCHUSIMH, TPAHC()OPMUPOBAHHBIMH
BEKTOPOM ¢ reHoM rirokypornzaassl (GUS — xontposs). TlogaBnenue skcnpeccun Gheta2 B xopusx P. sativum u M. truncatula
NPHUBEJIO K HAPYIICHHUSM 3aKJIAJKH HPUMODINCB M MalbHEHIIEro pa3BUTHs KiIyOeHbKOB M OOKOBBIX Kopueit y P. sativum u M.
truncatula. Mauubiii 3¢dexr MoxeT OBITH CBsI3aH C HM3MCHCHHEM CHHTE3a W/WIM pELENIUM ayKCHMHOB. MeromoM Ko-
HMMMYHOIIPELUIHUTALIMA OBUIO TOKA3aHO BO3MOXKHOE B3aUMOJICHCTBHE 02-CyObeIMHHUIIBI TOPOXa C KHHA3HBIM JOMEHOM PEIENTopa K
Nod-dakTopam, HEOOXOAUMOTO ISl HHUITUAIIUK PAa3BUTHS cCMMOM03a. [TOMHMO 3TOTO, BRISBICHO B3auMoieicTBHE B 1-CyOne THHATIBI
G-6ernka ropoxa ¢ aHHEKCHHOM 4 — BO3MOKHBIM PEryJISITOPOM CHTHAIBHOTO Iy TH, akTuBupyemoro Nod-dakropamu.

HUccnenoanue noanepkano rpanrom Poccuiickoro HayuHoro gonpaa (mpoekt Ne 16-16-1004311).
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The effect of melatonin and 1AA on the growth of Arabidopsis thaliana cotyledons seedlings
in different spectral composition of the light
Boyko E.V., Golovatskaya I.F.
National Research Tomsk State University, Tomsk, Russia
E-mail: CaterinaSoloveva@gmail.com

Key message. We studied the effect of melatonin and IAA on the growth of Arabidopsis thaliana cotyledons seedlings in red
and blue light. The mutual influence of melatonin and IAA on the regulation of cotyledon growth under selective light was
shown.

Keywords: Arabidopsis thaliana, auxin, melatonin, selective light, in vitro

Melatonin is a substance of indole nature, is present in almost all prokaryotic and eukaryotic organisms. Like animals, the
precursor of melatonin (Mel) in plants is tryptophan, which serves as the precursor of indole-3-acetic acid (IAA). The
available data indicate the multiple functions of Mel, which has the signal properties of a regulator of integral physiological
processes and is a universal antistressor. Of particular importance in the life of plants is the light factor, characterized by
qualitative and quantitative parameters. The regulatory role of light, to a greater extent, is determined by its spectral
composition [1]. The functional role of Mel in the regulation of growth under selective light is not clear. In this regard, the aim
of this study was to study the effect of Mel and 1AA on the growth of A. thaliana cotyledons in red (RL) and blue (BL) light.
The object of the study was wild-type A. thaliana Col plants and the axr 1-3 mutant line with impaired transduction of the
auxin signal. The plants were grown for 7 days under sterile conditions on a solid nutrient medium Murashige and Skoog, not
containing (control) or containing 0.1 pM Mel, 1 nM TIAA, 0.1 pM Mel + 1 nM TAA (experiment) on RL and BL (140 + 10
pmol / m2s).

As a result of the study, we found for both lines a greater stimulating effect of BL on the extension of the surface of the
cotyledons compared with the action of RL. It was shown that 1 nM IAA had an inhibitory effect on the growth of wild-type
cotyledons on BL. In turn, 0.1 pM Mel had a stimulating effect on RL and an inhibitory effect on BL in both lines. Great
sensitivity to Mel was manifested in the wild type. With the combined action of factors on RL, IAA removed the stimulating
effect of Mel, while on BL IAA reduced the inhibition caused by Mel. Thus, the mutual influence of melatonin and IAA on
the regulation of cotyledon growth under selective light was shown.

Bausinue menatonnna u MYK Ha pocr cemsinodieii mpopoctkoB Arabidopsis thaliana na csery pa3noro
CIEeKTPAJbHOI0 COCTABA
boiixo E.B., I'onosaykas U.D.
denepanpHOE TOCYIapCTBEHHOE ABTOHOMHOE 00pa30BaTeNbHOE yUPEKIACHHIE BRICIIET0 00pa3zoBanust «HanmoHansHbIH
HCCIIeI0BaTeIbCKUM TOMCKUI rocyjapcTBEHHBIN yHUBEpCUTET», ToMck, Poccust

Annomauusn. Hccreoosanu enuanue meramonuna u MYK na pocm cemsooneu npopocmkos Arabidopsis thaliana na xpacnom
u cunem ceemy. bvinio noxazano ezaummoe énuanue meramonuna u UVK 6 pezynayuu pocma cemsoonell Ha CeleKmueHOM
ceemy.

Knroueswie cnosa: Arabidopsis thaliana, ayxcun, meramonun, cerexmuenviii ceem, in vitro

MenaToHUH — BEIECTBO MHAOJIBHOM NPHPOABI, MTPUCYTCTBYET NPAKTHIECKH BO BCEX IPOKAPHOTHYECKUX M 3yKapHOTHIECKUX
opranm3Max. Kak u y >KMBOTHBIX, IPEIIIECTBEHHUKOM MenaToHuHa (Mei) B pacTeHMsX siBIsieTcsl TpUnTodaH, ciyXammni
MPEALIECTBEHHUKOM HHAON-3-ykcycHol kucinotel (MYK). HMmerommecs naHHbIE CBHAETENBCTBYIOT O MHOMXECTBEHHBIX
¢ynKmuax Men, KOTOpBI 001agaeT CUTHAIBHBIMU CBOWCTBAMH PETYIATOPAa MHTETPANBHBIX (DHU3HOJIOTHYECKUX MPOLECCOB U
SIBJISIETCSI YHUBEPCANBHBIM aHTHCTpeccopoM. Ocoboe 3Ha4YeHHE B JKU3HEICITEIbHOCTH PACTCHUI MIpaeT CBETOBOM (hakTop,
XapaKTepU3yIONMUiics KaYeCTBEHHBIMU U KOJIMYECTBEHHBIMH ITapaMeTpamu. PeryisropHas poib cBeTa, B OOJbIICH CTENEHH,
OTIPE/IENSIETCS €r0 CIIEKTPAIBHBIM cocTaBoM [1]. DyHKIMOHATBHASI pOJih Mel B PEryIsIMH POCTa B YCIOBHUAX CEICKTHBHOTO
cBeTa He SiICHa. B CBSI3U ¢ 3TUM IIeNbI0 JAaHHOTO MccieoBaHus OblIo n3yuenue BiausHus Men u YK Ha poct cemsoneit A.
thaliana na xpacaom (KC) u cunem (CC) cery. O6bekTOM nccienoBanus Obutk pactenus A. thaliana nukoro tuma Col u
MYTaHTHOHM JmHMH axr 1-3 ¢ HapylleHHO#l TpaHCAyKIHMe#l curHana aykcuHa. BeIpalBaHue pacTeHHMH OCYLIECTBIISUIA B
Te4YeHHe 7 JHEH B CTEPUIIFHBIX YCIOBHUSAX Ha TBEpIOW mMHTaTenbHOU cpene Mypacure u Ckyra, He coaepkamieil (KOHTPOIb)
um copepxkaneii 0.1 tM Mein, 1 ’M UYK, 0.1 tM Mexn + 1 1M UYK (onbit) Ha KC u CC (14010 Mrmons/mM2c).

B pesynbTarte nmpoBeIeHHOTO MCCIIEA0BaHNS HAMH OBUIO YCTAaHOBIICHO JUIsl 00€nX JIMHUH OoJblIee CTUMYJIMpYIOLIee AeHCTBUE
CC Ha pacTshkeHHe MOBEpXHOCTHU cemsinosied no cpaBHeHuto c¢ nedctBueM KC. Ilokazano, yto 1 ’M HUVYK oka3zeiBana
WHTHOHpyromee neiictBue Ha pocT cemsponeil nukoro tmma Ha CC. B cBoro ouepenp 0.1 mM Men oka3beiBan
crumyupyromui 3¢pdexr Ha KC n narn6mpyromuii Ha CC y obenx smHui. bosbinas 4yBcTBUTENLHOCTE K Me nposiBisiiach
y aukoro tumna. [Ipu coBmectHoMm nerictBuu ¢aktopoB Ha KC MYK caumana ctumynupytoniuit 3¢pdext Men, Torna kak Ha
CC NVYK cumxkana Bei3BanHOe Men narnouposanue. TakuM ob6pa3oM nokaszaHo B3anMHoe BiusHIe Men u MYK B perymsimmn
pocta ceMsoNeil Ha CEIEKTUBHOM CBETY.

1. Golovatskaya I.F., Karnachuk R.A. Role of green light in physiological activity of plants // Russ. J. Plant Physiol. 2015.
Vol. 62, Ne 6. P. 727-740.
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Effect of inoculation of the plant root system by the endophyte Cylindrocarpon magnusianum
on plant performance when exposed to heavy metal salts
Bukharina I.L., Islamova N.A.
Udmurt State University, 1zhevsk, Russia
E-mail: buharin@udmlink.ru

Key message. The effect of inoculation of Cylindrocarpon magnusianum on plants under the action of heavy metal salts was
studied. Effective partnership of the fungus and plants was revealed in the conditions most extreme for the life of plants.
Keywords: Cylindrocarpon magnusianum; micromycetes; heavy metals; inoculation

In connection with the search for natural bioregulators and biocontrollers of plant resistance to extreme factors, it is of interest
to study the role of root fungi of endophytes in the formation of resistance mechanisms in plants, including the formation of
metal resistance, and in relation to particularly dangerous chemical elements for plants. One of the promising micromycetes in
this regard is Cylindrocarpon magnusianum Wollenw.

We have studied the effect of inoculation by a culture of C. magnusianum fungus on the formation of adaptive reactions of
plants to the action of heavy metal salts in the substrate (using the example of a test culture of tomato Soldnum lycopérsicum).
The experimental scheme included inoculation with a mushroom culture (control population) and mushroom populations
previously adapted to different concentrations of heavy metal salts (TM). The inoculated plants were grown in control
conditions and on substrates with the introduction of different concentrations of salts of heavy metals (zinc, copper, lead and
chromium). Was evaluated the development of fungus infection in the root system of plants and estimation of plant resistance
based on pocatella content of nitrates in leaves, biomass and the percentage of dry matter in the aerial part and root system of
plants, soderzanie photosynthetic pigments (chlorophyll a and b, carotenoids).

The results did not reveal a stimulating effect that increases the resistance of plants to the action of TM salts in the inoculation
of plants by the control population of the fungus C. magnusianum. However, a significant effect was established when using
TM-adapted mushroom populations.

Fungal infection in the roots of plants in all variants of the experiment was well developed.

It is particularly noted that when using non-biogenic chemical elements, adaptive reactions of plants associated with the
content of photosynthetic pigments in leaves and the formation of plant biomass were most significantly manifested in the
inoculation of plants by adapted populations of the fungus C. magnusianum and in further cultivation of plants on substrates
with the addition of chromium and lead salts. This fact may indicate the most effective partnership between the C.
magnusianum fungus and plants in conditions that are extreme for plant life.

This work was supported by the grant of the Russian Foundation for Basic Research "Postgraduate Student” No. 19-34-50037.

BuiusinMe HHOKYJISIIIUU KOPHEBO#i cucteMbl pacrenuii 3unopurom Cylindrocarpon magnusianum sa moka3zareJiu
pacTeHuii PU BO31eICTBUH COJIell TAXKeJbIX MeTANJI0B
byxapuna U.JI., Hcramoea H.A
Y nMypTCKuil rocyJapCTBEHHBII yHUBEpcUTeT, MxeBck, Poccus

Aunomayusn. Hzyueno emusnue unoxynsyuu Cylindrocarpon magnusianum ua pacmenus npu deticmeuu coaeti maicenvix
Memannos. Dpghexmuenoe napmuepcmeo epuba u pacmeHuli BblGIEHO 6 YCI06UAX Haubosee IKCMPEMATbHbIX Olsl
JHCU3HEOeAMENbHOCIU PACMEHUL.

Kioueswie cnosa: Cylindrocarpon magnusianum; Mukpomuyemot, msiceivle Memaiibl, UHOKYISAYUsL

B cBsI3M ¢ TIOMCKOM TNPHPOJHBIX OHOPETYJIATOPOB M OMOKOHTPOJUIEPOB YCTOHYMBOCTH PACTEHHH K OKCTPEMANIbHBIM (hakTopam
UHTEpeC MPEACTaBISIET U3y4YeHHE POJIM KOPHEBHIX rpuOoB 3HAO(GUTOB B (GOPMHUPOBAHUN MEXaHU3MOB yCTOMUUBOCTU Y PACTECHHH,
BKJIF0Yass OPMHUPOBAHNE METAUIPECUCTEHTHOCTH, MPUYEM B OTHOLIEHHH 0CO00 OMACHBIX JJISI PACTCHHH XMMHYECKUX JJIEMEHTOB.
OnHNM U3 MEepCHEeKTHBHBIX MHKPOMHUIIETOB B 3T0#i cBsi3u siBisiercs Cylindrocarpon magnusianum Wollenw.

Hamu mpoBezeHO W3ydeHHe BIMSHHE WHOKYISIIMH KyJbTypoil rpuba C. magnusianum Ha (opMHpOBaHHE aJalTHBHBIX PEaKIHid
pacTeHuit K JEHCTBHIO COJIEH TSUKEIbIX METALIOB B cyOcTpare (Ha mpHMepe TECTOBOU KyJIbTYpbl ToMarta Soldnum lycopérsicum).
CxeMa OJKCIEpUMEHTa BKJIIOYANa WHOKY/SIIUIO KyJbTypod TIpuba (KOHTpOJbHAs MOMyNALMS) M HOMyIALusMH rpuda,
NpEeIBAPUTENHEHO aaNTHPOBAaHHBIMHE K Pa3HBIM KOHLEHTpPAIMsAM colield Tsokenbx MeTawioB (TM). MHOKynIupoBaHHBIE pacTeHHS
BBIPAIIMBAIIICH B KOHTPOJIBHBIX YCIOBUAX U HA CyOCTpaTax ¢ BHECEHHEM Pa3HbIX KOHIIEHTPALUH CONell TSHKENbIX METaIoB (LIMHKA,
MeM, CBMHIA W XpoMa). bpuia mpoBecHa OICHKA pa3BUTHs TPHOHOW WH(EKIMH B KOPHEBOM CHCTEME pAaCTEHHH W OIICHKA
YCTOHYMBOCTU PACTEHUH Ha OCHOBE MOKaTeneil colepkKaHusi HUTPATOB B JIHUCTHAX, OMOMACCHl ¥ MIPOLIEHTHOTO COAEPIKAHUS CYXOTO
BEIECTBA B HAJ3E€MHOM YaCTH U KOPHEBOW CHCTEME pacTeHHi, ColepAanus (HOTOCHHTETHYECKHX IMUTMEHTOB (XJI0pOGmLIel a u b,
KapOTHHOMBI).

Pe3ysipTaThl He BBIABIIM CTHMYJHpYROHmEro 3(G¢eKra, MOBBIIIAIONIEr0 YCTONYHMBOCTh pacTeHWH K neiictBuio coseit TM, mpu
MHOKYJUSILMK PacTeHUil KOHTponbHOM mnomyssinueit rpuba C. magnusianum. Ho 3HaumTensHbI 3(QexT ycTaHOBIECH MpH
UCIIOJIb30BaHUY aIaliTUPOBaHHbIX K TM nomyJsiuuii rpuba.

I'pubHas nHOEKIU B KOPHAX paCTEHUI BO BCEX BapHaHTaxX OMbITA ObLIA XOPOILIO pa3BHTa.

Oco00 OTMEUYEHO, YTO MPH HCIONB30BAHNHM HEOMOTCHHBIX XMMHUYECKUX 3JICMEHTOB aJalNTHBHBIC PEAaKIMH PACTCHHH, CBS3aHHBIC C
coiep>kaHueM (POTOCHHTETUUECKUX MUTMEHTOB B JIUCTHAX U (OPMHUPOBAHUEM OHOMAcCHl PacTeHHH, Hanboee 3HaUUMO MPOSIBUIINCH
NpH MHOKYJBIIMU PAcTCHHH aJanTHPOBaHHBIMU MHOMyJsimusMu rpuba C. magnusianum u mpu JajabHEUIIeM KyJIbTHBHPOBAHUH
pacteHmii Ha cyOcTpaTax ¢ BHECEHHEM COJIEH XpoMa M CBUHIA. DTOT ()aKT MOKET CBUAETEIILCTBOBATH 0 HambOosee 3pdexkTnBHOM
naptHepcTBe rpuba C. magnusianum u pacTeHuil B yCIOBUSIX SKCTPEMAIIbHBIX U KU3HEICATEIBHOCTH PaCTCHHUI.

Pabora BeimonHeHa npu noanepsxke rpanta POOU "Acnupant" Ne 19-34-50037.
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Microbial preparations on the basis of endophytic bacteria
for nutrition and protection of potatoes from diseases
Chebotar V.K.2, Zaplatkin A.N.}, Komarova O.V.!, Baganova M.E %, Polukhin N.1.2, Balakina S.V.2
IFSBSI All- Russia Research Institute for Agricultural Microbiology, Saint Petersburg, Russia; 2Siberian Research Institute of
Plant Cultivation and Breeding — Branch of Institute of Cytology and Genetics, Novosibirsk region, Russia; 3FSBSI Leningrad
Research Institute of Agriculture " Belogorka», Leningrad region, Russia
E-mail: vladchebotar@rambler.ru

Key message. The microbiome of cultivated and wild potato species was studied, effective endophytic bacteria were isolated,
and experimental samples of microbial preparations were developed. The effectiveness of microbial preparations based on
Bacillus thuringiensis W65 and Paenibacillus xylanexedens N40 strains in the Leningrad and Novosibirsk regions on new
potato varieties is shown.

Keywords: endophytes, microbial preparations, nutrition and plant protection

For potato breeding, it is important to use effective and environmentally safe microbial preparations that increase the
productivity and resistance of plants to adverse environmental factors and diseases. For this purpose, the microbiome of
cultivated and wild potato species was studied, effective endophytic bacteria were isolated, and experimental samples of
microbial preparations were developed. Small-scale field experiments conducted in the Leningrad and Novosibirsk regions
showed the effectiveness of using experimental samples of microbial preparations based on strains of Bacillus thuringiensis
W65 and Paenibacillus xylanexedens N40 and the biofungicide Bisolbisan on new varieties of potatoes. In experiments in the
Novosibirsk region, all tested preparations had a positive effect on the yield of potato tubers of Sambo, Tango and Reggae
varieties. The highest yield increases in comparison with the control - by 16-35% were obtained on the Reggae variety, as well
as with the biofungicide Bisolbisan and the preparation based on the N40 strain on the Tango variety — by 23-28%. In
experiments in the Leningrad region, the largest increases in the tuber crop-by 19-24% - were obtained on the Rozovyi
Charodei variety using microbial preparations based on Bacillus thuringiensis W65 and Paenibacillus xylanexedens N40
strains. By its effect on the yield of this variety, the use of preparations was at the level of chemical plant protection products.
Microbial preparations had a positive effect on the formation of the crop of tubers of the medium-early Calibre variety. The
yield in the variants with preparations was higher than in the control by 10.9-12.2%. Thus, the use of microbial preparations
based on endophytic bacteria isolated from potato tubers can be an effective agricultural method for growing potatoes.

The work was carried out with the financial support of the project "Development of potato breeding and seed production in the
Russian Federation™.

Mukpo0OHble npenapaTbl Ha 0CHOBe IHAOPUTHBIX OaKTepuil JJIl NUTAHUSA U 3aALlUMThI KapTOo(eJisi oT 0oJie3Heil
Yebomaps B.K., 3annamxun A.H.*, Komapoea O.B.Y, Bazanoea M.E.%, IToryxun H.M?, baraxuna C.B.3
IOI'BHY Bceepoccuiickuii HayYHO-HCCIIEN0BATENBCKUIA HHCTUTYT CENbCKOXO3AHCTBEHHOM MUKPOOHOJIOTHH,
Cankr-Ilerep6ypr, Poccus; 2Cu6HUNPC ¢unuan ULul", HoBocubupckas obmnacts, Poccus; SOIBHY «JlenuHrpaackuii
HaYYHO-MCCIIEIOBATENILCKUI MHCTUTYT CENBbCKOT0 X03siicTBa «benoropkay, Jleannrpaackas odnacts, Poccus

Annomauusn. Hzyuen Mmukpobuom KyibmypHwiX U OUKUX U008 Kapmodhes, evloelenvl dPdexmuenvie 3IHOODUMHbLE
baxmepuu u co30anvl IKCHEPUMEHMATbHbIE 00pasybl MUKpoOHvix npenapamos. Ilokasana ¢hpexmusnocms MUKpoOHbIX
npenapamos Ha ochose wmammos Bacillus thuringiensis W65 u Paenibacillus xylanexedens N40 ¢ Jlenunepaockoti u
Hosocubupcroti obnacmsx Ha Hogblx copmax kKapmodghensi.

Knrouegvie cnosa: 3100¢umsi, Mukpobuvie npenapamyl, nNumanue u 3auuma pacmeHutl

Jlist cenekumy KapToQens akTyalbHBIM SIBIISIETCS HCIONb30BaHNE 3(Q(GEKTUBHBIX U 3KOJOTHYECKH OE30MacCHBIX MHUKPOOHBIX
IIPENapaToB, MOBBIIIAIOMINX MTPOLYKTUBHOCTD U YCTOHYNBOCTD PACTCHUH K HEOJIAronpusTHEIM (haKToOpaM Cpeibl U OOJIE3HSIM.
C 3TOM 11e71pI0 U3yYEeH MUKPOOHOM KYJIBTYPHBIX M IUKUX BUIOB KapTo(els, BblielieHbl 3(PQEeKTUBHBIEC YJHI0DUTHBIE OaKTEPUU
U CO3IaHBbl YKCIEpUMEHTANbHbIE 00pa3lbl MUKPOOHBIX mpemnapaToB. [loneBble METKOAEIIHOUHBIE OMBITH, MPOBEJCHHBIC B
Jlenunrpasackoit 1 HoBocubupckoit obnactsx, nokazann 3(Q(eKTHBHOCTh MPUMEHEHHs 3KCIIEPUMEHTAJBHBIX 00pa3loB
MHUKpPOOHBIX TIperapatoB Ha ocHoBe mrammoB Bacillus thuringiensis W65 wu Paenibacillus xylanexedens N40 wu
ouodyurunuaa buconbucaH Ha HOBBIX coprax Kaprodeins. B ombitax B HoBocuOMpCcKoOW 00JACTH BCE HCIBITHIBACMBIC
MpenapaThl OKa3aid MOJ0XKHUTEILHOE BIMSHUE Ha ypoXkall kiyOHel kaptodens coptoB Cambo, Tanro u Perru. HanGomnbime
puOaBKN yposkasi 110 CPaBHEHHUIO ¢ KOHTpoJsieM- Ha 16-35% monmydens! Ha copte Perry, a Takxe ¢ npenapatom buconbucan u
npenaparoM Ha ocHoBe mTamma N40 Ha copre Tanro — Ha 23-28%. B ombitax B JleHuHrpajackoi oOmactu HamOoJblIve
npubaBKu yposkas kiyOHeit -Ha 19-24% nonmydens! Ha copte Po3oBbiii Yaposeli npu UCIIoNb30BaHUM MUKPOOHBIX IIPENapaTos
Ha ocHoBe wTammoB Bacillus thuringiensis W65 u Paenibacillus xylanexedens N40. [To cBoeMy IeiCTBHIO Ha yPOXKAHHOCTh
3TOTO COpTa NMPUMEHEHHE IIPenapaToB ObUIO Ha YPOBHE XMMUYECKHX CPEJCTB 3alUThl pacTeHud. [logoxkurensHOe BIUSHUE
MHUKpOOHbIE Tpenaparsl OKa3ajld Ha (OpMHpOBaHHME ypoxkas KiIyOHeW cpemHepanHero copra KammbOp. YposkaiiHOCTH B
BapuaHTaxX ¢ TpenaparaMu ObUIa BhIIE, 4eM B KoHTpose Ha 10,9-12,2%. Takum o6pa3zom, UCTOIB30BAaHHUE MHUKPOOHBIX
IIpernapaToB Ha OCHOBE JHAO(UTHBIX OaKTepwid, BBIAEICHHBIX W3 KIyOHEH KapTodens, MOXeT OBITh 3(P(PEKTUBHBIM
arporpreMoM IIPH BEIpAIIUBaHUN KapTodes.

Pabota BrImONTHEHA NTPH (PMHAHCOBOM MOJ/IEpKKE MpoekTa «Pa3BuTHE ceneknnu U CeMEeHOBOACTBA KapToderns B Poccuiickoit
denepam».
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Detection of strains of endophytic bacteria of the genus Bacillus with the most pronounced growth-stimulating
and protective properties
Cherepanova E.A., Veselova S.V., Alekseev V.Yu., Maksimov I.V.
Institute of Biochemistry and Genetics of the Ufa Federal Research Centre
of the Russian Academy of Sciences, Ufa, Russia.
E-mail: k_cherepanova@mail.ru

Key message. Treatment of wheat with endophytic bacteria increases plant growth and reduces the area of leaf infection, but
the degree of manifestation of these properties depends on the bacterial strain.
Keywords: wheat, Bacillus, resistance, Stagonospora nodorum

Agriculture is increasingly using the ability of bacteria to directly inhibit the growth of phytopathogens, penetrate plant tissues
without harming the latter and stimulate both growth and plant resistance to biotic and abiotic environmental factors. In this
connection, the search for the most effective for plant growth and development of bacterial strains of wheat endosymbionts
and study their ability to protect plants from pathogens is relevant.

The aim of the study was to study the influence of endophytic bacterial strains from the laboratory collection on germination
energy and germination of seeds, growth of raw and dry biomass, as well as on the resistance of wheat to the causative agent
of Septoria nodorum blotch - Stagonospora nodorum Berk. fungi.

Strains of Bacillus genus bacteria with pronounced fungistatic properties were selected for experiments from the laboratory
collection: B. subtilis 26D (collection ARRIAM St.-Pb. Pushkin, Ne128), B. subtilis 11VM (ARRIAM Ne519), B.
thuringiensis B-6066 (Russian National Collection of Industrial Microorganisms), and isolates bacteria B. subtilis Tasl and B.
subtilis Tas8-2, isolated from wheat, zoned in the Republic of Bashkortostan. In order to assess the impact of bacteria on
wheat resistance to the causative agent of Septoria nodorum blotch, 7-day wheat germ leaves were inoculated with St.
nodorum spores from the collection of the Plant Immunity Biochemistry Laboratory of IBG RAS were used.

Efficient concentrations of bacterial spore were selected to treat wheat seeds. It is interesting to note that effective
concentrations of B. subtilis 11BM and B. subtilis Tas8-2 were twice lower than in other strains. Concentrations below
effective concentrations were weaker in plant growth, and higher concentrations could even inhibit them. Treatment of seeds
with bacterial strains and isolates in optimal concentrations increased seed germination by about 30-40 % of the control level.
The greatest effect was given by strain B. subtilis 26D. The strain of B. subtilisl1BM and B. subtilis Tasl were slightly
weaker in stimulating seed germination. The treatment of wheat seeds with suspensions of bacterial spores contributed to the
increase in the mass of wheat germplants, while the treatment of B. subtilis 26D, B. subtilis Tas1 and B. thuringiensis B-6066
had the strongest effect - in these germplants the dry mass exceeded the mass of untreated bacterial samples by 32 %.

During treatment of B. subtilis 11BM and Tasl the most expressed resistance to the causative agent of Septoria nodorum
blotch was shown, which was expressed in 4 times less area of wheat leaf infection in comparison with untreated control.
Leaves treated with B. thuringiensis B-6066 showed the least resistance to St. nodorum. However, even with the last of these
strains, the leaf infection area was twice less than that of untreated samples. Summarizing the data obtained, it can be
concluded that the B. subtilis Tasl isolate had the most pronounced both stimulating plant growth and sufficiently high
protective properties against the pathogenic fungus.

The results of this work can have practical value and help to create environmentally friendly drugs that combine both growth-
stimulating and increasing resistance to phytopathogens.

The research has been carried out using equipment from the Regional analytical Centre of collective usage “Agidel” and the

Unique scientific installation “Kodink” with partial financial support of the Russian Foundation for Basic Research (RFBR)
grant Ne 17-29-08014 (2018).
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Activation of the symbiosis of free nitrogen-fixing bacteria with plants by an additional influx
of photosynthesis products to the roots
Chikov V.1., Akhtyamova G.A., Khamidullina L.A.
Kazan Institute of Biochemistry and Biophysics of FRC Kazan Scientific Center of RAS, Kazan, Russia
E-mail: vichikov@bk.ru

Key message. An in vivo technology is proposed that enhances the export of assimilates from leaves to roots. The possibility of
thus increasing the mass of the roots and the formation of additional nitrogen in the soil-plant system is shown.
Keywords: photosynthesis, regulation, root growth, microorganisms

Long-term studies of photosynthesis allowed the authors to identify the mechanism of regulation of this process at the level of
the leaf and the whole plant. An extracellular enzyme, acid invertase, has proven to be a key regulatory element. When V. I.
Chikov, G. A. Akhtyamova, S. N. the primary products of CO, absorption (organic acids) in chloroplasts do not completely
turn into sugars, they enter the extracellular space and activate invertase, which hydrolyzes the transport product of
photosynthesis — sucrose. The hydrolysis products in the apoplast increase the concentration of osmotic substances, which
closes the stomata. As a result, the ratio of light and dark processes in chloroplasts becomes balanced. During these studies,
complex compounds of metals (Cu and Zn) with ammonia (ammoniates) were found, which, after spraying the plants,
alkalizing the medium in the leaf apoplast, suppress invertase, which enhances photosynthesis and export of sugars from the
leaf. It was shown that spraying plants with ammonia (10 M) increases the yield and root mass, which is accompanied by the
appearance of additional nitrogen in the soil-plant system. This additional nitrogen increases with a decrease in the amount of
mineral nitrogen fertilizers introduced into the soil. The scheme is such that, under certain conditions, fertilizers can be
dispensed with altogether. Options are proposed for developing methods for growing plants without fertilizers by increasing
the role of microorganisms. Experiments were demonstrated on a standard modernized seeder SZS-3.6, which made it
possible to double the number of shoots and the mass of the plant while reducing the amount of fertilizer by a factor of three.

AKTHBalMs cHM0103a CBOOOTHBIX a30THUKCUPYIOIIUX OaKTEPHil ¢ pACTEHUSIMH IyTeM OMOJTHUTEIbHOT0 IPUTOKA
NPOAYKTOB (pOTOCHHTE3A K KOPHAM
Yukoe B.U., Axmamosa I".A., Xamuoyriuna J1.A
Kazanckuit mactutyT Onoxumun u onodpusukun ®ULL KasHI] PAH

Annomayus. IIpedrazaemcs mexunono2us in vivo, KOmMopas y8eauuuedaem 3KCHOPmM ACCUMUIAINOE OM JUCMbEE K KOPHAM.
Tlokazana 603M0HCHOCMb YBeIUEHUSL MACCHI KOPHEU U 00pa308aHusl OONOIHUMENbHO20 A30Ma 8 CUcmeMme no48a-pacmeHue.
Knrouegvie cnosa: pomocunmes, pecynayusi, pocm KopHeti, MUKPOOP2AHUIMbL

MHorosneTHie UcCIe0BaHUs (OTOCHHTE3a MO3BOJIMIIM aBTOPAaM BBISIBUTH MEXaHH3M PETYJSILHU 3TOrO IPOILecca Ha yPOBHE
JMCTa U BCEro pacTeHus. BHexieTouHblil (epMeHT, Kuchas WHBEpPTa3a, OKa3aJcs KIOUEBBIM PEryJSITOPHBIM 3JIEMEHTOM.
Korga nepsuunsle npoaykTsl noriomieHnss CO» (opraHndeckue KUCIOTHI) B XJIOPOIJIACTaX HEMOJIHOCTHIO MPEBPAIIAlOTCsS B
caxapa, OHHU IONAaJarT BO BHEKJIETOUYHOE NPOCTPAHCTBO U AKTUBUPYIOT MHBEPTA3y, KOTOpas TMAPOJIM3YET TPAaHCIOPTHBIN
MPOAYKT (oTOCHHTE3a— caxapo3y. [IpoayKThl rHIponn3a B alomiacTe yBEINYUBAIOT KOHIIEHTPAIMIO OCMOTHYECKUX BEIECTB,
KOTOpasi 3aKpbIBaeT yCThHIA. B pe3ynbraTe COOTHOIIEHHWE CBETOBBIX M TEMHOBBIX IPOLECCOB B XJOPOIUIACTAX CTAHOBHUTCS
cOanmaHCHpOBaHHBEIM. B Xone 3THX HCCIIeNOBaHWA OBLIM OOHApYKEHBI KOMIUIEKCHBIE coemmHeHuss MetaiwioB (Cu m Zn) ¢
aMMHaKOM (aMMHAKaThl), KOTOPBIE ITOCTIE OMPBICKUBAHUS PACTCHUM, [TOIIIeTIadyiBasl CpeAy B aloIlIacTe JIUCTHEB, TOIABIISIIOT
WHBEpTa3y, YTO YCHIMBAaeT (DOTOCHHTE3 WM JKCIIOPT CaxapoB W3 JIHCTHEB. BBUTO TMOKa3aHO, YTO ONPBICKWBAHUE PACTCHUH
ammuakatamu (10 M) yBennauBaeT ypoxkaiHOCTh U KOPHEBYIO MAcCCy, YTO COIPOBOKIAETCA MOSABICHAEM JOIOIHUTEILHOTO
a30Ta B CHCTEME IOYBa-pacTeHUe. DTOT JOMOJHUTEIBHBIM a30T YBEIMUYNBACTCS C YMEHBIIEHHEM KOJIMYEeCTBA MUHEPAIbHBIX
a30THBIX YAOOpEHMH, BHOCUMBIX B MOouBYy. CXxeMa TaKoBa, YTO MPH ONPENEIEeHHBIX YCIOBHUAX MOXHO IOJIHOCTBIO OTKa3aThCs
oT ynoOpenuii. [IpeanoskeHbl BapuaHThl pa3paOOTKH METOJIOB BhIPAIIMBAHMS PACTCHUN 0e3 yJ0O0peHui 3a CUeT MOBBIIICHUS
POJM MUKPOOPTaHU3MOB. DKCIEPUMEHTHI OBIITH NMPOJEMOHCTPHPOBAHBI HAa CTAHIAPTHON MOJepHU3MpoBaHHOU cesnke C3C-
3.6, KoTOpasi MO3BOJIMIA YIBOUTH KOJIMYECTBO MOOETOB M Maccy PAaCTeHHs NPH OJHOBPEMEHHOM CHIDKEHHM KOJHYECTBA
yHIoOpeHHi B TpH pasa.

YukoB B.U., AxtamoBa ['.A., batamesa C.H., Muxaiinor A.Jl., Xamuaymwmuna JLA., Tumodeea O.A. Brusaue
OJIOKMPOBaHUs TeHA aloIIACTHON MHBEPTa3bl Ha (POTOCHHTE3 B pacTeHUsx Tomara // duznonorus pacrenuid, 2015, Tom 62,
Ne 1, c. 45-51.

Chikov V.1. The Participation of Apoplast Invertase in the Regulation of Photosynthesis by Stomatal Mechanism. Journal of
Plant Sciences 2017; 5(5): 134-145 http://www.sciencepublishinggroup.com/j/jps doi: 10.11648/j.jps.20170505.12 ISSN:
2331-0723 (Print); ISSN: 2331-0731 (Online).

YuxoB B.U., AxTtsamona I'.A., [TaxomoBa B.M. IlpoTtnBopeune MexIy CyIIECTBYIOMEH arpOTEXHUKOW W ABOJIOIHOHHBIM
pa3BUTHEM pacTeHHUI JOHKHO ObITh ycTpaHeHo // Jlokmanel TCXA Beim. 291, (wacts 11). Mocksa. M3gat. PTAY_MCXA.
2019r. C.386- 391.
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Using nod genes control system to create rhizospheric microorganisms with regulated gene expression
Chubukova 0.V, Vershinina Z.R, Matnyazov R.T., Baymiev Al. Kh.
Institute of Biochemistry and Genetics - Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia
E-mail: chubukova@bk.ru

Key message. Inducible vector containing the full-sized nodD gene and the promoter region of the nod-box under the control
of which was cloned the gfp gene was constructed. Modified bacteria R. galegae in which the synthesis of GFP protein was
activated by plant flavonoids were obtained.

Keywords: Rhizobia, nod-box, growth-promoting associations

Rhizaobia are soil nodule bacteria that can to establish a nitrogen-fixing symbiosis with legumes plants. To date, rhizobia are
widely used as biofertilizer in agriculture.

The aim of the work was to obtain strains of nodule bacteria with controlled inclusion of target genes, which are induced by
plant root secretions.

Methods of molecular cloning were used to obtain genetic engineering constructs. The resulting vectors tested by PCR and
DNA sequencing. Expression of the target gene was confirmed by Western blot. Fluorescent-tagged bacteria were observed
using a BioZero Analyzer microscope (Keyence, Japan).

The nod genes in the rhizobia genomes formed are cassette and in R. leguminosarum the nodD genes are located adjacent to
the nod-box promoter region and have different coding directions. The nodD protein is activated by plant flavonoids and then
induce nod-box promoter. We amplified DNA fragment of R. leguminosarum containing the full-size nodD gene and the nod-
box promoter. Then, the gfp reporter gene was cloned into the pTurboGFP vector under the control of the nod-box promoter.
Further, the fragment containing the nodD + nod-box promoter + gfp region was cloned into the vector pJN105. The resulting
construct pJN105nodDGFP was introduced into rhizobia R. galegae 0702 by transformation. The transformed and control
strains of R. galegae were treated by the following plant flavonoids: apigenin, quercetin, taxifolin, genistein, hesperidin.
Western blot analysis and fluorescence microscopy showed that each of these flavonoids induced the expression of the target
gene with different levels, which led to the accumulation of GFP protein in the rhizobia cells. Further, on the basis of plasmid
pJN105n0dD, it is proposed to obtain various constructs for studying the conditions for activation of target genes. The
ultimate goal of our research is to create a system for the specific inclusion of the synthesis of various growth-promoting and
protective substances in rhizosphere microorganisms induced by plant root secretions.

This work was supported by the grant of the RFBR 18-34-20004 mol_a_ved.

Hcnoan3oBanue Nod cucremMbl pu300mii 1151 CO30aHUA PU30C(hepPHbIX MUKPOOPraHU3MOB
¢ peryJiupyemMoii skcnpeccueii reHoB
Yybykoea O.B., Bepwununa 3.JI., Mamnuszoe P.T., baiimues An.X.
HuCcTHTYT OMOXUMIH U TEHETUKA — 000COOJICHHOE CTPYKTYpHOE moIpasneneHue denepaabHOT0 rocyAapcTBEHHOTO
OIO/PKCTHOTO HAYYHOT'O YUpeKIACHU Y PUMCKOTO (heepabHOrO UCCIeI0BATEIbCKOTO IIeHTpa Poccuiickoii akaieMUuu HayK,
VYa, Poccus.

Annomauyusn. Cozoana pezynupyemasi 8eKmMopHAas KOHCMPYKYUs, coOepicauias NoAHopamepHulil 2ed nodD u npomomopHuli
yuacmok Nod-box R. leguminosarum, noo kowmpoaem komopozo 6vin knonuposan een Qfp. Bviau nonyuenvt moouguyuposanmvle
baxmepuu R. galegae, 6 komopuix cunmes GFP 6enxa akmusupoeancs pacmumenshoimu prasoHouoamu.

Knrouesvie cnosa: puzobuu, Nod-box, pocmocmumynupyrowue accoyuayuu

Pu3obuu — 3T0 NOUBEHHBIE KITyOSHBFKOBBIE OAKTEPUH, KOTOPBIE CIIOCOOHBI BCTYNATh B a30THUKCHPYIOMMHA cMMOHO3 ¢ ©000BBIMU
pactrenusiMu. B HacTosiiee Bpemst pu300MH HAIILTH LIMPOKOE MPHUMEHEHNE B KauecTBe OMOYJ00pEHHH B CEIIbCKOM XO3SIHCTBE.

Lenpro paboTHI SBISUIOCH MOJMyYEHUE ITaMMOB KITyOSHBKOBBIX OaKTEpHi ¢ peryINpyeMbIM BKIIOUEHHEM LIENIEBBIX T€HOB, KOTOPOE
WHIYLHUPYIOTCSI KOPHEBBIMU BBIACICHUSME PACTCHHH.

Jlns nmony4eHus TeHHO-MHKCHEPHBIX KOHCTPYKIHMHA ObUIM HCIIOJIB30BaHbI METOJI MOJICKYJISIDHOTO KJIOHHpOBaHHs. [lomydeHHBIE
iazmuael nposepsuti [1LIP, cexsenupoBannem JTHK. Dxcmpeccrio 1eneBoro reHa MOATBEP)KIATNA BECTEPH-OJIOT C aHTUTEIaMH K
GFP 6enky. ®ayopeciieHTHO OKpalleHHbIe OaKTepuu HaOII0IaIu ¢ MOMOIIIBI0 MuKpockona BioZero Analyzer (Keyence, Snonus).
Nod remsl B reHomax pu300uMii pacroiokeHsl KoMmmakTHo, u y R. leguminosarum remsr NOdD pacmosioKeHBI 1O COCEACTBY C
MPOMOTOPHBIM y4acTKOM NOO-DOX ¥ mpu 3TOM HMEIOT pa3HOe HampapjeHHe KoAupoBaHus. MHIykTopoMm mnpomortopa nod-box
SIBJISICTCSI IPOAYKT reHa N0dD, akTHBUPOBAaHHbIN pacTHTEIbHBIMHU (hiraBoHOMAamu. Hamu 6bu1 ammutnduuuposan gpparment JHK R.
leguminosarum, comepxaruii mogHOpa3MepHbIi reH NOdD u mpomotop nod-box. 3atem B Bektop PTurboGFP mox xoHTposiem
npomoropa nod-box Osut kimoHmpoBaH penoprephbii ren gfp. Janee, dparmenr, comepxkammii yaacrok nodD-+mpomorop nod-
box+gfp 6b1L1 mepexIoHUPOBaH B MIa3MHUIy MIMPOKOTO Kpyra xo3seB pJN105. TTomyuennoit konctpykuueir pJN105nodDGFP 6butm
TpanchopmupoBansl puzobun R. galegae 0702. TpancdopMUpOBaHHBINA ¥ KOHTPOJIBHBIN ITaMMBI R. galegae Oputi HHIyHpOBaHbI
CIICAYIOUIMMHU PACTUTENILHBIMU  (DJIABOHOMAAMU: AalMTeHUH, KBEPLUWTHH, TAaKCU(OJIMH, TEHHCTEHH, TeCHepHIuH. BecTepH-0y0T
aHanmu3 M (UIyopecUeHTHass MUKPOCKONHUS II0Ka3aJid, YTO B TOM WJIM HMHOW CTENEHM KaXKIblii M3 yKa3aHHBIX (DIaBOHOUIOB
HMHIYLUPOBAJl SKCIPECCHIO IEJIEBOT0 T'e€Ha, YTO NMPHUBOIMIO K HAaKOIUICHHIO B KieTkax puzobuit GFP Oenka. J[lamee Ha ocHOBe
wtazMuasl pJN105nodD npearnonaraercst nojgy4eHHe pa3IMYHbIX KOHCTPYKUIUI A7 U3y4YeHUs YCIOBUN aKTHUBAIMM LIEJIEBbIX I'€HOB.
KoHeuHOl mLenpl0 HAIIMX MCCIACJOBAaHMUM SBISETCSd CO34aHHE CHCTEMBl CHENU(HUYECKOTrO BKIIOYEHHUS CHHTE3a Pas3IM4HBIX
POCTOCTUMYJIHPYIOIINX W 3aIIUTHBIX BEIIECTB Y PU30CHEPHBIX MUKPOOPTaHM3MOB, UHIYLHPYEMOTO KOPHEBHIMHU BBIACICHHSIMH
pacTeHuid.

JlanHas paboTa OblIa BBITIONHEHA TPH (UHAHCOBOH mojyiepkke rpanta PODU 18-34-20004 mon_a Ben.
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Studying of fertilization-independent embryo- and endospermogenesis in maize embryo sacs
Chumakov M.1., Volokhina I.V., Gusev Yu.S., Mazilov S.1., Fadeev V.V., Gutorova O.V., Kolesova A.Yu., Moiseeva E.M.
Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia

E-mail: chumakovmi@gmail.com

Annotation. The literature and experimental analysis of maize embryo and endospermogenesis genes expression before and
after pollination will be presented. Data on the CRISPR/Cas9 editing of maize embryo- and endospermogenesis genes are
discussed.

Keywords: maize, CRISPR/Cas9, embryo- and endospermogenesis, gamete fusion

The molecular genetic mechanism of asexual reproduction by seeds (apomixis) in maize has not been studied yet, although it
is known that the embryo and endosperm can develop without fertilization (fertilization-independent: fis1, fie2 genes) in the
ancestor of maize (Trypsacum) and, in some modern maize forms [1]. Knowledge of regulation of these processes can help to
develop biotechnologies on this basis [2].

Purpose: Studying of the possible mechanisms of fertilization-independent embryo- and end endospermogenesis in maize
embryo sacs.

The first part of the report presents the own data concerning expression of gamete interaction (Zm_gex2) and membrane fusion
(Zm_gscl) genes. We obtained for the first-time data on the DNA remodeling and endospermogenesis (fiel, fie2), genes
expression in the parthenogenetic AT-3 maize embryo sac before and after pollination [1].

The second part of this report presents literature data on the genome editing (CRISPR/Cas9) method and our application to
maize plants. For the first time, CRISPR/Cas9 vectors containing gRNA to the adhesion (Zm_gex2) and fusion (Zm_gscl)
genes of maize gametes were created. CRISPR/Cas9 constructs were introduced into the genome of KM maize line using in
planta and in vitro methods. The insertion analysis for transformed plants using molecular genetic methods will be presented.

This work was carried out within the Program of Basic Research of the state academies of sciences for 2018-2020 (Ne AAAA-
A17-117102740101-5) and Russian Foundation for Basic Research grants (Nel8-29-14048mk; Ne20-016-00020a; Ne20-316-
80020 mol-e-a).

HcciienoBanne He3aBHCHMOI0O OT ONbLIIEHHSI IMOPHO- M HAOCIEPMOreHe3a B 3apO/IbIIIEeBbIX MELIKAX KYKYPY3bl
Yymarkoe M.HU., Bonoxuna U.B., I'yces FO.C., Masunoe B.H., I'ymoposa O.B., Konecosa A.FO., @aodees B.B., Mouceesa E.M.
WHCcTHTYT OMOXUMIH U (PU3HOJIOTHH PACTCHUH H MUKpOoOpraHm3MoB Poccuiickoit akanemun Hayk, 410049 Capatos, Poccus

Annomayusn. /lan iumepamypubvii 4 9KCHEPUMEHMATbHBI AHAU3Z IKCAPECCUU 2eHO8 IMOPUO- U IHOOCHEPMO2eHe3d KYKYPY3bl
00 u nocne onvinenus. Obcysxcoaromesi dannvie no CRISPR/Cas9-pedaxmuposanuio 2enoe ambpuo- u snoocnepmozenesa

KYKYpY3bl
Knrouesvie cnosa: xyxypysa, CRISPR/Cas9, ambpuo- u sndocnepmozenes, ciusnue 2amem

MonexkyasIpHO-TeHeTHYECKIH MeXaHM3M OeCIOJIOro Pa3MHOMKEHHS CeMEHaMH (AallOMHUKCUC) Y KyKypy3bl HE H3y4eH, XOTH
M3BECTHO, YTO 3apOJIBIII M HAOCIEPM MOXKET pa3BuBathest Oe3 ombutenus (fertilization-independent seeds: fis, fie reusr) y
Ipeika KyKypy3bl TPHUIICAKyMa M y HEKOTOPBIX COBPEMEHHBIX (DOPM KyKypy3bl MMeEIOTCs ero mposiieHus [1]. 3Hanue
3aKOHOMEPHOCTEH PEeTyJISIINHU 3THX ITPOIECCOB MOKET IIOMOYb Pa3BUTh OMOTEXHOJIOTHH Ha 3TOH ocHOBE [2].

Llenpro WccnenoBaHUS SIBISICTCS HMCCIEOBaHWE BO3MOXKHBIX MEXaHW3MOB HE3aBHCHMOIO OT OIBUICHUS 3MOpHO- H
SHJIOCTIEPMOTCHE3a Y KYKYpY3bl.

Bo nepBoii yacTu 1okiaa npeacTaBieHbl JJUTEpaTypHbIe B COOCTBEHHBIE IaHHBIE DKCIIPECCHU TeHOB, (DYHKIMOHUPYIOIINX Ha
paHHHUX 3Tarnax SMOpHO- M SHJIOCHEPMOreHe3a B 3apOJBILNIEBBIX MEIIKaX KyKypy3bl 0e3 ombuieHHs. B 4acTHOCTH, T'€HOB,
KOJUPYIONINX OEJIKW aare3ud U CIusSHUS MeMOpaH raMeT, XpoMaTuH-MoJienupyomue 6enku [1] u 6enku, KOHTPOIUPYIOIIHe
Havaio passutust sHnoctepma (Fiel, Fie2).

Bo BTopoi#t yactu gokmana mnpenacrasiensl ganasie o CRISPR/Cas9-merony W MpakTHKE €ro MpUMEHEHHs Ha KyKypy3e.
Brepseie cozmans CRISPR/Cas9-extopsl, comepkanue rua-PHK k remam aaresum (Zm_gex2) u ciaumsaus (Zm_gscl)
MemOpan ramer Kykypy3sl. CRISPR/Cas9-koHCTpyKIMM BBeeHBI B T'€HOM TI'€HETHYECKH MapKHPOBAaHHOW KyKypy3sl KM
Mmerozamu in planta u in vitro. IlpeacTasnen aHanu3 TpaHCcHOPMUPOBAHHBIX PACTCHUI Ha HAIWYHE BCTABOK MOJEKYJSIPHO-
TeHETHYECKUMHU METOJaMHU.

Pabora BrimosiHeHa no [IporpamMe yHIaMEHTAIBHBIX HAYYHBIX MCCIEJOBAaHMI IOCYJAAapCTBEHHBIX akajeMui Hayk (Ne roc.
perucrpammn AAAA-A17-117102740101-5) u npu ¢uHancoBoii noanepkke rpaHToB PODU: Nel8-29-14048mk, Ne20-016-
00020a (Zm_gex2) u Ne20-316-80020moi-3-a (Zm_gscl).

1. Volokhina I., Gusev Y., Moiseeva Y., Fadeev V. Kolesova A., Gutorova O., Chumakov M. Expression of genes coding

for chromatin-modifying enzymes in maize lines // Plant Gene. 2020. V.22. 100221.
2. Chumakov M.I. Matroclinic haploidy and gamete interaction in maize // Rus. J. Genetics 2018. V.54. (10): 1137-1141.
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Influence of chloride salinity on primary photosynthetic processes in potato leaves
Danilova E.D., Kolomeichuk L.V., Efimova M.V.
National Research Tomsk State University, Tomsk, Russia
E-mail: nusy.l.d@gmail.com

Key message. We investigated the effect of 125 mM NaCl on the potato leaves photosynthetic parameters (the content of
chlorophylls a, b, and carotenoids; photochemical activity of photosystem I1).

Keywords: Solanum tuberosum L., Chloride salinity, Photosystem 11, Photochemical activity

Soil salinization is one of the main adverse abiotic factors that reduce crop productivity. Potato is the fourth food crop in the
world after rice, wheat and corn. Wild Solanum species are relatively resistant to salinity, while modern varieties that are the
product of long-term breeding are much less salt tolerant. The effective functioning of the assimilation apparatus is one of the
most important indicators of plant state.

The experiments were conducted on potato (Solanum tuberosum L.) plants, cv. Lugovskoi (identifier 8301891). Plants were
regenerated in vitro from apical meristem and cultivated on half strength MS agar medium for 30 days [1]. After 14 days of
adaptation to liquid medium plants were transferred either to the medium with 125 MM NaCl. As a control, was used a 0.5 MS
culture medium without the addition of NaCl. The effective concentrations of NaCl were taken from a previous study [2].
Photosynthetic parameters were determined in the leaves of potato seedlings 6 days after the beginning of the NaCl treatment.
The photochemical activity of plants was measured a JUNIOR-PAM fluorimeter (Walz, Germany).

The content of chlorophylls a, b and carotenoids showed a significant response to salt stress: 2-2.5 times lower than the
control values.

The maximum quantum yield of photosystem 2 (PS 2) (Fv/Fm) under control conditions corresponded to the Fv / Fm values
characteristic of other plants not subjected to stress [3]. Under the salt stress conditions, the Fv/Fm decreased 2 times. A
similar trend was observed for the effective quantum yield (Y (1)) and electron transport rate (ETR), which under salinization
conditions decreased by 40% relative to the control.

The described above results indicate a high sensitivity of the potato plants photosynthetic apparatus to chloride salinity.

The reported study was funded by RFBR, project number 19-34-90051.

Baunsinne XJIOPHIHOTO 3aC0JIeHUS] HA MepBUYHbIe GOTOCMHTETHYECKHE POLECCHI B JTUCThAX KapTodens
Manunosa E.J[., Korometiuyx JI.B., E¢pumosa M.B.
HanmonansHslit uccnenoBatenbekuii ToMCKUI rocyaapcTBEHHBIN YHUBEpcUTeT, ToMmck, Poccus

Annomauusa. Hccneoosano oeiicmeue 125 mM NaCl na gpomocunmemuueckue noxazamenu (codepoicanue xiopoguinog a, b, u
KapomuHouoos, homoxumuyeckyto akmusnocms pomocucmemsi 1) aucmoves kapmogpena cpeonecnenozo copma JIy2o6ckoii.
Knioueswie cnosa: Solanum tuberosum L., xzopuonoe 3aconenue, pomocucmema |, pomoxumuueckas akmusnocmo

3acoseHHe TOYB SIBISETCS OJHUM M3 OCHOBHBIX HEONarompHsATHBIX a0HOTHYECKHX (aKTOPOB CHIDKAIOUIMX MPOIYKTHBHOCTB
CeIIbCKOXO3UCTBEHHBIX pacTeHuil. Kaprodens — deTBepTas NpoOAOBOJILCTBEHHAs KylIbTypa B MHpE IIOCHIE pHCa, IMIICHUIBI U
KyKypy3bl. PacTenus kaprodens QUKHX BHIOB OTHOCHTEIFHO YCTOHUYMBEI K 3aCOJICHHIO, OJHAKO COBPEMEHHBIE COPTA, SIBJISTFOLIHECS
IIPOJyKTOM JIOJTOBPEMEHHOM CeNeKInH, 3HAUUTENILHO 00Iee OIBEPIKEHBI ISHCTBUIO COIM. BaskHBIM IOKa3aTesieM COCTOSIHUS BCETO
PACTHTEIIFHOTO OpraHu3Ma siBisieTcs 3 PpeKkTHBHOE PYHKIMOHUPOBaHHE ACCHMIIISIIIMOHHOTO armapara.

HUccnenoBanusi mpoBouiinch Ha kaprodene (Solanum tuberosum L.) c. JIyrosckoii (uaentudukarop 8301891). O3g0poBieHHbIe
pacTeHUSI-PEreHEPaHThI TIOMYYall METOJOM MHKPOKIOHAIBHOTO Pa3MHOXKEHHs iN Vitr0 W KyJIbTHBHPOBAJIM Ha arapu30BaHHOM
nurTaTensHol cpene Mypacure-Ckyra ¢ MOJIOBUHHBIM COCTaBOM MHKpo- U MakposnaeMeHTos (0,5 MC) B teuenue 30 cyt [1]. ITocne
2-He[eNBbHOTO POCTa PACTEHHMH Ha THIPOMOHHOHM ycraHoBke B cpene 0,5 MC pacTeHMs NMEpEeHOCHWIH Ha Ty e CaMylo Cperny ¢
nobasnennem 125 MM NaCl. B xauecTBe KOHTPOJIBHOTO BapHaHTa HCMOJIB30BANM MUTaTeNbHy0 cpeny 0,5 MC 6e3 mobaBieHus
NaCl. Heticreyromas konrenTpanus NaCl Obuta BeIOpaHa Ha OCHOBaHHH TPEIBIAYINNX HCCAenoBaHMM [2]. DOTOCHHTETHYECKHE
MOKa3aTeny OMpEeNeNsUId B JIMCThIX MPOPOCTKOB Kaprodens dueped 6 aueil mocie Hawama obpabotku NaCl. Jlns usmepenust
(OTOXUMHYECKOH aKTHBHOCTH ACCHMIJIIIIMOHHOTO armapara ucroib3osanu ¢iyopumerp JUNIOR-PAM (Walz, I'epmanms).
CoJepxaHue OCHOBHBIX BHIOB (DOTOCHHTETHYECKHX MUTMEHTOB — XJIOPO(GWIIOB a, b 1 kapoTuHOMIOB cHmXanock B 2-2.5 pasa B
OTBET Ha COJIEBOH cTpecc.

MakcuManbHbI KBaHTOBBIH BEIX0A (poTocuctemsl 2 (PC 2) (FV/FM) B KOHTPOJIBHBIX YCIOBUSX COOTBETCTBOBAI BenuunHaM Fv/Fm,
XapaKkTepHbIM JUIS JPYTUX pACTeHWH, HE MOJBEPTHYTHIX CTpeccOoBBIM Bo3xaeiicTBusaM [3]. B ycmoBusx coieBoro crpecca
MPOUCXOIMIO CHIDKCHHE 3Ha4YeHHs Iokasarens FV/Fm mpumepHo B 1Ba pa3a. AHajorH4Hasi TCHACHIMS OTMEYCHA AJIS BEIUYMH
s¢dexruBroro ksantosoro Beixoma (Y(Il)) u ckopoctu asmextponnoro tpancmopra (ETR), koTopble B yCIOBHSX 3acOJEHHS
cHIKaUCh Ha 40% OTHOCHUTENILHO KOHTPOJIS.

[pencTaBieHHbIe JaHHBIE CBUIETENECTBYIOT O BHICOKON YyBCTBUTEIBHOCTH (DOTOCHHTETHYECKOTO anmapara pacTeHuil kapToderns K
XJIOPUAHOMY 3aCOJICHUIO.

HccnenoBanue BBINMONHEHO NpU (GprHAaHCOBOI moanepkke PODU B pamkax HaygHoro npoekta Ne 19-34-90051.

1. Kolomeichuk L. V., Efimova M. V., Zlobin I. E., Kreslavski V. D., Murgan O. K., Kovtun I. S., Khripach V. A., Kuznetsov VI.
V., Allakhverdiev S. I. 24-Epibrassinolide alleviates the toxic effects of NaCl on photosynthetic processes in potato plants //
Photosynthesis Research. 2020. — Vol. 146. — P. 151-163.

2. Hanwmnosa E.JI., Mensenesa 10.B., EpumoBa M.B. BiusiHMe XJOpPHIHOTO 3aCOJICHHS Ha POCTOBbIE M (DU3HUOIOTHYECKUE
nporecchl pactennid Solanum tuberosum L. cpennecriensix copros // Bectd. Tom. roc. yu-ta. Buonorus. 2018. Ne 44. C. 158-171.
3. Angelini G., Ragni P., Esposito D., Giardi P., Pompili M.L., Moscardelli R., Giardi M.T. A device to study the effect of space
radiation on photosynthetic organisms // Physics in Medicine.2001. Ne 17. PP. 267-268.
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Study of common wheat lines with genetic material Aegilops speltoides for leaf rust resistance
Davoyan E.R., Davoyan R.O., Zubanova Y.S., Mikov D.S., Boldakov D.M.
National Center of Grain named after P.P. Lukyanenko, Krasnodar, Russia
E-mail davayan@rambler.ru

Key message. The results of evaluating introgressive lines by resistance to leaf rust and the presence of molecular
markers in them linked to the known resistance genes Lr28, Lr35, Lr51, Lr10, Lr26, Lr34 are presented.
Keywords: Ae. speltoides; Leaf rust; Lr-genes; introgressive lines; molecular markers

The gene pool of the species Ae. speltoides Tausch (2n = 2x = 14) genome (SS) has a significant reserve for disease resistance,
in particular for leaf rust (Puccinia triticinia Erikss.), which is one of the most widespread and harmful wheat diseases.
Currently, it is known about the transfer of leaf rust resistance genes Lr28, Lr35, Lr36, Lr51, Lr47, Lr66 from this species to
common wheat. Based on the application of chromosome engineering methods, the authors created a number of cytologically
stable common wheat lines with introgressions from Ae. speltoides, which are characterized by high disease resistance, high
protein content and other valuable traits (Davoyan et al., 2009). These lines are thought to carry the leaf rust genes transmitted
by Ae. speltoides transferred from Avrodes, as well as genes Lr10, Lr26, Lr34 transmitted from recipient varieties Krasnodar
99, Kavkaz, Aurora, respectively.

The object of the study was 26 lines of common wheat obtained with the participation of the synthetic form Avrodes (ABS).
Infection and assessment of resistance to leaf rust was carried out in the adult stage in the field. Identification of Lr genes was
carried out using PCR with primers marking the genes Lr28, Lr35, Lr51, Lr47, Lr66.

The synthetic form Avrodes exhibits high level of resistance to leaf rust (reaction type 1-). Desease resistance in the studied
lines varied from high with a reaction type of 1 — (in lines 151, 247, 391, 397, 594, 597, 608, 610, 680, 787, 1189, 1261) and 1
(in lines 157, 235, 248, 363, 393, 636) to moderate - reaction type 2 (lines 153, 253, 609, 865) and susceptible reaction type
3,4 (211, 351, 357, 604). Previously, in our studies, it was found that Avrodes does not carry Lr47 and Lr66 genes in its
genome (Davoyan et al., 2012), and therefore the studied material was not screened for the presence of molecular markers
linked to them. Marker BCD260F1/35R2 linked to the Lr35 gene was not detected. Marker CSS421570 linked to the Lr28
gene was identified in the synthetic form of Avrodes and line 608. Line 597 revealed a marker linked to the Lr51 gene. Lines
151, 153, and 609 carry a marker linked to the 1RS.1BL translocation, which contains the Lr26 gene. Molecular markers
linked to the Lr10 and Lr34 genes are identified in lines 247, 351, 604 and 157, 211, 253, respectively. The desired markers
were not detected in lines 248, 363, 594, 680, 787, 357, and 865. Lines carrying both single resistance genes and their
combinations were selected. The combination of the Lr26+Lr51 genes was identified in lines 1189, 1261 with the high level of
resistance to desease. A combination of the Lr10 and Lr34 genes was found in lines 391.393, 397, 610, 636. In line 608, the
Lr34 gene was combined with the Lr28 gene. A line 235 with a combination of genes (Lr10+Lr26+Lr34) was selected. The
presence of the Lr28, Lr51 genes in the studied lines suggests the presence of genetic material from Ae. speltoides in them.
Resistance to leaf rust in line 597 can be controlled by the single presence of the Lr51 gene, in lines 1189, 1261 as a result of
its combination with the Lr26 gene. In line 608, resistance is due to the presence of the Lr28 gene in combination with Lr26,
and in line 235 due to a combination of 3 genes. Resistance to leaf rust in lines 391, 393, 397, 610, 636 may be due to the
presence of a combination of two genes Lr10 and Lr34 at the bottom, and in the case of line 235, pyramids of three genes.
Resistance to leaf rust in lines 248, 363, 594, 680, 787, 865, created with the participation of Avrodes, in which markers
linked to the Lr28, Lr35, Lr51, Lr10, Lr26, and Lr34 genes were not detected can be controlled by another gene(s) other than
those.

Davoyan, R.O. Transfer of disease resistance from wild relatives of common wheat using synthetic forms / R.O. Davoyan,
1.V. Bebyakina, O.R. Davoyan et al. // Tr. in applied botany genetics and selection. 2009. -T. 166. S. 519-523

Davoyan, E.R. Identification of leaf rust resistance genes in Aegilops species, synthetic forms and introgressive lines of
common wheat / E.R. Davoyan, R.O. Davoyan, |.V. Bebyakina, O.R. Davoyan, Yu.S. Zubanova, A.N. Zinchenko, A.M.
Kravchenko // Vavilov. journal genetics and selection. 2012. -T. 16. No. 1. S. 116-122.
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Use of haploid technologies in breading of common wheat of national center of grain named after P.P. Lukyanenko
Davoyan R.O., Zinchenko A.S., Davoyan E.R., Bebyakina 1.V., Mikov D.S., Zubanova Yu.S., Boldakov D.M.,
Basov V.1., Zelenskaya A.A.
National Center of Grain named after P.P. Lukyanenko, Krasnodar, Russia
E-mail: davoyanro@mail.ru

Key message. In order to obtain doubled haploids (DH) homozygous lines of common wheat in National Center of Grain
named after P.P. Lukyanenko (NCG) the methods of selective elimination of chromosomes of maize in genome of intergenal
hybrid embryos and anther culture are used. During the 2016-2019 years more than 1,500 diploid lines of 26 varieties of
winter common wheat were produced.

Keywords: wheat, maize, anther culture, haploid plant, doubled haploids line

Progress in the breeding of such an important crop as wheat is closely linked to the use of biotechnological techniques and in
particular haploid technologies. Their use significantly expands the possibilities of traditional breeding and greatly accelerates
the creation of new varieties. For production of doubled haploid lines of common wheat in NCG the methods of selective
elimination of chromosomes of maize in genome of intergenerational hybrid embryos and anther culture are used. The first
method is used in greenhouse conditions, the second complements the first and is used partly in field, partly in greenhouse.
Until recently, we used the anther culture method to produce doubled haploids wheat lines. In order to optimize the creation of
the technology of mass production of haploid wheat plants by the method of selective elimination of maize chromosomes in
the genome of intergenerational hybrid embryos, 12 lines, 2 varieties and three hybrids of NCG maize breading were studied.
Effective haploid producers of line SM7 and Krashodarskaya 935/86 inducing high formation of up to 26.8% haploid embryos
from crossing with varieties of common wheat were selected. The work was done to optimize nutrient media and conditions
for the cultivation of haploid embryos derived from the crossing of common wheat with maize and the regeneration of
haploids derived from anther culture. Overall, using both methods for the three years (2016-2019) more than 1500 diploid
lines from 26 varieties of winter common wheat selected by the NCG were produced. Thirty-eight DH lines obtained from 3
varieties were evaluated by the parameters of spike productivity (length of the main spike, number of flowers in the spike,
number of grains from the spikes, weight of grain from the spike). There is a significant difference in the lines between each
other and the varieties on the basis of which they are derived
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Developmental programs for lateral root and symbiotic nodule organogenesis: evolution of similarities and differences
Demchenko K.N., Kiryushkin A.S., Ilina E.L., Guseva E.D.
Komarov Botanical Institute, Saint Petersburg, Russia
E-mail: demchenko@binran.ru

Key message. In order to understand the relationship between genetic programs for the development of different types of
lateral roots and symbiotic nodules, a comparative analysis of promoter activity of LOB-DOMAIN PROTEIN family genes
was carried out.

Keywords: root system, symbiotic nodule, squash, lateral root, root branching evolution

These previous studies indicate that a number of parallels can be drawn between nodule and lateral root development, but their
modes of initiation differ significantly. For instance, development of actinorhizal nodules and some pea mutants (cochleata,
etc.) shows certain similarity of genetic programs of initiation of these organs and lateral root. We directly compared lateral
root and nodule development with high spatial and temporal resolution to identify the commonalities and differences that
underlie their development. We demonstrate that lateral roots and nodules share overlapping developmental programs that
converge on the formation and interpretation of an auxin maximum. This is exemplified by our finding that auxinresponsive
LOB-DOMAIN PROTEIN 16 (LBD16) is required for formation of both nodule and lateral root primordia. In some pea
mutants (cochleata, etc.) shows certain similarity of genetic programs of initiation of these organs and lateral root. Side roots
occur in most plants above the elongation zone, but there is a group of families whose species form lateral roots directly in the
parental meristem. The key factor in both types of lateral root initiation is the auction. Nodules initiate as lateral root organs in
response to the perception of rhizobial bacteria at the root surface. Rhizobial nodulation (Nod) factors activate symbiosis
signaling in root epidermal cells, which in turn activates cytokinin signaling in the root cortex and pericycle. Previously was
demonstrated that despite differential induction, lateral roots and nodules share overlapping developmental programs, with
mutants in LOB-DOMAIN PROTEIN 16 (LBD16) showing equivalent defects in nodule and lateral root initiation (Schiessl at
al., 2019). To better understanding the relatedness between nodule and lateral root development, we undertook a comparative
analysis of these two root developmental programs. Phylogenetic analysis, as well as analysis of the expression levels of LBD
genes in response to exogenous auxin, revealed orthologs of the LBD16 and LBD18 Arabidopsis genes in cucumber and
squash. The last two species form the lateral root primordia in the parental root meristem. The pattern of LBD genes
expression in different types of lateral root initiation in plants that differ in the place of its initiation, as well as in the initiation
of symbiotic nodules, was analyzed. Differences in the promoter activity of LBD16 and LBD18 genes were identified, and
their possible targets are discussed. Our research has allowed us to propose an evolutionary scheme for the participation of
LBD family proteins in the regulation of initiation and development of lateral organs -symbiotic nodules and lateral roots.
This research was supported by the Russian Foundation for Basic Research (grant no. 19-04-01079_a).

I'eHeTHYecKkHe MPOrpaMMbl pa3BUTHS 00OKOBOI0 KOPHSA M CHMOMOTHYECKOro KJIyOeHbKa:
JBOJIIOLUSA CXOACTB U Pa3JIM4uil
Jlemuenxo K.H., Kuptowxun A.C., Unvuna E.JI., I'ycesa E.JI.
Bortannueckuit uacturyT uMm. B.JI. Komaposa, Cankr-IletepOypr, Poccus
Annomayua. [[na nOHUMAHUS 63AUMOCEA3U 2EHEMUYUECKUX NPOSPAMM pA36UMUs PA3IUYHbIX MUN08 OO0KOBbIX KOpHEU U
cumbuomuueckux Kiybenbkos, Obll Nnpoeeden CPAGHUMENbHBIN AHANU3 MKAHEE020 PACHpedeneHus aKMUGHOCMU 2eHO8
cemeticmea LOB-DOMAIN PROTEIN.
Knrouegvie cnosa: xopnesgvie cucmemvl, cumbuomuueckue Kiybenvku, o2ypey, O0K08oU KOpeHb, I80M0YUsL 6eMELEHUS
N3yuyenne pa3BUTHsI aKTHHOPU3HBIX KITyOCHBKOB, & TAKXKE PH300MAIBHBIX KIIyOCHBKOB ¢ HEJETEPMHUHHPOBAHHBIM POCTOM Y
HEKOTOPBIX MyTaHTOB ropoxa (cochleata u np.) mokaspiBaeT ONpeesIeHHOE CXOJCTBO FeHETUYECKUX MPOrpaMM MHULUALMH
3THX OPTaHOB M OOKOBOTO KOpHs. BOKOBBIE KOPHM BO3ZHHMKAIOT y OOJBIIMHCTBA PACTEHHH BBIIIE 30HBI PACTSIKEHUS, OJJHAKO
CYLIECTBYET I'pyIIa CEMEHCTB, BUJbI KOTOPBIX (OPMUPYIOT IPUMOPAUK OOKOBOTO KOPHS HEMOCPEJCTBEHHO B MEPUCTEME
poautenbekoro. KimtoueBbiM (akTopoM Mpu 00OHMX THUMAX WHUIHAIMH OOKOBOTO KOPHS SIBJSIETCS ayKCHMH. B CBOIO ouepens,
CUMOHMOTHYECKUE KIYyOCHbKH HWHHIMHUPYIOTCS CXOMHO C OOKOBBIMH KODHSMHU BBIIIE 30HBI PACTSDKEHUS, HO B OTBET Ha
BOCTIpHATHE PHU300HATBHBIX OaKTepHii Ha TMOBEPXHOCTH KOpHS. Puzobuanbhbie NOU-(hakTopbl penentTHpyrTCs KIeTKaMu
PHU30JIEPMBI, YTO, B CBOIO OUYE€peib, aKTUBU3UPYET TPAHCAYKIIUIO, OTIOCPETOBAHHOTO ITUTOKWHIHOM, CHUTHAJIa B KOpe KOPHS U
nepuikne. Panee GbIJI0 MOKa3aHO, YTO, HECMOTPS HA pasziW4us B MHULIUAINH OOKOBBIX KOPHEH M KIIyOeHBKOB, OHH UMEIOT
MEepPEeKPBIBAIOIINECS TMPOrpaMmbl  pa3Butus. Tak y wmyrantoB 1o reny LOB-DOMAIN PROTEIN 16 (LBD16)
00HApPYKUBAKOTCS IKBUBAJCHTHbIC Ae(QEKThl B MHHLMALMH KOHKpelMid W OokoBbix kopHeid (Schiessl at al., 2019). s
MOHMMaHHS B3aUMOCBSI3M KOPHEBOH M KIIyOEHbKOBOW MPOrpaMM pa3BHUTHsI, ObUI IIPOBE/IEH CPAaBHUTEIBHBIN aHAIN3 ATUX JBYX
TeHETHYECKUX IporpaMM. [IpoBei€HHBIN (HIOreHeTHYECKUH aHaIN3, a TAK)KE aHAJIU3 YPOBHEH HKCIIPECCHH T'€HOB CeMeNHCTBa
LBD B oTBeT Ha 3K30reHHbIH ayKCHH, TTO3BOJIMI BBISBUTH opTosiord reros LBD16 u LBD18 Arabidopsis y orypua u kabauka.
JlBa mocnenHnx BUxa (GOPMHUPYIOT NPUMOPAMHM OOKOBOTO KOpHS B MepucreMe. Hamu ObUI IpoaHaJIM3MpOBaH MNATTEPH
skcnpeccun reHoB LOB mpu pa3nuyHbpIX THNAX WHUALHMAIUH OOKOBOTO KOPHSI Y PacCTEHHi, pa3inYarolMXCs MECTOM €ro
WHHIUALUK, a TaKKe NMPU WHUIUALWN CUMOMOTHUYECKHX KIyOEHBKOB. BBISBICHBI pa3nuyus B PaclpeNeseHUH aKTHBHOCTU
reHoB LBD16 u LBD18, obcyxnaroTcss nx BO3MOXKHBIE MUIICHH. VcclenoBaHus MO3BOJIMIN MPEAJIOKUTH IBOIOIMOHHYO
cxeMy ydacTus O6enmkoB cemeiictBa LBD B perymsamun mHMIMAMK ¥ pa3BUTHS OOKOBBIX OPraHOB KOPHS — CHMOMOTHYECKHX
KITyOSHBKOB U OOKOBBIX KOPHEH.
HUccrenoBanus noaaepskansl rpantom PODU 19-04-01079 _a.
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Search of phyto-toxicity microorganisms for weeds
Didovich S.V., Pas’ A.N., Alekseenko O.P.
FSBSI "Research Institute of Agriculture of Crimea", Simferopol, Crimea
E-mail: sv-alex.68@mail.ru

Key message. Phyto-toxic strains for Ambrosia artemisiifolia, Amaranthus retroflexus, Cirsium arvense have been identified.
The intensity of the lesion exceeded the control by 5-70 times (p < [0.0001-0.007]), depending on the strain and the location
of the stomata.

Keywords: phyto-toxic active strains, Cirsium arvense (L.) Scop., Amaranthus retrofleksus L., Ambrosia artemisiifolia L.

The problem of weed control in agrocenoses of Russia is relevant due to the loss of yield crops in the range of 15-18%, and
for row crops 50% or more. Microbial preparations are safe for ecosystems. They are an alternative to chemical herbicides.
Biotechnologies for growing agricultural crops must be developed. This is according with the Federal Law of the Russian
Federation No. 280-FL "On organic products” from January 1, 2020.

The purpose of our work is to search of phyto-toxic active microorganisms for weeds of agrocenoses such as Cirsium arvense
(L.) Scop., Amaranthus retroflexus L., Ambrosia artemisiifolia L. and further use in bio-technology of plant protection.

Strains of microorganisms from the Crimean Collection of Microorganisms of FSBSI "Research Institute of Agriculture of
Crimea" (http://lwww.ckp-rf.ru/usu/507484/ ), the Algal Collection of Soil Science Institute (ACSSI) of the Institute of
Physicochemical and Biological Problems of Soil Science RAS (http://acssi.org/index.php/catalogue), the Collection of FSBSI
"All-Russian Research Institute for Plant Protection™ of "State Collection of Microorganisms Pathogenic to Plants and their
Pests" (http://www.ckp-rf.ru/usu/200616/ ) and new strains, isolated in 2018-2019 were used in the study. The phytotoxicity
of 22 strains of heterotrophic and phototrophic microorganisms and their preparative forms were evaluated in a laboratory
experiment with use a bio-sample on the leaves of weeds Cirsium arvense (L.) Scop., Amaranthus retroflexus L., Ambrosia
artemisiifolia L. Treatment was performed with a suspension of microorganisms in a dose of 10° cells or 10 ml of culture
filtrate / cm? of leaf disk or die-cutting, taking into account the location of stomata. Experiments were repeated four times. The
intensity of the lesion was determined visually with use a five-point system. Phyto-toxic active strain Stagonosporopsis
heliopsidis 32.8 was a control on ragweed, water was a control on other weeds.

Five phytotoxic strains for Ambrosia artemisiifolia L., two strains for Amaranthus retroflexus L. and three strains for Cirsium
arvense (L.) Scop. were identified as a result of research with use the conservative a posteriori Duncan criterion. According to
the intensity of the lesion, these strains significantly exceeded the control by 5-70 times (p < [0.0001-0.007]), depending on
the preparation form and location of the stomata.

The reported study was funded by the State Assignment of Russian Academy of Sciences No. 0834-2019-0003 and RFBR
according to the research project No. 18-016-00184 A.

Iouck pUTOTOKCHYHBIX MUKPOOPTaHU3MOB /IS COPHBIX PacTeHUi
Juoosuu C.B., Ilace A.H., Anexceenxo O.I1.
OI'BYH «HayuHo-uccnenoBaTenbcKUi HHCTUTYT CelIbCKoro xo3saicTa Kpsimay, Cumdeponons, Kpeim

Annomauus. Boisenenvl pumomoxcuunvie wmammol s Ambrosia artemisiifolia, Amaranthus retrofleksus, Cirsium arvense.
Hnmencusnocmv nopasicenus npesviiania koumpons ¢ 5-70 paz (p < [0,0001-0,007]) 6 zasucumocmu om wmamma u
PACRONI0JICEHUS YCMbUY,.

Knioueswie crosa: pumomorcuuecku axmusnoiti wimamm, Cirsium arvense (L.) Scop., Amaranthus retrofleksus L., Ambrosia
artemisiifolia L.

IIpoGiema GopHOBI C COPHOW PAaCTUTEIBHOCTBIO B arpoleH03ax Poccuu akTyanbHA H3-3a MOTEPh ypOXKas 3epHOBBIX KYJIBTYp B
npenenax 15-18%, a s mpomamHblX KynsTyp 50% u OGonee. HeoOxomumo paspabaTbiBaTh ajbTEPHATUBHBIE XMMHUYECKUM
repOunuIaM Oe3omacHbIe sl 9KOCHCTEM MHKPOOHBIE MTpenapaTsl M OMOTEXHOIOTHH BHIPAIIUBAHUS arpOKYJIBTYp, YTO COTIIACYETCS C
npunarueM ®PenepanbHoro 3akoHa PO Ne280-D3 «O06 opraHnyeckoi NpoayKLUUN», BCTYNUBIIUM B cuity ¢ 1 sHBaps 2020 roga.
Lenpro Hameidl paboOTHl CTano NpOBeAEHHE NOWCKAa (DUTOTOKCHYECKH AaKTUBHBIX MHKPOOPTaHW3MOB ISl COPHBIX PACTEHHH
arporieHo3os (Cirsium arvense (L.) Scop., Amaranthus retrofleksus L., Ambrosia artemisiifolia L.) u nanbreiiiiero ucmonb30Banust B
OHMOTEXHOJIOTHH 3aIUTHI PACTEHHH.

B uccnenoBaHMU HCIOIB30BAaIM IUITaMMbl MHKPOOpraHm3MoB u3 KpbiMckoil komnekiuu MukpoopranusmMos ®I'bYH «HUHCX
Kpsimay (http://www.ckp-rf.ru/usu/507484/), Ansronoruueckoii koyutekunu MOXubIIIT PAH (http://acssi.org), kouekuuu ®TBHY
«Bcepoccuiickuil HayyHO-HCCIIeIOBATENbCKII HHCTUTYT 3aIlIUThI pacteruin» (http://www.ckp-rf.ru/usu/200616/) u HOBBIE IITAMMBI,
BeiesicHHbIe B 2018-2019 r1T. PHUTOTOKCHYHOCTH 22 IITAMMOB TeTepOTPO(PHBIX U (POTOTPOPHBIX MHUKPOOPTAaHM3MOB H HX
npenapaTuBHBIX GOPM OLCHHBAIH B JIA0OPATOPHOM OIIBITE METOJOM OHOIPOOBI Ha JIMCTHIX COPHBIX pacteHuii Cirsium arvense (L.)
Scop., Amaranthus retrofleksus L., Ambrosia artemisiifolia L. O6pabotky mpoBomunu cycrensueil MUKpoopranusMoB B gose 10°
KJIETOK J1160 10 MKI KyIbTypajJbHOro (GHIbTpaTa) / cM2 IMCTOBOTO JAMCKA MM BBICEYKH C YYETOM PACHOJIOKEHHS YCTHHIL B YETHIPEX
MOBTOPCHHsIX. VIHTCHCHBHOCTD IOPaXKCHHS ONMpPEAC/SUIM BH3yalbHO MO ISTHOAIBHON cucTeMe. KoHTpojem Ha amOpo3uu ObLI
(bUTOTOKCHYECKH aKTUBHBIH Irramm Stagonosporopsis heliopsidis 32.8, Ha qpyrux cOpHBIX pacTeHUsIX — BOJIA.

B pesymnbraTe HCCICAOBAaHMS NPU CTATHCTHYECKOW OLCHKE C ITOMOIIBIO KOHCEPBATHBHOI'O alOCTEPHOPHOro Kputepus [lyHkaHa
BBISBJIEHBI TATH (PUTOTOKCHYHBIX ImTaMMmoB it Ambrosia artemisiifolia L., asa mrramma mms Amaranthus retrofleksus L. u tpu
mrramma i Cirsium arvense (L.) Scop., KOTOpbie 0 HHTEHCHBHOCTH MTOPAXEHHS TOCTOBEPHO MPEBBIIIATNA KOHTPOJb B 5-70 pa3 (p
< [0,0001-0,007]) B 3aBHCMMOCTH OT MX MPEMAPATHBHON (HJOPMBI M PACIIONOKEHUS YCTHHIL.

HccnenoBanue BeIMONHEHO NpH puHaHCOBOI moanepxke rpanta PODU Nel8-016-00184 «A» u I'oczamanus Ne0834-2019-0003.
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Pectobacterium atrosepticum plasmid pPA21A is an important determinant
of plant-bacterium pathosystem development
Diubo Yu.%, Nikolaichik Ye.2
Belarusian State University, Minsk, Belarus
E-mail: yuliyadiubo@gmail.com

Key message. Pectobacterium atrosepticum strain 21A can cause a strong hypersensitive reaction in Nicotiana tabacum. The
pPA21A plasmid was found to be responsible for this phenotype. The plasmid genes involved are been identified.
Keywords: plasmid-dependent virulence, Pectobacterium atrosepticum, bacterium-plant interaction

P. atrosepticum is an economically significant plant pathogen. It causes soft rot disease of potato tubers and blackleg of the
stems. Most P. atrosepticum strains can not cause a hypersensitive reaction in N. tabacum, but the 21A strain can. It is also
more virulent than other P. atrosepticum strains from our collection — SCRI11043 and PB72. Strain 21A chromosome has
98,7% and 99,9% identity to SCRI11043 and PB72 chromosomes. The major difference between the genomes of these strains
is the pPA21A plasmid present in the 21A strain. Since plasmid involvement in the control of Pectobacterium sp. virulence
wasn’t studied so far, in this work we try to determine if the pPA21A plasmid is responsible for the unique properties of strain
21A.

The main purpose of the study is the characterization of plasmid pPA21A and the identification of its role in bacterium-plant
interaction.

Deletion variants of plasmid pPA21A were constructed by the conventional molecular biology methods. Sirtuin gene and gene
of phospholipase D were cloned in the high copy number vector pK18. Testing the properties of the deletion variants of
pPA21A was performed with regular microbiology methods. Plant-bacterial interactions were tested by the infiltration of
bacterial suspension into Nicotiana tabacum leaves and by injection of the suspensions into potato tubers followed by
weighting rotten tuber tissues.

To simplify control of pPA21A presence, a gentamycin resistance gene was added to the plasmid and all further manipulations
were performed with pPA21A::Gm.

Conjugative transfer of pPA21A::Gm into plasmid-free strains SCRI1043 and PB72 made these two strains much better
inducers of hypersensitive reaction (HR) and also improved their ability to macerate potato tubers. Analysis of pPA21A
nucleotide sequence revealed three loci that could be involved in the interaction with plants: a vir-cluster of the type IV
secretion system genes and genes coding for a phospholipase D (pld) and a sirtuin-like protein (sir). To check which of the
three loci is responsible for the HR-inducing phenotype, we have constructed deletions of pPA21A::Gm and also cloned the
pld and sir genes using a high copy number plasmid. Virulence tests performed with P. atrosepticum strains carrying the
deletion derivatives of pPA21A have so far shown that (i) vir cluster is required for conjugative transfer of pPA21A, but
doesn’t contribute to virulence directly and (ii) either the pld or the sir gene is the determinant responsible for HR induction.
To identify HR-inducing plasmid determinant more precisely, we are currently characterising P. atrosepticum strains with
single sir or pld genes introduced on a multicopy plasmid and will present the results at the conference.
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The role of homedomain-containing transcription factors in the control of organogenesis of nitrogen fixing nodules
Dolgikh A.V.%2, Dolgikh E.A.*
All-Russia Research Institute for Agricultural Microbiology (ARRIAM), Saint Petershurg, Russia; 2Saint-Petershurg State
University, Saint Petersburg, Russia
E-mail: sgshadol@gmail.com

Key message. Interconnection between key transcription factors of symbiosis regulation and the homeodomain-containing
transcription factors KNOXs and BELLSs in the development of nodules in pea was investigated.

Keywords: legume-rhizobial symbiosis, organogenesis, homeodomain-containing transcription factors.

The development of legume-rhizobial symbiosis results in formation of specific organs on the roots of plants which are called
“nitrogen fixing nodules”. This process is strictly controlled by specific transcription factors and is closely linked to the
phytohormonal regulation. IPD3/CYCLOPS and NIN transcription factors play the most important role in the process of
nodule development. It was previously shown that Pisum sativum mutants in the ipd3/cyclops gene form Fix™ nodules, while
mutants in the nin gene were absolutely unable to form nodules (Nod~ phenotype). Nevertheless, the mechanism of
interconnection between IPD3/CYCLOPS, NIN and other components of signalling pathway as well as phytohormones,
which are involved in nodules organogenesis regulation has remained unclear.

Our previous experiments showed that cytokinin level was dramatically reduced in ipd3/cyclops mutants and expression level
of genes encoding KNOX and BEL-like (BELL) transcription factors involved in cytokinin biosynthesis regulation were also
significantly decreased. In the promoter of KNOX3 gene we have found sequence which is similar to so-called “cyc-box” -
specific site for recognition by IPD3/CECLOPS transcription factor. In current work we have examined possibility of
IPD3/CYCLOPS interaction with pKNOX3::GUS promotor by means of temporal co-expression of these constructs in leaves
of Nicothiana benthamiana. The opportunity of direct interaction between recombinant protein IPD3/CYCLOPS and
regulatory sequences in promotor have also been studied using method of surface plasmon resonance with biosensor Proteon
XPR36. We have also found significantly reduced expression level of BELL1 and BELL3 genes in nin mutants and moreover
expression level of gene encoding OVATE transcription factor which may potentially interact with KNOXs and BELLSs was
also decreased. Based on these data, possible scheme of transcription factors and phytohormones interaction during nodule
organogenesis was proposed.

This work was supported by a grant of the Russian Science Foundation 16-16-10043.

YuacTue roMeogoMeH-coAep:KaANUX TPAHCKPUIIHOHHBIX (AKTOPOB B KOHTPOJIe OPraHoreHe3a a30THUKCHPYIOIIHX
KJI1y0OeHbKOB 0000BbIX pacTeHUil
Joneux A.B. 2, Joneux E.A.
OI'BHY Bceepoccuiickuii HaydHO-HCCIIEN0BATENBCKII HHCTUTYT CENbCKOX03AHCTBEHHON MuKpoOHonorun, CaHKT-
ITetepOypr, Poccus; 2Cankt-IletepOyprekuii rocynapcteenHblii yauepeutet, Cankt-IletepOypr, Poccus

Annomavusn. Viccnedosano zaumooeicmsue mexcoy 0CHOBHbIMU MPAHCKPUNYUOHHLIMU (PAKMOPAMU pe2yIsayuu CUMOU03a u
eomeodomen-cooepoicaugumu KNOX u BELL mpanckpunyuonHbiMu paxmopamiu 6 KOHmpoJie 0peano2ene3a Kiybenvra.
Knroueswle cnosa: 606080-pu300uanbHblii CUMOUO3, OP2AHO2EHE3, 20ME000MEH-CO0ePHCAuUe MPAHCKPUNYUOHHBIE PaAKMOopbL.
PasButre cumGro3a 6000BbIX pacteHuit ¢ Gakrepusimu mop. Rhizobiales mpusoaut k hopMupoBaHHIO Ha KOPHIX PACTECHHS
CIELMAIILHOTO OpraHa —  a30TGUKCHPYIOLIEr0 KIyOeHbKa. OTOT MpOLEecC KOHTPONUPYETCS — CELHPUISCKUMHU
TPaHCKPUIILIMOHHBIMH (paKTOpaMHU U TECHO CBf3aH C JACHCTBHEM (HUTOrOpMOHOB. BakHeimiyro ponb B mpoueccax pa3BUTHS
KiyOeHbKa y 0000BBIX UrparT TpaHckpunuouHbeie dpakTopsl IPD3/CYCLOPS u NIN. Panee 6bUI0 MOKa3aHO, YTO MYTAHTHI
no reny ipd3/cyclops y ropoxa Pisum sativum L. dopmupyror kinybenbku, He criocodnsie kK azordukcanuu (Fix), a MyTaHThI
O TeHy NiN MOJHOCTBIO TEPSIOT CHOCOOHOCTH K (hopmupoBanuio kiyoeHbkoB (Nod™ ¢enorun). Tem He MeHee, 10 CHX TOP
OCTaeTcsi HEsICHBIM, KakuM o0pa3oM ocymiecTsisiercst B3aumozelictBue wmexay IPD3/CYCLOPS, NIN u apyrumu
KOMIIOHEHTaMH CHUTHAJIBHOTO IYTH, a Takke (UTOTOPMOHAMH, BOBJICYCHHBIMH B DEryJSLHMIO MPOrPaMMbl OpPraHOreHe3a
KITyOeHbKa.

BbimosiHEHHbIE HAMU paHee UCCIIEA0BaHUs MOKa3ajM, YTO y MYTaHTOB 1Mo reny ipd3/cyclops ropoxa 3Ha4HUTETBHO CHHXKEHO
KOJIMYECTBO IIMTOKWHMHOB B KIyOEHBbKaX, a TaKKe CYIIECTBEHHO IOJAABIEH YPOBEHb 3KCIPECCHU T'EHOB, KOAMPYHOLIHX
TOMEOJIOMEH - cojiepkarnne TpanckpumniuonHeie pakropst KNOX u BEL-like (BELL), koTopbie HEOOXOAMMBI LTS PETYISIIHN
OouocuHTe3a MUTOKUHUHOB. B mpomoTope reHa KNOX3 HaMu ObT HaliZIeH y4acTOK, CXOXKHHA C ITOCIIEAOBATEIBHOCTBIO «CYC-
box» - creuupUYHBIM CafiTOM Mocaaku TpaHCKpuIimoHHOro ¢akropa IPD3/CYCLOPS. B Hactoseil pabore Hamu Oblia
uccienoBana Bo3MoxxkHOcTh cBsizbiBaHusA IPD3/CYCLOPS ¢ nmpomoropom pKNOX3::GUS npu BpeMeHHOH KO-3KCIIPECCHH
TeHETHYECKUX KOHCTPYKIMi B JsucThsax Ttabaka Nicothiana benthamiana, a Taxke uccienoBaHO HEMOCPEICTBEHHOE
B3aumoseiicTBre pexomOuHaHTHOro Oenka IPD3/CYCLOPS c¢ peryiasTOpHBIMH IOCIEIOBAaTELHOCTAMHU IPOMOTOpA C
MOMOIIIBI0 METO/la MOBEPXHOCTHOTO IUIa3MOHHOTO pe3oHaHca Ha Ouocencope Proteon XPR36. Hamu Obuto moxazaHo
3HAUNTENFHOE CHIDKCHHE DKCIPECCHH T'€HOB, KOAMPYOMMX TpaHckpunmmoHHble (akrtopsr BELL1 m BELL3, y mytaHTOB
ropoxa 1o reHy Nin, a Tak)Ke CHIDKEHHE B YPOBHE SKCIIPECCHUH T'eHa, KOIUPYIOIET0 TPAaHCKPUIITHOHHBIH dhakrop OVATE, mis
TOMOJIOTOB KOTOPOTO ITOKa3zaHa BO3MOXKHOCTH B3ammozeicTBus ¢ KNOX u BELL TpanckpumnimoHHBIME (akTopamu. Ha
OCHOBaHMH TOJIyYCHHBIX JaHHBIX MPEIIaracTcs BO3MOXKHAs CXeMa B3aUMOJCHCTBHS TPAHCKPHUIIHOHHBIX (DAKTOPOB H
(UTOTOPMOHOB IIPH KITyOeHBKOOOPa30BaHHH.

Pa6ora monnepxana rpanrom PH® 16-16-1004311.
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The influence of farming systems and microbial preparations on the structure of the microbocenosis of the
rhizosphere of Triticum aestivum L.
Egovtseva A.Yu., Melnichuk T.N., Abdurashitov S.F.
Federal State Budget Scientific Institution “Research Institute of Agriculture of Crimea”, Simferopol', Crimea
E-mail:eau82@mail.ru

Key message. The use of microbial preparations contributed to a change in the taxonomic structure of winter wheat
rhizosphere microbiome was established. A more significant effect of microbial preparations was noted under no-till
technology on the structure of the microbiome than with the traditional farming system.

Keywords: microbiom, Triticum aestivum L., rhizosphere, complex of microbial preparations, farming systems

Recently, there has been growing interest in the use of complex biological products, which simultaneously include the
properties of biological fertilizers and fungicides, which makes it possible to solve many problems of biological plant
protection and improve the quality of agricultural products, as well as improve the condition of soils and their fertility. The
influence of no-till technology on soil fertility, its properties, and crop productivity requires study and is a very urgent task
and helps to increase the sustainability of agroecosystems and preserve the environment. The microbiome of the plant
rhizosphere is a living ecosystem and therefore is very plastic, responding to changes in various factors and being a bio-
indicator of the state of soil biocenosis. The aim of our work was to establish the influence of the complex of microbial
preparations (CMP) and farming systems (no-till and the traditional system) on the taxonomic structure of the microbiome of
the rhizosphere of Triticum aestivum L. of southern chernozem in the conditions of the Steppe of Crimea. In the research
process, modern approaches to studying the taxonomic structure of the rhizosphere microbiome using high-throughput
sequencing of 16SrRNA gene libraries were used. A metagenomic analysis of the rhizosphere showed that inoculation with
microbial preparations in combination with direct seeding leads to a 2.5-fold increase compared to the control (1.02%) of the
presence of the genus Flavobacterium. Representatives of this genus are able, along with many functions, to produce a broad-
spectrum antibiotic on phytopathogens. The share of Rubrobacter, which is an indicator of extreme conditions, decreased by
more than 2 times compared with the version without treatment of the CMP (2.90%). A more significant effect of microbial
preparations under no-till conditions on the structure of the microbiome is noted than with the traditional farming system.

Biausinue cucrem 3emiiesiesiusi U MUKPOOHBIX IPeNapaToB Ha CTPYKTYPY MUKPOOOLeH03a pu3ocdepsbl
Triticum aestivum L.
Eeosyesa A.1O., Menvnuuyk T.H., A6oypawumos C.D.
denepanpHOE TOCYIapCTBEHHOE OFO/DKETHOE yUpekaeHHe Haykn «Hay4uHo-ncciae0BaTenbcKnii HHCTUTYT CETBCKOTO
xo3siiictBa Kpbimay, Cumdeponoins, Kpsim

Annomayus. Ycmanoeneno, umo npumenenue MUKpOOHbIX NPenapamos cnocoOCmeosano UMEHEHUI MAKCOHOMUYECKOT
CmMpYKmypvl MUKpobuoma pusocgepuvl nuenuyvl o3umou. Ommeueno bonee CywecmeeHnoe GIusHue KOMIIEKCa MUKpP OOHbIX
npenapamos 8 yciogusx NO-till na cmpykmypy mukpobuoma, wem npu mpaouyuoHHOU cucmeme 3emaedeus.

Knioueswvie cnosa: muxpoouom, Triticum aestivum L., puzocghepa, komniexc MukpoOHbIX NPenapamos, Cucmemvl 3emiedenis

B nocniennee BpeMst BO3poC MHTEpEC K MPUMEHEHNIO OMOMPEnapaToB KOMIUIEKCHOTO JICHCTBHS, OJJHOBPEMEHHO BKJIOYAIOIINX
cBolicTBa OMOYNOOpeHMH M (DYHTMIMIIOB, YTO JAeT BO3MOXKHOCTH PELIaTh MHOTHE HPOOJIEeMbl OHOJIOTHYECKOH 3aInTHI
pacTeHuil ¥ MOBHIIIATh KAYECTBO CEINbCKOXO3IHCTBEHHON MPOILYKINH, & TAKXKE YJIyUIIaTh COCTOSHHE TOYB M UX IJIO0POJIHE.
Bimmsinne Texnosorun no-till Ha miomoponye mouBkl, ee CBOWCTBA, HA YPOIKaWHOCTh CENbCKOX03SHCTBEHHBIX KYJIBTYp TpedyeT
H3yYeHHUs] U SBISIETCS BECbMa AaKTyaJbHOM 3ajiadeif, 4TO CHOCOOCTBYET MOBBINICHUIO YCTOWYMBOCTH arpo’KOCHUCTEM H
COXpaHEHHIO OKpYKawIel cpeapl. MUKpOOHOM pu3ocdepbl pacTeHUH SBISETCS KUBOW SKOCUCTEMOU U MO3TOMY SIBJIAETCS
OuYeHb IUIACTUYHOM, pearupys Ha W3MEHEHMs PA3IUYHBIX ()AaKTOPOB U SBISSICH OMOMHAWKATOPOM COCTOSIHUSI TOYBEHHOTO
6uoneHo3a. llenpro Hamel paboTHl OBUIO YCTAaHOBHUTH BIMSHHE KOMILIeKca MUKpoOHBIX mpemnapatoB (KMII) u cucrem
semnenenus (no-till u TpaguioHHas cEcTeMa) Ha TaKCOHOMHYECKYIO CTPYKTYpY MHKPOOHOMa dYepHO3eMa HOXKHOTO
pusocdepsr Triticum aestivum L. B ycnosusix Crenm Kpesima. B mporiecce HcclieIoBaHHiA HMCIONB30BAHBl COBPEMEHHBIE
TIOZIXOJIBI W3y4eHUS  TaKCOHOMHYECKOH CTPYKTYPBI puzocdepHoro MHUKpoOHOMa c UCIIONIb30BAaHNEM
BBICOKOIIPON3BOJUTEIFHOTO CeKBeHUpoBaHUs OnbOnmmorek reHa 16SpPHK. MerareHoMHublii aHamms3 pusocepsl Ha
MIPE/ICTaBICHHOCTh POJIOB MOKa3all, YTO MHOKYJISIIMS MUKPOOHBIMH IIperiapaTaMy B COYETaHUH C MPSIMBIM MOCEBOM BEJET K
YBEJIHMYCHUIO B 2,5 pasa mo cpaBHeHuto ¢ koHTposem (1,02 %) monu mpucytctBust pona Flavobacterium, npencrasurenu
KOTOpPOTI'O CIIOCOOHBI HAapsly C MHOECTBOM (YHKIMI NpOSYIHMPOBaTh aHTHOMOTHK INUPOKOTO CIIEKTpa NEWCTBHS Ha
¢duronatorensl. JJosas Rubrobacter, sisromasicss HHANKATOPOM IKCTPEMANBHBIX YCIOBHM, CHIDKAJIACh OoJiee YeM B 2 pa3a 1o
cpaBHEHMIO ¢ BapuaHToM 6e3 obpabotku KMII (2,90 %). OtmMeueHo OoJiee CylIecCTBEHHOE BIUSHIE MUKPOOHBIX MPEnapaToB
B ycnoBusAx no-till Ha cTpykTypy MHKpoOHOMa, YeM IpH TPAAUIIOHHON CHCTEME 3eMJIeIeIIHs.

63


mailto:eau82@mail.ru

: #: 2 International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

I 3
C5amic
3020

RNAi-mutants of Sorghum bicolor (L.) Moench with improved digestibility of kafirins
Elkonin L.A., Panin V.M., Kenzhegulov O.A., Sarsenova S.Kh.
Agricultural Research Institute of South-East Region, Saratov
E-mail: lelkonin@gmail.com

Key message. RNAi-mutant with improved kafirin digestibility was obtained in commercial cv. of grain sorghum Avans. In the
cv. Zheltozernoe 10, functionally marker-free transgenic plants with improved kafirin digestibility were identified.

Keywords: Sorghum bicolor (L.) Moench, transgenic plants, Agrobacterium-mediated genetic transformation, gamma-kafirin,
RNA silencing

Modification of the composition of grain storage proteins is an intensively developing area of plant biotechnology, which is of
particular importance for sorghum — high-yielding drought tolerant crop. Compared with other cereals, the majority of
sorghum cultivars and hybrids are characterized by reduced nutritional value that is caused by a low content of essential amino
acids in the seed storage proteins (kafirins), and resistance of kafirins to protease digestion. Suppressing the synthesis of
individual kafirin subclasses can be an effective approach to solve this problem, since it leads to a rebalancing of the kernel
proteome, and to the synthesis of other proteins with a higher content of essential amino acids, and to the changes in the
ultrastructure of protein bodies that become more sensitive to proteolytic digestion. Our studies are aimed at creating sorghum
lines with a suppressed synthesis of y-kafirin, the most resistant to protease digestion, which is located at a periphery of
protein bodies and prevents the digestion of other kafirins. To solve this problem, we conducted experiments on the
introduction of a genetic construct capable of RNA silencing of the y-kafirin gene, into the genomes of the grain sorghum
cultivars Zheltozernoye 10 and Avans through Agrobacterium-mediated genetic transformation. In these experiments, we used
the A. tumefaciens strain GV3101/pNRKAF that contained in the T-DNA region the bar gene under the control of nos-
promoter and the genetic construct for RNA-silencing consisting of inverted fragments of the y-kafirin gene separated by the
ubiquitin-intron sequence [1]. Immature embryos were pre-cultured for 3 days, then they were inoculated with the
agrobacterial suspension, which was grown, first, in YEP medium (10 h, 28 °C, 200 rpm), and then in AB medium with
acetosyringone (20 hours, 23 °C, 60 rpm). Co-cultivation (4 days, 23 °C) was carried out on a filter paper moistened with M11
medium [1]. The same medium was used at the resting (7 days, 28 °C) and selection stages. In Avans variety, 19 plants (To
generation) were regenerated from transformed calli after two cycles of selection on the M11 medium with ammonium
glufosinate (2.5 mg/l). In one plant, #1-1, PCR analysis showed amplification of the target sequences of the nos-promoter and
ubi-intron. The transformation frequency was 1.4%, which corresponds to the literature data on application of GVV3101 strain
in experiments on Agrobacterium-mediated genetic transformation of sorghum. A PCR analysis of the T1 progeny obtained
from this plant confirmed the inheritance of the introduced genetic construct. Analysis of digestibility of endosperm proteins
by pepsin treatment followed by SDS-PAGE and digital processing the electrophoretic spectra showed a significantly higher
digestibility of kafirins in the mutant compared to the original non-transgenic cultivar and non-transgenic regenerants (93%
against 57-62%). Analysis of the endosperm texture of transgenic kernels showed the complete disappearance of the vitreous
endosperm, which was to be expected in the case of expression of the introduced genetic construct. It is noteworthy that the
vitreous endosperm in the kernels of Avans has a dark color, indicating the presence of tannins, which reduce the nutritional
value of the grain. Thus, two factors — the removal of the vitreous endosperm containing tannins, and the improvement of the
digestibility of kafirins — indicate a potentially higher nutritional value of the mutant grain, compared with the grain of the
original variety Avans. In the cv. Zheltozernoe 10, an analysis of the digestibility of endosperm proteins in T4 and Ts progeny
of transgenic plants, which we obtained earlier [1], showed that the introduced genetic construct continues to function,
increasing the digestibility of kafirins, compared to the original non-transgenic line. Remarkably, PCR analysis with primers
to the nos-promoter that governs the expression of the bar gene, showed its absence in majority of the studied plants, although
amplification of the target sequence of ubi-intron was observed. Therefore, these transgenic plants with improved digestibility
of kafirins are functionally marker-free. This finding would greatly facilitate their introduction into agricultural production.
This work was partially supported by the Russian Foundation for Basic Research, grant No. 19-016-00117.

[1] Elkonin L.A., Italianskaya J.V., Domanina I.V. et al. Transgenic sorghum with improved digestibility of storage proteins
obtained by Agrobacterium-mediated transformation // Russ. J. Plant Physiol., 2016, 63, p. 678—689.
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Inhibition of the biosynthesis of polyketide mycotoxins by microbial metabolites
Erokhin D.V., Mikityuk O.D., Shcherbakova L.A., Dzhavakhiya V.G.
All-Russian Research Institute of Phytopathology, Bolshie Vyazemy, Russia
E-mail: erokhin.denis.v@gmail.com

Key message. 6-Demethylmevinoliin, a secondary metabolite of Penicillum citrinum, is able to efficiently inhibit the
biosynthesis of two polypeptide mycotoxins, aflatoxin B1 and zearalenone, by 92 and 78% of the control, respectively.
Keywords: mycotoxins, polyketide biosynthesis, 6-demethylmevinolin, zearalenone, aflatoxin B1

Contamination of plant materials with mycotoxins produced by some saprophytic and phytopathogenic fungi is a serious
problem of food and agricultural industries. In some regions of Russia, the level of grain contamination with mycotoxins
reaches 45-65%. Fungicides are inefficient in the case of resistant strains and may also contaminate agricultural products.
Therefore, inhibition of the mycotoxin biosynthesis by non-toxic natural compounds of the plant or microbial origin
(especially the last ones, in the view of a large-scale industrial production) can be a promising solution. We perform the search
and study of potential natural inhibitors of the mycotoxin biosynthesis for many years. The most promising and efficient
compound we found is 6-demethylmevinolin (6-DMM), a secondary metabolite of Penicillum citrinum. This compound is
able to significantly (92% of the control) inhibit the biosynthesis of aflatoxin B1 even in low concentrations (1 ug/mL), which
almost do not suppress the growth of a toxin-producing Aspergillus flavus. A high efficiency of 6-DMM was confirmed in
vitro and also for the treatment of wheat, corn, and rice grain with the further inoculation with a toxigenic A. flavus strain.
Recent experiments with zearalenone (another mycotoxin produced by Fusarium culmorum) showed that 6-DMM (50 pg/mL)
is also able to significantly (up to 78% of the control) inhibit the biosynthesis of this polyketide toxin that indirectly confirms
a hypothesis that this compound may block some early stages of the polyketide biosynthetic pathway, as well as shows a high
potential of the 6-DMM use to prevent contamination of agricultural products with polyketide mycotoxins of different origin.

The study of the 6-DMM activity in relation to zearalenone was supported by the Russian Science Foundation (project RSF
19-76-10031). Results on the effect of 6-DMM on the aflatoxin B1 biosynthesis were obtained within the framework of the
earlier completed project RSF 14-16-00150.

HNurubupoBanue 6MOCHHTE3a MOJUKETUAHBIX MUKOTOKCMHOB MUKPOOHBIMU MeTA00JIUTAMH
Epoxun /[.B., Muxumiok O./]., [l[epbaxosa JI.A., /[ocasaxus B.T.
Bcepoccuiickuit HayIHO-HCCIIEA0BATEIbCKUH HHCTHTYT uTonaTonoruu, bomsime Bsasembr, Poccust

Annomayus. Memabonum zpuba Penicillum citrinum 6-dememunmesunonun, oxazancs cnocoben s¢pgpexmueno o6r0kuposamo
buocunmes 08yX NOAUKEMUOHbIX MUKOMOKCUHO8, agramokcuna Bl u 3eapanenona (na 92 u 78% om xommpons,
COOMBEMCMBEHHO).

Kiouegvie cnosa: Mukomoxcunvl, OUOCUHME3 NOAUKeMUO08, 6-0emMemuimesuHONUH, 3eapaileHoH, apramoKCun

KoHTamMuHanusi cenbCKOXO3IHCTBEHHOM MPOIYKIIMH MHUKOTOKCHHAMH, BHIPaOAThIBAEMBIMH HEKOTOPHIMU CanpO(GUTHBIMU H
(HUTONIATOreHHBIMH TPUOAMH, NIPEICTABISIET 3HAYUTEIBLHYEO IPOOIIEMY JUIsl MUIEBON U CEIbCKOXO03sMCTBEHHON HHAYCTpuH. B
psine peruoHoB Poccuu cTeneHb 3arpsi3HCHHS 3€PHOBOM MPOIYKIHMH MHKOTOKCHMHaMHU nocturaer 45-65%. IlpumeneHue
GyHruouaoB Manod(GGEeKTHBHO B Cly4ae YCTOMYMBBIX INTAMMOB W IMPUBOAUT K KOHTAMUHALMU MPOLYKLHH CAMHUMH
HNeCTHUMAAMH. [IepCeKTHBHBIM BapHaHTOM pelIeHHs MPOOJIeMbl MOXET ObITh MMOJaBieHHE OHOCHHTE3a MHKOTOKCHHOB B
rpubax-npoAyLEeHTaX NpH IOMOLIM HETOKCHYHBIX MPUPOJHBIX COCIMHEHUH pACTHTEIBHOIO WM  MHKPOOHOrO
MPOMUCXOKACHHS, ITPUYEM IOCIEAHUE TPENNOUYTUTENbHEE C TOUYKH 3PEHMSI BO3MOXKHOCTH MX MPOMBILIIIEHHONW HapabOTKU B
OonbinX 00beMax. B TeyeHue psiza JieT Mbl IPOBOJUM MOUCK M MCCIIEJOBAaHHE TOTEHIMAIbHBIX HHTUOUTOPOB OHOCHHTE3a
MHKOTOKCHHOB TPUPOJHOTO MpoucxoxaeHus. Hanbonee 3hheKTHBHBIM COeTHHEHHEM OKasancs 6-memerunmeBuHoInH (6-
JMM), Bropuunsiii Metabomut rpubda Penicillum citrinum, crmoco6ublii 3HaunTenpHO (Ha 92% OT KOHTPOJIS) MOAABIATH
6uocunte3 admatokcuHa Bl maxke B HEBBICOKMX KOHIEHTpamusx (1 MKr/Mir), TPakTHYECKH HE BIHSIONIMX HA POCT
npoxytenta tokcuna Aspergillus flavus. Beicokas sddextuBHOCTE 6-JIMM 0OblTa MOATBEPKAEHA HE TOJBKO IN Vitro, HoO
TaKKe U Mpu 00paboTKe MM 3epHA MIISHHUIIBL, KYKYpPY3bl H PUCa C MOCIESAYIOIMM HCKYCCTBEHHBIM 3apaKeHUEM TOKCUTCHHBIM
wrammoM A. flavus. HenaBHue sKcepuMEHTBI, MPOBEACHHBIC C €II¢ OJHAM MHKOTOKCHHOM — 3€apajJeHOHOM (TPOIYLEHT —
Fusarium culmorum), nokasamu, yro 6-IMM crnocobeH cyniecTBeHHO (Ha 78% 0T KOHTpOIIS NpH KOHUEHTpauuu 50 MKI/M)
MOJABISITh OMOCHHTE3 M 3TOTO IIOJMKETHUIHOTO TOKCHHA, YTO KOCBEHHO MOJTBEPXKAAET THIOTE3y O TOM, YTO JaHHOE
COEMHEHUE MOXKET OJIOKMPOBATh PaHHHUE CTAJUH MOJIMKETHIHOTO IyTH OMOCHHTE3a, M CBUJICTEIBCTBYET O IEPCIIEKTUBHOCTH
1 BBICOKOM MNOTeHIMaje npuMeHeHust 6-J MM Juis mpouIakTHKH 3arpsi3HEHUs PACTUTEIBHON MPOAYKIMU MTOJIUKETHIHBIMH
MHUKOTOKCUHAMH PAa3JIMIHOTO HPOUCXOIKICHHUSI.

HUccnenosanue aktiuBHOCTH 6-JIMM B OTHOIIICHMH 3eapalieHOHA BBIMOJIHEHO MpHU mojyiepxkke Poccuiickoro Hay4Horo (oHza

(mpoext PH® 19-76-10031). Pesynsratel mo BiusHimoo 6-JIMM Ha 6nocunTtes admaTokcnia Bl GbuH MOTydYeHBI B paMKax
panee 3aBepmieHHoro mpoekra PH® 14-16-00150.
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Genomic analysis of Bacillus pumilus phytopathogenic strain 11-1-1
Evdokimova O.V., Semenchukova E.A., Valentovich L.N.
Institute of Microbiology of the National Academy of Sciences of Belarus, Minsk, Belarus
E-mail: evdokimovalesia@gmail.com

Key message. Pathogenicity studies with Bacillus pumilus bacteria showed that they could cause disease symptoms of the
tested plants. Genome one of the most aggressive strains was sequenced for understanding on the pathogenesis.
Keywords: Bacillus pumilus, phytopathogen, PCR-based genotyping, genome sequencing

Environmental bacteria Bacillus pumilus have been occasionally identified as a pathogen of plant. A number of enzymes with
the potential to harm plant cells have been found from this bacterium but the mechanism of pathogenesis of B. pumilus is
currently unknown. The genomic information of pathogenic strains of B. pumilus will be important for understanding on the
pathogenesis. Aim of this study is analysis of phytopathogenic B. pumilus strain genome to identify gene candidates with
functions in the interaction between bacterial pathogens and plants.

Pathogenicity of strain was tested by inoculation with suspension of bacterium into the parenchyma of test plants at
approximately 108CFU/ml. PCR-based genotyping was done using the RAPD primer 1254 and REP primers ERIC1, BOX
and GTGs. Whole-genome sequencing B. pumilus was performed using Illumina MiSeq.

We investigated 34 strains of B. pumilus isolated in Belarus including 28 strains isolated from affected cucumber, tomato,
potato tubers, flax plants, 5 soil strains and 1 strain from chicken feces. Preliminary pathogenicity studies demonstrated that
many strains could cause plant infection symptoms after injection with bacterial suspension. Seven most aggressive strains
induced rot of potato tubers (cultivars Zhuravinka and Briz) as well as necrosis of bean plant leaves. Surprisingly, BIM B-171
isolated from soil was among these strains. We used RAPD- and REP-PCR to study the genome diversity of B. pumilus
strains. Results indicated that pathogenic strains 38.2, 39.2, T1, 11-1-1 have identical genomic fingerprint in all PCR-typing
methods, the rest of pathogenic strains 61.2, 63-3-1, BIM B-171 have considerable genetic heterogeneity. The B. pumilus
strain 11-1-1 isolated from Mogilev region of Belarus from rotten potato tuber was selected for whole-genome sequencing.
Totaling 740 600 reads (2x300 bp) were obtained after quality trimming and filtering and used for de novo assembling with
SPAdes 3.13. The final assembly was 3,85 Mbp in length and consisted of 51 contigs with maximum size 530 090 bp. Gene
prediction and functional annotation are performed at this moment. Analysis result will be reported on conference.

This work was supported by The Belarusian Republican Foundation for Fundamental Research (grant 519-110).
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Coinoculation effect of potato microclones by rhizosphere bacteria under osmotic stress in vitro
Evseeva N.V.%, Denisova A.Yu.?, Burygin G.L.%?, Pozdnyakova N.N., Tkachenko O.V.2
!Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia;
2Saratov State Agrarian University named after N.I. Vavilov, Saratov, Russia
E-mail: evseeva_n@ibppm.ru

Key message. Inoculation of potato plants with a mixing culture of A. brasilense Sp245 and O. cytisi IPA7.2 under osmotic
stress in vitro promoted an increase in catalase activity in plant leaves.

Keywords: in vitro plant cell and tissue culture, potato, Azospirillum brasilense Sp245, Ochrobactrum cytisi IPA7.2, osmotic
stress

For bacterial inoculation of cultivated plants, more and more attention is paid to associations of microorganisms from different
taxa, which could complement each other and have growth-stimulating and adaptive effects on plants.

The purpose of this work was to study the effect of a mixing culture of Azospirillum brasilense Sp245 and Ochrobactrum
cytisi IPA7.2 on the physiological and biochemical parameters of potato microclones under conditions of osmotic stress in
vitro. Microplants of potato (Solanum tuberosum L.) cultivar Nevsky from the collection of in vitro potato microclones of the
Saratov State Agrarian University were used. As inoculants, two bacterial strains from the Collection of Rhizosphere
Microorganisms of the Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of
Sciences, were used: A. brasilense Sp245 — low salt tolerance and O. cytisi IPA7.2 — halotolerant strains. The bacteria were
placed on a liquid Murashige-Skoog (MS) medium for plant growth at a concentration of 108 cells/ml. Osmotic stress was
created by adding polyethylene glycol (FW 6000) to the MS medium at a concentration of 25 g/l, which corresponded to the
osmotic pressure in the growing medium —0.3 MPa. The physiological and morphological parameters of plants, the content of
malondialdehyde (MDA), peroxidase and catalase enzymes in leaves were evaluated on the 7th day of stress action and on the
7th day of reparation.

The positive effect of bacterization on the physiological and morphological parameters of plants was established only under
optimal conditions. It was shown that the activity of peroxidase, as one of the antioxidant proteins, sharply increased in both
bacterized and control plants under stress. Bacterization also promoted an increase in catalase in plant leaves under stress and
reparation. The content of MDA, as an indicator of oxidative stress, also increased in the leaves of both inoculated and non-
inoculated variants. However, during the repairation of bacterized plants, in contrast to the control under stress, the MDA
content was equal to its content in the leaves of plants without stress.

Thus, bacterization of potato plants by a mixing culture of A. brasilense Sp245 and O. cytisi IPA7.2 promoted a decrease in
the level of oxidative processes under stress in plants due to an increase in catalase activity.

This work was supported by the RFBR grant No. 19-016-00116.

D¢ deKT KOMHOKYJISAIMN MHKPOKJIOHOB KapTodes puochepHbIMA HaKTepUSIMHU IPU 0CMOTHYECKOM cTpecce in Vitro
Eeceesa H.B.Y, [lenucosa A.F0.%, Bypvieun I'JI1.*?, I[Tozouaxoea H.H.', Txauenxo O.B.%
MucTuryT 6GHOXHUMUK M (U3MONIOTHH pacTeHui 1 Mukpoopranusmos PAH, Caparos, Poccus; 2CaparoBckuii
rocyAapCTBEHHBIN arpapHblil yauBepcuteT uMm. H.M.Basunosa, Capatos, Poccust

Annomayus. Unokynayus pacmenuii kapmogens coemecmuoil Kymvmypou baxmepuii A. brasilense Sp245 u O. cytisi IPA7.2
npu ocmomuueckom cmpecce N Vitro cnocobcmeosana nogvluienuio akmueHOCmu Kamaiasvl 8 IUCMbSX PACMEeHUl.
Knrouesvie cnosa: kynomypa kiemok u mxane pacmenuil in Vitro, kapmogens, Azospirillum brasilense Sp245,
Ochrobactrum cytisi IPA7.2, ocmomuueckuii cmpecc

Jlns GaxkTepuaibHON MHOKYJIALMH KyJIBTYPHBIX PACTEHHI Bce OONbIIe BHUMAHHS yIEsIeTCs acCOLHMAIMAIM MHUKPOOPTaHU3MOB M3 Pa3HBIX
TAKCOHOB, KOTOPBIE MOTJIH OBl JOMOJHUTH JIPYT APYra M OKa3aTh POCTCTUMYJIUPYIOIINH 1 alanTallMoHHBII 3 deKThl Ha pacTeHusL.

Llenbro naHHOM paGoThI OBUIO W3YUYHTHh BIMSIHHE CMEUIAHHOM KyJbTypbl Gakrepuii Azospirillum brasilense Sp245 u Ochrobactrum cytisi
IPA7.2 Ha (u3H0IOr0-OHOXUMHYECKHE MapaMeTpbl MHUKPOKJIOHOB KapTo(els B YCIOBHSIX OCMOTHYECKOro ctpecca in Vitro. Beutn
HCIOIb30BaHbl MHUKpopacTenust kaprodems (Solanum tuberosum L.) copra HeBckuii W3 KOJUTEKIIMH MUKPOKIOHOB Kaproderns in vitro
®I'BOY BO Caparosckuit AY. B kadecTBe WHOKYJISHTOB OBUIM HCIOJNB30BaHbI 2 MITaMMa OaKTepHil M3 KOJUICKIHH PU30CHEPHBIX
mukpoopranuzmos UBOPM PAH: A. brasilense Sp245 — cma6oconeycroituussiii u O. cytisi IPA7.2 — ramoTonepaHTHBIA [ITAMMBI.
Bakrepun no6apisin B cpeny Mypacure-Ckyra (MC) myisl BeIpalIuBaHus pacTeHuii B koHueHTpamuu 108 ki/mn. OcMotuueckuii cTpece
cozmaBay myTteM pobaenenus B cpeny MC nommatunenrimkonas (M.m. 6000) B KOHIEHTpamuu 25 T/J, 4TO COOTBETCTBOBAIIO
OCMOTHYECKOMY JaBieHHI0 B cpene BblpammBanus —0,3 MIla. OnenuBanu ¢u3nonoro-mMmopdojaoruueckue mnapamMerpsl pacTeHHH,
coepxkanne ManoHoBoro muanpaeruaa (MZA), ¢bepMeHTOB mepokcHaa3bl M KaTajas3bl B JHCThSIX Ha 7 CYyTKH JIEHCTBHs cTpecca W Ha 7
CYTKH peraparyu.

VCTaHOBJICH MOJIOKUTENBbHBIA 3(DGeKT GakTepusaluu Ha (HU3HO0IOro-MopdoIorndecKkue mapaMeTpbl PACTEHHH TOJNBKO B ONTUMAIIBHBIX
ycnoBusix. Iloka3aHo, YTO aKTHBHOCTh MEPOKCH[IA3bl, KaK OJHOTO W3 AHTHOKCHAAHTHBIX OEJKOB, PE3KO IIOBBIIAIOCH KaK Yy
GaKTepH30BaHHBIX, TAK M KOHTPOJIBHBIX pacTeHHil mpu crpecce. bakrepuzanus Takke CIocoOCTBOBaIa MOBBIIICHUIO KaTalas3bl B JIUCTHAX
pactenuii npu crpecce u penapanun. Conepxanne MJIA, Kak Moka3areiss OKHCIUTEIFHOTO CTpecca, TAKKe YBEIHYMBAIOCH B JIHCTHAX Kak
MHOKYJIMPOBaHHBIX, TAK ¥ HEHMHOKYJIMPOBAaHHBIX BapuaHToB. Ho mpu penapaiun GakTepr30BaHHBIX PAaCTEHUI, B OTIIMYUE OT KOHTPOJIBHBIX
npH cTpecce, coaepxkanne MIA oka3anock paBHBIM COAEPKAHHIO €TI0 B JINCTSIX pacTeHuil Oe3 crpecca.

TakuM o0pa3oM, OakTepu3alds pacTeHHIl KapTodens COBMECTHOW KyJbTypoit Gakrepuit A. brasilense Sp245 w O. cytisi IPA7.2
CIOCOOCTBOBaNIAa CHHKEHHIO YPOBHS OKHCIIUTENBHBIX MPOLIECCOB P CTPECCE B PACTEHHSIX 32 CUET MOBBIILICHUS aKTHBHOCTH KaTala3bl.
Pabora GblTa BBITIOIHEHA TP oaAepskke rpanTa PODU Ne 19-016-00116.
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Agrobacterial transformation of maize by in planta and in vitro methods: problems and decisions
Fadeev V.V., Mazilov S.I., Ulyanov A.V., Gusev Yu.S., Chumakov M.I.
Institute of biochemistry and physiology of plants and microorganisms, Russian Academy of Sciences, Saratov, Russia
E-mail: wf2593@gmail.com

Annotation. Problems of agrobacterial transformation of maize by methods in planta and in vitro are described.
Experimental data on optimization of regeneration from transformed embryogenic maize callus of the KM line are presented.
Keywords: maize, Agrobacterium-mediated transformation, regeneration, embryogenic callus

Relevance: currently, the Agrobacterium-mediated plant transformation method is widely used in modern biotechnology,
including the CRISPR/Cas system.

Purpose: Regeneration the maize KM line plants from the immature embryo.

Results: The main problem with the agrobacterial transformation of maize by in planta method are the seasonality of maize
flowering and temperature requirements. The effectiveness of maize transformation by the in planta method is also affected by
the use of various agrobacterial strains and maize lines, the procedure for applying of agrobacterial cell-pollen suspension to
the maize pistil filaments [1].

In the case of agrobacterial transformation of maize by in vitro method, one of the problems is to obtain an embryogenic callus
from 10-12-day-old embryos. Not all maize genotypes regenerate well from callus cultures [2]. For each type of regenerated
plant, it is necessary to select the environment for cultivation. For monocotyledonous plants, regeneration is complicated by a
low morphogenic potential.

Experimental data showed that for optimal regeneration from the embryogenic maize callus, it is necessary to add 1 mg/l of
2,4-D and 15 g/l of sucrose to the Murashige-Skoog (MS) medium. With such changes, regeneration was 2 times more
intense, compared to the literature described MS media with a content of 1.5 mg/l of 2,4-D and 25 g/l or 30 g/I of sucrose. For
rooting regenerants of maize for 3 weeks before planting into the soil, a gradual decrease in the content of sucrose was carried
out, which contributed to the formation of adventitious roots. Experiments have shown that the optimal conditions for
regeneration and growth were: illumination of 3000-4000 Lux with a 16-hour photoperiod, the temperature is 23-25 °C.

The work was carried out under the program of fundamental scientific research of the state academies of Sciences for 2020
(Ne AAAA-AL7-117102740101-5) and with the financial support of grants from RFBR-a Ne20-016-00020 and RFBR-mol-e-a
Ne 20-316-80020.

ITpo6aembl arpodakTepualibHOil TpancopMaluu KyKypy3bl MeTogamu in planta, in vitro
@aoees B.B., Masunos C.U., Yvanos A.B., ['yces FO.C., Yymarose M.U.
WuctutyT OMOXUMIH U (PU3HOIOTHN PACTCHUI 1 MUKpoopraHmMoB Poccuiickoit akanemun Hayk, Capartos, Poccus

Annomayus. Onucanvi npobiemvl azpodaKmepudibioll mpancgopmayuu Kykypyssl memooamu in planta, in vitro.
Ilpugedenvl sxcnepumenmanvivle OanHble ONMUMUAYUU PeeHepayuu MmpaHchopMuUposaHHo20 IMOPUOLEHHO20 KALTYCd
KYKypy3ul tuHuu KM.

Kniouegvie cnoga: kykypysa, azpobakxmepuanbHas mpanc@hopmayus, pecenepayust, SMOpUOSeHHbIl KALYC

Merton arpobakTepuaibHBIi TpaHCcHOpMaIK PACTCHUN IMHUPOKO UCIOIB3YETCsl B COBPEMEHHOM OnoTexHoiIoruu. B ToMm dncie
B OJIHOM M3 MEPCIICKTUBHBIX COBPEMEHHBIX METO/I0B TeHOMHOT0 penaktupoBanus (CRISPR/Cas9).

Llesnplo MccieIoBaHMs ABISIETCS OIMCAHKE MPoOiieM arpobakTepranbHOil TpaHchopManuu KyKypy3bl MeTonamu in planta, in
Vitro, a Tarxoke ONTUMH3ALMS PEreHEePally U3 TPAHC(HOPMUPOBAHHOTO IMOPHOTEHHOT0 Kajutyca KyKypy3bl TuHHA KM.
['maBHBIMH TIpoOJeMaMH arpoOakTepuaibHON TpaHCGOpMAlMU KyKypy3bl MerogoM in planta sBisioTcs: Ce30HHOCTh
LBETEHUA KyKYypy3bl, TPYAHOCTb COOJIIOAEHHS ONTHUMAaNbHOW Temieparypbl. D(PpQeKTHBHOCTh TPAaHC(HOPMAINK 3aBHCUT OT
UCTIONIb30BAHMS Pa3IMYHBIX INTAMMOB arpoOaKkTepuil, JMHWH KyKypy3bl, CHOCO0a M TIOps/AKAa HAHECCHUS CYCIECH3HU
arpo0aKTepHalbHBIX KJIETOK U MBUIBIEI Ha IECTUYHbIE HUTH [1].

IMpu arpobakTepuanbHON TpaHCHOPMAIMH KyKYPY3bl METOIOM iN Vitro, omHO# 13 pobiaeM ABISETCS TPYAHOCTD MOIyUYeHHE
sMOpuorenHoro kamryca u3 10-12 aHeBHBIX 3apojsinieii. He Bce TeHOTUIIBI KYKYpY3bl XOPOIIO PETEHEPUPYIOT U3 KajuTyca
[2]. DkcnepuMeHTanbHBIE AaHHBIE TOKA3aJId, YTO JJIS ONMTHMAIbHOW pEereHepanvu U3 dMOPHOTEHHOTO Kajulyca KyKypy3bl
muaur KM HeoOxonnmo nobasuts B cpeny Mypacure-Ckyra (MC) 1 mr/a 2,4-D u 15 r/n caxapo3sl. [Ipu Taknx n3MeHeHHsIX
pereHeparysi IPOUCXOAMIa B 2 pa3a MHTCHCHBHEE, B CPABHEHUH C JINTEPATypHO OMUCAaHHBIMU cpenamu MC ¢ comepkaHueM
1,5mr/1 2,4-D u 25 v/n mu6o 30 1/1 caxapo3sl. s yKOpeHEHHs pereHepaHTOB Ha MPOTSHKEHUH 3 HeAeNb 10 BEICA)KHBAHUS B
MOYBY, TPOBOJMJIM IIOCTEIIEHHOE CHM)KEHHE COJEp)KAaHHMsS caxapo3bl, YTO CIIOCOOCTBOBAJIO OOPa3OBaHUIO HPHIATOYHBIX
kopHed. [lomoOpaHbl onTHMaNbHBIE YCIOBHS AJISl pereHepanu M BblpaniuBaHus: ocseméHHocts 3000-4000 moke, 16
4yacoBoii (oronepuoa, remreparypa 23-25 °C

Pabora BbINONIHEHA IO TIpOrpaMMe (yH/IaMEHTAIBHBIX HAy9YHBIX MCCIIEIOBAHMH TOCYIapCTBEHHBIX akajeMuid Hayk Ha 2020 r.
(Ne roc. perucrpaimn AAAA-A17-117102740101-5) u npu ¢dunaHcoBOW moanepxke rpaHToB PODMa Ne2(0-016-00020 u
POODU-moi-3-a Ne 20-316-80020.

1. Yymakos M.U., Poxxok H.A., Benukos B.A., Teipuos B.C., Bonoxuna U.B. I'eneruka. 2006. T. 42, Ne8. C 1083-1088.
2. O'Kennedy M., Lotter-Stark H., Dube N. Methods in molecular biology (Clifton, N.J.) 2011. 710. 343-54.
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The effect of oil pollution on the activity of physiological and biochemical processes in Triticum aestivum L.
and the number of rhizospheric microbiota
Farkhudinov R.G., Grigoriadi A.S., Sotnikova Yu.M.
Bashkir State University, Ufa, Russia
E-mail: nyshalll@yandex.ru

Key message. The article presents the results of a study of the effect of oil pollution on the biochemical and morphometric
parameters of the plant Triticum aestivum L., as well as a change in the number of rhizospheric microorganisms capable of
degradation of petroleum hydrocarbons. It was shown that under the influence of pollution in plants increased the activity of
redox enzymes. A significant increase in hydrocarbon-oxidizing bacteria and fungi was recorded in the rhizosphere
Keywords: Triticum aestivum L., rhizospheric microorganisms, oil pollution

The most typical anthropogenous factors of soil pollution are oil and refinery products. They have negative effect on vascular
plants. Phytoremediation, using the combined metabolic potential of microorganisms and plants, plays a special role in
cleaning the soil of toxicants. This method is currently gaining popularity.

The aim of the study was to study the effect of oil pollution on Triticum aestivum L. and microorganisms living in the plant
rhizosphere. Plants were grown in oil-contaminated soil (pollutant concentration was 1, 3 and 6%). The response of plants to
stress was determined by a number of morphometric and biochemical parameters, such as plant length, enzymes, pigments.
The number of various ecological groups of microorganisms in the rhizosphere of plants was also estimated. Soil samples
were taken from the rhizosphere of 10- and 20-day-old plants. The number of microorganisms was determined by seeding on
different nutrient media. The spectrophotometric method was used to determine the biochemical parameters of plants.

It was shown, that certain changes have been found in the plants which have been grown up in polluted soil in the linear sizes
of roots and elevated part of plants. For example, if in the control variant of experience the length of an elevated part of wheat
in the age of 20 day made 26,05 cm and in the variant with concentration of oil of 3 % the length of a plant was only 15,91
cm. When the oil content in the soil was 6% plant seeds grew much later than in other test variants. Seed germination was
70% below control. This fact confirms the opinion that the use of the phytoremediation method is justified only when the
pollutant concentration in the soil is not more than 5%.

Oil pollution effect on plants caused significant changes in the functional condition of plants. Different concentrations of oil
caused significant increase in peroxidase activity both in leaves (2,5-3 times), and in roots (1,5-2 times). Polyphenol oxidase
activity in leaves irrespective of the concentration of oil increased by 1,3-1,6 times compared to the control plants.

The number of microorganisms of various physiological groups in the rhizosphere of wheat changed during the growing of
plants. In the first 10 days, the total number of heterotrophic microorganisms in the rhizosphere of wheat decreased several
times under the influence of oil pollution. After 20 days, this parameter increased several times (2-5), however, high (6%) oil
concentrations inhibited the value of this indicator. Obviously, by this time the concentration of toxic light fractions of the
pollutant was reduced, or the products of the breakdown of oil could be used by them as a source of nutrition and energy.

Oil pollution of the soil stimulated the development of a population of microorganisms - oil destructors. The number of
hydrocarbon-oxidizing microorganisms (HOM) in the rhizosphere of wheat increased by one or two orders of magnitude in all
samples already in the first 10 days of wheat plant growth. A study of the species composition of HOM showed that most
bacteria belonged to the genus Pseudomonas, Bacillus and Arthrobacter.

Throughout the experiment, oil pollution contributed to an increase in the number of microscopic fungi. In the rhizosphere of
wheat, more than half of the isolated fungi had hydrocarbon-oxidizing activity. Representatives of two genera Aspergillus and
Penicillium predominated in soil samples.

Thus, oil pollution stimulated the growth of hydrocarbon-oxidizing bacteria and microscopic fungi in the rhizosphere of
Triticum aestivum L. It can be assumed that they make a certain contribution to the process of rhizodegradation of oil in the
soil. At the same time, oxidation-reduction processes carried out by peroxidases and polyphenol oxidases were activated in the
leaves and roots of plants under the influence of pollution.

69



o

: 2 International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

C5amic
2020

Bioremediation potential of a halophilic bacterium Chromohalobacter salexigens EG1QL3: exopolysaccharide
production, crude oil degradation, and heavy metal tolerance
Fedonenko Y.P.%, Ibrahim 1.M.2, Sigida E.N.%, Safronova V.1.3, Kokoulin M.S.%, Muratova A.Y.!, Konnova S.A.%5
nstitute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia;
2Fayoum University, Fayoum, Egypt; *All-Russian Research Institute for Agricultural Microbiology, Saint Petersburg, Russia;
4G.B. Elyakov Pacific Institute of Bioorganic Chemistry, Far Eastern Branch of Russian Academy of Sciences, Vladivostok,
Russia; °Chernyshevsky Saratov State University, Saratov, Russia
E-mail: fedonenko_yu@ibppm.ru

Key message. Based on biochemical and phylogenetic analyses, isolated from a salt sample from Lake Qarun (Egypt) a
halophilic strain EG1QL3 was identified as Chromohalobacter salexigens. The abilities of EG1QL3 to produce an
extracellular polysaccharide, degrade oil, and resist to heavy metals were revealed.

Keywords: Chromohalobacter salexigens, extracellular polysaccharide, crude oil degradation, heavy metal tolerance

Hypersaline environments of natural and artificial origin, such as saline lakes, salt marshes, and solar evaporation ponds, are
used widely for the production of salt, potash, and soda. A side effect of the industrial use of such environments is their
pollution by oil compounds. To survive under unfavorable conditions, halophilic bacteria produce large quantities of
protective extracellular biopolymers, with the predominance of proteins and exopolysaccharides (EPS).

A halophilic bacterial strain, EG1QL3, was isolated from a salt sample from Lake Qarun, Fayoum Province, Egypt.
Morphological, physiological, biochemical, and phylogenetic analyses indicated that the strain belongs to the species
Chromohalobacter salexigens. Strain EG1QL3 produced an EPS, with production peaking (14 g L) during growth on S-G
medium containing 3% (w/v) sucrose and 15% (w/v) NaCl at 25 °C (pH 8.0). For identifying the optimal conditions for EPS
production, C. salexigens EG1QL3 was grown at various temperatures, pH values, and salt concentration. The composition of
and the ratio between carbon sources was also varied. The EPS was precipitated from the culture broth with cold ethanol and
was purified by gel filtration and anion-exchange chromatography. The molecular mass of the EPS was 1.1-0.7x10° Da.
Diffuse reflectance infrared Fourier transform and nuclear magnetic resonance spectra showed that the EPS was a linear p-
(2—6)-linked fructan (levan). The EPS demonstrated emulsifying activity (E2,%) against kerosene (15.6+0.5%), and
sunflower oil (38.5+£0.7%). Furthermore, the prepared emulsions were stable for 7 days at 25 °C.

Strain C. salexigens EG1QL3 was able to utilize crude oil as the sole carbon source within 12 days causing it to coagulate.
The best oil degradation values by C. salexigens EG1QL3 (30%) were in the presence of 2.5 M NaCl. The minimum
inhibitory concentrations of heavy metals for strain EG1QL3 were 1.5 for Zn(ll) and 2.0 mM for each of Cd(ll), Pb(ll), Ni(ll),
and Cu(ll). C. salexigens EG1QL3 expressed plant growth attributes. The strain grew on nitrogen-free medium, which
indicated the presence of nitrogen-fixing ability, and produced siderophores during growth on CAS agar.

In present work, we characterized the structure of the strain’s EPS and optimized conditions for its production. Strain C.
salexigens EG1QL3 was found to be promising for use in the cleanup of saline environments contaminated with oil
hydrocarbons and heavy metals.

70



¢ 20 International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

lon transporters in the root nodule of Medicago truncatula: potassium transporters
Fedorova E.E., Trifonova N.A.
K.A. Timiryazev Institute of Plant Physiology RAS, Moscow, Russia
E-mail elenafedorova06@mail.ru

Key message. The transporter proteins were mistargeted and partly depleted from plasma membrane of mature infected cells,
this phenomenon may contribute to the potassium loss by symbiosomes during their development and senescence.
Keywords: root nodule, legume/Rhizobium symbiosis, membrane potassium transporters.

The root nodule is a temporary short-lived organ, an ecological niche in the plant tissue for nitrogen-fixing bacteria of the
rhizobium genus. Based on the data on high sensitivity of root nodules to ionic stresses (Coba de la Pefia et al., 2010, Noori et
al., 2016) we hypothesized that infected nodule cells may have physiological defects in maintaining ion balance. lonic status,
in turn, depends on the expression and localization of membrane ion transporters. A preliminary analysis of ion’s distribution
in the symbiosomes and vacuoles of infected cells, performed by energy dispersive spectrometry with X-ray microanalysis
and scanning microscopy, showed that infected cells lose potassium during ontogenesis. In order to identify the causes of this
phenomenon, a study was conducted of two key plant-based potassium carriers with opposite potassium transfer vectors:
inwardly rectifying potassium transporter MtAKT1 and Outward Rectifier potassium channel MtSKOR.

Both transporters were expressed in the meristem, zone of active nitrogen fixation, and in senescence zone. In uninfected cells,
MtAKT and MtSKOR were localized on the cytoplasmic membrane. In mature infected cells, the localization of proteins was
impaired. We observed a partial loss of transporters from cytoplasmic membrane. The MtSKOR protein was redirected to the
symbiosome membrane. The relocation of this transporter while maintaining the transport vector, can contribute to the
potassium loss from symbiosomes. The flaws of the localization of membrane transporters may be one of the reasons for the
decrease in the potassium availability for the symbiosomes and vacuoles of infected cells during their ontogenesis.

The work is supported by the Russian Science Foundation (project Ne19-04-00570A).

HonHble TpaHcnopTepbl B KOpHEBOM KJaydenbke Medicago truncatula: nepenocunku xaaus.
@eodoposa E.D., Tpugonosa H.A.
deepanbHOE TOCYIAPCTBEHHOE OFOHKETHOE yupexkaeHue Hayku MHetutyT ¢pusuonorun pacrennii uM. K.A. Tumupsizesa
PAH, Mocksa, Poccus

Annomayus. Hapyuwenue noxanusayuu 6e1K08 UOHHbIX MPAHCNOPMEPOS 8 UHDUYUPOBAHHBIX KILEMKAX KIYOEHbKA MOJICem
npuBoOUMd K YMEHbUEHUI0 OOCIYNHOCU KANUs 01 CUMOUOCOM.
Knroueswvie cnosa: xopresoil kiydenex, 606080-pu306uaivHulil CUMOUO3, MeMOPAaHHble MPAHCHOPMeEPbL KANUSL.

KopHeBoii kiyOeHeK SIBIISIETCS BpEMEHHBIM KOPOTKOXKMBYIIMM OPraHOM, SKOJIOTHYECKOI HHIIEH B PACTUTEIbHOW TKAHU IS
a30TUKCHPYIOIIUX OakTepuil pojga pu3oOuyM. OCHOBBIBAasSCh Ha J@HHBIX O BBICOKOH UYYBCTBHTEIBHOCTH KOPHEBOTO
K1yGeHpKa K moHHBIM cTpeccam (Coba de la Pefia et al., 2010, Noori et al., 2016) MBI TPEAMOTOKIIN, YTO HHPHUITUPOBAHHBIC
KJIETKH KITyOeHbKa MOTYT MMETh (hM3MOJIOTHUecKue Ae(eKThl B MOJAep>KaHHM MOHHOTO OanaHca. MOHHBIN cTaTtyc, B CBOIO
ouepenb, 3aBUCHT OT OKCIPECCHMM M JIOKAIM3AIMM MEMOpaHHBIX MEPEeHOCYMKOB HOHOB.  IIpenBapuTenbHBIN aHAIH3
COJICp)KaHMs HOHOB B CHMOMOCOMax M BaKyoIsaX HWHQUIMPOBAHHBIX KIJIETOK, BBINOJHEHHBIH C HCIIOJIb30BAHHEM
SHEProJMCIIEPCHOHHON CIIEKTPOMETPUH C PEHTTCHOBCKMM MHKPOAHAIN30M U CKaHHWPYIOIEH MHUKPOCKOIMH MOKa3al, 4TO
nHpUIUPOBaHHBIE KIIETKH B Mpoliecce oHToreHesa tepstor kanuii (Fedorova et al., 2020 (in press). C uenbio BbISBICHUS
NPUYUH 3TOTO SABJIEHUS OBUIO MPOBEJICHO HCCIENOBaHMWE JIBYX KIIOUEBBIX pPACTHTENBHBIX II€PEHOCUMKA Kalusi C
MIPOTHBOMOJIOKHBIMA BEKTOpPaMH IepeHOoca Kauus: KaHan Bxojgmero HamparieHus MUEAKT u kxaHanm BBIXOASAIIEro
nanpasienuss MtSKOR.

DKkcnpeccusi IEPeHOCYHKOB B KIIyOeHbKe OTMEUeHa B 30HE MEPHCTEMBbI, 30HE aKTHMBHOW a30T(UKCALK U B 30HE cTapeHus. B
HenHuuupoBaHHbIX kieTkax MtAKT u MISKOR Obuin nokann3oBaHbl Ha IMTOIUIa3MaTH4ecKoW MeMmOpane. B 3pernbix
MHQUIMPOBAHHBIX KJIETKaX JIOKaIu3alus OeNKoB Obula HapylleHa, Oblla OTMEYEHa YacTH4Has IOTepsl MEPEeHOCUYUKOB
UTOIUIa3MaTHYeCKoW MemOpanoi. [Ipoucxomuno nepenanpanienue 6enka MISKOR k cumbuocoMHoi MemOpate, 4To, pu
COXpaHEHHH BEKTOpa TPAHCIOpPTa, MOXET CIIOCOOCTBOBATh BBIHOCY Kaius M3 cuMOmocoMm. Hapymienuwe moxamusanuu
MEMOpPaHHBIX NEPEHOCYMKOB MOXKET OBITh OJHOM M3 NMPUYHMH YMEHBIICHHS COAEP)KaHUS Kajlus B CUMOMOCOMAaxX M BaKyoOJIIX
MH(UIMPOBAHHBIX KIIETOK.

Pa6ota nonaepxana PoccuiickiuM HaydHbIM (oHIOM (mpoekT Ne 19-04-00570A).

Coba de la Pena T, Redondo FJ, Manrique E, Lucas MM, Pueyo JJ. 2010. Nitrogen fixation persists under conditions of salt
stress in transgenic Medicago truncatula plants expressing a cyanobacterial flavodoxin. Plant Biotechnol. J. 8, 954-965.
Noori F, Etesami H, Zarini HN, Khoshkholgh-Sima NA, Salekdeh GH, Alishahi F. 2018. Mining alfalfa (Medicago sativa
L.) nodules for salinity tolerant non-rhizobial bacteria to improve growth of alfalfa under salinity stress. Ecotoxicology and
Environmental Safety 162, 129-138.
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Influence of bacteria of the genus Azospirillum on sugar beet productivity
Fedorova O.A., Bezler N.V.
Federal State Budgetary Scientific Institution “The A.L. Mazlumov All-Russian Research Institute of Sugar Beet and Sugar”,
Voronezh region, Ramonsky district, Russia
E-mail: fed-olga78@mail.ru

Key message. Spraying of sugar beet plants with nitrogen-fixing strains of bacteria of the genus Azospirillum promotes
activation of sugar beet growth and increase of its productivity.
Keywords: sugar beet, strains, Azospirillum, productivity.

Bacteria of the genus Azospirillum are known as PGPR (plant growth promoting rhizobacteria) because of ability to form
associations with plants and to influence positively on their growth and development [1]. To study bacteria of the genus
Azospirillum under specific conditions of sugar beet cultivation is urgent because of works on this problem being absent.

Aim of the present work is to study influence of nitrogen-fixing strains of Azospirillum on sugar beet productivity.

Object of the investigations are bacteria of Azospirillum sp. 184 and Azospirillum sp. 190 isolated from root surface and
rhizosphere of grain crops (wheat, barley). Sugar beet hybrids RMS 120, RMS 121 and 17036 have been grown in a crop
rotation with the following crop alternation: fallow — winter wheat — sugar beet — barley. Suspensions of the cultures have
been applied by spraying during the period of crop closing (a titer of viable bacterial cells being 108 CFU/ml). Control is the
variant without treatment with a bacterial suspension. There have been determined sugar beet yield by weight method, sugar
content of beet roots using an automatic production line VENEMA, and sugar yield by calculation method. Results of the
conducted field experiments have shown that the studied strains have a positive influence on sugar beet growth, development
and productivity. Thus, as the data analysis has shown, the influence extent depends on a ploidy of plants. The best results of
sugar beet growth, development and productivity are registered in plants of the tetraploid line 17036. Introduction of the
strains Azospirillum sp. 184 and Azospirillum sp. 190 has increased sugar beet yield by 11.8 and 7.5 t/ha, and sugar content of
beet roots by 0.91 and 0.3 %, accordingly. At the same time, application of the strain cell suspensions has resulted in decrease
of yield in the triploid hybrid RMS 121. This fact motivates the necessity of further investigations to reveal the most effective
strains and optimal bacterial titer of the genus Azospirillum for each hybrid depending on its ploidy.

Buiusinue 6axrepuii poga Azospirillum Ha mpoayKTHBHOCTH CaXapHOii CBEKJIbI

@eodoposa O.A., besnep H.B.
OI'BHY «Bcepoccuiickuii HayYHO-HUCCIEI0BATENLCKUI HHCTUTYT caXapHOU CBEKJIBI U caxapa uMeHu A. JI. MazinymoBay,
Boponexckas obnacts, Pamonckuit paiion, Poccns

Annomayus. Onpvickusanue pacmenuti Caxaproil C6eKkabl azomeurcupyowumu wmammamu daxmepuii pooa Azospirillum
cnocobemeyem akmusayuy POCMaA Caxaphoi C6eKIblL U NOBBIUCHUIO €€ NPOOYKIMUBHOCTIU.
Knioueswie cnosa. Caxapuas ceexna, wimammol, AZospirillum, npodyxmuenocme.

Baktepun poma Azospirillum Grarogapst crocoOHOCTH BCTYIaTh B aCCOIMAIIMH C PACTEHUSIMU M OKAa3bIBATH OJIArOTBOPHOE
BIMSIHAE HA UX POCT M pa3BuTue u3BecTHbl kKak PGPR (pu3zobakrepuu, CTUMYNUPYIOIIHE POCT U pa3BUTHE pacTeHuii) [1].
AKTyansHOCTh m3ydeHus Oakrepuii poma Azospirillum B cremuduueckux yCIOBHSX BBIPAIMBAHUS CAXapHOW CBEKIIBI
OTpeJIeNAETCS. OTCYTCTBUEM pa3pabOTOK MO JAHHOH mpobieme.

Lenp HacTosmerd pabOTHI - M3YyYUTHh BIMAHHE a30T(OUKCHPYIOMMX INITAMMOB a30CHHPHIUI HAa NMPOIYKTHBHOCTH CaxapHOU
CBEKJIBI.

OOmbekT uccienoBanuii - Oakrepuu Azospirillum sp. 184 u Azospirillum sp. 190, BbigeneHHBIE ¢ TOBEPXHOCTH KOpHEU U
pu3ocdeps! 37IaKOBBIX pacTeHHUH (IIIEHHUIA, SYMEHb). BeipamuBamu rudpuasl caxapHoit ceexiasl PMC 120, PMC 121, 17036,
B CEBOOOOPOTE CO CIEAYIONIMM YEPEeAOBaHUEM KyJbTYp: Iap — O3UMas IIIEHHIA — caXxapHas cBeKJa — siuMeHb. CycleH3uu
KyJIbTYp BHOCHJIM ONPBICKMBATEJIEM B MEPHOJ CMBIKaHUS ITOCEBOB B Psiike (THUTpP KHU3HECTIOCOOHBIX OaKTEpHAIbHBIX KIETOK
108 KOE/mn). KonTpoms — 6e3 06paboTKM GakTepualbHOW CycleH3uel. YposkKalHOCTh CaXapHOU CBEKJIBI yYUTHIBAJIMU
BECOBBIM METOJIOM, CaXapUCTOCTh KOPHEIIOOB ONpeIeIsUI Ha aBToMaTH4deckoi moTouHoi muann VENEMA, c6op caxapa —
pacueTHBIM METOOM. Pe3yibTaTsl MPOBEAEHHBIX TOJIEBBIX HCCIIEAOBAHHMN ITOKA3alH, YTO UCCIIeTyeMble IITAMMbI OKa3bIBAIOT
MIOJIOKUTEIbHOE JeHCTBHE Ha POCT, pa3BUTHE M MPOAYKTUBHOCTH CaXapHOH CBEKJBL lIpm 3TOM cCTeneHb BIUSHHSA, Kak
MOKa3aJl aHaJM3 IOTyYEeHHBIX JTaHHBIX, 3aBUCHUT OT IUIOMIHOCTH pacTeHui. Hammyumme pe3ynpTaTsl M0 pOCTy, Pa3BUTHIO U
YPOKafHOCTH CaxXxapHOW CBEKJIBI OBUIM OTMEYEHBl y pacTeHHi TeTpamouaHor muHuM 17036. VHTpOAYKIWS IITaMMOB
Azospirillum sp. 184 u Azospirillum sp. 190 noBbicuna ypoxxailHOCTh caxapHO#l cBeknbl Ha 11,8 u 7,5 T/ra, caxapucTocTb
kopremonoB — 0,91 u 0,3%, coorBercTBeHHO. B TO k€ BpeMs, BHECEHHE KICTOYHOM CYCIIEH3MH IITaMMOB BbI3BAlO
CHIDKEHHUE YPOXKaiHOCTH caxapHO#l cBekibl y TpumuionaHoro rudpuaa PMC 121. Dror dakr onpenenser HE0OX0IUMOCTb
JIATbHEHIINX MCCIIEA0BAaHNI 110 BBIIBICHHIO HanOosiee 3()(EKTHBHBIX IITAMMOB M ONTHUMAIBHBIX THUTPOB OaKTepwil poza
mrrammoB Azospirillum st kaxxgoro rudpu/aa B 3aBUCUMOCTH OT TUIOMHOCTH.

MuxaiinoBckas H.A. A3ocnupuiuibl M X BIMSHUE Ha 311aKoBble KynbTyphl // [TouBoBenenue u arpoxumust. — Ne2. — 2015. —
C. 167-174.
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The role of auxin-producing bacteria in the formation of a growth response in wheat plants under herbicidal stress
Feoktistova A.V., Timergalin M.D., Rameev T.V., Chetverikov S.P.
Ufa Institute of biology — Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences, Ufa, Russia
E-mail: chelab007 @yandex.ru

Key message. The paper presents the results of the effect of treatment with bacteria on the growth and hormonal balance of
wheat plants with simultaneous exposure to the herbicide Chistalan. It is shown that herbicide stress is leveled by bacteria.
Keywords: plant hormones, chlorophyll, herbicidal stress, wheat, rhizosphere bacteria

Crop production in our time is not possible without the use of herbicides, which are necessary for obtaining good crop yields.
However, their use has a negative impact on cultivated plants, causing them herbicidal stress. More and more interest has
recently been given to the search for candidates that can reduce the toxic effect of herbicides on the cultivated crop. The most
attractive in agriculture is the use of rhizosphere bacteria that can produce phytohormones (auxins) and have a growth-
stimulating effect on plants under stress.

The research was carried out in laboratory conditions on a light site, the objects were plants of wheat (Triticum aestivum L.) of
the Kinelskaya Yubileynaya variety. The herbicide Chistalan extra was used in the work at a working concentration of 05 ml/|
and a suspension of bacteria Pseudomonas koreensis IB-4 (azolen) and Pseudomonas sp. DA1.2. Wheat seedlings were
planted in vessels with soil-sand mixture, processing was carried out after 2 weeks, by spraying in the following
combinations; water (control), Chistalan, Chistalan with P. koreensis IB-4 and Chistalan with strain DA1.2. A 1 day after
treatment, samples were taken for hormones, 3 days later - for chlorophyll, and 14 days later, plant growth was evaluated.
Treatment of plants with herbicide resulted in suppression of wheat plant growth and reduction of chlorophylls a, b. A
significant increase in the content of IAA in the shoots of these plants was also found, which could be related to the ability of
2,4D to influence the metabolism of IAA. The accumulation of ABA in the roots and shoots of these plants contributed to
inhibition of growth. However, joint treatment with bacteria led to a decrease in the negative effect of the herbicide, which
consisted in increasing the content of chlorophylls and in the accumulation of raw mass by plants. Under the action of
bacteria, the content of IAA and ABA decreased, which could contribute to the leveling of stress in response to the
introduction of the herbicide. Thus, we have shown that auxin-producing bacteria Pseudomonas sp. DA1.2, both P. koreensis
IB-4 can be used as an "antidote" under herbicidal stress.

The study was carried out within the framework of the Ministry of education and science of Russia Ne 075-00326-19-00 on
the topic No AAAAA-A19-119021390081-1.

Poab aykcuHnpoayuupyomux 6akrepuii B GopMHUPOBAHUM POCTOBOI0 OTBETA Y PacTeHMIi MIIEHNIBI B YCJIOBHAX
repOMIUAHOIO CTpecca.
®@eoxmucmosa A.B., Tumepeanun M J]., Pamees T.B., Yemeepuxos C.I1.
Ydumckuit THCTUTYT 6UOTI0TUM - 000CO0ICHHOE CTPYKTYpHOE HoApaseneHre denepalbHOTO rocy1apCTBEHHOTO OI0IKETHOTO
HAYYHOTO yupexaeHus Y puMckoro deaepanibHOro UCCIeI0BaTeIbCKOTO IIeHTpa Poccuiickoit akageMuu Hayk, T. Y da, Poccus

Annomauus. B pabome npeocmaeienvl pesyibmanmvl GIUSHUSL 0OpAbOmMKU OAKMepusmMu HA POCM U 20PMOHANbHBIL OANAHC
pacmenuil nueHuybl NPU 0OHOBPEMEHHOM 6030€liCIuU Ha HUx 2epouyudom wucmanan. Iloxasano Husenuposauue 2epoUuyUOHO20
cmpecca noo delicmauem 6akmepuil.

Kniouegvie cnosa: 2opmonsl pacmenuii, Xx10poduii, 2epouyudublil cmpecc, huieHuya, pusocgepHule dbaxmepuu

PacreHneBoiCTBO B Hamle BpeMs He MPEACTaBISAETCS BOSMOXKHBIM 0€3 HMCIHOJB30BaHHs TepOHIHIOB, KOTOPbIE HEOOXOMUMBI IS
MOJTYyYEHUS XOPOILIHUX ypoxaeB KynbTyp. OJHaKo, UX MPUMEHEHUE HETaTUBHO CKA3bIBACTCS M Ha KYJIbTYPHBIX PACTEHUSIX, BBI3BIBAS Y
HUX TaK Ha3bIBa€MBII repOUIMIHbIN cTpecc. Bee Oonpmmii HHTEpec B OCHeIHee BpeMsT OTBOJUTCS MIOUCKY aHTHIOTOB, CIIOCOOHBIX
CHIDKaTh TOKCHYECKOe JeHCcTBHe TrepOMIMAOB Ha 00padaThIBaeMyIO  CENBCKOXO3SHCTBEHHYIO KyIbTypy. Hambomee
IPUBJICKATEIBHBIM B CEIbCKOM XO3SHCTBE CTAHOBUTCS HUCIIOJIb30BaHUE PU3OCGHEPHBIX OaKTepHii, CMOCOOHBIX IMPOLYLHPOBATH
(GUTOrOpMOHBI (AYKCHHBI) U OKa3bIBaTh POCT CTUMYJIMPYIOLIEEe IEHCTBHE Ha PACTEHHUS B YCIOBHAX CTpecca.

HccnenoBanust NpoBOMWIM B Ja0OPaTOPHBIX YCIOBHSX Ha CBETOIUIOMIAJKE, OOBEKTAMM CIY>KWIH PAaCTeHHs MSATKOH SpoBoi
mmenuntpl (Triticum aestivum L.) copra Kunensckas KO6uieiinas. B paGote ucmonp30Bamm TepOUIMI YUCTANAH SKCTpa B paboueit
koHIleHTpanmu 05 /a1 u cycneH3uto mrammoB Oaktepuii Pseudomonas koreensis b-4 (asomen) u Pseudomonas sp. JTIA1.2 ¢
tutpom 108 KOE/mi1. [TpopocTkH TIIEHUIIBI CAXKaTH B COCYbI ¢ TIOYBO-TIECOUHOM CMEChI0, 06paboTKy TIPOBOIMIN Yepe3 2 HelenH
OINPBICKMBAHUEM B CICIAYIOLIMX BapHaHTax: BoJa (KOHTPOJIb), YnucTanaH, ynucranaH ¢ P. koreensis 11b-4 u uucranan co mraMmoM
JIA1.2. Yepes cyTtku mociie 00paboTku Opasid mpoObl Ha TOPMOHBI, Yepe3 3 CYTOK — Ha XJOpOopHUT U yepe3 14 CyTOK OlLeHUBAIH
poCT pacTeHuil.

O6paboTKa pacTeHuil repOUIMIOM IPUBETa K MOaBJICHHAI0 POCTa PACTEHHH IMIICHHUIBI U K CHIKEHUIO XJI0podmwuioB 8, b. Takke
ObUI0 OOHapY)KEHO 3HAuMTENbHOE yBenuueHue conepkanus MYK B moberax STHX pacTeHHH, 4TO MOIJIO OBITH CBA3aHO CO
crocobHoCcThIO 2,4]] BiusaTh Ha Merabommsm WVYK. Hakomnenne ABK B kopHsSX M moberax 3THX pacTeHHH CIIOCOOCTBOBAJIO
TOPMOKEHHUIO pocTa. OgHAKO coBMecTHas 00paboTka ¢ GakTepHsAMH IIPUBOAMIA K CHIKEHHIO HETaTUBHOTO AEHCTBUS repOunuaa,
KOTOpOE 3aKJII0Yajoch B IOBBIIICHUN COAEPKAHUS XJIOPO(PUILIOB U B HAKOIUICHWH CBHIPOW MAacchl pacTeHHsMU. Ilox aeiicTBreM
Oakrepuii cHmkanoch coxepxanne YK u ABK, 4ro Morio cmocoOCTBOBaTh HHMBEIMPOBAHMIO CTpecca B OTBET Ha BHECCHHUE
repOuImIa.

Takum 06pa3oM, HaAMH MMOKa3aHO, YTO ayKCHHIPOAYHHUpYIOline mramMbl 6aktepuii Pseudomonas sp. JIA1.2 u P. koreensis b-4
MOTYT OBITh MCIIOJIb30BAaHbI B KAUECTBE «aHTUA0Ta» B YCIOBUAX TepOUIIMIHOTO cTpecca.

Hccnenoanue BoITIONHEHO B pamkax ['3 MunoOpuayku Poccun Ne 075-00326-19-00 mo Teme Ne AAAA-A19-119021390081-1.
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The development of cyanobacteria and fungi of the genus Fusarium in mono- and polycultures
Fokina A.l.%, Domracheva L.I.2, Kovina A.L.?, Skugoreva S.G.%3
Nvyatka State University, Kirov, Russia; ?Vyatka State Agricultural Academy, Kirov, Russia; 3Institute of Biology, FIC Komi
Scientific Center, Ural Branch of RAS, Syktyvkar, Russia
E-mail: annushka-fokina@mail.ru

Key message. Under the influence of the cyanobacteria (CB) of Fischerella muscicola, growth of F. culmorum, F. oxysporum,
and F. poae was inhibited by 80, 95, and 25%, respectively. The number and length of CB strands in biofilm conditions
increases by 2—4 times.

Keywords: cyanobacteria, antifusarium effect, biofilms

Many cyanobacteria (CB) have a pronounced antimicrobial activity against pathogens. Of great importance is the study of the
possibilities of cyanobacterial metabolites to inhibit and inhibit the development of phytopathogenic fungi p. Fusarium, which
are one of the most malicious pathogens of mycoses of agricultural and ornamental crops. Of interest are Fischerella
muscicola CB, for which an increased growth rate in culture, high antagonistic activity, and the ability to synthesize a variety
of biologically active substances have been proved. In experiments conducted with CB Fischerella muscicola, it was shown
that, under the influence of its metabolites, growth of F. culmorum, F. oxysporum, and F. poae was inhibited by 80, 95, and
25%, respectively, when micromycetes were grown in solid nutrient medium.

The ability to form biofilms (BP) is an integral part of the life cycle of most microorganisms to facilitate the joint development
of ecological niches.

In our work, we studied the features of the formation of cyanobacterial biofilms based on F. muscicola in a monoculture and
as part of binary and triple associations with Nostoc muscorum and N. paludosum. The development of fischerella in a
monoculture significantly lags behind binary and triple associations both in the number of cells and in the length of
cyanobacterial filaments. A measure of the intensity of development of cyanobacteria in biofilms was their number
(107 cells/cm?) and thread length (m/cm?). It has been proved that the “quorum sensing” characteristic of natural multi-species
films is also inherent in artificially constructed associations, providing them with increased growth and development of
phototrophic partners. So, the number of Fischerella muscicola CB in the monoculture was (4.05+0.69)+10" cells/cm?; under
the conditions of a consortium with other types of CBs, this indicator increased two to four times. Similarly, the values of the
length of the threads changed.

Pa3BuTHe uuanodakTepuii u rpudoB poaa Fusarium B MOHO- U MOJHMKYJIBTYpaxX
Doxuna A.M.Y, Jompauesa JI.H.% Kosuna A.J1.% Cxyzopesa C.I'**3
IBsarckuii rocyapctBenHbli ynusepeuteT, Kupos, Poccus; 2BsaTckas rocyjapcTBeHHaAs CENbCKOXO3HCTBEHHAs aKkaeMusl,
Kupos, Poccus; *Mucturyt 6uonornn GUILL Komu HIT YpO PAH, CrikteiBkap, Poccus

Annomauus. I1oo erusnuem yuanobaxmepuu (L{B) Fischerella muscicola npoucxoouno uneubuposanue pocma F. culmorum,
F. oxysporum u F. poae na 80, 95 u 25% coomeemcmeenno. Hucnennocmos u oauna uumei LB 6 ycrosusx OuonieHox
so3pacmaem 6 2—4 pasa.

Knroueswvte cnosa: yuarnobaxmepuu, anmugysapuosnuiii 3¢pghexm, buonienku

Meuorue uunanobaktepun (I1B) 0065amar0T SPKO BBIPAKEHHONW AHTUMHKPOOHOW AKTHMBHOCTHIO B OTHOIICHUH IATOTCHOB.
Bosnbilioe 3HaUYeHHE MMEET W3YyYCHHE BO3MOMNKHOCTEH IMAaHOOAKTEPUANbHBIX METAOOIUTOB YIHETATh U TOJAABIATH PAa3BUTHE
¢uronaToreHHbix rpubOB p. Fusarium, KoTopble SBISIOTCS OJHMMH W3 CaMbIX 3JI0CTHBIX BO30YyJHUTENleii MHKO30B
CENTbCKOXO3SMCTBEHHBIX W JIEKOPAaTHBHBIX KynbTyp. MHTepec npencrasmstor 1B Fischerella muscicola, nms xoropoii
JI0Ka3aHa TIOBBIIIEHHAs CKOPOCTh POCTa B KyJbType, BBICOKAas aHTAarOHUCTUYECKasi aKTMBHOCTh U CIHOCOOHOCTh K CHHTE3Y
pasHo00pa3HbIX OHOJIOTHUYECKH aKTUBHBIX BemlecTB. B ombitax, mposenennsix ¢ LB Fischerella muscicola, nokasano, uro mog
BIMSIHAEM €€ MeTabOoJMTOB MPOUCXOMIIO HHrHOUpoBanue pocra F. culmorum, F. oxysporum u F. poae ua 80, 95 u 25%
COOTBETCTBEHHO MPU BhIpAI[BAHUM MUKPOMHIIETOB Ha IJIOTHOM MUTATEJIBHOU Cpele.

CnocobHocTh K opmupoBannto 6uoruieHok (bIT) — cocTaBHas 4acTh >KU3HEHHOTO IUKJA OOJNBIIMHCTBA MUKPOOPTAHU3MOB
JUTsl 06JIETYeH s COBMECTHOTO OCBOCHHSI DKOJIOTUUECKHUX HHUIIL.

B Hameii pabote ObUTH M3y4eHBI 0OCOOCHHOCTH (HOPMHUPOBaAHHS LIMAHOOAKTEPHAIBHBIX OMOIUICHOK Ha ocHOBe F. muscicola B
MOHOKYJIBTYpE U B COCTaBe OMHApPHBIX M TPOitHBIX accormarmii ¢ Nostoc muscorum u N. paludosum. Paszsutue ¢umiepemisl B
MOHOKYJIBTYPE CYIIECTBEHHO OTCTAaeT OT OMHApHBIX M TPOMHBIX aCCOIMAIMK KaK 10 YMCICHHOCTH KJIETOK, TaK U 110 JUINHE
MaHOOAKTEPUAJIbHBIX HUTeH. Mepoll MHTEHCHBHOCTH Pa3BUTHs LUAHOOAKTEpHUil B OMOIUICHKAX CIYXWJIAa UX YHUCICHHOCTb
(107 xn./em?) w jumHa Hutel (M/cm?). Jl0Ka3aHO, «4yBCTBO KBOpyMa» (QUOrUM SENsing), xapakTepHOE JJisi MPHPOJIHBIX
MHOTOBH/IOBBIX IUICHOK, MPUCYIIE M HCKYCCTBEHHO CKOHCTPYHPOBaHHBIM acCOLMAlUsIM, OOecrednBas MM aKTHBH3AILUIO
pocta u passutus pororpodubix nmapTHepoB. Tak uuciaenHocts LB Fischerella muscicola B mMorOKynsType cocraBmia
(4,05£0,69)107 k1./cM?, B yCIOBHAX KOHCOpHMYMa ¢ ApyruMu Bunamu LB JaHHBINA MOKa3aTesb MOBHILIAJICS B ABA—YETHIPE
pa3za. AHAJIOTHYHBIM 00pa30M M3MEHSUIUCh 3HAUSHHUS JUTMHBI HUTEH.
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Exopolysaccharides of lactic acid bacteria: applied aspects
Fokina N.A., Uryadova G.T., Karpunina L.V.
Saratov State Agrarian University named after N. I. VVavilov, Saratov, Russia
E-mail: fockina.nadejda@yandex.ru

Key message. Exopolysaccharides Lactococcus lactis B-1662 and, to a greater extent, Streptococcus thermophilus have a
healing effect on burns in rats. The exopolysaccharide Streptococcus thermophilus also has a prebiotic effect in the poultry
body.

Keywords: exopolysaccharides, Lactococcus lactis, Streptococcus thermophilus, rats, broiler chickens

In recent years, due to the increasing use of bacterial polysaccharides in various sectors of the national economy (medicine,
pharmacology, veterinary medicine, etc.), considerable attention has been paid to the study of the effect of these biopolymers
on physiological reactions in animals.

The aim of the work was to study the effect of exopolysaccharides of lactic acid bacteria L. lactis B-1662 and S. thermophilus
on the healing of burns in rats, as well as the effect of S. thermophilus EPS on morphological and microbiological parameters
in poultry. Burn was modeled on female white rats under ether anesthesia in the inter-scapular space [2]. Bacterial EPS were
applied immediately after applying the burn and then until the end of the experiment for 28 days daily. Healing was judged by
measuring the area of overgrowth of wounds. Hubbard cross F-15 egg production broiler chickens were given an oral solution
of S. thermophilus EPS 2 times a week for the first month of life, based on a concentration of 0.06 g per 1 kg of poultry
weight. The body weight of chickens was determined, as well as the total microbial number and the number of lactic acid
bacteria in the excrement [1]. It was shown that in rats treated with EPS L. lactis B-1662 and S. thermophilus, the reduction of
the burn area was observed for 3 and 1 days, respectively, and the final healing of the degree I11A burn occurred by 23 days
with complete restoration of the skin and hair cover, while in the control the recovery process was completed on 28 days. It
was found that the introduction of S. thermophilus F-15 EPS into the feed of Hubbard cross broiler chickens contributed to an
increase in their body weight by 8.2% by two months of age and an increase in lactic acid bacteria after 4 months of poultry
growth by 4.2 times compared to the control.

Thus, the ability of L. lactis b-1662 and S. thermophilus EPS to heal wounds of animals (rats) and increase the body weight of
chickens and lactic acid bacteria in their future can be used in medicine and veterinary medicine, agriculture.

IK30M01UCAXAPUIBLI MOJTOYHOKHCIBIX O0AKTEPUIl: IPUKJIAJHbIE ACIIEKThI
@okuna H.A., Ypaoosa I''T., Kapnynuna J1.B.
OI'BOY BO «CapaToBckuil rocy1apcTBeHHBIN arpapHblil yHuBepcuTeT uMenu H.M. Basunosa, Caparos, Poccus

Annomayus. Oxzononucaxapuowr Lactococcus lactis B-1662 u Streptococcus thermophilus o6radaiom sascusnsiowum
aphekmom ¢ omHowleHuu 0340208 y Kpwic. Ikzonoaucaxapud Streptococcus thermophilus oxaszwisaem npebuomuueckoe
delicmaue 6 opaanuzme NIMUYbI.

Knrouesvie cnosa: sxzononucaxapuowt, Lactococcus lactis, Streptococcus thermophilus, xpuicel, ywinisma-opotinepwr

B mocrnennue romsl B CBA3M C Bce OONBIIMM TPHUMEHEHHWEM OaKTEepHaNbHBIX IOJMCAXapUa0B B Pa3IMYHBIX OTPACISLX
HApOJHOro XO03siiicTBa (MeauiuHe, (apMaKoJOTHH, BETEPUHAPUU W JIp.) 3HAUMTEIbHOE BHUMAHHUE YAEIAETCS H3Y4YECHHIO
BJIMSIHHS O TUX OMOIOIMMEPOB Ha (DU3HOJIOTUUECKHE PEAKIIMU B OPraHU3ME KHBOTHBIX.

Lenpto paboOThI SABISUIOCH HM3yuYeHHE JCHCTBUS HK30MOJIHCAXAPUAOB MOJOYHOKMCIBbIX Oakrtepuii L. lactis B-1662 u S.
thermophilus Ha 3axuBneHue oxoroB y kpbic, a Takxke BiusaHue OIIC S. thermophilus na wmopdonoruueckue wu
MHUKpPOOHOJIOTHYECKHE TI0Ka3aTean y NTHIBL. OXOTr MOJENMPOBAIN Ha CaMKax OeNbIX KpBIC 10X 3(PUPHBIM HApKO30M Ha
MeXxonaToyHoM npoctpaHcTse [2]. bakrepuansabie DIIC HaHOCHIM Cpa3y K€ MOCHe HAaHECEHMs OXora W jJajiee J0 KOHLa
9KCTIepUMeHTa B TedeHue 28 cyTok exenHeBHO. O 3a)XMBICHHM CYAWIN ITyT€M H3MEpPEHMs IUIOIAAW 3apacTaHusl paH.
Ipiisitam - Opoitiepam kpocca Xabbapny M3A ®-15 suvHOM NpPOAYyKTHBHOCTH MepopaibHO BBOamWImM pactBop JIIC S.
thermophilus 2 pasa B Helel0 B TeUeHHE MEPBOTO MECSIA KU3HH, UCXOs U3 KOHIeHTparuu 0,06 T Ha 1 KT MacChl MTHIIBL.
Omnpenensuin Maccy Tena UBIUIAT, a TakKe, B 9KCKPEMEHTaX, 00llee MHUKPOOHOE YHCIIO M KOJMYECTBO MOJIOYHOKHCIIBIX
6aktepuii [1]. Bbuto mokaszano, uto y kpbic, edensix DIIC L. lactis B-1662 u S. thermophilus cokpamenne miomniaan oxora
Habronamm y>xe Ha 3 ¥ 1 CyTKH COOTBETCTBEHHO, & OKOHUYAaTeJIbHOE 3aXHBJIeHHE oxora crenenn llla Hactymano k 23 cytkam
C TIOJIHBIM BOCCTaHOBJICHHEM KOXKHO-IIEPCTHOTO MOKPOBA, B TO BPEMsI KaK B KOHTPOJIE TIPOLIECC BOCCTAHOBJICHHS 3aBEPLIMIICS
Ha 28 cyTkH. YCTaHOBIICHO, YTO BBEJICHHE B KOPM LBILIAT-OpoiiiepoB kpocca Xabbapn MU3A @-15 BIIC S. thermophilus
CHOCOOCTBOBAJIO YBEIMUYCHHIO WX MAacchl Tesla K JBYXMECSYHOMY Bo3pacTy Ha 8,2% W TOBBIIICHUIO MOJIOYHOKHCIIBIX
GakTepuii uepes 4 MecsIa pocta NTHLB B 4,2 pa3a 110 CPaBHEHHIO C KOHTPOJIEM.

Takum obpaszom, ciocoorocTs JIIC L. lactis B-1662 u S. thermophilus k 3axuBieHnI0 paH )XMBOTHBIX (KPBIC) U YBEIHMYCHHIO
Macchl Tejla UBIIIAT W MOJIOYHOKUCIBIX OakTepuil y HUX B MNEPCIEKTHBE MOXET HAWTH NpPUMEHEHHE B MEIMIMHE U
BETEPHHAPHH, CEITbCKOM XO3SIHCTBE.

1. Jlabunckas, A.C. MuxpoOuonorus ¢ TeXHHKOW MHKpoOnonormueckux wucciemoBannii / A.C. JlabuHckas. — M.:
Menununa, 1978. — 394 c.

2. Tlonomaps H.C. BnusiHue npenapaTa HOHU3UPOBAHHOTO cepedpa Ha perapaTHBHYIO pPereHepaluio KOXKH H MOJUIeKaIInX
TKaHel TMpU MOJEIUPOBAHUN TEPMHUYECKUX U XUMHU4eckux oxoroB y kpbic / H.C. [Tonomaps // buomennimna. — 2012. —
Nel. - C. 143 -148.
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Industrial cultivation of entomopathogenic fungus Beauveria bassiana strain Dar
Frank Y.4.12, Antsiferov D.V., Glukhova L.B.1?, Ivasenko D.4.%, Ivasenko D.4.12
1L LC «Darwin», Tomsk, Russia; 2Laboratory of Industrial Microbiology, Biological Institute, Tomsk State University,
Tomsk, Russia
E-mail: bio.darwin@mail.com

Key message. The work is focused on the selection of an appropriate substrate for solid-state fermentation using B. bassiana
with the aim of a biopesticide production. The highest number of conidia was yielded during cultivation on polished rice
moistened with water in a ratio of 1:1.5 and 1:2.

Keywords: Beauveria bassiana, solid-state fermentation, conidia, substrate, moisture content

Entomopathogenic fungus Beauveria bassiana (Balsamo) Vuillemin is used worldwide for production of biological
preparations for control of agricultural and forest insect pests (Faria and Wraight, 2007). Solid-state fermentation with conidia
as a terminal product has several advantages compared to blastospores production by submerged liquid fermentation (Pham et
al., 2010). In this regard, the development of technology for solid-state cultivation of B. bassiana is required.

The aim of the work was to select a substrate for solid-state fermentation using an industrial entomopathogenic strain B.
bassiana Dar (VKM F-4851D). The following preliminary steamed substrates were tested in the experiment: (1) wheat seeds,
(2) polished rice, (3) soybean seeds, (4) and (5) whole and chopped peas, (6) rapeseed meal. The moisture content of the
substrate varied — the ratio substrate and water ranged from 1:0.5 to 1:2. The productivity of B. bassiana Dar was determined
microscopically by the number of conidia in the prepared water swabs (the volume of water relative to the weight of the dry
substrate 5: 1).

After 21 days of cultivation at 26 °C, the highest amount of aerial conidia was produced on steamed polished rice at the
maximum moisture content (1:1.5 and 1:2). The number of conidia in these variants did not statistically differ and amounted
t0 6.2-107 and 6.8-107 per 1 ml, correspondingly. The highest number of conidia after cultivation of the fungus on rapeseed
meal and on peas did not exceed 2.5-107 and 6.3-108/ ml with a water content of 1:1.5 and 1:1, respectively. The results of the
B. bassiana Dar cultivation on wheat seeds and soybean seeds did not meet the criteria for industrial cultivation.

Thus, steamed polished rice serves as an optimal substrate for solid-state fermentation using B. bassiana Dar. To ensure
productivity, substrate moisture is important.

IIpomblnieHHOE KYJILTHBHPOBAaHHE YHTOMONATOreHHOro rpuda Beauveria bassiana mrramm Dar
Dpank FO.A.1?, Anyugpepos [.B.Y, Inyxosa JI.5.*?, Hsacenxo JI.A.%, Hsacenxo JI.A.>?
'O61ecTBo ¢ OrpaHMYEHHOM OTBETCTBEHHOCTHIO «JlapBun», ToMck, Poccus; 2JIaGopaTopus NpoMBIILIEHHOH
MuKpobuonorun, bromornaeckuit uHCTHTYT, TOMCKII TOCYIapCTBEHHBIH YHUBEPCHTET, ToMCK, Poccus

Annomayus. Paboma noceswena noobopy cybempama 0ns meepoogasnozo Kynvmusuposanus B. bassiana ¢ yeavio
npousgoocmea buonpenapama. MakcumanivHas npooOyKyusi KOHUOUN ommedeHd Npu KyIbMUGUpOSAHUU Ha WAUDOEAHHOM
puce ¢ dobasnenuem 600vl 6 coomunoutenuy 1:1.5u 1:2.

Knrouesvie cnosa: Beauveria bassiana, meepoogpasnoe xyromusuposanue, Konuouu, cyocmpam, 8AaxicHoCb

DuTomornatorenHsiii rpud Beauveria bassiana (Balsamo) Vuillemin wucmone3yioT BO BceM MHpe TpPH MPOM3BOACTBE
OuornecTUIMIOB Asi 6OpbOBI € CENbCKOXO3IHCTBEHHBIMU BpeauTelsiMu U Bpeautensmu sieca (Faria and Wraight, 2007).
TeepnodasHoe KynbTHBHpOBaHNE Iprba ¢ MOJyYEHHEM KOHHJIUH KaK KOHEYHOTO MPOIYKTa UMECT PAI MPEHMYIIECTB Iepes
rIyOMHHBIM KyJIbTUBUPOBaHHEeM ¢ nonyudenuem Omactocnop (Pham et al., 2010). B cBs3u ¢ aTuM akTyaibHa pa3paboTka
TEXHOJIOTUH TBepAO(a3HOTro Ky IbTUBHpOBaHHs B. bassiana.

Llens paboTsl cocTosia B moabope cydcrpara Juid TBepao(da3HOTO KyJIbTHBUPOBAHHS MPOMBIIIIIEHHOIO SHTOMOIIATOT €HHOTO
mramma B. bassiana Dar (BKM F-4851D). B »kcrnepuMeHTe TECTUPOBAIM CJAEAYIOIIME CYyOCTpaThl, IPOIIEIIINE
CTEPUITH3AIMIO HACBIICHHBIM TapoM: (1) cemena mienunsl, (2) nutudosanusiii puc, (3) cemena cou, (4) u (5) nenbHbIA 1
KOJIOTBI TOpoX, (6) mipoT pamca. BmaxHocTs cyOcTpaTa BapbHpOBaiia, COOTHOIIEHHWE CyOCTpata W BOJBI COCTaBISUIO B
pasubix Bapuantax oT 1:0.5 mo 1:2. TlpoaykrtuBHocTh B. bassiana Dar ompenensii MUKPOCKOITUYECKH IO KOJHUYECTBY
KOHUJIMI B IPUTOTOBIICHHBIX CMBIBaX (00HEM BOJIBI IO OTHOIIEHHIO K BeCcy Cyxoro cybcrpara 5:1).

IMocne 21 cyTtok kynsTHBUpOBaHus 1pu 26 °C HanOosbIast TPOAYKTHBHOCTH mTaMMa Dar ormedena Ha nutidoBaHHOM puce
B BapHaHTaX MaKCHUMaJbHOW BnaxkHocTH cybcrpaTta (1:1.5 u 1:2). KonnuecTBO KOHWAWIA B CMBIBaX B JIAHHBIX BapUaHTax
CTATUCTUYECKUM HE OTIMYANoch M cocraBuwio 6.2-107 u 6.8:107 ma 1 M, COOTBETCTBEHHO. MaKcHUMalbHOE KOJIUYECTBO
KOHMJMH B CMBIBAaxX IIPH KyJHTHBUPOBAHWM Tpuba Ha NIPOTE parca W Ha Topoxe He mpesbimano 2.5-107 u 6.3-10%/mn npu
conepxkannu Bozbl 1:1.5 n 1:1, coorBeTcTBEeHHO. Pe3ynbpTaThl KyJIbTHBHPOBAHMS MPOYIIEHTa HA CEMEHAX IMIIEHHUIbI U COU He
Y/IOBIIETBOPSUTH KPUTEPHUSM ITPOMBIIUICHHOTO KYJIbTHBHPOBAHMS.

Takum 00pa3om, HUTHM(OBAHHBIN PUC CIYKHUT ONTUMANBHBIM CYOCTpaTOM /Ul TBepaoGha3Horo KyipTuBupoBanus B. bassiana
Dar. lns obecniedeHust MpOyKTUBHOCTH BaXKHa BJIAYXKHOCTh CyOcTpara.

1. Faria M.R., Wraight S.P. (2007). Mycoinsecticides and mycoacaricides: A comprehensive list with worldwide coverage
and international classification of formulation types. Biological Control, 43, 237-256.

2. Pham T.A., Kim J.J., Kim, K. (2010) Optimization of solid-state fermentation for improved conidia production of
Beauveria bassiana as a mycoinsecticide. Mycobiology, 38, 137-143.
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Physiological properties of extracts from plants subjected to cold stress
Furs O.V., Zakharchenko N.S., Dyachenko O.V., Buryanov Ya.l., Shchevchuk T.V.
Pushchino Branch, Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Pushchino,
Russia
E-mail: znata_2008@mail.ru

Key message. The biological activity of extracts from aloe and kalanchoe plants subjected to cold stress increases compared
to extracts not subjected to cold stress.

Keywords: biological activity, extracts, low positive temperature, aloe, kalanchoe

The development of effective plant regeneration methods is an important area of modern biotechnology. Among the promising
objects for biotechnology are kalanchoe (Kalanchoe pinnata) and aloe (Aloe arborescens) plants. Kalanchoe and aloe drugs
with a wide range of biological activity are appreciated by modern medicine. Complex compounds contained in water extracts
kalanchoe and aloe has a stimulating effect on the regeneration of animal tissue.

The aim of our work was to study the effect of kalanchoe and aloe extracts on the regeneration and calli-formation of
kalanchoe plants, rapeseed (Brassica napus), tomatoes (Lucopersicon esculentum Mill.), ice plant (Mesembryanthemum
crystallinum). The extract preparation included the following procedures: 1) leaves were washed with water and dried; 2) the
leaves were incubated in the dark for 7 days at 4°C and then crushed in a laboratory blender; 3) the obtained mass was
centrifugeed at 4°C, precipitate was removed; 4) the supernatant was heated in a water bath for 2 h at 70°C to inactivate
endogenous peptidases; (5) finally, the extract was sterilized using Millipore TYPE HAWP membrane filters.

The resulting extract was added to the MS nutrient medium in the amount of 1 ml per 100 ml of medium. Hormones were
used for plant regeneration: for rapeseed 6-benzylaminopurin (BAP) 4 mg/L, naphthaleneacetic acid (NAA) — 2 mg/L,
abscisic acid (ABA) — 3 mg/l; for kalanchoe - BAP 1 mg/L, NAA — 0.1 mg/L; for tomato — 1 mg/l kinethin, 1 mg/l indole-3-
acetic acid (IAA); for the calli formation of ice plant — 0.2 mg/I of kinetin, 1 mg/l 2.4 dichlorophenoxyacetic acid (2.4D).

It was shown that the regeneration of kalanchoe on the medium with the addition of the described extracts was increased by 8-
10 times compared to control 1 (treated without extract) and 3-4 times compared to control 2 (treated with extract without cold
treatment); rapeseed regeneration increased 4-5 times and 2-3 times respectively; inducted rhizogenesis and calli-formation of
tomatoes 5-6 and 2-3 times; rhizogenesis and root formation of ice plant 3 and 2 times. These data show the stimulating effect
of aloe and kalanchoe extracts on regeneration and induction of plant rhizogenesis.

The study was supported by the grants RFFI Ne 19.08.00375, Ne 18-08-00752, Ne 19-08-00299

Du3n0JI0THYeCKUE CBOCTBA IKCTPAKTOB U3 PACTEHMIA, MOJBEPIrHYTHIX X0J010BOMY CTPecCy
@ypc O.B., 3axapuenxo H.C., [[vsiuenxo O.B., Bypvanos A.H., [llesuyk T.B.
Oumnan DeaepallbHOTO TOCYIaPCTBEHHOTO OFOKETHOTO yUpexaeHUs Haykn VHCTHTyTa OMOOpTaHMIECKON XUMIH M.
akagemukoB M.M. lllemsikuna u }0.A. OBunnnukoBa PAH, ITynmno, Poccus

Annomauyusn. buonocuueckas akmugHoCmeb SKCMPAKMO8 U3 PACMEHUIl Al03 U KATAHX03, NOOBEPSHYMBIX X0A00080MY
cmpeccy, y8enuyusaemcs o CPABHEHUIO ¢ IKCMPAKMAMU He NOOBEPSHYMbIX X0L00080MY CIPECC).

Knroueswvie cnosa: buonocuueckas akmugHOCmMb, IKCMPAKMbL, HU3KAA NOJIOHCUMENbHAS MeMnepamypa, anod, KaiaHxod
Pa3zpaboTtka 3¢ (EeKTUBHBIX METOJIOB PEreHepaIny PaCTEHUH SBISETCS aKTyaJlbHOU 00JIACTHIO COBPEMEHHONW OMOTEXHOJIOTHH.
Cpenn TepCIeKTHBHBIX sl GHOTEXHOIOTHH 0OBEKTOB MPHBICKAIOT BHUMaHUE pacTeHus kamanxod (Kalanchoe pinnata) u
anos (Aloe arborescens). IlpemapaThl KajgaHX0d M ajod C LIMPOKHAM CIIEKTPOM OHOJOTHYECKONH AKTMBHOCTH HAaXOIST
NpUMeHeHre B MeauiuHe. KoMIuieke coeJuHeHNH, CoJlepKaInXCsl B BOJHBIX 3KCTPaKTax (COKe) KaJlaHX0d M a0’ OKa3bIBaeT
CTUMYJIUPYIOIIEE IeiCTBUE HA pET€HEpaIMIO TKaHEH KUBOTHBIX.

Lenbto Hamiel paboOTHI OBLIO MCCIIENOBAHUE BIMSHUSA SKCTPAKTOB KaIaHX0d U al0d Ha pereHepaIuio U KaurycooOpa3oBaHue
pactenuii kamanxod, parmca (Brassica napus), tomartoB (Lucopersicon esculentum Mill.), xpycrangpHOW TpaBKH
(Mesembryanthemum crystallinum). Metox BblaeneHus 3KCTpakTa BKJIIOYAET CICAYIOIIHE JTambl: 1) Cpe3aHHbIE JHCTHS
KJIAHX03 WIK alo3 NpPOMbIBAIM BOAOH M IOACYIIMBANM; 2) JIMCThS BblAepKHBalId 7 cyTok B TemHoTe npu 4°C u 3aTem
pasmenbyanu B naGopaTopHOoM OleHzepe; 3) MooydeHHYI0 Maccy LeHtpudyruposanu npu 4°C, ocajgok ynansmu; 4)
CyIlepHaTaHT Iporpesany B TepMoctate npu 70°C 2 yaca; 5) SKCTPAKT CTEPHIIM30BAIH C IIOMOIIbIO MEMOPAHHBIX (UILTPOB
Millipore TYPE HAWP. TTony4eHHbI# 5KCTpakT A00aBiIsM B uTatenibHyto cpeay MC B konuuecte 1 mut Ha 100 Mt cpessl.
Jlyist pereHepaly pacTeHUi UCIIOIb30BAIN FOPMOHBL: JuIs parca — 6-6enzunamunonypus (BAII) - 4 mr/n, HadTHIyKCyCHas
kucnora (HYK) — 2 mr/n, abenmzosas kucnora (ABK) — 3 mr/m; nns xananxod - BAIT 1 mr/n, HYK — 0,1 mr/m; mist tomata — 1
Mr/n kuHetwH, | Mr/n unpomwitykcycHas kuciota (MYK);, mis kammycooOpasoBaHusl XpycTambHOW TpaBku — 0.2 Mr/m
KWHETHHA, | Mr/n quxnopheHOKCHYKCYCHON KUCIOTHI (2.4/1).

B pesynbrare TpoBeAEHHBIX HCCIEAOBaHME OBUIO TOKa3aHO, YTO pereHepanysi KajJaHXod Ha cpeae ¢ jgo0aBlieHHEM
OIMCaHHBIX IKCTPAKTOB yBeJaMuMBajiach B 8-10 pa3 mo cpaBHeHHIO ¢ KOHTpojeM | (cpenma Oe3 skcrpakra) U B 3-4 pasa 1o
CPaBHEHHIO ¢ KOHTpoJieM 2 (cpelia ¢ IKCTPaKTOM 0e3 X0JI0/I0Boi 00paboTKM); pereHepanys parca yBeJnuuBaiachk B 4-5 pa3 u
B 2-3 pa3a COOTBETCTBEHHO; MHIYKIMsS PH30T€He3a M KallycooOpa3oBaHME TOMaroB B 5-6 u 2-3 pasa; pu3oreHes H
KOpHeoOpa3oBaHWE XPYCTaJIbHON TpaBKM B 3 W 2 pa3a. DTH JaHHBIC CBHICTECIBCTBYIOT O CTHMYIHUPYIOIIEM 3(pQeKTe
HKCTPAKTOB AJIO3 M KAJIAHX03 HA PETEHEPAIMIO M HHIYKIUIO PH30TeHe3a pacTeHU.

Pabora BbInosiHeHa pu nojaepkke rpanToB PODU Ne 19.08.00375, Ne 18-08-00752, Ne 19-08-00299.
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Microbiological quality of grain cultivated in the North Caucasus region

Gagkaeva T.Yu.%, Gavrilova O.P.%, Orina A.S.%, Burkin A.A.2, Khusaynov Kh.A 2
All-Russian Institute of Plant Protection (VI1ZR), St. Petersburg, Russia; 2All-Russian Research Institute for Veterinary

Sanitation, Hygiene and Ecology, Moscow, Russia; 3Chechen Research Institute of Agriculture, Grozny,
Gikalo village, Russia
E-mail: t.gagkaeva@mail.ru

Key message. The wheat and barley grain harvested in North Caucasus in 2019 were mostly infected by Alternaria (to 93%)
and Fusarium (to 14%) fungi. The risk of contamination of grain with mycotoxins was shown.
Keywords: fungi, Alternaria, Fusarium, DNA, mycotoxins

Widespread groups of Alternaria and Fusarium fungi contaminate grain and other crops. Alternaria fungi are usually not
causing apparent harm to host, but some Alternaria species can produce mycotoxins, among which alternariol (AOH) is
widely present in agricultural products. The most important mycotoxins in cereals are deoxynivalenol (DON), T-2 toxin and
zearalenone (ZEA) produced by Fusarium fungi. The mycotoxin production of fungi depends on climatic and geographical
factors. The influence of natural environmental conditions in some areas of North Caucasus region on the fungal infection and
contamination with mycotoxins of cereals is poorly studied.

The aim of study was to evaluate the microbiological quality and to examine amounts of the mycotoxins in grain grown in the
North Caucasus region.

Total twenty wheat and three barley grain samples harvested in 2019 were analyzed. They were originated from Chechen
Republic (n=19), Republic of Ingushetia (n=3) and Republic of Dagestan (n=1). This territory is characterized by diverse
ecosystems and, according to this, 8 samples in the dry steppe, 5 in the steppe, 8 in the forest steppe and two in the mountain
forest were cultivated.

The percentage of infected grains was evaluated by mycological method. The DNA content of the group of Fusarium species
producing trichothecene mycotoxins (Tri-Fusarium) and the DNA content of the Alternaria section Alternaria fungi was
determined using quantitative PCR. The amount of mycotoxins in the grain were analysed by the certified test-systems for the
ELISA according to the protocol of manufacturer (VNIIVSGE, Russia).

Alternaria and Fusarium fungi were the most abundant genera in the mycobiota associated with grain. The infection grain by
Alternaria species varied in the range of 55-93%. The proportion of the species section Alternaria (94%) prevailed over
section Infectoriae (6%). The maximum Fusarium infection of the grain reached to 14% in wheat from the dry steppe zone.
Arid conditions of the growing season 2019 resulted in lower infection with F. graminearum, which is typical pathogen in the
North Caucasus region. This species was identified in 30% of samples with a range of infection of 1-6%. The main importance
of observation of the study was identification of F. langsethiae, which is strong producer of T-2 toxin, in 13% of grain
samples grown in the Chechen Republic, where this species was not previously described. The other producer of this
mycotoxin — F. sporotrichioides was revealed in 22% samples.

DNA of Alternaria fungi was detected in all grain samples in the range of 4.3x1073-7.5x10"2% of the total DNA without any
differences in the amounts between the ecosystems. DNA of Tri-Fusarium fungi were detected in 7 samples, the amounts of
fungal biomass ranged from 3.1x107 to 2.9x102% of the total DNA.

Mycotoxin AOH was detected in 65% of samples in the amounts of 11-675 ppb. Among the analysed samples only the grain
originated from the steppe and dry steppe zones was free from AOH. DON was detected in one wheat grain sample from the
forest-steppe in the amount of 40 ppb. ZEN was found in three wheat samples from the steppe and forest-steppe zones, in
amounts 10-40 ppb. The occurrence of T-2 toxin was revealed in 26% of the samples. The contamination by this mycotoxin
varied from 7 to 650 ppb. The maximum of T-2 toxin was detected in barley grain from the dry steppe zone, and it exceeded
the permitted level for this mycotoxin in Russia in 6.5 times.

Positive correlations of the percentage of infected grains with Alternaria fungi with the amount of DNA of Alternaria section
Alternaria (r=0.47, p<0.05) as well as with content of AOH (r=0.46, p<0.05) were established. Also, the positive correlation
between the amount of Tri-Fusarium DNA and both DON and ZEN amounts (r=0.88 and r=0.79, p<0.05) was revealed.
Moreover, the positive correlation between the amounts of these two mycotoxins and the infection of grain with F.
graminearum that producer of DON and ZEN (r=0.64 and r=0.56, p<0.05) was found. A relationship between occurrence of
Fusarium species producing T-2 toxin and amounts of this mycotoxin in grain was not detected.

This study has shown that even in a dry growing season there is a risk that grain may become contaminated with mycotoxins,
in particular toxins of Alternaria and Fusarium species, which do not require high humidity. At the same time, the presence of
pathogenic F. graminearum in the grain suggests, that in growing seasons with sufficient moisture, a contamination of grain
by DON and ZEN can be significantly above the maximum permitted levels of these mycotoxins.

The study was supported by the Russian Science Foundation (project no. 19-76-30005).
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SSR analysis of pea (Pisum sativum L.) cultivars and lines
Gainullina K.P.

Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia; Bashkir Research Institute of Agriculture — Subdivision of the Ufa Federal Research Centre of the Russian
Academy of Sciences, Ufa, Russia
E-mail: karina28021985@yandex.ru

Key message. The analysis of molecular genetic diversity of pea cultivars by microsatellites was conducted. A high level of
polymorphism of SSR loci which allows using them for identification of the studied cultivars and lines was revealed

Keywords: pea, cultivar, microsatellite markers, genetic polymorphism

The study of genetic polymorphism of cultivars and lines of pea (Pisum sativum L.) from the world VIR genetic resources
gene bank is an important task of modern science and the basis for the preservation of the gene pool of this valuable high-
protein agricultural crop. Microsatellite markers that are characterized by high level of polymorphism, wide genomic
distribution, and co-dominant inheritance have been used successfully to study genetic diversity. So, the aim of research was
to study of molecular genetic polymorphism of microsatellite loci of pea in conditions of the pre-Ural steppe of the Republic
of Bashkortostan. Molecular genetic study of 40 pea cultivar samples of different ecological and geographical origin was
carried out by using PCR with 7 microsatellite markers, obtained from the genomic library of microsatellites (Agrogene®,
France). Pea seeds were sprouted in Petri dishes. DNA was isolated from 5-7 days-old seedlings using the kit «Genomic DNA
Purification Kit» («Thermo Fisher Scientific», Lithuania). Amplification products were separated in 10% polyacrylamide gel.
All microsatellites used in the work gave good electrophoretic profiles. It was amplified a number of alleles per locus varying
from 2 (AB53) to 9 (AD355). Total number of alleles was 36 and an average number of alleles per locus was 5.1. The
polymorphism information content (PIC) varied from 0.43 for locus AA255 to 0.82 for locus AA355, with an average value of
0.63. The set of SSR-markers used in the work allowed separating each of studied pea genotypes. Genetic distances computed
have been used to draw dendrogram showing the distribution of genotypes according to their genetic relationship. The
genotypes combined in common clusters shared similar origin, morphological and economically valuable traits. In general, the
obtained results suggest that microsatellite markers are an effective tool for identification of genotypes and assessment of
genetic diversity in pea.

SSR-ananu3 copros u auHuii ropoxa nmocesHoro (Pisum sativum L.)
Tavmynnuna K.11.

WHeTuTyT OMOXMMHUM M TEHETHKN — 000CO0IEHHOE CTPYKTYpHOE NozpasaesneHre denepansbHoro rocyapcTBEHHOTO
OI0/DKETHOTO HAYYHOTO YUPEXKICHUS Y PUMCKOTO (peZiepaabHOro NCCIEA0BaTEILCKOT0 IeHTpa Poccuiickoii akaqeMn HayK,
VYa, Poccust; bamkupckuii HayYHO-HCCIEI0BATENBCKUI HHCTUTYT CENTBCKOTO X035HiCTBA — 000COOIEHHOE CTPYKTYPHOE
noapaszaenenue deneparbHOro rocyAapCTBEHHOTO OI0XKETHOTO HAYYHOT0 yupexeHus Y GpuMckoro denepaabHOro
uccie0Barenbekoro ueHTpa Poccuiickoii akanemuu Hayk, Y ¢a, Poccus

Annomayusa. Ilposeden ananus MoneKyIsAPHO-2EHEMUUECKO20 PA3HO00Pa3us cOpmoobpazyoe 2opoxa no MUKpoCameiIumam.
Buisignen svicoxuil ypogenv noaumopgusma SSR-10xycos, nosgonarowuti ucnons306amy ux 018 UOeHMUQUKAyuU u3yyeHHvIx
COPMOS U TUHUI.

Knrouegvie cnosa: 2opox, copm, MUKpOCAMeNIUMHble MAPKEPbl, CeHEMULeCKUll NOAUMOPPUIM

M3yveHne reHeTHYeckoro moauMopdusMa COpToB M JIMHUI ropoxa moceBHoro (Pisum sativum L.) u3 MUpOBOW KOJIEKIHS
reHeTndeckux pecypcoB BUP sBisiercst BakHOH 3a7adell COBPEMEHHOM HayKH M JISKUT B OCHOBE COXPaHEHHS reHO(OHIa
9TOM LIEHHON BBHICOKOOEIIKOBOM CETbCKOXO3SIMCTBEHHON KyNbTYpbl. JlJIsl n3ydeHus] TeHeTHIECKOTO PasHoO0Opasus ¢ ycrnexom
NPUMEHSIOTCS ~ MHUKPOCATEJUINTHBIE ~ MapKepbl, OTJIMYAIOIIMECS BBICOKMM YPOBHEM moJIuMopdusMa, IIHPOKHM
pacrpocTpaHeHHeM B FeHOMax W KOJAOMHMHAHTHBIM THIIOM HacienoBaHus. Llenbio paboThl ObUIO M3yudeHHE MOJIEKYJISIPHO-
TEHETUYECKOTro MOJMMOp(hH3Ma MHKPOCATEIUIMTHBIX JIOKYCOB KOJUIEKI[HOHHOTO MaTrepHaja ropoxa MOCEBHOI'O B YCIOBHSIX
[Ipenypansckoii ctenHOM 30HB Pecniy6nnkn bamkoproctan. MonekymsipHo-TeHeTHYecKui ananu3 40 coprooOpas3mnoB ropoxa
[MOCEBHOTO PAa3JIMYHOIO DKOJOr0-Treorpaguyeckoro MpOMCXOXKACHUS npoBoawin meromoMm IIIIP ¢ wucmoms3oBaHueM 7
MHUKpPOCATEJUIUTHBIX MapKepoOB W3 TE€HOMHOW OuMOIMoTeKkn MuKpocareuutoB (Agrogene®, @panmus). CemeHa ropoxa
npopammBany Ha yamkax Iletpu. JTHK Beigensiim m3 5-7 AHEBHBIX MPOPOCTKOB ¢ MmoMOIIsi0 Habopa «Genomic DNA
Purification Kit» («Thermo Fisher Scientificy, Jlursa). Ilpoayktsl ammuindukanuu pasneisuim B 10% moauakpuiaMUIHOM
rexe. Bce wucronb3oBaHHble B paboTe MHKpOCATEIUIMTHI JaBallkl deTkue anekTpodoperndeckre npodumu. Ywucno
aMITTM(UIMPOBAHHBIX ajUleliel Ha JIoKyc BapbupoBaio oT 2 (AB53) 1o 9 (AD355). B o0meit cioxxHOCTH OBUIO BBISIBICHO 36
anenei, B cpeqHeM 5,1 amteneit Ha nokyc. MHaeke noimmopdusma BapsupoBai ot 0,43 s nokyca AA255 no 0,82 mis
nmokyca AA355, B cpennem coctaBisis 0,63. COBOKYIHOCTb HCIIONB30BAaHHBIX B pabore SSR-mapkepoB mo3BoJMIiIa
OJTHO3HAYHO MJICHTU(QHUIUPOBATH KaXKAbI U3 U3YUEHHBIX T€HOTHIIOB ropoXa. BrluncieHHble TeHeTHYeCKrne paccToSHUS ObLN
MCIIONIb30BaHbI Uil COCTAaBJICHHsS JIEHIPOTPaMMBbI, JEMOHCTPHUPYIOIEH pacrpe/elieHe TeHOTUIIOB B COOTBETCTBHHM C HX
TeHeTHYeCKON Onn30cThio. [ eHOTHIIBI, 00bEMHEHHBIE B OOIINE KIACTEPhI, ObUIN CXO0XKH 1O MPOUCXOMKACHHIO U HEKOTOPBIM
MOP(OIOTHYECKUM U XO35HCTBEHHO-IIEHHBIM NPHU3HAKaM. B IeJI0M MoJiydeHHbIe pe3ysbTaThl CBHIETENBCTBYIOT O TOM, YTO
MHUKpPOCATEJUTUTHBIE MapKepbl SBISIOTCS J((GEKTUBHBIM HHCTPYMEHTOM ISl MJICHTU(QHKAIMK T'CHOTUIIOB M OLCHKH
TeHETHYECKOTO Pa3HOOOPa3ns Topoxa IMOCEBHOTO.
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Application of biotechnology methods for mass propagation of garden plants
Galdina T.E.
Voronezh State Forestry University named after G.F. Morozov ", Voronezh, Russia
E-mail: tatyana_galdina@mail.ru

Key message. The use of biotechnological methods for the rapid propagation of plants is currently acquiring the greatest
importance in gardening. The article presents the results of micro propagation of roses.

Keywords: groundcover roses, micropropagation, in vitro, survival rate, adaptation

In modern conditions of the steadily increasing anthropogenic load on the natural environment and abrupt climate changes, it
becomes urgent to develop new approaches to solving the problems of obtaining high-quality planting material for
landscaping urban areas.

The purpose of our work was to study the features of the use of micro propagation for the multiplying of The Pilgrim,
Comtesse Du Barry, Ashram, Cherry Brandy, Wedding Piano roses, which are popular in gardening.

The material for micropropagation was provided by OOO Gagarinsky Selection and Production Center. In the course of the
work done, 534 explants of five groups of roses were planted on nutrient media.

During the work, an active release of phenolic compounds was observed, which inhibit the growth and development of the
plant. With regard to infection, only slightly more than half of the introduced explants isolated internal infection on nutrient
medium during the first days of cultivation. Greater infection manifested itself at the stage of kidney development.

Cultivation on solid nutrient medium with an antibiotic for 3 days gave a small positive result. In 25% of these explants, the
infection disappeared. True, there was a change in the color of the medium from pink to brick color.

The onset of kidney development was observed on days 5-7 of explants cultivation. At this stage, a technology has been
developed that made it possible to reduce the likelihood of yellowing of leaves and their litter.

To maintain and multiply roses, as well as for root formation in a test-tube culture, the optimal composition of the medium
was experimentally determined, which gave the best result. At the adaptation stage, humus and vermiculite were the most
important components of the soil mixture. The high content of phosphorus and potassium in the soil has a beneficial effect on
increasing the adaptive ability of microplants.

As a result of the experimental work with roses, it was found that the success of micropropagation depends on a number of
factors, the observance of which makes it possible to achieve mass replication of widely used varieties. However, the use of
micropropagation methods in nurseries requires high-quality specialists, which will make it possible to widely apply
biotechnology methods in nurseries.

IIpumeHenne MeTO10B OMOTEXHOJIOIMH /15 MACCOBOI0 Pa3MHOKEHUS JeKOPATUBHBIX pacTeHHil
Tanouna T.E.
®I'bOY BO «Boponexckuil rocyjapcTBeHHBbIH tecoTexHuueckuil ynusepcuret um. I'.d. Mopo3sosa», Boponex, Poccus

Annomayusn. I[lpumenenue memooos OUOMEXHONIO2UU ON MACCOBO20 PASMHOJICEHUS PACHMEHUli 8 Hacmoswee epems npuobpemaem
Haubobluee 3HaueHue 8 0eKOpamueHoM pacmenuesoocmee. B cmamove npugsedensi pesynomanivi MUKPOKIOHATLHO20 PAZMHONICEHUS. PO3.
Knroueswie cnosa: nougonokposHvie po3vl, MUKPOKIOHUpOganue, iN VItro, npuscusaemocms, adanmayus

B coBpeMeHHBIX YCIOBHAX HEYKIOHHO BO3PACTAIONIEH aHTPOIOTEHHOI HAarpy3Kd Ha MPHPOAHYIO Cpely M Pe3KHX M3MEHEHHH KiInMmara
CTaHOBUTCS aKTyaJbHOH pa3paboTKa HOBBIX ITOJIXOJOB K PELICHHIO MPOOJEeM MOTyYeHUs] BEICOKOKAaYeCTBEHHOTO I0CaJ0YHOr0 MarepHaa
JUISL 03eJICHeHNsI ypOaHN3UPOBAaHHBIX TEPPUTOPHIA.

Lenbto Hamreit paboOTHI IBUJIOCH U3y4YeHHE OCOOCHHOCTH MPHMEHEHHST MHUKPOKJIOHAJIBHOTO Pa3MHOKEHHUS JUIsl pa3MHOXKEHHSI TIOMYJISIPHBIX B
JIEKOpPaTHBHOM cajoBoicTBe po3 The Pilgrim, Comtesse Du Barry, Ashram, Cherry Brandy, Wedding Piano.

Marepuan ans MAKPOKIOHAJIBHOTO pasMHOkeHHs Obul mpenoctaBieH OO0 «CeneKIMOHHO-TIPON3BOCTBEHHEIN HeHTp ['arapuHCckui»y. B
XOJIe TIPOJIETAHHOW PabOTHI Ha MMATATENbHBIE CPEbl OBIIIO TIOCAXKEHO 534 dKCIITaHTA MATH TPYII PO3.

Ha nporsokeHnn xona padaTsl HaONIIONAI0 aKTUBHOE BBIENICHNE (DEHOJBHBIX COCIMHEHUH, TOPMO3SIIIX POCT U pa3BUTHE pacTeHus. Yto
KacaeTcss HHQUIMPOBAHHOCTH, TO TOJIBKO YyTh OOJIBINE ITOJOBUHBI BBEAECHHBIX SKCIUIAHTOB BEIAEISUIM BHYTPEHHIO MH(PEKIHUIO B CPeay B
NIepBbIE THU KYJIbTUBHPOBaHHs. bobias HHOUIMPOBAHHOCTD MPOSIBHIIACH HA CTA/IUH PA3BUTHS OYKH.

KynpTuBrpoBaHue Ha TBEPAOI NUTATENBHON Cpeie ¢ aHTUOMOTHKOM B TE€UCHHE 3-X CYTOK J1aJI0 HEOOJIBIION MOJI0KUTENbHBII pe3yabTaT. Y
25% Takux sKcIiaHToB nHpekims ucuesna. [Ipapaa, HabmoaaN0Ck H3MEHEHHME [[BETA CPEABI OT PO30BBIX OTTEHKOB JI0 KUPIIUYHOTO BETA.
Hauvano pa3Butus movek HaOmomanu Ha 5—7 JIeHb KyJbTUBHPOBAHUS DKCIUIAHTOB. Ha 3TOM 3Tame oTpaboTaHa TEXHOJIOTHs, MO3BOJIMBIIAST
CHH3UTBH BEPOSITHOCTD TIOKEITEHHUS JINCTHEB U HX OTaj.

Jlns moxpmepXaHUA W MYNBTHIUIHKAIMM PO3, a TaKKe JUIl KOPHEeOoOpa30BaHUS B NMPOOMPOTHOH KyIBTYpe SKCHEPHMEHTAIBHBIM ITyTEM
OTIPEAENIIIN ONTUMANBHBIA COCTaB CPelbl, KOTOPBIi Aan Haumydmuil pe3ynsTar. Ha cragnym amantanuy HanbOosaee BaKHBIM KOMIIOHEHTOM
TIOYBEHHOW CMECH MOCIYXWJI HEeperHod M BepMHUKyJIHTa. Bricokoe comepxaHue ¢ocdopa M Kanus B IOYBETPYHTE OJArONPHATHO
CKa3bIBACTCA HA MOBBIIICHUHN agallTallMOHHBIX CIocoOHOCTEH MHKpOpaCTCHHﬁ.

B pesynbTraTe MpOBENCHHOI AKCIIEpPUMEHTAIbHONW PaboThl ¢ po3aMu OBUIO YCTAHOBIIGHO, YTO YCIEX MHKPOKIOHAJIBHOTO Pa3MHOXKEHHS
3aBUCHUT psija (HaKTOpoB, COOIIOICHUE KOTOPBIX ITO3BOJISIET JOOUTHCS MacCOBOTO THPKMPOBAHHS MIMPOKO HCIOIB3YEeMBIX cOpTOB. OHAKO,
NPUMCHEHUE METOLOB MHUKPOKJIIOHAJIBHOI'O Pa3sMHOXXCHHSA B IHUTOMHHKAX, Tpe6yeT BBICOKOKQUECTBCHHBIX CICHHUAIMCTOB, YTO ITO3BOJIUT
MIAPOKO MPUMEHSITH METO b OHOTEXHOJIOTHH B TEKOPATHBHBIX IINTOMHHUKAX.

1. Toth K., Haapala T., Hohtolo A. Alleviation of browning in oak explants by chemical preatreaments // Biologia Plantarum. — 1994.-
Vol. 36, Ne 4.- P. 511-517.

2. JlyroBa JI.A. buotexHosorus BeICIINX pacTeHuii: YueOnuk. — Mzna. 2-e. CI16.: Mza-so C.-Ilerep6. Yu-Ta, 2010. — 240 c.

3. IMo3nusikoB M. A. Oco6eHHOCTH MUKPOKIIOHAIBHOTO Pa3MHOKEHHMSI IIMITOBHUKA U IEKOPATHBHBIX COPTOB poaa Rosa L.: muccepramms ...
KaHAW/aTa CeNbCKOXO03sHCTBEHHBIX Hayk: Mocksa, 2007. 220 c.
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Influence of chicken manure derived biochar on soil quality and wheat and barley growth
Galieva G.Sh., Galitskaya P.Yu., Selivanovskaya S.Yu., Kuryntseva P.A.
Kazan Federal University, Kazan, Russia
E-mail: goolnaz@rambler.ru

Key message. Effects of two types of biochar made of chicken manure (at 300 and 700 peak temperatures) on soil biogenic
elements content, microbial characteristics as well as barley and wheat growth were investigated.
Keywords: biochar, crops, microbial community of soils, respiration activity, Biolog EcoPlate

Biochar which is a product of biomass possesses a range of unique properties such as buffering potential, high porosity and
low decomposition rate which is important for carbon sequestration. Since biochar prepared from chicken manure additionally
contains high amounts of N, P and K, it may stimulate plant growth and soil microflora, however little is known about this
type of biochar and about pyrolysis regime influence on it. In the present study, effect of biochar prepared from chicken
manure in the process of slow pyrolysis at two peak temperatures (3000C (B300) and 7000C (B700)) on the two crops (wheat
and barley) was investigated in a greenhouse experiment during 28 days. It was revealed, that both biochars’ addition in a dose
of 1% led to increase of the N, P, K contents in the soils: 1,3, 11,5, 1,6 u 1,4, 7, 1,8 fold for B300 and B700, correspondingly.
Despite on the higher biogenic elements content, plants biomass with addition of B300 variant was lower than that with
addition of B700: 84% and 110% from control for wheat and 210% and 250% from control for barley, correspondingly. This
is may be due to toxic compounds content in the B300 that were decomposed by higher temperatures. Bacterial 16S rRNA
gene copy numbers on the 28th day of the experiment were estimated to be 1.68-3.09 106 g-1 soil and did not depend on the
plant species or biochar addition. For fungal ITS gene copy number, significant difference was revealed for B700 biochar and
barley (~10 fold increase). Metabolic activity (as revealed by Biolog Ecoplate) as well as respiration and enzyme activity of
microbial community was statistically equal in all the samples at the end of the experiment, however, significantly differed
from control in its duration for B300 variant, especially for wheat.

BumnsiHue pa3In4yHOro 6Mo4Yapa X KypuHOIro MoMeTa HA Ka4ecTBO MOYB U POCT IPOBOii MIIEHUIbI U AYMEHS
Tanuesa I' 111, I'anuykan I1.4., Cenueanosckas C.IO., Kypvinyesa I1.A.
Kazanckuii ¢penepanpHbiil yauBepcuteT, Kasans, Poccus

Annomauyusn. Hecneoosanue onpedenunio 6oavuiee eusiHue buvapa Ha OUOMAccy siuMeHs U Ha NOYGeHHble (hepMeHmamueHble
AKMUGHOCMU, A GUO BbIPAWUBAEMOU KYJIbMYPbl HA NOYGEHHYIO PECNUPAMOPHYIO AKMUGHOCMb U CMENeHb YMUuIu3ayuu
VenepOoOHbIX CYOCMpPamos.

Knrouesvie cnosa: ououap, Kyibmypul, nougeHnble MUKpoOHble coobuecmaa, pechupamopHas akmuerocms, Biolog EcoPlate

Buouap sBIseTCs NPOAYKTOM MHpoJia3a OHOMACCH, OOJAJAIONIETO PSIOM YHUKAIBbHBIX CBOMCTB, TaKMX KaK BBICOKAS
MOPHUCTOCTh, BBICOKHMH Oy(epHbIi MOTEHIHAN, a TaKKe HHU3Kas CKOPOCTh Pa3lIOKEHHUs, 00ECIeYHMBAaIOIIAs CEKBECTPALMIO
yraepona. Kpome ykazaHHBIX CBOMCTB, OMOYap MOJTYy4YEHHBIH W3 KypHHOTO IOMeTa, 00JNafgaeT 3HAYUTEIbHBIM KOJIMYECTBOM
6uoreHHbIX 1eMeHTOB - N, P u K, 4T0 MOXeT CTUMYyIHpOBaTh POCT pacTeHHH W MUKPOOHOTY IPH €ro BHECEHHH B IOYBY.
OpHako JaHHBIM THIT OMOYapa M BIMSHHME PEXHMa MUPOJM3a Ha €ro CBOWCTBAa HEIOCTAaTOYHO M3ydeHBl. B naHHOH paboTte
HCCIIEJOBAHO BIHMSIHUE OMoYapa W3 KypHHOTO ITOMETa, MOJYYEHHOTO B IPOIecce MEUIEHHOTO MHUPOJIN3a MPH JABYX NMHUKOBBIX
temnepatypax (300°C (B300) u 700°C (B700)), Ha KayecTBO IOYBHI, MMKPOOHbIE COOOIIECTBA U POCT JBYX 3JAKOBBIX
KyJIBTYp (SpoBast MIICHMIA U TYMEHb) B TEIUIMYHOM SKCIIEPUMEHTE B TeueHue 28 nHell. B nuHaMuke oleHEHO coneprkaHue
OMOTEHHBIX 3JIEMEHTOB, YHCIEHHOCTh OaKTEepHil M MHUKPOMHIIETOB, METa0OJIMUECKass aKTUBHOCTh ITOYBEHHOTO MHKPOOHOTO
coobmiectBa merogom Biolog EcoPlate, mouBennas pecrmuparopHas akKTHBHOCTh, aKTHTBHOCTH TOYBEHHBIX (DEPMEHTATOB C
UCITIONIb30BaHUEeM (DIIYOPOTSHHBIX CyOCTpPaTOB, YHCICHHOCTh IOYBCHHBIX OakTepuil u rpuboB, Merogom 16S rRNA u
Mopdomerpuueckre AaHHble pacteHnil. [lokazaHo, uTO BHeceHHe Ouovapa B IMOYBY B ja03¢ 1% NPUBEIO K YBEIUYEHHIO
conepxxanus N, P, K B mouse: B 1,3, 16,5, 1,7 u 1,3, 7, 1,7 pa3 ana B300 u B700, coorBeTcTBeHHo. Hecmotpst Ha Goinee
HHU3KOE COjJiepKaHne OMOTeHHBIX 3JIeMeHTOB, 6rodap B700 okazan Gonblliee CTUMYIUpYIOIIEe NEHCTBHE HA POCT PACTEHUHN:
o6uomacca sumeHst coctaBuna 250% ot koHTpons mo cpaBHeHuto ¢ 210% pns Bapmanta B300, a mmenunst — 110% mo
cpaBHeHUIO ¢ 84%. OT0 MOXeT OBITH CBS3aHO C COZAEPKAHMUEM TOKCHYHBIX coerauHeHuit B B300, koTopsle pasnaraiuch mpu
Oosiee BBICOKHX TeMmmeparypax. [loka3aHo OTCYTCTBHE 3aBUCUMOCTH YHCJIEHHOCTH OakTepHii OT Buia 00pabOTKU U KyJIbTYPHI
(3Hauenus onpejeneHsl Ha yposHe 1,68-3,09 konwuii renos*r! nouser). UCIEHHOCTh TPUOOB 3HAYUTENLHO OTIMYAIACK JIIS
O6uoyapa B700 wm sumens (ysBennueHue mnpumepHo B 10 pa3). MeraOonaudeckass aKTUBHOCTb, pecHUpaTopHas H
(bepMEHTAaTUBHASI aKTHBHOCTH MHKPOOHOTO COOOIIECTBA T0YB 1O 00€MMH KyJIbTypaMH, 00padOTaHHBIX 000MMH BapHaHTaMu
Onoyapa, OBUIM COIOCTABUMBI C TAKOBHIMH B KOHTPOJIC B KOHIIE 3KCIIEPUMEHTa, OJJHAKO B €ro TE€UYEHHE OTIMYAIHNCh OT
KOHTpOJIsI, 0cOOeHHO B Bapuante B300 mos mimeHuIen.
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SNP analysis of common wheat baking qualities
Galimova A.A., Zaikina E.A., Kuluev B.R.
Institute of Biochemistry and Genetics - Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia
E-mail: aiz.galimova@yandex.ru

Key message. The allelic states of waxy genes in genomes A, B and D were studied by genome-specific primers in cultivars
and lines of common wheat of the pre-Ural steppe. The studied cultivars and lines revealed differences in genotypes for
genome A.

Keywords: Triticum aestivum, baking quality, SNP markers, functional markers, waxy genes

Most of the common wheat harvest, one of the main food crops, is represented by grains 3, 4 and 5 quality classes, which in
most cases are not suitable for the use in the food industry due to the very low baking qualities of the obtained flour. It is
known that a high content of amylose in endosperm starch makes a significant contribution to the formation of high baking
qualities of common wheat grains. The aim of our work was to study the allelic state of waxy genes encoding granule-bound
starch synthase, a key enzyme in the synthesis of endosperm amylose, in common wheat varieties of the pre-Ural steppe. In
the work we used winter and spring cultivars and lines of common wheat, bred and/or being in breeding work at the
Chishminsky breeding center of BRIA UFRC RAS. Plant DNA was isolated by salt extraction method. Allelic states of waxy
genes were studied by PCR analysis using Wx-7A-F1/R1a, Wx-4A-F2/R2, Wx-7D-F3/R3a primers. Amplification results
were detected by horizontal electrophoresis in 1% agarose gel. The allohexaploid nature of common wheat causes the
presence of three isoforms of the Waxy protein (Wx-Al, Wx-B1, Wx-D1), which are encoded by the homeologous genes wx-
Al, wx-B1, wx-D1. These genes have functionally significant alleles encoding active Wx proteins and null alleles that block
Wx protein synthesis. The starch of waxy mutant wheat, which has null alleles for all three waxy genes, lacks amylose (it
consists entirely of amylopectin), which leads to low baking qualities. We selected genome-specific primers to identify the
functional alleles and null alleles of the waxy gene for each of the genomes A, B, and D. Each of the waxy genes has several
alleles; the allele encoding the synthesis of the full-sized functional Waxy protein is commonly defined as the allele a; the null
allele, in which there is no synthesis of the Waxy functional protein, is defined as the b allele. According to preliminary data,
the tested cultivars and lines of common wheat carry alleles a in B and D genomes, which determine the production of the
functional Waxy protein. For genome A, it was found that 40.6% of the studied cultivars and lines carry the allele a, and the
remaining cultivars carry the null allele b.

SNP-anamm3 xjiedoneKkapHbIX Ka4ecTB MATKOW MIIEHHIbI
Tanumosa A.A., 3auxkuna E.A., Kynyes b.P.
WHuCcTUTYT OMOXUMIH U TEHETUKU — 000COOJICHHOE CTPYKTYpHOE Toapa3neneHne OenepaabHOTO TOCyIapCTBEHHOTO
OFO/PKCTHOTO HAYYHOT'O YUPSKIACHUS Y PUMCKOTo (eepalbHOr0 UCCIIeA0BATeIbCKOrO IIeHTpa Poccuiickoii akaneMun HayK,
Ya, Poccus

Annomayusn. Hccneooganvl annenvbhbie COCMOSIHULL 2eHO8 Waxy 6 cybeenomax A, B u D eenom-cneyupuunvivmu npaimepamu y
copmos u auHull MAeKou nueHuyvl Ilpedypanvckol cmennou 30Hbl. Y ucciedyemvix copmos u JUHULL GblsGIeHbl PA3TUYUs
2eHomunog no cybzeromy A.

Knrueswie cnosa: Triticum aestivum, xnebonexaphuvie kauecmeaa, SNP-mapxepbl, QYHKYUOHATbHBIE MAPKeEPbl, WAXY-2eHbl
Bonpmmas gacte ypoxkas MATKOU MIICHALBI — OAHOM M3 OCHOBHBIX MIPOJIOBOJIBCTBEHHBIX KYJIBTYP, IPEACTaBICHA 3¢pHOM 3, 4 1
5 KJIacCOB KauecTBa, KOTOPHIC B OOJBITHHCTBE CBOEM HE MPHUTOTHBI U HCIOIh30BAHUS B MMUIIEBOI MPOMBIIUICHHOCTH U3-32
OYCHb HM3KUX XJICOOTICKapHBIX Ka4eCTB MOydaeMoil Myku. MI3BeCTHO, UTO 3HAYUTEIBHEIHN BKIA] B ((OPMUPOBAHHE XOPOIINX
XJIeOOTIeKapHBIX KA4eCTB 3epHa MTKOH MIICHHUIIEI BHOCUT BBICOKOE COJICPYKAaHME aMUIIO3BI B COCTaBE Kpaxmalia SHAOCIepMa.
Lenpto Hamre#i pabOTBHI CTAlO HCCIEAOBAaHHE AJUICIBFHOIO COCTOSHHUS TEHOB WAaXy, KOTUPYIOIIUX TPaHYIO-CBI3aHHYIO
KpaxMaJbHYIO0 CHHTa3y — KIII0YEBOr0 (hepMEHTa CHHTE3a aMUIIO3bI DHJIOCTIEPMA, Y COPTOB MSrKoW nieHuups! [Ipenypanbekoit
CTEerHOM 30HBL. B pa0oTe HcHonp30Bajdy O3MMBbIE U SPOBBIE COPTAa M JIMHUM MSITKOW MIIEHHIBI, BBIBEJCHHBIX H/WIN
HaXOJSIIUXCS B CEJIEKIIMOHHON paboTe B YnmMuHCcKoM cenekimoHHoM nienTpe BHUNCX YOUILL PAH. Pacturensuyro JJHK
BBIJICJISUUIM METOJIOM COJIEBOM akcTpakuuu. MccneqoBanus ajuleNIbHbIX COCTOSIHUM IreHOB WaXy nmpoBeieHsl nocpeactsom I11P-
aHanM3a C WCIoib30oBaHmeM mpaiimepoB WX-7A-F1/Rla, Wx-4A-F2/R2, Wx-7D-F3/R3a. Pesynbrarsl aMmrutudukaium
BEISIBIBUIM TOPH30HTAIBHBIM JIeKTpodope3oM B 1% arapo3HOM remne. AJUTOTEKCAIUIOWIHAS MPHPOJA MSITKOW IIICHUIIBI
oOycnmaBnuBaeT Hamuaue Tpex m3odopm Waxy Oenka (Wx-Al, Wx-B1l, Wx-D1), koTopbie KOTUPYIOTCS TOMEOJIOTHIHBIMU
reHamu WX-Al, wx-B1l, wx-D1. /lanHbIe TeHBI UMEIOT (DPYHKIMOHAIBHO 3HAYMMEIC aJUICTH, KOAMPYIONINE aKTHBHbIE WX-
Oenku, U HyJb-aJuleNH, Ookupytomue cuare3 Wx-06enka. B cocraBe kpaxmana WaXy-MyTaHTHBIX MIIEHUL], HMEIOINX HYJIb-
aJJIeNH 110 BCEM TpeM WaXy-reHaM, OTCYTCTBYET aMmiio3a (OH IMOJHOCTHIO COCTOUT M3 aMHJIONIEKTHHA), YTO M 00yCiIaBIMBaeT
HHU3KHE XJeOomekapHsle KadecTBa. Hamum mojoOpaHbl TeHOM-CHeUU(HUYHBIE TMpalMepbl sl WICHTU(QHUKALIH
(yHKIMOHATIBHBIX aJUTeied U HyJb-aijiesiell reHa Waxy i Kaxaoro u3 cyoreHomos A, B u D. Kaxxaprit 3 reHoB Waxy umeer
HECKOJIbKO aJuleNieil, MPHUHATO, YTO aulesib, KOIUPYIOUIMH CHHTE3 IOJHOpa3MEepHOro (yHKIMOHAIBHOrO Oeika Waxy,
0003HavaeTcsl Kak ainjeib @; HyJb-aJulellb, IPU KOTOPOM CHHTE3 (DYHKI[HOHAJIbHOrO Oesika Waxy OTCYTCTByeT, 0003Ha4YaroT
Kak ajuens b. Tlo HammM npeBapuTebHBIM JaHHBIM, HCCIIELyEeMbIe COPTOOOPA3IIBI MITKOH MIIICHHUIIB 110 cyOoreHomam B u D
HECYT aJieNin @, 00yclaBiuBarone HapaOoTKy (yHKIMOHAIbHOTO Oenka Waxy. Jlns cyObreHomMa A ObLIO BBEISBICHO, YTO
40,6% wccreayeMBIX COPTOB U JIMHHUI HECYT alljIeNb d, & OCTAIbHBIC COPTA HECYT HYyJIb-ajuiens b.
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The formation of productivity and stress resistance of leguminous plants in association with endophytic bacteria,
which complemented the deficient properties of plant-host genotype
Garipova S.R.*4, Markova O.V.}, Irgalina R.Sh.2, Garifullina D.V.?, Khairullin R.M.2, Lastochkina O.V.%4, Pusenkova L.1.4
1Bashkir State University, Ufa, Russia; 2Bashkir State Agricultural University, Ufa, Russia; 3Institute of Biochemistry and
Genetics — Subdivision of Ufa Federal Research Center, Russian Academy of Sciences, Ufa, Russia; “Bashkir Research
Institute of Agriculture — Subdivision of Ufa Federal Research Center, Russian Academy of Sciences, Ufa, Russia
E-mail: garipovasvetlana@gmail.com

Key message. The strong and weak properties of peas and beans cultivars were identified in field experiments. The best
productivity of inoculated plants was due to the resistance to biotic and abiotic stress induced by endophytic bacteria.
Keywords: cultivar-specific combinations, resistance to root rots and leaf diseases, plant architecture improvement, symbiotic
activity

Endophytic bacteria are the normal microbiome of a health plant, affecting its physiological status. Plant growth promoting
and exhibiting antagonistic activity to phytopathogens nonrhizobial endophytic bacteria of root nodules are of particular
interest (Garipova et al., 2017a), since they are assumed to coexist in neutral relations with rhizobia (Garipova et al., 2017b),
can take part in biocontrol reactions to prevent the plant from diseases and maintain its symbiotic activity. However, it is
reported that inoculation of plants with useful strains of endophytic bacteria may have not significant effect on plant
productivity in the field (Lally et al., 2017).

The purpose of the work was the investigation of the influence of inoculation of peas and beans cultivars with selected strains
of endophytic bacteria on plant productivity in contrast agroclimatic conditions of South Urals.

Research methods included the production crops and small-scale field experiments of 2003-2018. The plant growth
characteristics, nodule-forming activity, root rots and leaf diseases, crop structure elements were tested.

Results. In field experiment the limiting properties of each studied pea and bean cultivars were identified. The pea cultivar
Chishminsky 95 had a high symbiotic activity, but was susceptible to root rot and characterized by moderate degree of drought
tolerance. Bean cultivar Ufimskaya was rathe-ripe, resistant to drought and to diseases. Bean cultivar Zolotistaya was adaptive
to drought, but later ripens and was susceptible to diseases. Bean cultivar Elsa belonged to the intensive type cultivar: it
formed a high yield under favorable environmental conditions but low yield under drought, it was resistant to leaf lesions, but
susceptible to root rot.

Seed inoculation of pea cultivar Chishminsky 95 with a combination of selected strains Serratia sp. Entl6 + R.
leguminosarum Rh16 resulted in increase averaged 16% over three years compared to uninoculated control. This was
accompanied by decrease in the incidence of root rot from moderate degree to low degree and maintaining high symbiotic
activity. The positive effect of this combination on pea seed yield was established in production crops — the yield increase was
13 % in compare of uninoculated control. In response to the inoculation of bean plants with the best selected strains of
endophytic bacteria, the different cultivars showed an individual strategy for improving productivity. Inoculated plants of
Ufimskaya cultivar increased the yield of inoculated plants in compare of control due to the improvement of size and
branching of the roots and enlarged biomass. Inoculated plants of Zolotistaya cultivar accelerated the ripening. The inoculated
Elsa plants characterized by the intensified branching of shoots and increased the number of seeds per plant. The best couples
of symbionts for beans were: Ufimskaya cultivar — R. leguminosarum SG13 strain, Zolotistaya cultivar — B. subtilis SG12 + R.
leguminosarum SG13 strains, Elsa cultivar — R. leguminosarum 2630 (model strain). Analysis of statistically insignificant and
ineffective inoculation results showed that such cases have occurred if bacteria were used: a) in favorable environmental
conditions, b) with an adaptive to limited conditions plant genotype, ¢) when the biological was applied in supra-optimal
doses. The optimal doses of bacteria were different in interaction with specific plant genotype.

Conclusion: Endophytic bacteria exert a multidirectional effect on the growth and development of plants, supplementing those
properties that increase its resistance to diseases and adaptation to environmental conditions. An individual selection of
endophytic bacteria strains is required for specific plant cultivars.

1. Garipova S.R., Markova O.V., Garifullina D.V., lvanchina N.V., Khairullin R.M. Regional collection of bacterial
endophytes of bean plants as a basis for the creation of biological products // 1zvestiya Ufimskogo nauchnogo centra RUN.
2017. No 3-1. P. 56-58.

2. Garipova S.R., Garifullina S.R., Baimiev A.Kh., Khairullin R.M. Intermicrobial ralationships of pea nodule symbiont
Serratia sp. Ent16 and its colonization of the host endorhizosphere // Appl. Biochem. Microbiol. 2017. V. 53. No 3. P. 338-
345.

3. Lally R.D., Galbally P., Moreira A.S., Spink J., Ryan D., Germaine K.J., Doeling D.N. Application of endophytic
Pseudomonas fluorescens and a bacterial consortium to Brassica napus can increase plant height and biomass under
greenhouse and field conditions // Front. Plant Sci. 2017. 8. P. 2193.
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Application of endophytic bacteria Bacillus subtilis in compositions with salicylic acid
to improve wheat stress tolerance
Garshina D.*?, Ibragimov A.2, Lastochkina O.%2
nstitute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Center of the Russian Academy of
Sciences, Ufa, Russia; 2Bashkir Research Institute of Agriculture - Subdivision of the Ufa Federal Research Center of the
Russian Academy of Sciences, Ufa, Russia; *Bashkir State University, Ufa, Russia
E-mail: dariya.greatfire@mail.ru

Key message. Maximum growth-stimulating and protective effect of endophytic bacteria Bacillus subtilis 10-4 on wheat plants
under normal and drought stress conditions reached when its applied in compaosition with salicylic acid were discovered.
Keywords: drought stress, tolerance, wheat, endophytic bacterium Bacillus subtilis 10-4, salicylic acid

Wheat is a valuable food crop with great importance in ensuring food security worldwide. by Crop losses (up to 50-82%) from
biotic and abiotic stresses are a serious danger. Beneficial endophytic bacteria Bacillus subtilis are considered as biotic
strategy for plant protection. Of interest is the use of B. subtilis in composition with other natural growth regulators. The
purpose of this work was to study the effect of endophytic B. subtilis 10-4 in composition with sighal molecule salicylic acid
(SA) on growth processes, oxidative and osmotic status of wheat under normal drought stress conditions. The experiments
were conducted on Triticum aestivum L. seedlings (cultivar Omskaya-35) during the first two weeks of ontogenesis. Before
sowing, the seeds were treated (1 hour) in a suspension of B. subtilis 10-4 (10° CFU/mI), SA (0.05 mM), B. subtilis+SA or
water (control) and germinated at 20-22 °C (16-hour day light). 3 days old seedlings were transplanted into 12% PEG-6000
(test) or water (control), and in different time intervals growth and biochemical parameters were evaluated. It was revealed
that treatment with B. subtilis 10-4, SA and B. subtilis 10-4+SA under normal growth conditions increased the length of the
roots and shoots (up to 15-25%) with maximum effect when used strain 10-4+SA. Drought stress significantly inhibited the
growth of roots, shoots and the accumulation of fresh and dry biomass. Treatment with B. subtilis 10-4, SA and B. subtilis 10-
4+SA reduced (to varying degrees) the negative impact of drought on the same growth parameters with the maximum positive
effect (reduction to 50%) when B. subtilis 10-4 was used in composition with SA. It was revealed that treatment with B.
subtilis 10-4, SA, and especially B. subtilis 10-4+SA reduced drought-induced accumulation of malondialdehyde (MDA) and
proline, which indicates the induction of protective reactions in plants. The findings indicate on perspectives of application of
B. subtilis 10-4 in composition with SA for improving growth and induction of protective reactions under drought.

This work was supported by the grant of the President of the Russian Federation (Ne MK 643.2019.11).

A¢pdexTuBHOCTHL NIpUMeHenus IH0puTHBIX OakTepuii Bacillus subtilis B komMmo3unuu ¢ cannuuioBoii kKucaoroi
AJ151 NOBBIIIEHHSI CTPECCOYCTOHYNBOCTH PACTEHMIl MIIEHHIIBI
Tapwuna [.10.2?, Hbpazumoe A.2.*3, Jlacmouxuna O.B.*?
Mucruryr 6uoxumuu u renetuxu YOUL] PAH, Y da, Poccust; 2Balllkupckuii HayYHO-UCCIIEN0BATENBCKUH HHCTUTYT Y DUI]
PAH, Ya, Poccus; *bamkupckuii rocynapcteenHslit yausepeuret, Y da, Poccus

Annomauusn. Bbiseieno, umo MAaKCUMALbHGIL POCM-CIUMYAUPYIOWUT U 3auumublil dgpexm sn0opumusix 6axmepuil
Bacillus subtilis 10-4 na pacmenus nwenuywvl 6 nopme u npu depuyume 61a2u NPOAGIACMCI NPU UX COBMECTNHOM NPUMEHEHUU
C CanuyunoB8oll KUCI0mo.

Kniouesvie cnosa: depuyum enazu, ycmouuusocms, nuenuya, suoopumusiii wmamm Bacillus subtilis 10-4, canuyunosas
Kucioma

[MmeHuna — 1eHHas MPOJOBOJBCTBEHHAS KYJbTypa, MMEroNIas OoJibIoe 3HAYEHHE B OOCCIICYCHHH IMPOJOBOIBECTBEHHOM
Oe3onacHocT B Mupe. Cepbe3HyI0 OMaCHOCTh MPENCTaBILIFOT TOTepH ypoxas (1o 50-82%) oT OMOTHYECKHUX U a0OHMOTHYECKHX
crpeccoB. [lonesusie supodutTHbie Oakrepun Bacillus subtilis paccmarpuBaroTcst kak OHOTHYECKAsl CTPATETHs 3al[UThI
pactenuii. HTepec Bh3biBacT nmpuMmeHenue B. subtilis B kommo3uimu ¢ npyrumu mpupoaHbIMU peryisitopamu pocta. Lens
JAHHOM paboThl 3aKI0YATACH B U3YUCHHH BIHAHHS dHIOGHUTHOW Gakrepun B. subtilis 10-4 B KoMIIO3WINK ¢ CHTHATBHOM
MoJtekyJiol canunuioBoi kuciaotoi (CK) Ha pocToBBIE TPOIECCH, OKHCIUTENBbHBI U OCMOTHYECKHI CTAaTyC TIIEHHUIBI B
HOpMe W Tipu aedurmrte Biaard. VccrenoBaHus MPOBOIIIMCH HA TpopocTkax Triticum aestivum L. copra Owmckas-35 B
TeueHHe MepBBIX JBYX Hejenb oHTorenesa. Cemena mepen nocesoM 3amauupamu (1 uac) B cycnensuu B. subtilis 10-4 (10°
KOE/mi), CK (0,05 mM), B. subtilis+CK unu Boxe (kouTposib) u npopaniuBaiu npu 20-22 °C (16-4acoBoii CBETOBOM JICHB).
3-CyT HpOpOCTKH mnepecaknBaiu B crakaHsl ¢ 12%I130-6000 (onbIT) mim Boxy (KOHTPOJB) M 4Yepe3 pa3Hble MPOMEXKYTKH
BPEMEHH OLCHUBAJIN POCT U GHOXMMHYECKHUE MI0Ka3aTeIN YCTOMYMBOCTH. BhisiBieHO, uTo 06paboTka B. subtilis 10-4, CK u B.
subtilis 10-4+CK B HOpMe yBenuuuBaja [UIMHY KOpHe# u moberoB (mo 15-25%) ¢ MmakcuManbHbIM 3(dexTomM mpu
coBMecTHOM mnpuMeHeHnH mrtamma 10-4 ¢ CK. BospeiictBue peduunTa Biarum 3HAYMTEIBHO TOPMO3MIIO POCT KOPHEH,
no0eroB M HaKOIUICHHE CHIPOit U cyxoit buomaccel. O6pabotka B. subtilis 10-4, CK u B. subtilis 10-4+CK cHikana (B pa3Hoii
CTEIICHH) YPOBEHb HETaTUBHOTO BIIMSHHUS 3aCYXH HA 3TH XKe TT0Ka3aTed POCTa, C MAKCUMAIIBHBIM MOJIOKHUTEIBbHBIM 3 dexTom
(camxenwne 10 50%) mpu npumenernun B. subtilis 10-4+CK. BoisiBieno, uro obpabortka B. subtilis 10-4, CK u oco6enno B.
subtilis 10-4+CK cHmkana BbI3bIBAEMOE 3aCyXOi YBEIHUEHHE MaTOHOBOTO auanbaeruga (MIA) i mpoiiHa, 9TO yKa3biBaeT
Ha HWHIYKIHIO Y pacTeHWH 3ammTHBIX peakuuit. COBOKYITHOCTh IMONYYEHHBIX JaHHBIX CBHAETEIBCTBYET B IMOJB3Y
nepcnektuBHocTH TpuMmenenust B. subtilis 10-4 B xkommosumuu ¢ CK B MHAYKIKE pocTa W 3alIUTEe PACTCHHI MINCHHUIBI OT
nedunuTa Biard.

Pa6ota nonnepxkana rpantom [pesunenra PO (Ne MK-643.2019.11).
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Diversity and activity of cultivated lipophilic bacteria from fat-containing industrial wastes
Gerasimchuk A.L.1?, Bukhtiyarova P.A.%, Antsiferov D.V.%, lvasenko D.A.%?
TomBioTech LLC, Tomsk, Russia; Tomsk State University, Tomsk, Russia
E-mail: gerasimchuk_ann@mail.ru

Key message. Pure cultures of lipophilic microorganisms of different phylogenetic groups were isolated from fat-containing
industrial wastewaters. The strains of the genera Pseudomonas and Bacillus were the most active lipolytic microorganisms.
Keywords: lipophilic microorganisms, lipolytic enzymes, wastewater of food industry, fats utilization

Fat-containing wastes are accumulated in large quantities in sewage treatment plants as a result industrial food production and
represent a serious environmental problem. Microorganisms that decompose various types of fats may be potential candidates
for development of biological products for destruction of this type of wastes.

The aim of the study was to obtain pure cultures of lipophilic bacteria from fat-containing wastes, to study their diversity and
activity for the development of a novel biological product.

Pure cultures were isolated using a mineral nutrient medium with either vegetable oil or pork fat as a carbon source. The
lipolytic properties of the strains were evaluated by the growth results in the Stern glycerol-fuchsine broth. Phylogenetic
analysis was performed by PCR amplification followed by sequencing of 16S rRNA gene fragments with oligonucleotide
primers 27F and 1492R. Lipolytic activity was determined by the Ota-Yamada method. The quantitative composition of fatty
acids was determined by gas chromatography with flame ionization detection.

Pure bacterial cultures (31 strains) with proposed lipolytic properties were isolated from wastewater samples derived from the
milk factory storage pond and the grease trap of the meat processing plant. Phylogenetic analysis allowed to identify and
exclude potentially pathogenic strains. Non-pathogenic isolates belonged to Gammaproteobacteria (representatives of
Pseudomonas nitroreducens, P. synxantha, P. extremaustralis and P. citronellolis), Betaproteobacteria (Microvirgula
curvata) and Firmicutes (Bacillus subtilis and Brevibacillus brevis).

The analysis of lipolytic activity showed that all strains were able to utilize vegetable and milk fats as carbon and electron
sources. The maximum lipolytic activity of 40 umol x h™* x ml** was observed for the strain Bacillus subtilis B34. Analysis of
the quantitative composition of fatty acids in the culture fluid of the most active strains of Pseudomonas Al13, B11 and B.
subtilis B34 was perfomed. The results of this analysis demonstrated the fact of fats hydrolysis with the formation of free fatty
acids. Based on the results obtained in the study, isolated strains are promising for the development of commercial biological
product for destruction of fat-containing wastes.

This work was supported by The Foundation for Assistance to Small Innovative Enterprises in Science and Technology,
contract No. 2575GS1 / 41327.

Pa3Hoo0pa3ne n aKTUBHOCTb KYJbTHBHPYEMBbIX JHNO(PHUIBHBIX OaKTepHii N3 KHPOCOAEPKALIUX 0TX0/10B
NMPOMBINLIEHHBIX MPeINpPUATHI
Tepacumuyk A.JLY?, Byxmuspoea I1.A.Y, Anyugpepos JI.B., Hsacenxo [.A.*?
000 «Tomb ;2 7 5
«TombuoTex», Tomck, Poccust; “ToMckunii TOCyTapcTBEHHBIH YHHBEPCUTET, ToMCK, Poccust

Annomauusa. 13 scupocooepircanux npomMbluIeHHbIX CIOYHBIX 800 8blO€IEeHbl YUCTHbLE KYIbIYPbL TUNODUILHBIX MUKDOOP2AHUZMO8
pasnvix gunozenemuueckux epynn. Haubonee akmugnvimu 1unonumukamu o0ka3anucs wmammot pooog Pseudomonas u Bacillus.
Kniouegvie cnosa: nunoguivhvlie MUKpoopeanusmel, IUROIUMUYECKUE DepMEeHmbl, CHIOUHble 800bl NUWEBbIX NPeOnpusmull,
VMURUZAYUSL ICUPOB

OO6pasyronuecs B pe3ynbTaTe MPOMBIIIIEHHOTO IPOHM3BOACTBA MHINEBOH MPOMYKIMM >KHPOCOACPIKAIAE OTXOIBI B OONBIINX
KOJIMYECTBAX HAKAIUIMBAIOTCA B CTOKAaX U OYMCTHBIX COOPYXKEHHAX M IPEICTaBISIIOT CEPhE3HYIO IKOJOTUUECKYIO MpOoOiIeMy.
MUKpPOOPTaHU3MBI, pa3araroliue pa3IWdHbIe THIB JKHPOB, MOTYT OBITH IOTEHIMANBHBIMH KaHIWAATAMH JUIL CO3aHHUS
OuomnpenapaTroB-A1ecTpyKTOpPOB.

Llens wccraemoBaHMS — TOMYYHTh YHCTBIC KyIbTYPHl JHIMOGIIBHBIX OaKTepHi M3 >KHPOCOASPXKAIIUX OTXOAOB, M3YYHTh HX
pa3Ho00pa3ue U aKTUBHOCTH IS pa3paboTKy Ouompenapara.

YucTble KyIbTypHI HONYYAlH ¢ UCIIONB30BAaHHEM MHUHEPAIBHON MUTATEIEHOM CPebl C PACTHTEIEHBIM MACIIOM WM CBHHBIM KHPOM
B KayeCcTBE MCTOYHMKA yriepoja. JIMMONWTUYECKHE CBOWCTBAa KyJbTYp OLEHHBAIM IO pe3yJbTaTaM pOCTa B INIHLEPUHO-
¢ykcuHOoBOM OynboHe IllTepHa. ®umoreHeTnmdeckuit aHamu3 npoBoxwan MeroxoM [IIP-aMmmmpuKammu W CeKBEHHPOBAHHSA
¢dparmenToB renoB 16S pPHK c npaiimepamu 27F u 1492R. JIunonuTuyeckyio akTUBHOCTb onpeaensiu no merony Ota-SImana.
KomnndecTBeHHBIH COCTaB JKHPHBIX KHCIOT OINpENEIsIM METOAOM Ta30BOH XpoMaTorpaduy ¢ IIaMEHHO-MOHU3AIHOHHBIM
JIETeKTUPOBAHUEM.

W3 mpod CcTOYHBIX BOX TIpyJa-HAKOMHUTENS MOJOYHOTO KOMOWMHATa W IKHPOYIOBHTENS OUYHCTHBIX  COOPYKCHHH
MscomepepadaTEBAOMET0 KOMOWHATA BBIIEICHBI YHCTHIE KyIbTYphl OakTepwit (31 IITaMM) ¢ JHHIONHTHYSCKHIMH CBOHCTBAMIL
OUIOreHeTHYEeCKU aHaIu3 MOMOI BBIIBUTh M HCKIIOYHTH W3 HCCICHOBAHUS HAaTOTeHHblE MTaMMbL. OCTaJbHBIE KyJIBTYpHI
oTHocHIHCh K Kiaccam Gammaproteobacteria (mpencrasurenn Pseudomonas nitroreducens, P. synxantha, P. extremaustralis u P.
citronellolis), Betaproteobacteria (Microvirgula curvata) u orneny Firmicutes (Bacillus subtilis u Brevibacillus brevis).

AHanu3 JIHUIOTUTHYECKOH aKTHBHOCTH IOKa3al, YTO BCE IITAMMBI CIOCOOHB! YTHJIM3HPOBATh PACTHTEIBHBIH M MOJOYHBIH JKHUP.
MakcumanbHas U3MEPEHHAs JIMIIONMTUIECKAs aKTHBHOCTH B 40 Mukpomonbxuxmr? ormeuena ans mramma Bacillus subtilis B34.
AHanM3 KOIMYECTBEHHOTO COCTaBa XKUPHBIX KUCIIOT B KYJIBTYPaIbHOI XKUAKOCTH Hanboee akTHBHBIX mtaMmmoB Pseudomonas A3,
B11 u B. subtilis B34 npoxemMoHCTpHpOBai MpoLeccs THAPOIN3a )KUPOB ¢ 00pa30BaHHEM CBOOOAHBIX JKUPHBIX KHCIOT. Vcxoms u3
HOJTy9EeHHBIX Pe3yJIbTATOB, BBIJCICHHBIC MITAMMEI IIEPCIEKTHBHEI AT pa3paboTKH OHOIpenapaTa-AecTpyKTopa KHAPOCOASPKaIIIX
OTXOJIOB.

PaGota BbimonHeHa mpu mouepxke DoHia coeiicTBrs HHHOBaNKsIM, goroBop Ne 2575T'C1/41327.
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Auxin and carotene biosynthesis by the bacterium Pantoea agglomerans
Gilvanova E.A., Milman P.Yu.
Ufa Institute of biology UFRC RAS, Ufa, Russia
E-mail: gelena@anrb.ru

Key message. Monitoring of auxin and carotene during cultivation of the Pantoea agglomerans strain 1B-BF revealed that the
maximum yield of the target products is provided not by population density, but by the qualitative composition of the nutrient
medium and the need for a larger peptide component of the substrate (rich amino acid set), which is part of the standard LB
medium.

Keywords: PGPB bacteria, Pantoea, indolyl-3-acetic acid, carotenoids

It is known that associative endo(epi)phytobacteria are potential objects of agrobiotechnology for the development on their
basis of biological plant protection products from stresses (osmotic, salt, heavy metal pollution) and phytopathogens. The
selection of a nutrient medium and conditions for the cultivation of producers of biologically active substances is a priority
step in the process of creating biological products. The task was to determine the maximum level of accumulation of target
products by culture Pantoea agglomerans IB-BF in the five proposed media options: 1) Luria_Bertani (LB), NaCl - 10 g/l; 2)
LB + L-tryptophan (0.01%), NaCl - 10 g/l; 3) BS: yeast extract - 10 g/l, KH2PO4 - 2 g/, NaCl - 10 g/lI; 4) K1: starch -10 g/I,
peptone - 5 g/l, yeast extract - 5 g/l, KH,PO4 - 2 g/l, NaCl - 10 g/l; 5) potato broth, glucose -10 g/l, NaCl - 10 g/l. IAA
production in the culture liquid medium was determined by the method using Salkovsky reagent, carotenoids after extraction
from the cell biomass with a methanol: chloroform mixture (2:1) and measurements of the optical density of the supernatant at
a wavelength at 461 nm were expressed in accepted units of ODass1/mg dry biomass. Cell concentration was evaluated by
optical density at 600 nm. It was shown that the duration of auxin accumulation for the selected strain was 8 days with a
maximum yield of 5-6 days (stationary growth phase), while carotenoids accumulated as much as possible during the period
of 4-6 days, depending on the type of medium. The list of culture media, compiled by the degree of reduction of auxin (ug /
ml) in CL, is as follows: LB + tryptophan (20.9)> LB (17.9)> K1 (10.2)> BS (6.8)> Potato dextrose (2). Regarding carotene
values (in ODss1/mg dry b/m), a similar set has the following view: LB (0.1723)> Potato dextrose (0.172)> LB + tryptophan
(0.113)> BS (0.08)> K1 (0.061). It was found that, when cultured on tryptophan medium (0.01%), the auxin level significantly
increases by 17%, which suggests a tryptophan-dependent pathway for the formation of IAA by the Pantoea agglomerans
strain 1B-BF.

BuocunTe3 aykcuHa M KapoTuHa 6akrepueii Pantoea 4gglomerans
Tunveanoea E.A., Munoman I1.1O.
Youmckuit Uacturyt 6nonorun YOUL] PAH, Yda, Poccus

Annomayus. Monumopune ayxcuna u kapomuna npu Kyismusuposanuu wmavma Pantoea agglomerans IB-BF ewissun, umo
MAKCUMATbHBIL BbIX0O YeNesblXx NPOOYKMO8 00ecnevusaemcss He NJIOMHOCIbIO NORYIAYUU, a KAYeCMEEHHbIM COCMABOM
nUMamenbHou cpedvl U NOmMpedHOCMbIO 8 DobLUell NenmuUoHol cocmasisiowel cyocmpama (602amo20 AMUHOKUCIOMHO20
Habopa), exodsaujeli 8 cocmas cmanoapmuou cpedvt LB.

Knroueswvie cnosa: PGPB 6axmepuu, Pantoea, undoaun-3-ykcycnas Kucioma, KapomuHouobsl

W3BecTHO, 4TO acconmaTuBHBIE SHAO(3NM)(PUTHBIE OAKTEPUH SIBISIOTCS MMOTEHIMAIBHBIME OOBEKTaAMH arpoOHOTEXHOIOTHUH
Juisl pa3pabOTKM Ha WX OCHOBE OMOJIOTMYECKHX CPEJCTB 3allUThl PAacTEHHH OT CTPEcCOB (OCMOTHYECKOTO, COJIEBOTO,
3arpsi3HEHUs TSOKENBIMHM MeTalllaMH) W (uronaToreHoB. [logbop muTaTenbHOW Cpeabl M yCIOBUH Ui KyJIbTHBHUPOBAHHS
MIPOJIYLIEHTOB OMOJIOTUYECKH aKTHBHBIX BEIIECTB SIBJISICTCS IPUOPUTETHBIM 3TAIIOM B TIpOIiecce CO3laHus Ouornpenaparos. B
paboTe mocraBiieHa 3a7ada OMNpEIEICHUS MaKCHUMAJILHOTO YPOBHS HAaKOIUIEHHS LEJIEBBIX INPOAYKTOB KyJbTypoil Pantoea
agglomerans IB-BF na npemmoxennsix msité Bapuantax cpen: 1) Luria Bertani (LB), NaCl — 10 r/m; 2) LB+L-tpuntodan
(0,01%), NaCl — 10 r/m; 3) BS: mposxkesoii skctpakt — 10 /1, KH2PO4 — 2 r/m, NaCl — 10 r/m; 4) K1: xpaxman -10 1/,
MENTOH — 5 1/11, apoxkeBoi skcTpakT — 5 /1, KHPO4 — 2 1/, NaCl — 10 r/; 5) xapTodensHbiii oTBap, riokosa -10 /i,
NaCl — 10 r/n. Ipoaykuuio UYK B KyIbTypalibHON KHIKOM Cpelie ONpeessuin [0 METOIMKE ¢ UCTOIb30BAHHEM PEAKTHBA
CanbKOBCKOT0, KAPOTHHOMABI MOCIIE SKCTPAKIIMK U3 KIETOYHOI OMOMacchl CMeChio MeTaHOM:XJIopodopMm (2:1) u u3mMepeHus
OINTHYECKOH INIOTHOCTH CyIIepHATaHTa NPH JUIMHE BOJHBI 461 HM BhIpaxkainu B ycloBHbIX eanHHLax Olle1/Mr cyx. OHoMacchl.
KoHIeHTpanio KJIETOK OLEHWBAIM 10 onTHYeckoil mioTHoctH mnpu 600 HM. IlokazaHo, YTO NPOJOIKHTEIHLHOCTH
HaKOIUICHHSl ayKCHHA JUIsi BBIODAaHHOTO IITaMMa COCTaBIsIa 8 CYTOK C MAaKCHMalbHBIM BBIXOJOM Ha 5-0 CyTKH
(cranmoHnapHas ¢asa pocTa), TOrAa Kak KapOTHHOM/IBl MAaKCUMAIbHO HAKAIUTMBAJIKMCH B TIEpHOJ 4-6 CyTKH B 3aBUCUMOCTH OT
TUNA cpenbl. Psi1 BApHMaHTOB NMUTATENbHBIX CPEJ, MOCTPOEHHBIM IO CTENEHH CHMJKEHMs YpoBHs aykcuHa (Mkr/mi) B KOK
BBITJIAJMT Clieayomum obpasom: LB+rpunrtodan (20,9) >LB (17,9) >K1 (10,2) > BS (6,8) > Kaprod. otBap (2). Ans ypoBHs
kaporuHa (o Ollsy/mMr cyx. 6/mM) momoOHbIit psiny umeer cieayromumit Bua: LB (0,172) > Kaprod. orsap (0,172) >
LB+rpunrodan (0,113) > BS (0,08) > K1 (0,061). YcraHoBneHo, 4T0 MpH KyJIGTHBHPOBAHUHM Ha CPEle C TPHUITO(AHOM
(0,01%) mocToBepHO yBeIMUWBAETCS YPOBEHb aykchuHa Ha 17%, 9TO MO3BOJSIET MpearnoiaraTh TpUNTO(aH-3aBUCUMBIN yTh
obpazosanus MYK y mramma Pantoea agglomerans IB-BF.

HccnenoBanue BBIMOJHEHO IPU YacTHYHOM (uHaHcoBOM mnopgepxkke PODU (mpoexr Nel8-04-00577 A) B pamkax
rocyAapcTBeHHOTo 3a1anusi MunoOpHayku Pocenu mo Teme Ne AAAA-A18-118022190098-9.
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The effect of copper on cadmium-tolerant lawn grass
Gladkov E.A.*?, Gladkova O.N.3
Timiryazev Institute of Plant Physiology Russian Academy of Sciences, Moscow, Russia; 2Moscow Institute of Physics and
Technology, Moscow, Russia; 3Moscow State University of Environmental Engineering, Moscow, Russia
E-mail: gladkovu@mail.ru

Key message. Cadmium -tolerant plants were more resistant to copper. However, the increase in resilience was not very
significant. Therefore, it is more expedient to obtain plants that are resistant to copper.
Keywords: copper, cadmium, lawn grasses, Agrostis stolonifera

Lawn grasses are highly sensitive to heavy metals. Therefore, increasing resistance to heavy metals is essential in urban
greening, ornamental horticulture and in agriculture. Agrostis stolonifera L. grass has an advantage over many other lawn
grasses because it is capable of vegetative reproduction and permits to create lawn for different purposes only from itself. The
lawn from Agrostis stolonifera does not need to be cut often, it withstands a shadowing and relatively resistant to gases.
Previously, plants of Agrostis stolonifera were obtained that are resistant to cadmium using cell selection. However, plants
that are resistant to one environmental factor may be cross-resistant to another. Therefore, the aim of this work was to assess
the tolerance of the next generation descendants of the regenerant Agrostis stolonifera, resistant to cadmium, to one of the
most phytotoxic heavy metals - copper. Copper is one of the priority pollutants of ecosystems. Copper enters the soil from
various sources - emissions from vehicles, industrial plants, fertilizers, some solutions for spraying various crops, household
and municipal waste. The cross-resistance of descendants of the next generation of the regenerant to copper was assessed by
the inhibition of shoot growth in aqueous solutions of the toxicant. The degree of resistance of the cadmium -tolerant plants
was compared with the original plants. Cadmium -tolerant plants showed more resistance to copper compared to the original
plants at all the tested concentrations. However, the increase in resistance was not significant (for example, at a copper
concentration of 50 mg/l, the growth of the original plants was 61% of the control, 74% of the control were resistant to
cadmium). Thus, plants obtained by cell selection, resistant to cadmium, had a higher resistance to copper, but this resistance
is insufficient at a high level of pollution. Therefore, it is more expedient in conditions of a high level of copper pollution to
obtain plants that are resistant to this metal.

BummsiHue MeaH Ha ra3oHHbIC TPABbl, TOJEPAHTHBIC K KaJAMHUIO
I'aokoe E.A*2, Iaokoea O.H.®
I®I'BYH UncTutyT dusnosorun pacrennii um. K.A. Tumupssesa PAH, Mocksa, Poccust; 2MockoBckuii (pu3uKko-
TeXHHYECKHiT HHCTHTYT, MockBa, Poccusi; *MoCKOBCKHIA rOCY1apCTBEHHBIH YHHBEPCUTET HHKEHEPHOH dK0JI0oruu, MOCKBa,
Poccus

Annomauyun. Pacmenus, monepanmmuvle K KAOMUIO NPOOEMOHCIPUPOBANU OO0AbULYio ycmouyugocms Kk meou. Oonako,
nogblueue YCmouuugocmuy He Obl10 OueHb 3HauumenvHblM. [losmomy 6Oonee yenecooOpasHbiM SGIAEMCS NOTYYEHUEe
pacmeruil, yCmou4ugbix K Meou.

Knioueswie cnosa: meow, kaomuil, 2azonnvle mpaewt, Agrostis stolonifera

I'a3oHHBIE TPaBbl 001AIOT MOBBIIICHHON YyBCTBUTEIBHOCTHIO K TSHKENBIM MeTasiaM. [103TOMy MOBBIIIEHHE YCTOHYMBOCTH
K TSDKEIIBIM MeTajlllaM HMMEeT BaKHOE 3HaueHHE B TOPOJICKOM O3EJICHEHHH, JEKOPaTHBHOM CaJlOBOJICTBE M B CEJIHCKOM
xo3siicTBe. OOBEKT MCCIIENOBAHMS - Fa30HHAs TpaBa mosieBuila moberonocHast (Agrostis stolonifera L.). JlanHoe pactenue
HMEET PsiJi IPEUMYILECTB — BEreTaTUBHO Pa3MHOXAETCS 32 KOPOTKUM CPOK, OTCYTCTBUE HEOOXOJMMOCTH YacTOW CTPUIKKH,
TEHEBBIHOCIMBOCTh, BO3MOXKHOCTh CO3/[aHUsI I'a30Ha Pa3HOI'0 Ha3HAYEHHS TOJBKO U3 IOJIEBHIBI T0OErOHOCHOW. ['a3oH u3
TMIOJICBHITBI TOOETOHOCHOM OTHOCHUTENBHO ra30ycToiumB. Patnee 6putH mosTydeHs! pactenus Agrostis stolonifera, ycroiiunseie k
KaJIMUIO C MOMOUIBIO KJIETOUHOH cenekiuu. OJHaKO, PacTeHUs], YCTOMYHMBBIE K OJJHOMY JKOJOTHUECKOMY (akTopy, MOryT
001a1aTh MEPEKPECTHOW yCTOWYMBOCTBIO K Japyromy. I1o3ToMy 1ienbi0 paboThl ObLia OIEHKA TOJEPAHTHOCTH MOTOMCTBA
oxHOro u3 perexepantoB AQrostis stolonifera, ycroiiunBoro k kaaMuio, K OJHOMY U3 Hanbojee (PUTOTOKCHUYHBIX TSKEIBIX
METAIJIOB — MeId. Melb — OJIMH W3 MPHOPUTETHBIX 3arps3HUTENeil 3KocucTeM. Mellb MOCTYNaeT B MOYBY U3 Pa3IHYHBIX
HCTOYHHKOB — BBIOPOCHI aBTOTPAHCIIOPTA, MPOMBIINUICHHBIX MPEANPUATHH, YA0OpEHHS, HEKOTOpbIE PaCTBOPHI LIS
OINPBICKMBAHMS PA3IMYHBIX CEIBCKOXO3IHCTBEHHBIX KYJbTYp, OBITOBbIC M KOMMYHAIIBHBIC OTXOIbl. IlepeKpecTHyIO
YCTOWYMBOCTh K MEIM OLEHUBAJIM [0 WHTMOMPOBAHWIO pocTa I1OOEroB B BOJAHBIX pacTBOpax TOKcHKaHTa. CTeneHb
YCTOWYHMBOCTH TIOTOMKOB pEreHepaHTa CPaBHUBAJIM C HCXOAHBIMH pACTEHHsSMH. PacTeHusi, TOJNEPaHTHbIE K KaJMHIO
MPOJIEMOHCTPUPOBAIN OOJBILIYIO YCTOWYMBOCTh K ME/HM, [0 CPABHEHHIO C MCXOIHBIMH PACTEHHUSMH, TPH BCEX UCCIEAYEMbIX
KoHIeHTpanusax. OIHAKO, MOBHIICHHE YCTOMYUBOCTH HE OBLITIO 3HAYUTENBHBIM (HampuMep, MPH KOHIEHTpauu Meau 50 mr /1
POCT HMCXOAHBIX pacTeHHH cocTaBisad 61% OT KOHTpOJs, ycTOWYHMBEIX K KaaMmuio 74% ot koHTpois). Takum obpazom,
pacTeHusi, TOJIEPaHTHbIE K KaJIMHIO, TOJYYCHHBIE C MIOMOIIBIO KJIETOYHOH CelleKInu, 00nanaiu Oobllei yCTOHUYUBOCTBIO K
MeJH, OJHAKO, ATOH YCTOWYMBOCTH HEJOCTATOYHO MPH BBICOKOM YPOBHE 3arpsi3HeHus. I1oaTomy Gonee 1enecooOpasHbIM B
YCIIOBHSX BBICOKOTO YPOBHSI 3arPSI3HEHHUsI MEJIBIO SIBISIETCS MOJyYSHUE PACTCHHUH, YCTOHYMBBIX K 3TOMY METaJLTy.
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Optimization of Trichoderma spp. industrial cultivation
Glukhova L.B.*?, Kaposhko D.K.%, Frank Yu.A.»2, lvasenko D.A.?, Ivasenko D.A.%2
!l aboratory of Industrial Microbiology, Biological Institute, National Research Tomsk State University, Tomsk, Russia;
2LLC ‘Darwin’, Tomsk, Russia
E-mail: bio.darwin@mail.com

Key message. The productivity of three Trichoderma spp. on different media was compared. The tolerance to salinization and
inoculation temperature in the process of solid-state cultivation were determined.

Keywords: Trichoderma sp., productivity, growth media, temperature, solid state cultivation

Organic and intensive farming involves applying microorganisms in industrial volumes for crops protection and mineral
nutrition of plants. Cultivation of microorganisms including fungi of the genus Trichoderma, still has some problems
associated with productivity increasing of industrial strains and shelf life of biopesticides. Trichoderma spp. are widely used
in agriculture for soil improvement and plant protection.

The aim of the research was to investigate dependence of Trichoderma spp. sporulation from different media conditions. In
this study, Trichoderma viride, Trichoderma harzianum and Trichoderma virens were grown on CZ, CYA, CYAS (CYA with
5% NaCl), PDA, MEA. Effect of substrate temperature at the inoculation moment was studied on grain media. Productivity of
fungi was determined by counting conidia with Hemocytometer after 5 days cultivation on agar media, and after 14 days
cultivation on grains.

The maximal growth rate was observed in T. virens culture on MEA and PDA, T. harzianum culture on MEA, T. viride
culture on CYA, 5 days. The maximum spores’ number was found in T. virens and T. viride cultures on MEA reaching 1.2:10°
spores'ml™L. T. harzianum on MEA had yield an order less than other fungi and reached only 7.3-108 spores-ml™.

The tolerance to chloride salinity was observed in T. viride but not in T. harzianum and T. virens. 5% salinity 1.5 times
decreased the productivity of T. viride from 7.3-108 spores'ml™ in control conditions (CYA) to 5-108 spores'ml™* (CYAS).
Productivity of the fungi during solid state cultivation was studied depending on the degree of grain preparedness, from
undercooked to boiled, and the substrate temperature at the moment of inoculation. The sporulation of Trichoderma species on
grain media revealed no dependence on the degree of grain preparedness. When inoculation was carried out in cooled grain,
fungal productivity did not statistically differ. Inoculation in a substrate with temperature about 50 °C led to significant
decrease of T. viride productivity, but not T. harzianum and T. virens.

Briefly, T. virens, T. viride and T. harzianum had maximum productivity on MEA. Grain culture medium is suitable for all
studied species. T. viride is more sensitive to substrate temperature and had higher tolerance to salinity compared to T. virens
and T. harzianum.

OnrumMusanus ycJI0BHii NPOMBIILIEHHOT0 KyJIbTHBUpOBaHus Trichoderma sp.
Iyxosa JL.B.Y?, Kanowxo K., @panx F0.A.Y?, Heacenxo qan.A.?, Heacenxo Jen.A.*?
1JTa6opaTopus IPpOMBIILICHHON MUKpOoOHOIorHH, bronornaeckuii MucTHTyT, TOMCKHIT TOCY JapCTBEHHEIN YHHBEPCHTET,
Tomck, Pocenst; 200miecTBo ¢ OTrpaHHYEHHON OTBETCTBEHHOCTHIO «JapBun», ToMck, Poccus

Annomauusa. Ilposedeno cpasHerue npodykmugHocmu mpex 6udog Trichoderma ma pasueix numamenvuvlx cpedax, onpedeieHd
VCMOUYUBOCMb K 30CONEHUI0, a4 MAKdice K HAYATbHOU meMnepamype UHOKYIAYuu npu meepoopasHoM KYIbMUSUposaHuu
Trichoderma.

Knitoueswie cnosa: Trichoderma sp., npooykmuenocme, numamensHoie cpedbi, meMnepamypa, meepoohazHoe Kyibmusuposanue
OpraHu4eckoe W MHTEHCHBHOE 3eMIle/ieIie MoJpa3yMeBaeT NMPUMEHEHHe KyJIbTyp MHKPOOPTaHM3MOB B NPOMBINIICHHBIX 0ObeMax Ui
3aIIUTHl ypoXKask U MHHEPAIBHOIO NUTAHWs pAcTeHUH. B KyJIbTHBHPOBaHMM MHUKPOOPTAaHW3MOB, K KOTOPBIM OTHOCSTCS TPHOBI pona
Trichoderma, 1o cuX MOp OCTAIOTCS HEKOTOPbIE MPOOJIEMBI, CBS3aHHBIC C MOBBIIICHHEM MPOAYKTHBHOCTH MPOMBINUICHHBIX IITaMMOB H
MPOAODKUTENBHOCTBIO XpaHeHusi OuomnpenaparoB. ['puObl posma Trichoderma mmMpoko HCIONB3YIOTCS B CEIBCKOM XO3SHCTBE IS
YITyIIEeHHs 3M0POBbs OYBEHHOH MUKPOGIIOPHI U 03M0POBIICHNS PACTEHHIA.

Jlnst pemieHust mpoGIIeMBl, CBA3aHHOW € TIPOAYKTUBHOCTBIO, OBIIO PEIIeHO W3YUYHTh BIMSHHUE PA3HBIX MHTATEIBHBIX CPE HA CIOPOHOIICHHE
MPOMBIIIIEHHBIX mTaMMoB Trichoderma viride, Trichoderma harzianum u Trichoderma virens. Pa6oty npoBoawin Ha CTaHZAPTHBIX
arapusoBanHbIX cpepax CZ, CYA, CYAS (CYA c 5% NaCl), PDA, MEA. V3yuenue BnusiHUS TeMmmeparypbl cyOcTpaTa B MOMEHT
WHOKYJISIIIMN Ha MPOJYKTHBHOCTH IIPOBOIMIIN Ha 3epHOBOM cpere. [IpoyKTHBHOCTB KyJIBTYpP ONPEIENsIN, OJICYUTHIBAS KOJIHMYECTBO CIIOP
B kamepe ['opsieBa Ha 5 CYTKM JJIsl TUTATENIBHBIX Cpell, U Ha 14 CyTKH AJIs 3epHOBOM CPEJIbL.

HauGornee akTuBHBIH pocT Habmoxancsa y T. virens na nutatenbHbix cpeqax MEA u PDA, T. harzianum - ua MEA, T. viride - Ha CYA, 5
CYTKH pocTa. MakcUMaJIbHOE KOJIMYECTBO CIOp ObLIO oTMedeHo y T. virens u T. viride ma MEA u coctasmwio 1.2-10° cnop/mi. ITpu 3T0oM
HpOMBILIEH B mTamMM T. harzianum sa MEA napan Ha opsaok MeHslie crop (B cpeaneM 7.3-108 cop/mi).

VCTOMYMBOCTD K XJIOPUIHOMY 3acONIEHHIO ObLTa oTMedueHa y T. Viride, co cHmkeHmeM mpogyKTuBHOCTH B 1.5 pasa, ¢ 7.3-108 cop/mn B
korTpore (CYA) o 5-108 cop/mn (CYAS). T. harzianum u T. virens 6bumu He yCTONYHBEL K JAHHOMY THITY 3aCOJIEHHSL.

[IpoayKTHBHOCTh HCCIEIYEMbIX MUKPOMHUIIETOB IIPH TBEpAO(a3HOM KyIbTHBUPOBAHUH M3ydalach B 3aBUCUMOCTH OT CTEIIEHH T'OTOBHOCTH
3epHa, OT HEJOBAPCHHOTO [0 pa3BapeHHOTo, M TEMIepaTypbl cyOcTpaTa HpPH HWHOKYJIALMH. [IpOJyKTHBHOCTh HM3YYSHHBIX IITAMMOB
Trichoderma na 3epHOBOIT cpe/e, He BBISIBHJIA 3aBUCHMOCTH OT CTEIIEHH FOTOBHOCTH 3epHa. KonmuecTBo crop, MpH MOCeBe B OCTHIBIIEE 10
KOMHATHOH TeMIlepaTyphl 3epHO, CTATHCTHYECKH HE pa3iinyaioch. MHOKyJIALMsS B 3epHOBYIO cpeay Temmeparypoir 50 °C mpuBoauia K
JIOCTOBEPHOMY CHMKEHHIO KOJIMYECTBa CHOP TOJIbKO y T. viride.

Takum o6pazom, T. virens, T. viride u T. harzianum o6mnamanu npoxykruBHOCTBIO Ha cpene MEA. 3epHoBast muTaTebHast Cpesia OIXOIUT
JUISL BCEX MCCIEIOBAHHBIX IITAMMOB. T. Viride siBisercs Gojiee YyBCTBHTENBHBIM K TeMIepaType cyOcTpara, a TakkKe yCTOWYMBBIM K
3aCOJIEHUIO, B OTJIMYMM OT T. virens u T. harzianum.

88



2 International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

Fine translational control of MRNA: a complex web of mechanisms and its relevance for functional genomics
and plant biotechnology
Goldenkova-Pavlova 1.V.1, Mustafayev 0.2, Deineko L.V., Tyurin A.A.!
nstitute of Plant Physiology K.A. Timiryazev RAS, Moscow, Russia; ?Institute of Genetic Resources, National Academy of
Sciences of Azerbaijan, Baku, Azerbaijan
Email: irengold58@gmail.com

Key message. Based on the results of our own research and literature data, we will present the main theoretical and
experimental approaches to studying the translation efficiency of plant mRNA and highlight their contribution to functional
plant genomics and biotechnology.

Keywords: translation, mRNA, regulatory mechanisms

Translation of mRNA into a protein product is an elegantly regulated, almost error-free process. Experimental data and
theoretical predictions indicate complex information encoded in mRNA, which, as a rule, determines the future fate of any
mMRNA - protein formation. The report will: (i) summarize current data on the structural and functional characteristics of plant
mRNA and their relationship with translational efficiency; (ii) new experimental and theoretical approaches are considered to
clarify a complex network of translation mechanisms; (iii) the potential of this knowledge for functional genomics and plant
biotechnology is examined. We believe that the contribution of regulatory contexts and their combinations to the translational
status of individual mRNAs can bring the researcher to the «Golden Dream» — all stages of regulation of gene expression,
including those introduced from outside, under his strict control. This knowledge will expand the applied potential of
regulatory contexts of mMRNA, both for the identification of new plant genotypes with the best combinations of alleles, and for
the design of a new generation of transgenic plants.

This work was performed under the grant of the Russian Science Foundation 18-14-00026.

Tonkwuii TpancassunoHHbIi KOHTPoIb MPHK: cii0:kHast nayTHHA MeXaHM3MOB H ee AKTYAJIBHOCTh JJIsl
(pyHKUMOHAIBHOI reHOMUKHU U OMOTEXHOJIOTHU PpacTeHHil
Tondenxosa-Ilaenosa U.B.Y, Mycmagaee O.%, Jletinexo U.B.Y, Tiopun A.A.*
Mucturyt ¢pusuonoruu pacrenuit um. K.A. Tumupssesa PAH, Mocksa, Poccust; 2HCTUTYT reHETHUECKUX PECYPCOB
HammonanpsHo# akamemun Hayk AzepOaiimkana, baky, A3epOaiimkan

Annomayus: Ha ocnose pesyiomamosg cOOCMEEHHbIX UCCLe008AHULL U JUMEPAMYPHbIX OAHHBIX OVOYM NpedCmasiebl
OCHOBHblE meopemuyeckue U IKCHEPUMEHMANbHbIE NO0X00bl K UCciedoganuio spgexmusnocmu mpancisyuu mPHK
PAcmeHuil U 0ceeweH ux eKiao 011 PYHKYUOHANbHOU 2eHOMUKY U OUOMEXHOA02UU PACMEHUIL.

Kniouesvie cnosa: mpancisiyus, mPHK, mexanusmol pecynsyuu

Tpancnamuss MPHK B OenxoBbIf NPOAYKT — OSTO HM3AIIHO PEryIHPYeMBIH, TOUYTH Oe30mMO0YHBIM IpoIiecc.
DKcneprMeHTaIbHbIE TAHHBIE U TEOPETHUECKHE NPEICKA3aHUsl CBUJIECTENILCTBYIOT O CII0KHOM MH(pOPMAIUH, 3aKOANPOBAHHON
B MPHK, xotophie, kak mpaBmiio, W ONPENSIAIOT JanbHelnryto cyns0y moboit MPHK — oOpa3oBanue Oenka. B mokmanme
OynyT: (1) CyMMHPOBaHbI COBPEMEHHBIE JTaHHBIE O CTPYKTYpHO-(YHKIMOHAIBHBIX xapakrepuctnkax MPHK pacrenuii m mx
B3aUMOCBSI3H TPAHCISILIMOHHON 3 PEKTUBHOCTHIO; (11) paCCMOTPEHBI HOBBIE SKCIIEPUMEHTAILHBIE M TEOPETHYECKHE MOIXObI
JUISl TIPOSICHEHMS CIIOXKHOW CETH MEXaHM3MOB TpaHCAnuy; (1ii) paccCMOTpeH MOTEHIMAT 3THX 3HAHWH Ui (yHKIMOHAIBHOM
TEHOMHKH W OHOTEXHOJOTMM pacTeHud. Ilomaraem, 4YTO BKJIAJ pEryJATOPHBIX KOHTEKCTOB M MX COYETaHWH B
TPAHCISIIMOHHBIN cTaTyc nHANBHAYanbHEIX MPHK cMoeT mpuOIM3uTh K JOCTIDKEHHUIO «30JI0TOI MEeUuThD) HCCIe10BaTeNs —
BCE 3Talbl PEryJSIIUN 3KCIPECCUU T€HOB, B TOM YHCIE M MPUBHECEHHBIX U3BHE, MOJl €T0 CTPOTUM KOHTPOJIEM. DTH 3HAHUS
MO3BOJIAIT PACHIMPHUTh NPUKIATHON IOTEHLMAN perynaropHelx KoHTekctoB MPHK, kak g wmpeHTH(UKAINM HOBBIX
TeHOTHIIOB PACTEHHH C JIyUIIMMH KOMOMHAITUSAMH ajlieNiel, Tak | JUIsi AW3aiiHa HOBOTO MOKOJIEHUS TPAHCTEHHBIX PAacTCHUI.

Pabora BeinosiHeHa B pamkax rpanta PHO 18-14-00026.
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Cryptochrome-dependent in vitro seedling growth of Melilotus albus
Golovatskaya I.F., Loshkareva T.V.
National Research Tomsk State University, Tomsk, Russia
E-mail: golovatskaya.irina@mail.ru

Key message. We have shown that the effect of blue light on the morphogenesis of Melilotus albus seedlings can be reversed
when illuminated with green light. Like photoregulation of growth suggests the reversibility of the state of cryptochrome.
Keywords: Melilotus albus, selective light, cryptochrome, photomorphogenesis, scotomorphogenesis

When seeds germinate in darkness, etiolated seedlings form, since the program “search for light” — scotomorphogenesis is
activated. In the light the growth of axial organs is inhibited and a photosynthetic apparatus is formed due to the functioning
of regulatory pigments (phytochromes, cryptochromes), which differentially perceive the visible part of the solar spectrum. It
is known that cryptochromes change the absorption spectrum depending on the oxidation state of their molecules. Recently,
the possibility of changing the morphogenesis of plants depending on the state of photoreceptor molecules under the influence
of blue (BL) and green (GL) light has been discussed recently. In this regard, the morphogenesis of the seedlings of M. albus
in vitro was studied, depending on selective light and darkness. The seedlings were cultured under sterile conditions on a
Murashige and Skoog medium in the dark and under BL, GL, BL + GL and BL + GL + BL of “Philips” fluorescent lamps
(Netherlands). The light was aligned with incident photons 120 pmol / m?. The area of cotyledons and “mirror” was
measured in photographs taken with a video camera using the “Moticam 2300” program. Etiolated seedlings were
characterized by elongated hypocotyl and poorly developed cotyledons. BL exerted a greater morphogenic effect on M. albus
seedlings than GL. The hypocotyl was shortened more, large cotyledons were formed and the first leaf appeared - a “mirror”.
The surface of the cotyledons was poorly developed at the GL and the first leaf was not formed. Hypocotyl in size was
comparable to that of etiolated seedling. When grown under BL + GL, it was noted that the action of GL after BL reduced the
size of the root and surface of the cotyledons, leading to the loss of a “mirror”. From the analysis of growth parameters, it
follows that the illumination of GLs reversed the effects of BL on the morphogenesis of seedlings. This reaction could be
directly related to the reversible signaling of cryptochrome. If, following the successive action of BL + GL, BL had an effect,
the morphology of the seedling resembled “blue seedlings”, only slightly smaller of size. BL removed the effect of GL, which
also testified to the participation of cryptochromes in these reactions. This study was supported by The Tomsk State University
competitiveness improvement programme.

Kpunrtoxpom-3aBucumsiii poct npopoctkos Melilotus albus in vitro
Tonosayxaa U.D., Jlowxapesa T.B.
HanuonaneHeli nccnenoBaTesbckuii TOMCKUE rocyJapCTBEHHBIN yHUBEpCUTET, ToMck, Poccus

Annomayusn. I[loxazano, yumo spghexm cunezo ceema na mopghocenes npopocmro8 OOHHUKA 6e1020 Modicem Oblmb UsMEeHeH
Ha NpoOmMUGONOL0JICHbIL NPU OceeujeHuu 3eieHbim ceemom. 11o0obnas pomopezynayus pocma npeonoiazaem oopamumocns
COCMOSIHUSL KPUNMOXPOMA.

Knroueswie cnosa: Melilotus albus, cenexmusnbiii céem, Kpunmoxpom, pomomopghozenes, ckomomoppozenes

ITpn mpopacTaHum ceMsH B TeMHOTEe (DOPMHPYIOTCS STHOIMPOBAHHBIE IPOPOCTKH, MOCKOJIBKY BKIIOYAETCS IMpOrpamMma
"momcka ceera" — ckotomopdorenes. Ha cBery Onaromaps (pyHKIMOHHPOBAHHIO PETYJSTOPHBIX MUTMEHTOB ((PuTOXpOMOB,
KPHUIITOXPOMOB), IH(H(HEpEeHINPOBAHHO BOCIPHUHUMAIONINX BHIUMBIH YYaCTOK COJHEYHOTO CIIEKTPa, TOPMO3UTCS POCT
OCEBBIX OpPraHoB U (opmMupyercs GOTOCHHTETHUECKHUH armapar. MI3BeCTHO CBOHCTBO KPUINTOXPOMOB M3MEHSATH CBOW CIIEKTP
TIOTJIOMICHUA B 3aBUCUMOCTH OT CTCTIICHHU OKHUCJICHUA MOJICKYJIbI. B IMOCJICIHEEC BpEM O6Cy)KZ[aETCH BO3MOXXHOCTb UBMCHCHUA
Mop¢oreHe3a pacTeHHI B 3aBHCUMOCTH OT COCTOSIHESI MOJIeKyJ ¢oTopenentopoB noj aeiicteueM curero (CC) u 3emeHoro
(3C) cBeta. B cBs13u ¢ aTHM HccienoBantd ocodenHocTn Mopdorenesa nmpopoctkoB Melilotus albus in vitro B 3aBucumocTu ot
CEJIEKTUBHOI'O CBETa U TEMHOTHI. IIpOpOCTKH KyJIbTHUBUPOBANIM B CTEPUIIBHBIX YCJIOBUSIX Ha MUTATENbHOU cpeae Mypacure-
Ckyra B temuore u non CC, 3C, CC+3C u CC+3C+CC momunecuentHsix nami ¢upmer «Philips» (Hunepmammsr), cser
BBIPAaBHUBAIM 10 TafarouuM gotoHam 120 Mxmons/m2c. Tlnomans cemsioneii u «3epkablia» U3MepsIM Ha (oTorpadusx,
CENaHHbIX C MOMOUIBIO BHICOKAMEPHI, C HMCIOJIb30BaHUEM mporpammsl «Moticam 2300». DTHonnpoBaHHBIE HTPOPOCTKU
XapaKTEePU30BAINCH BBITSHYTHIM THIIOKOTHIEM M ci1a00 pa3BUThIMH ceMmsoisiMu. CC okaspiBan OOJbliee MOp(OTreHHOE
JIeWCTBHE Ha MPOPOCTKH JOHHMKA Oenoro, yeM 3C. bonblie ykopaunBaics rUIOKOTHIIb, (POPMUPOBAINCH OOJIBIINE CEMSI0IH
U TIOSIBJISUICS TIEPBBIN JIMCT — «3epKaibiie». Ha 3C Obuta ciabo pa3BuTa HOBEPXHOCTH CEMsI0IEH U HEe (POPMHUPOBAIICS TIEPBBIH
yucT. [umokoTninp mo pasmepam ObUI CONOCTABHM C TakOBBIM Y 3THOJHMPOBAHHOTO NpopocTka. [Ipu BbIpammBaHWM 110J
CC+3C ormeruny, uro aeiicteue 3C nocne CC yMeHbIIano pa3Mepbl KOPHS M MOBEPXHOCTH CEMSI0NIEH, NPUBOIS K yTpaTe
«3epkanblay. V3 aHanm3a pocTOBBIX MapaMeTpoB ciemoBano, uto ocsemenne 3C obpamano 3¢dexter CC Ha Mopdorenes
MIPOPOCTKOB. DTa peakiusi MOria OBITH CBS3aHA HANPSAMYIO C OOpaTHMMBIM CHUTHAJIMHIOM KpunToxpoma. Ecmm Bcienm 3a
nocienoatensHeM  AeiictBueM CCH3C oxaseBan pgeiictBue CC, TOo MoOp¢oJOTHsS TPOPOCTKA HAIOMHHANIA «CHHHE
MIPOPOCTKM», TOJIBKO HEMHOro MeHbImux pasmepoB. CC cumman npeiictBue 3C, 9TO Takke CBHUICTEIBCTBOBAIO 00 y4acTHH
KPUITOXPOMOB B 3THUX peakiusx. Mccriedosanue 6 pamkax HAYUHO20 NPOEKMA, 8bINOTHEHHO20 npu noodepaicke IIpozpammul
noevbluleHuUA KOHKypeHmHOC}’lOCO6HOCmu Tomckozo coCyHUuesepcumema.
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Influence of the fungicide TMTD as a stress factor on the ultrastructure of pea (Pisum sativum L.) symbiotic nodules
Gorshkov A.P.1, Tsyganova A.V.%, Tsyganov V.E.12
All-Russia Research Institute for Agricultural Microbiology, Saint Petersburg, Russia; 2Saint Petersburg Scientific Center
RAS, Saint Petersburg, Russia
E-mail: artemius1993@yandex.ru

Key message. The negative effects of tetramethylthiuram disulfide (TMTD) on the ultrastructural organization of nodules of
pea wild-type line SGE were studied.
Keywords: symbiotic nodule, fungicide, cell wall, bacteroid

In the agricultural industry, various plant protection products are widely used, including fungicides, one of which is TMTD. It
was previously shown that TMTD can have a negative effect on legume-rhizobial symbiosis, however, studies of the effect of
TMTD on the structure of nodules have not been performed. The aim of this work was to study the effect of various
concentrations of TMTD on the ultrastructural organization of nodules of pea (Pisum sativum L.) wild-type line SGE. Plants
were grown in containers with vermiculite containing 0.4, 4 and 8 g/kg TMTD. At a concentration of 0.4 g/kg, the influence of
TMTD on the development of plants and nodules was not observed. At a concentration of 4 and 8 g/kg TMTD, reduction of
both the shoots and roots was seen, the number of nodules decreased. At the ultrastructural level at a concentration of 0.4 g/kg
TMTD, the following abnormalities were found: cell wall clearing, especially in the meristem zone, accumulation of
polyhydroxybutyrate (PHB) in bacteroids. At a concentration of 4 g/kg TMTD, the abnormalities of the cell walls were more
pronounced, and their swelling, deformation and clearing was observed in all histological zones of the nodule. The walls of
the infection threads were also undergoing to swelling and clearing. In bacteroids, along with PHB, large spherical inclusions
of average electron density of unknown origin were revealed. At a concentration of 8 g/kg TMTD, along with the above-
mentioned changes, bacteroids of an abnormal shape and density were present in the infected cells. Thus, TMTD negatively
affects the development of symbiotic pea nodules at the ultrastructural level.

The study was supported by RSF 17-76-30016.

Bausinne pynruuuga TMT/I kak ctpeccoBoro ¢pakropa Ha yJabTPacTPYKTYPy CMMONOTHYECKUX KJIYOEHbKOB ropoxa
(Pisum sativum L.)
Topwxos AT, [oieanosa A.B.%, IJvicanoe B.E.1?
1Bcepoccuiicknii Hay4HO-HCCIEN0BATENBCKHII HHCTHTYT CENbCKOX03AHCTBEHHON MuKkpobuonorun, Cankr-Ilerep6ypr,
Poccus; 2Cankr-Tletep6yprexuii Hayunbiii uentp PAH, Cankr-ITetepOypr, Poccus

Annomauusn.  H3syuenol  nposeieHus — He2AmMueHo20  euusnus  mempamemuamuypamoucyiogpuoa  (TMT]I])  na
VILMPACMPYKIMYPHYIO OP2AHUZAYUIO KIYOeHbKo8 20poxa ouxoeo muna aunuu SGE.
Knroueswvie cnosa: cumbuomuyeckuil kKiyoenex, Qyneuyuo, Kiemounas cmenka, 6axmepouo

B cenbCKOXO035ICTBEHHOM TNPOW3BOJACTBE LIMPOKO IPUMEHSIOTCA Pa3IMYHBIC CPEICTBAa 3alUTHl PACTEHHUH, B TOM YHCIE
¢GyHrHOUIBL, OMHAM H3 KOTOpBIX sBisieTcss TMT/I. Panee Obuto mokazano, uto TMT/] MoxkeT OKka3bIBaTh HETATUBHOE BIIHSIHUE
Ha 0000BO-pH300MaNbHEIE CHMOMO3, TeM He MeHee, HccienoBaHus BimsHMA TMTJ] Ha cTpykTypy KiIyOCHBKOB He
poBOIMIIKCH. Llenpio maHHOW pabOTHl OBLTO M3YYHTH BIUSHHE Pa3IMIHBIX KOHIEeHTpanuit TMT/] Ha yibTpacTpyKTYpHYIO
OpraHu3alio KIyOeHbKOB JHHUH ropoxa nocesnoro (Pisum sativum L.) aukoro tuma SGE. Pacrenust ObLTH BBIpAI[CHBI B
cocynax ¢ BepMmuKyauToM, comepkammM 0,4, 4 u 8 r/xr TMT/. Ilpu konnentpanuu 0,4 r/Kr He HAOIIONAIOCH BIHSHUS
TMT/ Ha pa3zButHe pacTeHuit u kiyoeHbkoB. ITpu konnenTpannu 4 u 8 r/kr TMT/] 3ameueHa peayKius Kak cTebieid, Tak u
KOpHeH, KOJMYecTBO KIIyOeHBKOB yMeHbIIanock. Ha yapTpacTpykTypHOM ypoBHE npu KoHuentparuu 0,4 r/kxr TMT]]
0oOHapy’KeHBI CJIEIYIOIINE AaHOMAIHU: IPOCBETIICHHE KIETOYHBIX CTEHOK, OCOOCHHO B 30HE MEPUCTEMBI, HAKOIJICHHE
nosuruapokcudytupata (ITOB) B 6akrepounax. Ilpu xonmentpanuu 4 r/kr TMTJ] aHOManuu KJIETOYHBIX CTEHOK OBLIH
BBIPAKEHBI CHJIbHEE — HAOMIOAaNoch WX HaOyxaHHWe, HCKPHUBICHHE M TPOCBETIEHHE BO BCEX THCTOJIOTMYECKHX 30HAX
kiayOeHbka. CTeHKH MH(EKIMOHHBIX HHUTEH TaKXke IMOJBeprajuch HaOyXaHWIO M IPOCBETICHUI0. B Oakreponaax Hapsmy c
[IOb OBUTH BBISBJICHBI KPYIHBIE CEepUUECKUE BKIFOUEHUS CpEOHEH AIEKTPOHHOH IUIOTHOCTH HEW3BECTHOW mpupozsl. [lpu
koHueHrpauuu 8 r/kr TMT/I, Hapsay ¢ BBILICONMCAHHBIMH M3MEHEHHSMH, B MH(OUIMPOBAHHBIX KJETKaX MPHUCYTCTBOBAIIH
OakTeponbl aHOMaJbHOM (opMbl M ToTHOCTH. Takum ob6pazom, TMT/l HeraTuBHO BJIMSIET HAa Pa3BUTHE CUMOMOTHYECKHX
KIIyOE€HBKOB TOpoXa Ha yJIbTPACTPYKTYPHOM YPOBHE.

Pa6ora monnepkana rpantom PH® 17-76-30016.
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Novel determinants of plant-pectobacteria interaction: identification and characteristics
Gorshkov V.22, Parfirova 0.12, Tsers 1.1:2, Petrova O.%, Gogoleva N.12, Ageeva M., Islamov B.%,
Vorob’ev V.12, Mikshina P.}, Gogolev Yu.1:2
1Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of RAS, Kazan, Russia; ?Kazan (Volga
region) Federal University, Kazan, Russia
E-mail: gvy84@mail.ru

Key message. There are “molecular switchers” that transform peaceful coexistence of plants with phytopathogenic
pectobacteria to symptomatic infection. These switchers seem to be perspective “targets” for plant protection approaches.
Keywords: phytopathogens, latent infection, phytoimmunity, virulence, tolerance

Most if not all phytopathogenic microorganisms being able to cause plant diseases usually interact with their hosts as
commensalists or even mutualists without manifesting their pathogenic potential. This knowledge forces one to think about
the alternative ways of plant protection. The contemporary plant protection approaches are based on pathogen elimination
either by using pesticides or by breeding resistant plant varieties. However, such kind of a “tough politics” in relation to a
pathogen leads to its fast adaptation resulting in the emergence of new highly aggressive strains. Therefore, the plant
protection methods that would not apply a selective pressure on a pathogen are of a great importance. From this position,
agrotechnological strategy that would ensure obligatory mutualistic behavior of phytopathogens seems promising. The major
obstacle for such a strategy is our poor knowledge in the physiology of asymptomatic infections.

Pectobacterium atrosepticum (Pba) belongs to one of the most devastating phytopathogens that causes plant rots. It is always
regarded as a pathogen with brute force mode of action. Herewith, these bacteria often establish prolonged commensalistic
interactions with plants without causing the disease. Our comprehensive study aims to understand what drives the peaceful
coexistence of plants with pathogens in terms of the molecular physiology of both organisms and what disturbs the
equilibrium within the pathosystem.

Different types of microscopy and NGS-transcriptomics constitute the basis of our systemic methodology providing
information on 1) spatial organization of microbial population in planta and phenotypic diversity of Pba cells — both are the
criteria of the infection type; and 2) plant and bacterial genes differentially expressed during latent and acute infection
enabling us to assume the molecular players (including novel ones) that determine the type and outcome of plant-pathogen
interaction. Then, specific test-systems (including those involving mutagenesis, cloning, chromatography, NMR-spectroscopy,
phytohormone application, immunodetection, etc.) are developed to experimentally characterize these players.

The obtained results show that latent, disease-free infections are likely to be the physiological norm and reflect natural
equilibrium between plants and pathogens, and the development of pathological processes is a result of the disturbance of this
equilibrium due to the specific physiological reactions of both organisms. Different types of induced plant susceptible
responses with different outcomes were characterized. Specific role in determination of the infection type was shown for
phytohormonal status (which is actively modulated by the pathogen) and Pba-induced plant- mediated reorganization of the
plant cell wall by plant cell wall proteins/enzymes and ROS. For the first time, we have revealed that a member of soft rot
Pectobacteriaceae (SRP) is able to produce low molecular weight extracellular phosphonates that seem to contribute to plant-
microbe interaction. The synthesis of these compounds is strongly induced by plant-derived metabolites. In addition, for the
first time for Pectobacterium genus, we obtained and characterized the mutant defective in enterobactin-like siderophore
production. Our results show that Pba siderophores act in a different manner compared to well-characterized Dickeya
siderophores. We also identified and characterized the properties of Pba exopolysaccharides that made it possible to discuss
their role in the pathosystem development. Thus, our data revealed novel molecular participants of plant-Pba interaction. The
action of some of these metabolites determines the strategy of host-microbe interaction (latent, typical or atypical infection).
Global comparative picture of the pathosystem at the equilibrated and desequilibrated states will be presented and
maintenance of a pathosystem at the equilibrated state will be discussed as a perspective plant protection strategy.

The study is supported by RSF (No 19-14-00194).
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The study of transcriptomes of symbiotic tissue of pea using
the third-generation sequencing technology Oxford Nanopore
Gribchenko E.S., Afonin A.M., Kulaeva O.A., Zorin E.A., Shtark O.Yu., Zhukov V.A.
FSBSI ARRIAM, St. Petersburg, Russia
Email: gribemma@gmail.com

Key message. The transcriptome profiles the cv. Frisson mycorrhizal roots and inoculated nitrogen-fixing nodules were
investigated using the Oxford Nanopore sequencing technology. A database of gene isoforms and their expression has been
created.

Keywords: Pisum sativum L, legume-rhizobial symbiosis, arbuscular mycorrhiza, transcriptomics

Pea (Pisum sativum L.) is a popular pulse crop and an important model object of genetics. It is capable of forming triple
symbiotic systems consisting of a plant, arbuscular mycorrhizal fungi, and nodule bacteria. With the spread of transcriptome
and proteomic approaches to the study of mutualistic symbioses of peas, the need for a reference transcriptome arose. The
knowledge about the sequences of genes expressed under various experimental conditions is needed to increase the resolution
and accuracy of other methods. The third-generation sequencing technology from Oxford Nanopore produces sequences of
entire full-length cDNA molecules, making it possible to determine the expression of genes with high accuracy and also to
determine their isoforms and differential expression in tissues.

In our work, the transcriptomes of roots of plants of the Frisson variety 1) without treatment, 2) inoculated with arbuscular-
mycorrhizal fungi Rhizophagus irregularis strain BEG144, 3) nitrogen-fixing nodules formed with the Rhizobium
leguminosarum bv. viciae strain RCAM1026. In total, more than 80,000 unique isoforms were obtained using this method,
with more than 15% of them being unique for nodule transcriptomes, and 8% unique for mycorrhizal root transcriptomes. The
remaining isoforms were found in all studied samples. Functional annotation showed a large number of protein-coding
transcripts not previously described for P. sativum.

Creating a database of gene expression and their isoforms in various tissues will create a solid foundation for all further
transcriptome studies of pea.

This work was supported by a grant from the RSF 17-76-30016.

HN3yyeHne TPAaHCKPUNITOMOB CUMOMOTHYECKHMX TKAHEeH ropoxa OCEeBHOI0 NPH MOMOIIM TEXHOJIOTHii CeKBEeHUPOBaHUS
Tperbero nokosuenusi Oxford Nanopore
I'puduenko 3.C., Aponnn A.M., Kymaea O.A., 3opun E.A., Hltapk O.10O., XKykos B.A.
OI'BHY BHUMCXM, Cankrt-IletepOypr, Poccus

Annomayus. C ucnoavzosanuem mexuonoauu cexeenuposanuss Oxford Nanopore usyuen mpanckpunmom xopmueii eopoxa
copma Frisson npu ob6paszosanuu apOyckyisapHou muxopussl u azompurcupyrowux kiybenvkos. Cozoana 6aza Oanmwix
IKCAPECCUU 2eHO8 U UX U30PopMm.

Knioueswie cnosa: I'opox nocesnotl, 606080-pu300uanvhviti cumobuos, apoyCcKyIapHas MUKOPU3A, MPAHCKPURIMOMUKA

Topox (Pisum sativum L.) — mmpoko pacnpocTpaHeHHasi CelNbCKOXO3IHCTBEHHAs! KyJIbTYpa W Ba)KHBIH MOJIEIBHBIH 0OBEKT
reHetukn. OH crocoGeH 00pa3oBBIBATh TPOHHBIE CHMOWMOTHYECKHE CHCTEMbI, COCTOSIIME W3 pacTeHHs, TIpuOOB
apOyCKYJIIpHOM MUKOPH3BI M KIIyOeHBKOBBIX Oaktepuid. [lo Mepe pacnpocTpaHeHUs TPAaHCKPHUITOMHBIX M IPOTEOMHBIX
MOJXO0JI0B K M3YYEHHIO MYTYaINCTHYECKUX CUMOMO30B ropoxa, JJIsI TMOBBIMICHNS pa3penlaoniell CllocCOOHOCTH M TOYHOCTH
JIPYTUX METOAOB BO3HHKIA HEOOXOAMMOCTh B peepeHCHOM TPAHCKPHUIITOME, T.€. B 3HAHWHU IIOCIIEAOBATEILHOCTEH T'€HOB,
9KCIPECCUPYIOLINXCS B PAa3IHMYHBIX YKCIICPUMEHTANBHBIX yCIOBUAX. Vcronp30BaHNE TEXHOJIIOTHI CEKBEHHUPOBAHUS TPETHETO
nokosternst Oxford Nanopore sakmouaercst B mpounThiBaHun Moiekynsl kKJIHK memukom, 4to mo3Bonser ¢ OGOJBIION
TOYHOCTBIO OTPENENISATh IKCIIPECCHI0 T€HOB M TaKXKE OINpeneiaTh MX u30(opmbl U TuddepeHHanbHy0 3KCIPECCH0 B
TKaHSIX.

B wHamreit pabore OBUIM HCCIECOBAHBI TPAHCKPHIITOMBI KOpHEH pacteHuil copra Frisson mpu B3ammopeiicTBuH ¢
apOyckyssipHO-MUKOpu3HbIMU  Tpubamu  Buma Rhizophagus irregularis BEG144, a3zordukcupyrommx KiyOeHbKOB,
obpa3oBaBLIMXCs TPH B3auMojeicTBuu co mTammoM Rhizobium leguminosarum bv. viciae RCAM1026, u kopHeit 6e3
00pabotku. Beero npu nomomu gaHsoro merona Osutn nosmyyensl 6osee 80000 yHnkansHbIX H30(hopM, Ipu 3TOoM Oosee 15%
13 HAX OBUIM YHUKAJIBHBI JUIl TPAHCKPUNTOMA KITyOSHBKOB, U 8% OBUIM YHHKAJIBHBI IS TPAHCKPHIITOMa MHUKOPHU30BaHHBIX
KopHel. OctanpHble N30()OpMBI OBUTM HaWIEHBI BO BCEX HCCIEAyeMBIX oOpasnax. DyHKIMOHaNbHAS aHHOTAIMS IOKa3aia
60JIbIIIOE YUCIIO OEJIOK-KOMPYIOLIUX TPAHCKPHIITOB, paHee He OMMCAHHBIX JJISl TOPOXa IOCEBHOTO.

Coznanne 0a3pl JaHHBIX HKCHPECCHH T€HOB M MX M30(OpM B Pa3IMYHBIX TKAHAX CO3/ACT MPOUYHBIH (QyHAaMEHT A BCeX
JaTbHEUIUX TPACHKPUIITOMHBIX UCCIIE0BAHUI TOpOXa MOCEBHOTO.

Pabora nonnepsxana rpantom PH® 17-76-30016.
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Varietal features of potato responses to Azospirillum and exogenous indole-3-acetic acid
Grigoryan M.A.L, Starchikov A.A.%, Tkachenko O.V.%, Burygin G.L.»2, Evseeva N.V.?
Saratov State Agrarian University named after N.I. Vavilov, Saratov, Russia; 2Institute of Biochemistry and Physiology of
Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia
E-mail: grigorian.mika@yandex.ru

Key message. The effect of A. brasilense Sp245 and indoleacetic acid (IAA) on microplants of 10 potato cultivars in in vitro
culture was studied. Significant genotypic differences in the growth-stimulating effect of bacteria and IAA on plants were
established.

Keywords: Solanum tuberosum, in vitro, Azospirillum brasilense Sp245, indole-3-acetic acid

Potato cultivars differ in resistance to stress, response to nutritional levels, as well as in phytohormone content, sensitivity to
exogenous regulators, and in response to inoculation with associative bacteria. Plant-growth-promoting rhizobacteria, such as
Azospirillum brasilense Sp245, stimulate plant growth due to an increase in the level of phytohormones auxins (Kargapolova
etal., 2019).

The purpose of the study was a comparison study of the effect of A. brasilense Sp245 bacteria and exogenous indole acetic
acid on microplants of 10 potato cultivars in vitro.

Microcuttings of 10 potato cultivars were placed on a liquid nutrient medium Murashige-Skoog (MS) without hormones
(control) or with 1AA at a concentration of 1, 0.1, 0.01 mg/I, respectively. In the fifth variant of the experiment, microplants
on a medium without hormones were inoculated with a suspension of A. brasilense Sp245 at a concentration of 106 cells/ml of
nutrient medium.

The growth-promoting effect of bacteria and IAA primarily was in relation to the root system. The data on the cultivars show
a significant genotypic dependence of the growth-promoting effect of bacteria and IAA on plants.

Based on the analysis of the results of the action of bacteria and exogenous IAA, all studied cultivars were divided into three
groups:

I. Avrora, llyinsky, Red Scarlett — the growth of the root system is stimulated; the growth of shoots is reduced. The effect of
bacteria is more pronounced than the effect of IAA;

Il. Vasilek, Zhukovsky ranniy, Condor, Phioletoviy — the growth of the root system and shoots is increased. The effect of
bacteria influence is comparable to or lower than the effect of IAA;

I11. Darenka, Nevsky, Rozara — the growth of the root system is inhibited, and the growth of shoots is increased. The effect of
bacteria influence is comparable or less pronounced than the effect of IAA.

Thus, as a result of screening of morphometric parameters, the most contrasting potato cultivars in response to inoculation
were determined: Red Scarlett, Condor and Nevsky. This work was supported by the RFBR grant No. 19-016-00116.

CopTtoBble 0CO0EHHOCTH OTBETHBIX peakuuii kaprodeJisi HA JeiicTBHe a30cNUPUILI U dk3oreHHoii UYK
Tpuzopsan M.A.Y, Cmapuuxos A.A.Y, Tkauenxo O.B., Bypoieun I'.JI.?, Esceeea H.B.?
®I'bBOY BO Caparosckuii TAY, Caparos, Poccus; 2AB®PM PAH, Capatos, Poccus

Annomauus. Hsyuerno enusnue 6axmepuii A. brasilense Sp245u HYK na muxpopacmenusn 10 copmoe kapmoghensa 6 Kynomype in
vitro. Yemanoenenvl cyuwjecmeentvle ceHOMUNUYECKUe pasiuius nposasieHus pocmocmumyaupyowezo oeicmeus bakmepuii u UVK
Ha pacmeHusl.

Koueswie crosa: Solanum tuberosum, in vitro, Azospirillum brasilense Sp245, undoaunyxcycnas kucioma

CopTa KapTodemnst pa3INIaroTcs M0 YCTOWYNBOCTH K CTPECCOBBIM BO3JEHCTBUSIM, PEAKINH HA yPOBEHb MHUTAHUS, a TAKKE MO COAEPKAHUIO
(UTOTOPMOHOB, UYBCTBHUTEIBHOCTH K JK30T€HHBIM pETYJISITOpaM M IO PEaKIUH Ha HWHOKYJSIIMIO ACCOIMATHBHBIMH OaKTepHsIMU.
Pusocdeprsie poctctuMyupyomme 6akrepuu, Takue kak Azospirillum brasilense Sp245, crumysumpyrot poct pactenuii B 60IbII0i Mepe
Graromaps MoBbIIIeHHIO YpoBHs huroropmonoB aykcuaos (Kargapolova et al., 2019).

Llenbio WCCIEOBaHUS SBISUIOCH CPaBHHUTENBHOE H3yueHHe BiHsHHs Oakrepuii A. brasilense Sp245 u 3K30reHHON WHIOJHITYKCYCHOM
KHCIIOTHI Ha MUKpopacTeHust 10 coptoB kapTodens B KyJIpType in Vitro.

MukpouepeHkn kaptodesst 10 copToB MOMeIany Ha KUIKYI0 MUTaTeNbHYI0 cpeny Mypacure-Ckyra (MC) 6e3 ropMOHOB (KOHTPOJIb) HIIH C
conepxanneM YK B konnentpanuu 1, 0,1, 0,01 mr/n. B msitoM BapuaHTe onbiTa MUKPOPAacTEeHHs Ha cpelie 0e3 TOPMOHOB HHOKYJIMPOBAIIN
cycnensueii 6axrepuii A. brasilense Sp245 B xonnenTpamuu 108 ki/Mn nuTaTensHOR cpepl.

Hab6ronanocs pocroctumysmpytomee Biusane 6akrepuii 1 YK mo cpaBHEHHIO ¢ KOHTPOJIEM B TIEPBYIO OYEPEAb B OTHOIICHUH KOPHEBOM
cucTeMsl. JlaHHBIE IO COpPTaM MOKa3bIBAIOT CYNIECTBEHHYIO TeHOTHITMYECKYIO 3aBUCHMOCTD TIPOSIBIICHUSI POCTOCTHMYJIHPYIOIIETO eHCTBUS
6axrepuit u UYK Ha pactenus.

Ha ocHoBaHnMMaHanmm3a pe3yapTaToB AeHCTBUS OakTepwii 1 sk3oreHHO YK Bee n3ydeHHbIe copTa pacipeeeHbl Ha TPU TPYIIIIbL:

I. ABpopa, Mnbuuckwuii, Pen CkapieTT —CTUMYIHPYETCS POCT KOPHEBOW CHCTEMBI, pOCT TIOOETOB B cpefHeM CHmkaeTcs. DddekT aeicTBus
GakTepuil BeIpakeH cuibHee, ueM MYK;

II. Bacunek, XykoBckuii panuuii, Kongop, ®nosneToBblii —pocT KOpPHEBOI CHCTEMBI M MOOETrOB B cpefHeM yBeianuuBaercs. Dddext
BIIMSAHUS OaKkTepuil B CPEIHEM CPaBHUM WK HUXke, yeM UVYK;

III. Mapenxa, Hesckuii, Po3apa —pocT KOpHEBOI CHCTEMBI HHTHOMPYETCS, a pOCT MOOEroB B CpeAHeM yBenuumBaeTcs. D(QGEeKT BIUSHUSL
OakTepHii B CpeTHEM CPaBHUM WIIH BEIpaxkeH ciabee, uem MYK.

Takum oOpa3oMm, B pe3yibTaTe CKpPUHHHTa MOP(OMETPHYECKHX IIapaMeTpOB OMNpeeNeHbl Hanboyiee KOHTPACTHBIE MO PEaKIWM Ha
HHOKyIsIHIo copTa Kaproderns: Pex Cxapnert, Konnop u Hesckuii.

PaGora GblTa BBITIOIHEHA TIPH oaAepskke rpanTa PODU Ne 19-016-00116.

Kargapolova K.Y. et al. Effectiveness of inoculation of in vitro-grown potato microplants with rhizosphere bacteria of the genus
Azospirillum // PCTOC. — 2020. — Vol. 141(2). — P. 351-359.
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Prospects of fluorescence methods application for monitoring of cyanobacterial cultures in biotechnology
Grigoryeva N.Yu.!, Liss 4.4.2
1Saint-Petersburg Scientific-Research Center for Ecological Safety RAS, Saint-Petersburg, Russia; ?Saint-Petersburg
Electrotechnical University «LETI», Saint-Petersburg, Russia
E-mail: renes3@mail.ru

Key message. In the last few decades cyanbacteria became a valuable object of biotechnology. During their industrial
cultivation growth rate, physiological state and algological purity of the culture should be controled permanently. One of the
methods that can provide on-line monitoring of cyanobacterial cultures is a fluorescence spectroscopy.

Keywords: Cyanobacteria, fluorescence spectroscopy, industrial cultivation, on-line monitoring, physiological state
Cyanobacteria are photosynthetic microorganisms that possess a high potential for innovative applications in agriculture, food
production, cosmeticals, wastewater remediation, biofuels, antioxidative enzymes production, etc. In some South American
and Southeast Asian countries mass cultivation of cyanobacteria already became an important part of agriculture and food
industry [1]. During the industrial cultivation cyanobacterial cultures should be permanently checked to control their
algological purity and the absence of additional toxic species. In this work methods of fluorescence spectroscopy, most
perspective for monitoring of physiological state and biological diversity of cyanobacterial cultures during the industrial
cultivation, are considered. Cyanobacterial strains from CALU collection of the Core Facility Center “Centre for Culture
Collection of Microorganisms” of the Research Park of St. Petersburg State University were used in this investigation. An
intrinsic self-fluorescence spectra of living cyanobacterial cultures were recorded via Cary Eclipse (Varian Cary) scanning
fluorimeter and confocal laser-scanning microscope Leica TCS-SP5. It is well-known, that the intensity and spectral
composition of fluorescence, emitted by cyanobacterial cells in vivo, depends on the operational effectiveness of
photosynthetic apparatus, reflecting the in-time physiological state of the culture [2]. Therefore, self-fluorescence spectra,
excited at the wavelengths of main photosynthetic pigments, i.e. phycoerythrin (570 nm), phycocyanin (625 nm) and
chlorophyll a (440 um), are suggested for on-line monitoring of the developmental stage and physiological state of
cyanobacterial cultures during cultivation. We suggest to monitor the algological purity of industrially cultivated
cyanobacterial cultures via several characteristic fluorescence spectra, comparing them with the reference spectra of an
algologically pure culture. Any changes in the fluorescence intensity of main photosynthetic pigments will indicate the
presence of additional species in the industrial volume. In this work we try to emphasize methods of fluorescence
spectroscopy most perspective for industrial and biotechnological applications.

IlepcnexkTuBBI NPpUMeHeHUs QuIyopecleHTHBIX MeTO/I0B /IVIsI MOHUTOPHHI A IMAHO0AKTEPHAIbHBIX KYJBTYP
B OMOTEXHOJIOTHH
Tpuzopvesa H.FO.%, Jlucc A.A.?
1Canxr-TleTepOyprexuii HaydHo-mccneq0BaTeNbCKUM HEHTP SKoIormueckoii 6e3onacuoctr PAH, Carkr-IletepOypr, Poccus;
2Canxr-TleTepOyprekuii rocy1apcTBeHHBIH d1eKTpoTexHudeckuil yausepeutet «JIDTWy, Cankr-Tletepbypr, Poccus

Annomauus. B nocneonue Heckonvbko decsimunemuil yuaHbaxmepuy CIaHo8smcs 8axiCHbIM 00bekmom buomexnonozuu. B npoyecce
UX NPOMBIUACHHO20 KYTbMUBUPOBAHUS HEOOXOOUMO HOCMOSHHO KOHMPOIUPOBAMb CKOPOCb POCmdA, u3uonocuteckoe cOCmosaHue
U anbeono2UYecKylo yucmoma Kyasmypol. OOHUM U3 Memo0o0s, KOMOPbLIL MOJCcem 0becneyums OnepamueHblil MOHUMOPUHS KYIbmyp
A6NAEMCS PIYyOpecyeHmHas CHeKMpOoCKOnUs.
Kniouegvie cnosa. ILuanodbaxmepuu, @uyopecyenmnas cnekmpocKonus, npoMbluileHHoe KyIbmusuposanue, OnepamuHulil
MOHUMOPUHE, u3suoIOcUeCKOe COCMOsSIHUE
[{nanobakTepuu — 3T0 HOTOCHHTE3NPYIOLINE MUKPOOPTaHU3MBI, KOTOPBIE 00J1aIaf0T BBICOKMM WHHOBAIIMOHHBIM MOTEHIIHATIOM B CEJIbCKOM
XO03sCTBE, B IPOMU3BOJICTBE MPOAYKTOB NMUTAHUS, B KOCMETHKE, B OYMCTKE CTOYHBIX BOJI, IPOU3BOJICTBE OMOTOIUIMBA M aHTHOKCHIAHTHBIX
(depmenToB 1 np. B HekoTopbIx crpanax FOxHo# Amepuku u FOro-Bocrounoi A3un MaccoBoe BBIpallMBaHHE [[HaHOOAKTEPUil yke CTao
BaXHOM UacThIO CEJIBCKOTO XO34HCTBa M MUINEBONH MNpoMbllUieHHOCTH [1]. Bo BpeMs NpOMBIIUIEHHOTO KyJbTUBHPOBAHUS
IaHOOaKTepHalIbHbIE KYIbTYPhI HEOOXOIUMO MTOCTOSIHHO MOHUTOPHUTH Ha TPEIMET KOHTPOIS X aIbrOJIOTHYECKOH YHCTOTHI M OTCYTCTBUS
HEeXXETAaTeIbHBIX TOKCHYHBIX BHIOB. B maHHOI paboTe paccMaTpHBaioTCss MeETOABI (DIyOpecleHTHOW CIEeKTpOCKOIHH, Hamboiee
MEpPCIICKTUBHBIE JUII MOHUTOPHHTA (DU3HOIOTMYIECKOTO COCTOSIHUSI M OHOJIOTHYECKOTO pa3sHOoOOpasust KyIbTyp IHAaHOOAKTEepWi mpH
MIPOMBIIIIEHHOM KyJIbTHBUPOBAaHHHU. [IJIsI MCCIENOBAHHS HCIIOIB30BAINCH ITaMMbI IuaHoOaktepuit m3 komreknun CALU Pecypchoro
neHtpa «KynbTHBHpOBaHUS MHKpOOpranm3smoBy» Hayuno-uccrnemoBarenbckoro mapka CIIOIY. CrekTpbl coOCTBeHHOU (HIyopeclCHITUH
JKUBBIX [[HAHOOAKTEPHAIBHBIX PETHCTPUPOBAIINCH C IIOMOIIIBIO0 cKaHupyromiero duyopumerpa Cary Eclipse (Varian Cary) u korpokaasHOTo
Ja3epHOro CKaHupyromero Mukpockora Leica TCS-SP5. Kak M3BeCTHO, MHTCHCHBHOCTH M CIEKTPAIBHBIA COCTaB (hIyopecieHIrH,
M3IIy4aeMoil [MaHOOAKTepHAbHBIMU KJIETKaMu iN  ViVO, 3aBuCHT 0T 3(Q{eKTHBHOCTH paboThl (HOTOCHHTETHYECKOIrO arrmapara,
OTpaXKaIOIIETO, B CBOIO OdYepelb, (DM3HOJOTHYECKOE COCTOSHHE KyJIbTyphl Ha HaHHBIH MoMmeHT [2]. Ilostomy s omepaTHBHOTO
MOHHUTOpHHTa (ha3bl Pa3BUTHS M (PU3MOJIOTHIECKOTO COCTOSHUS KyJNbTYpHI ITHAaHOOAKTEpWil BO BpeMs KyJIbTHBHPOBAHHS MpEIaracTcs
HCTIONB30BaTh CIEKTPHI COOCTBEHHON (hryopecueHnnH, Bo30yKIaeMble Ha IJIMHAX BOJH OCHOBHBIX (DOTOCHHTETHUYECKHX ITUTMEHTOB!
¢uxosputpuna (570 HM), PukormanuHa (625 HM) U xnopodmmuia a (440 HM). MOHHTOPHHT aJbrOJOTUYECKOW YHCTOTHI BHIPAIIMBAEMBIX
[MaHOOAKTepUaIbHBIX KYJIBTYp MpeylaraeTcss KOHTPOIUPOBATh 0 HECKOJIBKHM XapaKTePHBIM CIIEKTpaM (IIyOopecleHINH KOHTPOIUPYeMOii
KyJbTYypbl, CpaBHHBasi HUX C OTAJIOHHBIMU CIEKTpaMHU aJblrOJOTHYE€CKU YUCTOMU KYJIbTYpPBbI. .HI’O6I)I€ HN3MCHCHHS HHTCHCHUBHOCTH
d)nyopecuel-lum/l OCHOBHBIX (bOTOCl/IHTeTI/I‘leCKI/IX MUI'MEHTOB YKaXYT Ha HAJIMYUEC NOIOJHUTEIIBHBIX BUJAOB B IPOMBIIIJIEHHOM OG’beMe. B
llaHHOf/i pa60Te MbI TOCTAPAJIUCh BBIACIUTH METO/IbI (bJ'lyOpeCLIeHTHOﬁ CIICKTPOCKOIINH, Hau60nee NEPCICKTUBHBIC JI1 IPOMBIIIJIEHHOTO U
OHOTEXHOJIOTHIECKOTO MPUMEHEHHSI.

[1] S.M. Reddy, S. Girisham, G.N. Babu, Applied Microbiology (agriculture, environmental, food and industrial microbiology) (Scientific

Publishers, India 2017)

[2] N. Y. Grigoryeva, L. V. Chistyakova, A.A. Liss, Oceanology 58(6), 896-904 (2018).
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Detection of bacteria in water by a slot-mode sensor in an acoustic delay line
Guliy 0.1.%, Zaitsev B.D.2, Karavaeva 0.4.%, Alsowaidi A.K.M.3, Shavishvili 1.2.2, Borodina I.A.3
!Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia;
2Kotelnikov Institute of Radio Engineering and Electronics, Russian Academy of Sciences, Saratov Branch, Saratov, Russia;
3Chernyshevsky National Research State University, Saratov, 410005, Russia
E-mail: guliy_olga@mail.ru

Key message. A method has been developed for the rapid determination of bacteria with the help of an acoustic sensor using
as example E. coli cells in water when they are infected with specific bacteriophages. The detection limit is ~ 108 cells / ml,
with an analysis time of 5 min.

Keywords: microbial cells, bacteriophages, detection, acoustic sensor

Analysis of microbial contamination of water is one of the important tasks for the timely prevention of food poisoning and
mass diseases. In this regard, acoustic biosensor systems are a unique solution for detecting bacteria in water. Goal.
Developing the method of an analysis of bacteria during their infection by bacteriophages in water using an acoustic sensor.
Methods. We used a sensor based on a structure consisting of two piezoelectric plates of lithium niobate with a gap between
them. The upper plate serves as the bottom of the liquid container, which is filled with the studied cell suspension. When
specific bacteriophages are added to the test suspension of cells, the velocity of the acoustic wave propagating in such a
structure will change. A change in the wave velocity leads to a change in the output parameters of the sensor recorded in the
experiments. By changing the output parameters of the sensor for a suspension of cells before and after biological interaction,
we can draw conclusions about the presence (or absence) of the studied bacteria in the analyzed suspension. The possibility of
determining bacterial cells in water with a high conductivity value (up to 990 uS/cm) by detecting a specific “bacterial cell —
bacteriophage” interaction even in the presence of extraneous microflora using a sensor based on a slot mode in an acoustic
delay line with a shear horizontal wave of zero order is shown. The cell detection limit was established, which turned out to be
10® cells/ml. The method is based on recording changes in the depth and frequency of resonance absorption peaks on the
sensor output signal before and after microbial cell infection by specific bacteriophages. Control experiments were carried out,
excluding non-specific interaction of microbial cells with bacteriophages. A distinctive feature of the sensor used is the
presence of a removable liquid cell, which makes it possible to reuse it and facilitates the process of cleaning the cell from the
sample, which is an important condition when working with microorganisms. The developed method allows screening a large
number of water samples in a short time, to identify sources of microbiological hazards and to assess the risks of the disease.
This work was partially supported by the RFBR grant No. 19-07-00300 and 19-07-00304.

Onpenenenne 6akTepuii B BoJe JaTYNKOM HA OCHOBe 1eJIeBO MO/JIbI B AKYCTHYECKOI JIMHUH 3a/IePKKH
Tynuii O.1.%, 3aiiyes B.]1.%, Kapasaesa O.4.%, Ancoestiou A.K.M.3, [llasuweunu U.3.%, Bopoouna H.A.?
MucturyT GuoxumMuu M GU3MONOTHH pacTeHUH 1 MUKpoopranu3mos PAH, Capatos; 2MHCTUTYT pajMOTEXHHUKH U
snektponnku uMm B.A. Kotenbnukoa PAH, Caparosckuii punuan, Caparos; *CapaToBCKHil HALMOHAIbHBIH
HCCIIeI0BaTEIbCKUNA TocyJapcTBeHHBIN yHuBepcuTeT uM. H.I'. UepHsimeBckoro, CapatoB, Poccus

Annomauusn. Paspaboman cnocob dvicmpoeo onpedenenusi Oakmeputi ¢ NOMOWbIO aKyCmuiecko2o 0am4uka Ha npumepe
xnemox E. coli 6 60de npu ux ungpexyuu cneyuguunvivu 6akmepuogpazamu. Ipeden demexyuu cocmasnsem ~ 10° kn/mn, npu
8peMeHU aHaAnu3d 5 MUH.

Knrouesvte cnosa: muxpobduvie kiemku, bakmepuogpacu, demekyus, aKkyCmuieckuli Oamuyux

AHann3 MHKpOOHOTO 3arpsi3HCHHUS BOJbBI SIBJISICTCS ONHOW M3 BaXKHBIX 3a1ad Ul CBOCBPEMEHHOTO MPEIOTBPAIICHUS ITHIIEBBIX
OTpaBJIeHHH W MaccoBBIX 3aboneBanuii. B 9TOM Iu1aHe akycTHYeckne OHOCEHCOPHBIE CHCTEMBI SIBISIOTCS YHUKAIBHBIM PELICHHEM
st onpenerneHust 6akrepuii B Boxe. Llenmb. PasBurie Merona ananmsa Gakrepuil npu ux MHOEKIUH Oakrepuodaramu B BOJIEC C
MIOMOIIBIO aKyCTHYECKOro JaTdyuMka. Meronsl. B paboTe wucnonb3oBaaM JaTd4uK, OCHOBAaHHBIH Ha CTPYKType U3 JBYX
MbE30JICKTPUYCCKUX IUIACTHH HHO0ATa JHMTHSA C 3a30POM MEXKIY HHMH. BepxHsis IUIACTHHA CIY)XHT IHOM JKHIKOCTHOTO
KOHTelHepa, KOTOpBIN 3amoiHAeTcs uccieayeMol cycnensuedl kierok. ITocne mo0GaBieHust K HCCIELyeMOH CyCHEH3UHM KIIETOK
crienubuYHBIX OaKTeprHo]aroB, CKOPOCTh aKyCTHYECKOW BOJHBI, PACIPOCTPAHSIOMICHCS B TAaKOH CTPYKTYpe, H3MEHSCTCSL
W3MeHeHne ckOpOCTH BOJHBI IPUBOJUT K U3MEHEHHIO BBIXOJHBIX NMApaMETPOB JaTylKa, PETUCTPUPYEMBIX B dKcrnepuMeHTtax. Ilo
W3MEHEHHIO BBIXOJHBIX MMAPAMETPOB JATYKMKa JUTS CYCIICH3MU KIIETOK JI0 M MOCJe OHONIOrHYeCcKOro B3auMOICHCTBHS MOXHO C/ICIaTh
3aKIIOYEHUS] O HAIMYUM (WIM OTCYTCTBUM) HCCIEAyeMbIX OakTepuil B aHanu3upyemoil cycnensuu. ITokazaHa BO3MOXKHOCTb
ompeeeHns: OaKTepHAaTbHBIX KJIETOK B BOJE C BBICOKMM 3HAYCHHEM MPOBOJMMOCTH (BIUIOTH 10 990 MKCM/CM) ITyTeM pEerncTpanum
crenupuIECKOr0 B3aUMOICHCTBHUs «OaKTepHallbHbIC KICTKH — Oakreprodar» Jaxke B MPHCYTCTBHU ITOCTOPOHHEH MHKPOQIOPHI ¢
IIOMOLIBKO JAaTYHMKA HAa OCHOBEC HICJ'[eBOﬁ MOJbI B aKyCTPI‘{CCKOﬁ JIMHUM 3aJCPIKKU C HOHCpC‘IHO'FOpI/I?)OHTaHBHOﬁ BOJIHOM HYJIEBOTO
nopsaka. YCTaHOBJEH HpejeN NETeKIHU KIETOK, KOTOphIA okaszanca paBHbiM 10° kin/mi. Cnoco® OCHOBaH Ha PErMCTPAllHH
HM3MEHEHUMN FJ'[y6I/IHBI MU YaCTOThI NHUKOB PE30HAHCHOI'O IOIJIOIICHHUSA Ha BBIXOAHOM CHTHAJIC JaTydKa OO0 W II0CJIC HH(bCKHHH
MHKPOOHBIX KIIETOK CrielupuuHbiMU GakTepruodaramu. [IpoBeieHbl KOHTPOJIBHBIE 3KCIIEPUMEHTHI, HCKITFOUYAOIIIE HeCTieu(puIHOe
B3aMOJICHCTBHE MHKPOOHBIX KJIETOK ¢ Oakrepuodaramu. OTIMYUTENEHOH OCOOEHHOCTBIO HCHONB3YyEeMOTO JAATYHMKa SIBISETCS
HaJIMYHe ChEMHOM JKHIKOCTHOM SYEHKHU, YTO AT BO3MOXHOCTh €€ MHOTOKPATHOTO HCIIOJIb30BaHMUS M 00JICrdaeT MpoLece OYUCTKH
SYeHKN OT oOpasla, 4TO SIBISETCS BaXKHBIM YCIOBHEM IPH PaboTe ¢ MUKPOOpraHM3MaMH. Pa3paboTaHHbBIM METOX IO3BOJISET
NPOBOAUTH CKPHHHHT OOJBIIOTO KOJHYECTBA OOpa3lOB BOJBI B KPATKHE CPOKH, BBIBUTH HCTOYHHKUA MHKPOOHOJIOTHYECKHX
OIMACHOCTEW U OLEHHUTH PHCKH 3a00JIeBaAHUSL.

Pabora BbIOIHEHA IPH YaCTHYHON (prHAHCOBOH moyiepxkke rpanTa POMOU NeNe 19-07-00300 u 19-07-00304.
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Analysis of the antibacterial activity of ampicillin by biological sensor based on a microwave resonator
Guliy 0.1.12, Zaitsev B.D.3, Smirnov A.V.*, Karavaeva 0.4., Alsowaidi A.K.M.#4, Larionova 0.S.2,
Borodina M.A.2, Borodina .A.3
nstitute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia;
2Saratov State Agrarian University, Saratov, Russia; 3Kotelnikov Institute of Radio Engineering and Electronics, Russian
Academy of Sciences, Saratov Branch, Saratov, Russia; “Kotel nikov Institute of Radio Engineering and Electronics, RAS,
Moscow, Russia; °Chernyshevsky National Research State University, Saratov, Russia
E-mail: guliy_olga@mail.ru

Key message. A method has been developed for analyzing the activity of antibacterial drugs on ampicillin as example by using
a biological sensor based on a microwave resonator with an analysis time of ~ 15 minutes.

Keywords: microbial cells, antibacterial activity, ampicillin, microwave resonator

One of the main points when using antibiotics is the determination of their antibacterial activity. Goal. Development of a
method for analyzing the antibacterial activity of antibiotics using ampicillin as an example by biological sensor based on a
microwave resonator. A detection system based on a microwave electromagnetic resonator represented a segment of a
rectangular waveguide, one end of which was electrically shorted by a sealed copper plate. The second end included a
standard flange with the guides for precise positioning of a lithium niobate plate with a dielectric constant of the order of 35-
40. Resonance appeared on a waveguide segment bounded on one side by a copper plate, and on the other side by a lithium
nibate plate with a sensitive layer. The sensitive layer of the sensor represented a thin film of polystyrene (PS), which was
uniformly deposited on the surface of a lithium niobate plate and modified in a plasma of a high-frequency (HF) argon
discharge. Ampicillin-sensitive microbial cells were immobilized on the surface of thin PS films. Using a coaxial-waveguide
junction and a coaxial cable, this device was connected to the S-parameter meter E5071C (Agilent, USA). The reflection
coefficient S11 was measured in the frequency range 5 - 8.5 GHz. Results. After immobilization of cells on the surface of PS
films, the possibility of determining ampicillin activity using a microwave resonator was studied as follows. The antibiotic
with the given concentration (5, 10, 25, and 50 pg/ml) was added to immobilized cells and the frequency dependence of
parameter S;; was measured near the third resonance peak. The choice of antibiotic concentrations was determined by
previous studies. It has been found that with an increase in the concentration of the antibiotic from 5 to 50 ug/ml the Sy; value
varies from —12.6 to —15.1 dB. At that, in all cases, the resonant frequency varied within the limits from 8.065 to 8.062 GHz.
Thus, it is shown that the developed system can be used to determine the activity of ampicillin.

This work was partially supported by the Ministry of Science and Higher Education of the Russian Federation and the Russian
Foundation for Basic Research (project No. 19-07-00304, 20-37-70021).

AHau3 aHTHOAKTEPHATBbHOH AKTHBHOCTH AMIMIUIJIMHA OMOJOTHYECKUM JaTYHKOM Ha OCHOBE
CBEPXBBLICOKOYACTOTHOI0 pe30HATOpA
Tynuit O.M.Y2, 3aiiyee B.J1.5, Cuupnoe A.B.*, Kapasaeeéa O.A., Ancossiiou A.K.M.5, Jlapuonoea O.C.?,
Bopoouna M.A.2, Bopoouna U.A.°
MucTuryT GHOXMMUN M PUZHONOTUU pacTenuii 1 Mukpoopranusmos PAH, Caparos; 2CapaToBckuil rocy/[apCTBEHHBIN arpapHbIit
yaupepcuteT uM. H.W. Basunosa, Capatos; *MHCTUTYT paJUOTEXHUKY U d1eKTpoHUKU uM B.A. Korensuukosa PAH, CapaTosckuit
¢unuan, Caparos; “UIHCTUTYT paAMOTEXHUKY U 3JIeKTpoHUKH uM. B. A. Kotenbuukosa PAH, MockBa; *CapaToBCKuii HalIMOHAJIbHBIN
HCCIIeIOBATEIhCKUI rocynapcTBeHHbIN yHUBepcuTeT uM. H.I'. Uepnrrmesckoro,Capatos, Poccust

Annomauyua. Paspaboman cnocob ananuza axmueHOCMU aHMUOAKMEPUATbHBIX NPenapamos Ha npumepe amMnuyuIiuHa
buonocUUeCKUM 0amMyUKOM Ha 0cHOGe ceepxsvicokouacmomuozo (CBY) pesonamopa npu épemenu ananusza ~ 15 mun.

Kniouegvie cnosa: mukpoonuie xiemxu, aumubakmepuaibHas akmugHOCmMs, AMIUYUIIUH, CBEPXBLICOKOUACOMMbLI Pe30HAMOPD
O/HMUM U3 OCHOBHBIX MOMEHTOB IIPH HCIOJIb30BaHHU aHTHOMOTHKOB SIBISIETCS ONpPEAENCHHE MX aHTHOAKTepHaIbHOW akTUBHOCTH. Llens.
Pa3Butie MeTosna aHanu3a aHTHOAKTEPHAIBHON AKTUBHOCTH aHTHOMOTHKOB Ha NpHMepe aMIMIMUIMHA C HOMOIIBIO OHOIOrMYECKOro
natunka Ha ocHoBe CBU pesonatopa. [letekTupytomas cuctema Ha ocHoBe CBY 31ekTpoMarHUTHOTO pe30oHaTopa MpeacTaBisia coOoi
OTPE30K MPSIMOYTOJIBHOTO BOJHOBOJA, OJMH TOPEL] KOTOPOTo OBLIT AJIEKTPUYECKH 3aKOPOUYEH 3amasiHHON MeIHOH IacThHKoil. Ha BTopom
TOpIIE pacroJiarajcs CTaHAAPTHBIN (haHel| C HAaNPaBJIAIOMINMHU MTOJIOCKaMH I TOYHOTO TTO3MLHOHUPOBAHMS IUIAaCTUHBI HUOOATa JIUTHS C
JIRIIEKTPHIECKON TPOHMIaeMOCThi0 mopsinaka 35 — 40. Pe3oHaHC BO3HMKAl Ha OTpPe3Ke BOJHOBOJA, OTPAHMYEHHOM C OJHOI CTOPOHBI
MEIHOW IITACTHHKOM, a C APYrodl CTOPOHBI — IUIACTUHOM HHOAaTa JUTHS C YyBCTBUTENBHBIM cJoeM. UyBCTBHUTENBHBIN CIIOW JaTdnKa
MPECTaBIsUI TOHKYI0 IEHKY moimctupona (IIC), koTtopas paBHOMEPHO HAHOCWIACh Ha IOBEPXHOCTh IUIACTHHBI HHOOAaTa JHUTHS U
Mou(HUIMpoBaTack B IuIa3Me BbIcOKkodacToTHoro (BU) paspsma aproma. MuKpoOHBIE KIETKH, YyBCTBHTENBHBIE K aMIHIVILINHY,
UMMOOMIM30Banu Ha noepxHocTy MEHkU [1C. JlaHHOE yCTPOHCTBO C MOMOIIBI0 KOAKCHIBHO-BOJHOBOIHOTO MEPEX0/a U KOAKCHAIBLHOTO
kabenst moAKiIIOYanock k m3Mepurento S-mapamerpoB E5071C (Agilent, CIHA). KoadduuneHT otpaskeHust S11 U3MepsUICs B AMAna3oHe
gacToT 5 — 8.5 I'Tu. Pesynpratel. [locne nMMoOMIM3anny KIETOK Ha MOBepXHOCTH ILleHOK [IC m3ydanack BO3MOXHOCTH ONpEAeNICHUs
aKTHBHOCTH aMIUIMIMHA ¢ nomolnsio CBY pe3onartopa cnexyromum obpasom. K ”MMOGHIM30BaHHBIM KiIeTKaM 100aBIIsIIM aHTHOMOTHK C
3agaHHON KoHIEeHTparued (5, 10, 25 u 50 MKr/Mi1) ¥ U3MEpsUIM YaCTOTHYIO 3aBUCHMOCTH TapaMeTpa Si11 BOJM3U TPETHETO0 PE30HAHCHOTO
nika. Berbop koHmeHTparmii aHTHONOTHKA OBLT 00YCIIOBIIEH paHee MPOBEJCHHBIMHI HCCIIEIOBAaHNUSMH. Y CTAHOBJICHO, YTO TIPH YBEIUICHUH
KOHIICHTpAIUU aHTHOHWOTHKA OT 5 10 50 MKr/Mut BenmurHa S11 M3MeHseTcs ot -12.6 1o -15.1 nb. [Ipu 3ToM BO Beex ciydasx pe30oHaHCHAst
gacTtota MeHsiack B mpenenax ot 8.065 mo 8.062 I'Tm. YcraHoBieHO, 4TO pa3pa0oOTaHHAs CHCTEMa MOXET OBITh HCIOJIb30BaHA LIS
ONpEeaACICHNUA aKTUBHOCTHU aMITMIIUJIJIMHA.

PaboTa BbImoNHEHA MPH YaCTUYHOM (GUHAHCOBOM moanep:kke MHUHHCTEpPCTBAa HayKH U BhICIIero oOpasoBanus Poccuiickoit denepauuu u
Poccuiickoro ®@onna @ynaamenTansHbix MccnenoBanuii (mpoekt Ne 19-07-00304, 20-37-70021).
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Biolistic transformation of plants using CRISPR/Cas9 technology
Gumerova G., Chemeris A., Kuluev B.
Institute of Biochemistry and Genetics - Subdivision of the Ufa Federal Research Centre of the Russian Academy of Sciences,
Ufa, Russia
E-mail: gulnar.yas@mail.ru

Key message. Experiments on CRISPR/Cas9 mediated knock-in approaches in the PDS gene of various genes of interest were
planned. Biolistic bombardment mediated delivery of target vectors to plant explants was suggested.
Keywords: genetic transformation of plants, CRISPR/Cas9 system, biolistic bombardment, tobacco

Constantly new methods of gene editing are being created in modern genetic engineering. One of the most promising among
them is CRISPR/Cas9 system. This technique is based on microbial adaptive immune system and allowed to modify a specific
genome in precise and predictable manner. Researches on this area have shown that CRISPR/Cas9 is a great tool to edit many
genes in a variety of plant species, including the model plant species as well as agriculturally important crops. The purpose of
our research is silencing of tobacco phytoendesaturase (PDS) gene using CRISPR/Cas9 technology and obtaining tobacco
PDS - knockout plants. This work is the first step for further researches on plant genome editing in our laboratory.
Subsequently, experiments on CRISPR/Cas9 mediated knock-in approaches in the PDS gene of various genes of interest were
planned. Tobacco leaf explants was chosen as a model object in our work. CRISPR vectors containing gene of Cas9 protein
(pKIR1.1 and pK7WGF2::hCas9) and corresponding gRNA (pICH86966::AtU6p::sgRNA_PDS) were bought in «AddGene».
Phytoenedesaturase gene of tobacco was selected as the site for gene knockout experiments. This protein is a key enzyme in
carotenoid biosynthesis. Knockout of PDS leads to inhibition of carotene synthesis resulting in the formation of decolorized
plants. Biolistic bombardment mediated delivery of CRISPR vectors to plant explants on PDS-1000/He System (BioRad) was
planned. The following gen gun parameters will be used: gold particles an average size of 0.6 microns, target distance - 6 cm,
rupture disk 650 or 900 PSI, vacuum 0.9 bar, the amount of DNA per one shot - 1uL (1 pg/uL). The gold particles will be
coated with target vectors mixed with 0.1 uM spermidine and 2.5 M CaCl,. Leaf discs will be pre-incubated on MS medium
with 90 g/L sucrose for 48 hours before transformation (cultivating with increased osmotic pressure) to improve explants
survival.
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Rhizobial microsymbionts of the narrowly endemic Oxytropis species growing in Kamchatka possess a set of genes
that are associated with T3SS and T6SS secretion systems and can affect the development of symbiosis
Guro P.%, Safronova V.1, Sazanova A.%, Kuznetsova 1.1, Belimov A.%, Yakubov V.2, Chirak E.!, Afonin A.1,

Andronov E.2, Tikhonovich .13

IAll-Russia Research Institute for Agricultural Microbiology (ARRIAM), St.- Petersburg; 2Federal Scientific Center of the

East Asia Terrestrial Biodiversity, Far Eastern Branch of the RAS, Vladivostok; 3Saint Petersburg State University,
Department of Genetics and Biotechnology, St.-Petersburg

Email: polinaguro@gmail.com

A collection of rhizobial strains isolated from root nodules of the narrowly endemic legume species Oxytropis erecta, O.
anadyrensis, O. kamtschatica and O. pumilio growing on the Kamchatka Peninsula (Russian Federation) was obtained.
Analysis of the 16S rRNA gene sequence showed a significant diversity of isolates belonging to the families Rhizobiaceae
(Rhizobium), Phyllobacteriaceae (Mesorhizobium, Phyllobacterium) and Bradyrhizobiaceae (Bosea, Tardiphaga). Pairs of
taxonomically different strains in various combinations were isolated from some nodules of Oxytropis plants. Plant nodulation
assays showed that only strains belonging to the genus Mesorhizobium (M. jarvisii, M. loti and M. huakuii) could form
nitrogen-fixing nodules. The nitrogen-fixing activity of the strains was more associated with the host plant than with the
species of strains. The whole genome sequences analysis showed that the strains M. loti 582 and M. huakuii 583 possessed
symbiotic genes necessary for the formation of effective symbiosis and grouped into Sym-clusters. In contrast, the strain T.
robiniae 581 had only a reduced number of fix genes, while the strains Phyllobacterium sp. 628 and R. lusitanum 629
possesed only individual symbiotic genes, which obviously did not participate in the formation of nodules. It was also stated
that the strains M. loti 582 and M. huakuii 583 had a significantly larger set of genes related to the secretion systems T3SS and
T6SS that can affect the host specificity of strains, compared with 6 commercial strains used as reference. These two strains
formed nodules of two types (typical elongated and atypical rounded) on Oxytropis plants. We suggest that a possible cause of
the observed phenomenon is the availability of different nodulation strategies in these strains (dependent and independent of
Nod-factors).

Thus, as a result of studying the collection of strains isolated from the narrow endemic species of Kamchatka Oxytropis,
interesting objects were selected to study the functions of the T3SS and T6SS genes, and their role in the development of
rhizobia-legume symbiosis. The prospects of using strains with gene systems for both symbiotic and non-symbiotic nodulation
to enhance the efficiency of plant-microbe interactions by expanding the host specificity and increasing the efficiency of
nodulation are discussed.

This work was supported by the Russian Science Foundation (grant 16-16-00080). Deposition of strains in the RCAM
collection was supported by the Program for the Development and Inventory of Bioresource Collections.
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Study of the agrobacterial protein VirE2 - ssDNA interaction under various conditions
for delivery technology development
Gusev Yu.S., Volokhina I.V., Fadeev V.V., Chumakov M.I.
Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia
E-mail: yuran1989@yandex.ru

Key message. The effects of DNA length and conditions on the formation of VirE2-ssDNA complexes were studied by dynamic
light scattering and electron microscopy. The disordered regions of the VirE2 protein are predicted.

Keywords: DNA transport, DNA-protein complexes, VirgE2

Investigation on the delivery, protection, and realization of genetic material in animal cells is of great interest. Therefore, the
study of the possibility of using ssDNA-binding protein VirE2 agrobacteria for the protection and implementation of sSDNA
in the cytoplasm of the host cell in order to create technology for targeted delivery and preservation of sSSDNA in target cells.
Aim: To study the interaction of the VirE2 agrobacterial protein with ssDNA under various conditions to develop technology
for targeted delivery and preservation of ssSDNA in target cells.

Methods: Using the methods of dynamic light scattering (DLS) and electron microscopy (EM), we studied the effect of DNA
length on the formation of VirE2-ssDNA complexes, as well as conditions (pH, t). Using computer programs (PONDR,
PrDOS, and DisEMBL, we predicted disordered regions in the VirE2 protein.

Results: We predicted three a-helices at the N-terminus and one a-helix at the C-terminus in disordered regions of the 3D
model of the VirE2 protein. The disordered regions correspond to the non-crystallized part of the protein at the C - (40 a.a.r.)
and N- (111 a.ar.) termini. We examined the implication of disordered sites in formation of 2- and 4-subunit VirE2
complexes. With increasing temperature of co-incubation of VirE2 with ssSDNA (from 4 °C to 22 °C), the size of the
complexes, as measured by DLS, increased slightly on average: by 28% (VirE2-ssDNA (203 nucleotide)), and by 37%
(Vire2-ssDNA (500 nucleotide)), by 33% (VirE2-ssDNA (700 nucleotide)). With an increase in the co-incubation temperature
to 37 °C, large aggregates of VirE2-ssDNA complexes formed. Compared to the size observed at room temperature (22 °C and
neutral pH), the sizes of the 37 °C complexes were greater by 4-7 times. The length of the VirE2-ssDNA complex (500
nucleotide), as measured by EM, was 140 nm (82% of the estimated ssDNA length). Another complex (700 nucleotide) was
200 nm, i.e., 84% of the estimated ssDNA length (700 nucleotide). The sizes of the VirE2 complexes with sSDNA of various
lengths (500, 700 nucleotide) at a co-incubation temperature of 4 °C (pH 7), as determined by DLS (127 and 202 nm,
respectively) and EM (140 and 200 nm, respectively), were almost identical.

This work was supported by a grant from the President of the Russian Federation (No. MK-2187.2019.4).

N3yueHue B3auMOIeiicTBUA arpodakTepuaibHoro 6eiaxa VirE2 ¢ ouIHK npu pasinyHbIX yca0BHsIX JJIs1 pa3padoTKu
TexHoJioruu HeBUpycHo# 1octaBku JHK B sykapuoTnyeckune KJIeTKH
I'yces 1O.C., Boroxuna U.B., @aoees B.B., Yymarxose M.H.
WHcrutyT Onoxumun ¥ GU3NOJIOTUH PACTEHUH U MUKpoopranu3mMoB Poccuiickoii akanemun Hayk, Caparos, Poccus

Annomayun. Memooamu OUHAMUYECKO20 PACCESHUSL C8eMA U HNEKMPOHHOU MUKDPOCKONUU UCCIe008aH0 enusaHue onunvl [JHK
u ycnosuit Ha obpazoeanue VIrE2-oy/JHK xomnnexcos. C  nomowplo KOMNLIOMEPHLIX NPOSPAMM  NPEOCKA3AHbL
Heynopsioouennvle obaracmu 6enxa VirE2,

Knioueswie cnosa: mpancnopm JIHK, JIHK-6enxosvie komniexcoi, VirE2

HUccnenoBanus 1Mo NOCTaBKe, 3alIMTE M PEATU3ALUH TCHETHYECKOT0 MaTepHaia B JKHBOTHBIX KIETKAaX IMPEICTAaBILIFOT OOJBIION
uHTepec. 110aToMy M3ydeHHE BOSMOXKHOCTH Hcnosib3oBaHus oun/I[HK-cesspiBatomiero 6enka VIirE2 arpobakrepuii [t 3aliuThl U
peammzammu on/IHK B nuTomnasMe KIETKH-XO3SWHA C LENbI0 CO3JaHUs TEXHOJIOTHHU LEeNIeBOM NocTaBkU U coxpaHHocTH on/[HK B
KJIETKaX-MUILICHSX.

Llens: Usydyenue B3aumoneicTBus arpobakrepuanbHoro Oenka VIirE2 ¢ ou/IHK B pasnuubix ycioBusix Uit pa3paboTKu
TEXHOJIOTHH 1ieNIeBoi focTaBku U coxpanHocTH ouIHK B kieTkax-MuieHsx.

Metonmamu nuaamudeckoro paccesausi ceera ([{PC) m anexrponno#t Mukpockommu (OM) uccnenosano nusiaue mmHel JJHK Ha
obpazosanue VirE2-or/THK xomiuiekcos, a tawke ycnosuid (pH, t). C nomomsio komnbloTepHbix nporpamm (PONDR, PrDOS, u
DisEMBL) namu ucciieoBanbl HEYMOPSIOYEHHbIE (HECTPYKTYPHPOBaHHEIE) 00acTu Oenka ViIrE2.

Pesynprater: Hamu npenckaszano 3 o-cnupanu (Ha N-koHIe) u omHa o-crupaib (Ha C-koHIE) B HEYHNOPSIO4eHHBIX obmacTax 3D
Mozenu Genka VirE2, He IMEOIIIX IEKTPOHHOM INIOTHOCTH M COOTBETCTBYIOLINX HE3aKPHCTAUTM30BaHHOM yacTu Oenka ua C- (40
a.0.) 1 N- (111 a.0.) xoHuax. Mbl HccnenoBaIM BIMSHUE HEYNOPSJOYEHHBIX oOnacTell Ha oOpa3zoBaHMe 2- U 4-CyObEeAMHUYHBIX
komiuiekcoB VIrE2. C momorusio JPC ycTaHOBJIEHO, YTO MPU YBEIUYCHHH TEMIIEPATypbl COBMECTHOM MHKyOauuu Oenka VIirE2 ¢
o/THK ¢ 4 0C mo 22 0C pa3mepsl KOMIUIEKCOB B CPEIHEM YBEIHUHBAINCH He3HAUUTENbHO: Ha 28% (VIirE2-or/THK(203 H.0.)), Ha
37% (VirE2-ouTHK(500 u.0.)), Ha 33% (VirE2-ou/IHK(700 ©.0.)). Ilpu yBenwueHun temmeparypbl KouHKyOauuu mo 37 0C
06pa3oBbIBaIUCh Gonbliue arperaTsl u3 kommiekcos VirE2-onJIHK. To cpasnenuto ¢ komuatHoit (22 °C u Heiirpamshom pH)
pasmepbl kommiekco 37 °C ypenmuumBamuck 4-7 pas. MsMmepenHas metogoM DM amuHa kommiekca VirE2-on/IHK (500 H.0.)
cocramia 140 um (82% pacuernoit mmuusl on/IHK). dmuna komrmrekca VirE2-onJIHK (700 H.0.) cocraBmma 200 uM, T.e. 84%
pacuerHo#t uuHbl ouJIHK (700 H.0.). Pasmepsr kommuiekcoB Genmka VIirE2 ¢ ou/IHK pasmmunoit mmuasr (500, 700 #.0.) mpu
TeMIepaType Kommaekcoobpasosanus 4 °C (pH 7), onpenenennsie ¢ momomsio JIPC (127 u 202 uM cooTsercTBeHHO) 1 OM (140 u
200 HM COOTBETCTBEHHO), MPAKTUIECKA UICHTUIHEI.

Pabora BreImonmHeHa mpu monuepxke rpanrta IIpesmpenta Poccuiickoit deaepanuy s TOCYAapCTBEHHOH MOIIEPIKKUA MOJIOIBIX
POCCHICKHX yUeHBIX — KaHauaaToB Hayk (MK-2187.2019.4).
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The effect of the buffer zone on the maize pollen flow in mixed crops
Gusev Yu.S.}, Fadeev V.V.%, Volokhina I.V.2, Zaytsev S.A.2, Volkov D.P.2, Zuk E.A.2, Moiseeva. E.M.!, Chumakov M.1.
!nstitute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia;
2Russian Research, Design and Technology Institute of Sorghum and Corn Federal State Government-Funded Scientific
Institution, Saratov, Russia
E-mail: yuran1989@yandex.ru

Key message. Field experiments were carried out to study the effect of the buffer zone length and wind direction on the
crossover frequency between the donor and recipient of maize pollen.

Keywords: maize, crossbreeding frequency, buffer zones

According to the Federal Law No. 358 (July 3, 2016) from June 2018, the cultivation and testing of GM plants as part of
scientific research is allowed for the first time in Russia. Therefore, it is necessary to develop criteria for evaluating the safe
co-cultivation of non-GM and GM plant varieties, and in particular maize.

Aim: To study of the percentage of maize crosspollination under various factors in the field: the length of the buffer zone
between the donor and the recipient of pollen, the wind direction.

Methods: Maize hybrid Purpurnyy, obtained from the Genetics Department of Saratov University and hybrid Raduga,
obtained from All-Russian Research Institute for Sorghum and Maize “Rossorgo” were grown in 2019 in the Zonalny village,
Saratov Region on the experimental field of All-Russian Research Institute for Sorghum and Maize “Rossorgo”. Planting
scheme: around the pollen donor with purple color of the grains (30 m?), a buffer zone was created with the sowing of sudan
grass Allegory (330 m?). Yellow-colored grain Raduga was planted around the buffer zone (840 m?). Percentage of
crosspollination was calculated as the ratio of the number of purple grains to the total number of grains on the Raduga cobs
with yellow-colored grains. The total number of grains collected and analyzed was 201284.

Results: We carried out a model experiment with the using of a buffer zone between the donor and recipient of pollen. The
maximum percentage (1,7-2,1%) of purple grains in the yellow-grain recipient was observed in the west and east directions
with a buffer zone 3 m wide from the pollen donor. For the southwest direction, with a buffer zone 15 m wide from the pollen
donor, the percentage of crosses did not exceed the allowable threshold of 0.9% of the presence of GM plants in the crop. We
observed a significant excess of the allowable threshold collected in 3-6 m plots apart from the donor to the west and east
when using a buffer zone of 3 m. At farther distances from the donor (6-16 m), the percentage of crosses was in the range of
0.3-0.7% in both directions. When using the buffer zone 15 m, we observed 0,1 and 0.9% (in N-W and SE direction,
respectively) of purple grains in the yellow-colored grain of Raduga hybrid pollinated by the pollen donor, which does not
exceed the allowable threshold. The reported study was funded by RFBR, project number 18-29-14048mk.

Bausinue 0y¢depHoii 30HbI HA MePeHOC NbLIbLIBI KYKYPY3bl B CMEIIAHHBIX MOCEBaX
I'yces FO.C.Y, @aoeee B.B.Y, Bonoxuna U.B.Y, 3aiiyes C.A.%, Boaxos J[.112% JKyx E.A.%2, Mouceesa E.M., Yymaxos M.U.*
MucturyT GMOXMMKK M (PU3MOJIOTMH PaCTEHUH U MUKpoopranu3mMoB Poccuiickoii akagemun Hayk, Capatos, Poccus;
2OI'BHY PocHUUCK «Poccopro» Caparos, Poccus

Annomayus. IIpogedenvl nonesvie IKCHEPUMEHMNbL NO UIYUEHUIO GIUSAHUSL ONUHbL OYDEPHOT 30Hbl U HANPAGIEHUS 6empd HA
yacmomy CKpewusarus Mexicoy OOHOPOM U PeYUNUeHMOM NblibYbl KYKYDPY3bl.

Knrouesste cnosa: kykypysa, yacmoma ckpewusanus, 0y@epHvle 30Hbl

CornacHo feiictBytomemy ¢ utoHs 2018 r. @3 Ne358 (ot 03.07.2016) B Poccun BriepBbIe pa3penieHO BEIpAIIMBAHUE U TECTHPOBAHNE
I'M-pacTenuii B paMkax Hay4HbIX UccneoBaHui. I1o3ToMy HE00X0IUMO pa3padoTaTh KPUTEPUHU OLIEHKH O€30I1aCHOTO COBMECTHOT'O
BoIpamBanus Hel M- u 'M-copToB pacTenuii, U, B YaCTHOCTH, KYKYpYy3bl.

Iens: M3ydeHue NpolEeHTa MEePEeonblIeHHs KyKypy3bl IPU PasIMYHBIX (DaKTOpax B IOJEBBIX YCIOBMAX: JAIMHA OydepHOH 30HBI
MEXy JOHOPOM U PELUITMEHTOM IIbIIbLIbI, HAIIPAaBJICHUE BETpa.

Mertonp!l: OneITHBIE pacTeHUs! KyKypy3sl rudpun IlypmypHslil (oHOp), cenexuun kadenps! reneruku HUY CI'V u rubpun Panyra
(perumnuent) cenexiun ®TBHY PocHUUCK "Poccopro" BeipammuBanu B 2019 r. B . 3oHanbHbi CapaToBCKO#l 0011, Ha OMBITHOM
nosie ®I'BHY PocHUNCK "Poccopro". Cxema nocaaku: BOKpYT JOHOPA MBUIBIBI ¢ JOMHUHAHTHOM MypITypHOU OKpackoii 3epeH (30
M%) 6bl1a cosaHa OydepHas 30Ha ¢ MOCEBOM cyaaHckoil Tpasbl Asteropus (330 m2). Bokpyr GydepHoil 30HbI Oblia BhICAXKEHA
JKenTozepHas KyKypysa Paxyra (840 m?). TIpolieHT TepeomnblieHnii pacCUNTLIBANM, KAK OTHOLIEHHE KOJTHYECTBA MyPHyPHBIX 36pPeH K
00I1IeMy YHCITy 3e€peH Ha MovaTKax jKearo3epHoro ruopuna Pagyra. beuto coopanno u npoananusupoBano 201284 3epeH.
Pesynprater: HamMu mpoBeeH MOJAECNBHBIA TMOJNEBOH JKCHEPUMEHT C HCIONb30BaHHEM OYy(epHOH 30HBI MEXAYy NOHOPOM U
PELMNUEHTOM MBUIbLBI. MakcumanbHbli npoueHT (1,7-2,1%) mypHypHBIX 3€peH Yy >KeNTO3epHOTo penunueHta rubpuna Pamyry,
OTBUICHHOTO JIOHOPOM IbUIbIbI IlyprypHbIi, HaOMoAaICcs B HANIPaBJICHUAX Ha 3amall, BOCTOK 1pu OydepHoii 30He IHUPHHOH 3 M OT
JIOHODPA IBUIBLEL. J[JIs1 Foro-3amagHoro HanpasieHus npu OydepHoii 30He MUPUHOHA 15 M OT TOHOPA MBUIBLEI IPOLEHT CKPELIUBAHUI
He mpeBblman gonyctuMbiid opor B 0,9 % namnumsa I'M-pactenuit B ypoxkae. Ilpu ucnons3oBanun OydepHOi 30HBI B 3 M, MBI
Ha0JII0Aany OCTOBEPHOE MPEBLILIEHNE JOIyCTUMOTO Opora, COOpaHHOM Ha AeISIHKaX, OTCTOSIINX Ha 3-6 M OT IOHOpA Ha 3amaj u
BocTok. Ha paccrostausib 6-16 M oT noHOpa mpoueHT ckpenmBanuii Obu1 B mpegenax 0,3-0,7% B oGoux HampaeieHusix. [lpu
UCTOJIb30BaHUU Oy(epHOH 30HbI B 15 M 0T nqoHOpa mbuiblibl, Mbl HaOroAamu 0,1 u 0,9% myprnypHBIX 3epeH y peuunueHTa ruopuaa
Pagyru (8 C-3 u FO-3 nampaBneHHsX, COOTBETCTBEHHO), ONBbUIEHHOH aoHOpoM mbuiblibl (IlypmypHblif), uTOo naxe c ydeTom
COBIAJAIOUIEr0 HAPABIICHUS BETPa, HE MPEBBIIIAET AOIyCTUMOTO IIOpora.

Pabora BreimonHeHa npu puHaHCOBOI nognepxkke PODU B pamkax HayqHOro mpoekta Ne 18-29-14048mk.

101



2 International Conference “Plants and Microbes: the Future of Biotechnology”, Saratov, October 5-9, 2020

Selection of maize with high haploinducing ability
Gutorova O.V.
Saratov State University, Saratov, Russia
E-mail: olga.gutorova@mail.ru

Key message. As a result of long-term selection in the conditions of the Lower Volga Region a series of effective
haploinducing lines of maize ZMS-P with haploinduction frequency up to 10% was created.

Keywords: haploid induction, haploidy, maize, Zea mays

Haploids are the starting material for obtaining of homozygous lines, and in the future, the creation of high-heterosis hybrids
of crops. Haploinducing lines are successfully use for mass production of haploids in maize. When maternal plants of other
lines pollinating with pollen of such lines, maternal-type haploids are formed in hybrid progeny. Despite the fact that several
dozen haploinductors have been created in the world, the work on obtaining new genetically marked, having a high frequency
of haploinduction and adapted to different climatic conditions lines is relevant. The aim of the work was the creation of new
effective haploinductors adapted to the conditions of the Lower Volga Region.

A series of ZMS-P lines was created on the basis of the collection of the Department of Genetics of Saratov State University.
The lines were created using family and individual selection methods over several years. The progeny of the lines themselves
were used to facilitate selection for haploinducing ability. Earlier, as a result of cytoembryological analysis, we showed that
the haploids formed in the progeny of haploinductors after self-pollination are the result of induction rather than inherited
parthenogenesis. Variants with a haploid frequency of 1.3% and higher were used for selection. The frequency of haploidy
was determined as the ratio of the number of haploids to the total number of plants in the offspring.

Selected promising haploinducing lines were tested on maternal forms differing in genotype and flowering time (lines,
varieties, hybrids, cultivar populations). The presence of dominant marker genes of embryo and endosperm purple color in the
ZMS-P line series allows selecting of haploids in dry kernels when they are crossed with maternal forms that have recessive
alleles of these genes. Variants that gave a high frequency of haploids during pollination of different maternal forms were
selected for reproduction.

Thus, a series of effective haploinducing maize lines ZMS-P was created with haploinduction frequencies up to 10%, marked
with dominant coloring genes of the embryo, endosperm, and adult plant and adapted to the arid climate of the Lower Volga
Region. These lines can be used to produce haploids in a wide range of maternal forms in the amount necessary for selection
work.

Cenexuusi KyKypy3bl ¢ BBICOKO ranioMHAyHupYyoumeil cnoco0HoCTbIO
T'ymoposa O.B.
CapaToBCKUIl HALIMOHAJIBHBIN HCCaeA0BaTeNbCKUI rocyqapcTBeH bl yHuBepcurer umenu H.I'. YepHsimeBckoro,
Capatos, Poccus

Annomauyusn. B pesyromame mnozonemunezo ombopa 6 ycaosusix Huoicnezo Ilosondicws cozoana cepus s¢ghpexmugnvlx nunuii-
2anioundykmopos kykypy3vl 3MC-I1 ¢ wacmomoti canaoundyxyuu 0o 10%.

Kniouesnvie cnosa: canioundykyus, eanioudus, Kykypysa, Zea mays

laruionapl SIBJISIOTCS WMCXOOHBIM MAaTepuajoM Uil TOJYYEeHUs TOMO3UTOTHBIX JIMHMH, W B JajbHeHIIeM, CO3JaHMs
BBICOKOTETEPO3UCHBIX THOPUIOB CEIbCKOXO3SHCTBEHHBIX KyIbTYp. IS MaccoBOTO MOJYYEHHS TAIDIOWAOB y KYKYpPY3BI
YCHEUIHO HCIONB3YIOTCS JTHHUHU-TAIDIONHIYKTOPEL. [Ipr ONMBUICHHH WX TBUIBIION MATEPHUHCKHX PACTEHUH APYTHX JHHHNA B
THOPHUIHOM ITOTOMCTBE OOpa3yrOTCS TAIUIOMIBI MAaTEPHHCKOTO Thma. HecMOTps Ha TO, 9TO B MHpPE CO3[MaHO HECKOJBKO
JIECSITKOB TaIIOMHIYKTOPOB, AaKTyaJbHBI PAa0OOTHI IO IIONYYCHHIO HOBBIX T€HETHYECKH MAapKHPOBaHHBIX, 00JaqaroIinx
BBICOKOW YaCTOTOW TaIUIOMHAYKIUW W aJalTHPOBAHHBIX K Pa3IMIHBIM KIMMATHYCCKAM YCIOBHSIM JHHUHA. Llempio paboTsr
OBUTO CO31aHNE HOBBIX A (EKTUBHBIX TAIIONHIYKTOPOB, IPHCIIOCOOICHHBIX K ycoBHsIM HinkHero I1oBOmKbS.

Ha 6a3ze xomnekiuu xadenpbl reHeTukn CapaToBCKOTO TocyHHBepcuTeTa Obuia co3mana cepus auHui 3MC-II. Jluaun
CO3/1aBAINCh METOJAMH CEMEMHOr0 M MHIMBHIYaJIbHOTO OTOOPOB B T€UCHHE HECKOJBKHX JeT. s obnerueHus oréopa Ha
TalJIOMHAYIUPYIONIYI0  CHOCOOHOCTh  HCIOJB30BAJM  MOTOMCTBO caMHMX JHHMHA. PaHee, HamMm B pe3yibTare
LUTOAMOPHOJIOTHYECKOTO aHaM3a OBUIO IOKAa3aHO, YTO TaljIoOMAbI, 00pa3yloIiuecss B MOTOMCTBE TaIUIOMHIYKTOPOB IPH
CaMOOTIBUICHHH, SBISIOTCS PE3yJbTaTOM HWHIYKIMH, a HE HacleayeMoro mnapTeHoreHesa. Jlims orbopa HCHOIB30BAIH
BapHWaHTHI ¢ YacToToi rarmonann 1,3% u Beime. YacToTy raronun onpeaersuid Kak COOTHOIICHHE KOJUYECTBA TaITON/IOB
K 00IIIeMy KOJIMUECTBY PACTCHUH B TIOTOMCTBE.

OT00OpaHHbIe MEPCIEKTHBHBIC JTMHUH-TAIIONHYKTOPBl TECTUPOBAIN Ha OTJIMYAIOIIUXCS MO TEHOTHUITY M CPOKaM I[BETCHHMS
MaTepuHCKHuX (opmax (JIMHWUH, cOpTa, TMOPHIBI, COPTONONMYJISIMHK). Hannune NOMHHAHTHBIX T'€HOB-MapKepoB IypITypHOH
OKpackH 3apojsllmia u 3HAocrnepMa y cepud auHui 3MC-I1 nosBonsier oTOMpaTh TralulOWIbl HA CyXHX 3€pHOBKaxX IPH
CKpEIIMBaHUU MX C MAaTepPUHCKMMH (OpPMaMH, MMEIOLIMMH DPELECCHBHBIE ajuleJId AaHHBIX I'eHOB. [yl BOCIPOM3BOJCTBA
OTOMpaNy BapHUaHTHI, JAIOIINE BHICOKYIO YAaCTOTY TAIUIOHMIOB ITPH ONBUICHIH PAa3HBIX MATEPHHCKUX (HOPM.

Takum oOpa3zom, co3maHa cepust 3(P(EeKTHBHBIX TaINIOMHAYLUUPYIOMNX JHHAH KyKypy3sl 3MC-II ¢ wactotamu
rartonHAyKIuu 10 10%, MapKUpOBaHHBIX JOMMHAHTHBIMHM F€HaMH OKPACKH 3apOJIbIlIa, SHI0CIePMa U B3POCIIOr0 pacTeHHUs
1 TIPUCTIOCOONICHHBIX K 3acynrmBoMy kiaumMaTty Hrokaero IToBoimkes. JlaHHBIE JIMHAM MOYKHO HCIIOJIB30BATh JUIS HOTYYEHUS
TaIyIONA0B Y IHPOKOTO CHEKTPa MAaTEPUHCKUX (HOpM B HEOOXOAMMOM JUISl CETIEKITHOHHBIX paboOT KOINYECTRE.
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Studying the effect of mineral nutrition on the antifungal activity of a strain of Bacillus subtilis, the producer of an
experimental sample of a biological product
Gyrnets A.A., Asaturova A.M., Allakhverdyan V.V.
Federal State-Funded Scientific Institution «All-Russian Research Institute of Biological Plant Protection», Krasnodar, Russia
E-mail: evgenijgyrnets@mail.ru

Key message. The research shows a raise of mineral components bioavailability and increase of antifungal activity of strain-
producer Bacillus subtilis BZR 336g by addition of citric acid in a nutrient medium.

Keywords: citric acid, mineral nutrition, antifungal activity, Bacillus subtilis

One of the main problems of the biotechnology of microorganisms is a bioavailability of components of nutrient mediums.
The composition of industrial environments includes mineral components, some of which remain in undissolved form, that
significantly reduces their digestibility. It is well known that a citric acid forms chelate complexes with metal ions move up
into the soluble form (Verhoff, Bauweleers, 2014). In this connection, the aim of our research is to select the necessary
concentration of a citric acid and determine its influence on the antifungal activity of the strain Bacillus subtilis BZR 336g.
The strain B. subtilis BZR 3369, having fungicidal activity, was grown under conditions of periodic cultivation on a nutrient
medium with the addition of a gradient of citric acid concentrations. The antifungal activity of metabolites of the culture fluid
was studied by method of bioautography. (Sidorova, Asaturova, Homyak, 2019). The antifungal activity of the strain and
components of the nutrient medium was studied by method of double cultures. Calculation was carried out on the 5th, 10th,
15th and 20th days. (Netrusov, 2004). In both cases the test-object was Fusarium oxysporum var. orthoceras Appel &
Wollenw. The sizes of the zones of inhibition of the test culture were estimated, and in the method of bioautography is also
their number. The manifestation of the fungistatic effect was also taken into the calculation.

It was found that from 10 accounting days of double cultures, the antifungal activity of the strain grown on a nutrient medium
with the addition of a citric acid, in comparison with the original composition, increased 1.5 times and remained at that level
for 20 days. The bioautographic analysis showed that in the culture liquid, selected from medium with a citric acid, the
synthesis of iturin with a fungicidal effect and surfactin which according to our data has a significant fungistatic effect are
significantly higher. Based on this, the addition of a citric acid is significantly improved the mineral nutrition of the strain B.
subtilis BZR 336g and raised its antifungal activity. It allows to recommend a citric acid as the substance in conditions of the
periodical cultivation.

N3yyeHue BJIUSIHUSI MUHEPAJIbHOTO MUTAHUS HA aHTU(YHTraILHYI0 akTUBHOCTH mTamma Bacillus subtilis —
NMPOAYLEHTA IKCIIePUMEHTAIbHOr0 00pa3ua Ouonpenapara
Tvipney A.A., Acamyposa A.M., Anraxeeposn B.B.
DenepanbpHOE TOCYIapCTBEHHOE OFODKETHOE HAYYHOE yupexaeHne «Bcepoccniickuii HayYHO-HCCIIeI0BATENCKUN HHCTUTYT
OHMOIIOTHYECKOH 3aIIUTH pacTeHmi», KpacHomap, Poccns

Annomayun. B uccredoeanuu noxkazamvl noGviuleHUue OUOOOCHYNHOCTU MUHEPAIbHLIX KOMHIOHEHMO8 U Yeequyenue
anmupyneanbHoil akmusHocmu  wmamma-npooyyenma ouonpenapama Bacillus subtilis BZR 3369 nymem oob6asnenue
JUMOHHOU KUCTIOMbL 8 NUMAMENLHYIO CPeOy.
Knrouesvie cnosa: numonnas KUCI0MA, MUHepaivHoe numanue, anmugynearvhas akmuernocms, Bacillus subtilis
OpnHO¥ 3 IMIaBHBIX MPOOJIEM OHOTEXHOIOIMH MHKPOOPTaHU3MOB SBISICTCS OMOJOCTYHMHOCTH KOMIIOHCHTOB ITHTAaTeNBbHBIX cpel. B
COCTaB TPOMBIIUICHHBIX Cpell BXOIST MHHEpalbHbIE KOMIIOHEHTHI, YacTh KOTOPBIX OCTAaeTCs B HEPAaCTBOPEHHOW (opme, 4To
3HAYMUTENBHO CHIDKACT UX YCBaHBAaeMOCTh. VI3BECTHO, YTO JIMMOHHAs KHCIOTa 00pa3yeT ¢ HOHaMH METAIJIOB XEJIaTHbIC KOMITJICKCHI,
mepeBos ux B pactBopumyio dopmy (Verhoff, Bauweleers, 2014). B cBsa3u ¢ 3THM, Ii€Ib HAIIET0 WCCIEAOBAHUSA — MOA0OPaTh
HEOOXOANMYO KOHIICHTPALMIO JIMMOHHO!N KUCJIOTHI M ONPEACNUTh e¢ BIUSHHE Ha aHTH(YHraJbHyl0 aKTUBHOCTH mramma Bacillus
subtilis BZR 336g.
IIramm B. subtilis BZR 3369, ob6mamatounmit (yHrMUMAHON aKTHBHOCTBIO, BBIPAIIMBAIM B YCJIOBHSAX HEPUOAUYECKOTO
KyJIbTUBHPOBAHMS Ha THTATENLHOM cpeie C JoOaBIeHHEM TpaJieHTa KOHILEHTPAIWH JMMOHHON KHCIOTHL AHTH(QYHTaIbHYIO
aKTUBHOCTh METa0OJIUTOB KYJbTYPaJbHOH JKUAKOCTH M3ydanu meronoM OuoaBtorpaduu (Cumoposa, AcarypoBa, Xowmsk, 2019).
AHTHOYHTATPHYIO aKTUBHOCTB IITAMMa U KOMIOHEHTOB IIUTATENLHON CPeIbl — METOJIOM TBOMHBIX KYJIBTYp: YUeT MPOBOJWIH HA 5-
e, 10-e, 15-e u 20-e cytku (Hetpycos, 2004). B oboux ciyuasix TecT-o0bekToM ObLT Fusarium oxysporum var. orthoceras Appel &
Wollenw. OuenuBanice pasmepbl 30H HHTMOHUPOBAHHS TECT-KYJIBTYpBI, @ B MeToje OmoaBTOrpaduu eme M HUX KOIHYECTBO.
YuuTHIBanock Takxke NposBICHUE (PYHIUCTaTHIECKOTO 3 deKra.
OO0HapyxeHO, uTo ¢ 10-X y4eTHBIX CYTOK JABOWHBIX KyJIbTyp aHTH(YHTAIbHAsl aKTHBHOCTD IITaMMa, BEIPAIIEHHOTO Ha MUTATEIbHON
cpene ¢ 100aBICHHEM JIMMOHHOM KHCJIOTHI, B CPAaBHEHUH OPHIMHAIBHBIM COCTABOM Bo3pacTana B 1,5 pasa M coOXpaHsuiach Ha TAKOM
ypoBHe Ha npoTsbkenun 20 gHel. bruoaBrorpaduueckuii aHau3 MoKas3al, 4YTO B KYJIBTYPaITbHOMN KHIKOCTH, OTOOPAHHOM U3 Cpelbl C
JIMMOHHOI KUCJIOTOM, 3HAYUTENIBHO BBIIIC CHHTE3 UTYPUHA, 00Ja1aonpero GyHruiuAHBIM AHCTBUEM, U CypdaKTHHA, KOTOPBIIL, 110
HAIIUM JaHHBIM, 00JIalaeT 3HAYUTENBHBIM QyHTHCTaTHYECKUM d(ddekToM. 13 aToro cnenyer, 4to 100aBIeHHE TMMOHHON KHCIOTHI
3HAYMTENBHO YIIYYIIMNIO MUHEpallbHOE nuTanue mramma B. subtilis BZR 336 1 nmoBbicHiIo ero aHTH(YHTalIbHYI0 aKTHBHOCT. JTO
MO3BOJISIET PEKOMEHI0BATh JJUMOHHYIO KHACIIOTY B Ka4eCTBE CyOCTpara B yCIOBHSIX EPHOIMYECKOTO KYIbTHBUPOBAHHSL.

1. Verhoff F. H., Bauweleers H. Citric Acid / Ullmann's Encyclopedia of Industrial Chemistry — Wiley-VCH, 2014. — P. 5.

2. Cunoposa T.M., AcarypoBa A.M., Xomsak A.M. u ap. Beigenenne u xapakTepucTHKa aHTUTPUOHBIX METaOOJIMTOB IITAMMOB

Bacillus subtilis BZR 336g u Bacillus subtilis BZR 517 moauduunposanssiM MeTogoM 6roasrorpaduu / CenpcKoX03siCTBCHHAS

ouomorus. 2019. T. 54. Ne 1, ¢. 178-185

3.Herpycos A. . Mukpo6uosnorus: yued. mocobue / A. . Hetpycos, 1. b. KotoBa — M.: Akagemus, 2009. 352 c.
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Development of fluorescent protein-marked strains of Bacillus subtilis
Ibragimov A.>?, Baymiev An.%2, Lastochkina O.%*
Ynstitute of Biochemistry and Genetics of the Ufa Federal Research Center of RAS, Ufa, Russia; 2Bashkir State University,
Ufa, Russia; *Bashkir Research Institute of Agriculture of the Ufa Federal Research Center of RAS, Ufa, Russia
E-mail: waywardprowler@gmail.com

Key message. We obtained constructs pHTO1-GFP and pHT43-RFP. Recombinant plasmids were transferred into endophytic
Bacillus subtilis (strains 10-4 and 26D).
Keywords: Bacillus subtilis, fluorescent proteins, genetic constructs, bacterial transformation

Endophytic Bacillus subtilis are wild-type beneficial bacteria with antifungal, growth stimulation and anti-stress physiological
programs induction activities [2,3]. However, the mechanisms of the formation of symbiotic relationships between plants and
endophytic strains of Bacillus subtilis are not completely understood, further research in this branch required. The goal of this
research was to obtain the strains of B. subtilis 10-4 and 26D marked with the genes of green and red fluorescent proteins (gfp,
rfp). The genes of green fluorescent protein (gfp) and red fluorescent protein (rfp) were amplified and then digested with
BamHI and cloned to pHTO01 and pHT43 plasmids. Recombinant plasmids were extracted from Escherichia coli and
transferred into B. subtilis (strains 10-4 and 26D). Transformants were selected on LB plates containing 25 pug-mL
chloramphenicol (Cm) [1]. The obtained constructs of strains 10-4 and 26D will allow revealing the nature of the symbiotic
relationships between B. subtilis strains 10-4, 26D and host-plants and reveal the mechanisms of symbiotic relationships
formation between endophytic strains and host-plants, the localization of bacteria in plant tissues, monitoring the bacterial
circulation in the plant organism, and pathways of the penetration of the bacteria into the host-plants.

This research was funded by the grant of the President of the Russian Federation (Ve MK-643.2019.11).

1) Zhang Z., Ding Z.-T., Shu D., Luo D., Tan H. 2015. Development of an efficient electroporation method for iturin A-
producing Bacillus subtilis ZK. Int. J. Mol. Sci. 16(4):7334-7351. doi: 10.3390/ijms16047334

2) Abd-Allah E.F., Algarawi A.A., Hashem A., Radhakrishnan R., Al-Hugail A.A., Al-Otibi F.O.N., Malik J.A., Alharbi
R.l., Egamberdieva D. 2018. Endophytic bacterium Bacillus subtilis (BERA 71) improves salt tolerance in chickpea plants
by regulating the plant defense mechanisms. J. Plant Inter. 13(1):37-44. doi: 10.1080/17429145.2017.1414321

3) Deng Y., Chen H., Li C., Xu J., Qi Q., Xu Y., Zhu Y., Zheng J., Peng D., Ruan L., Sun M. 2019. Endophyte Bacillus
subtilis evade plant defense by producing lantibiotic subtilomycin to mask self-produced flagellin. Com. Biol. 2:368. doi:
10.1038/s42003-019-0614-0
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Symbiosis of soil and rhizosphere bacteria
Ibragimova S.A., Malafeeva K.A.
National Research Mordovia State University, Saransk, Russia
E-mail: ibragimova-s@yandex.ru

Key message. The presence of symbiosis between different taxonomic groups of soil and rhizosphere bacteria is shown. In the
mixed population, a high titer of active cells and the preservation of antagonistic activity against the phytopathogen were
noted.

Keywords: consortium of microorganisms, biocompatibility, multifunctional properties of bacteria

The bacteria that inhabit the soil not only provide access to nutrients to plants, but also protect them from phytopathogens,
stimulate growth, and are also capable of biodegradation of pesticides.

Bacteria Bacillus, Pseudomonas, Azotobacter, and Rhodococcus are potential targets of agrobiotechnology. It is important to
develop biological preparations not only based on a single strain of the above-mentioned species, but also using their
cocultivation.

The biocompatibility of different taxonomic groups bacteria was studied in order to further develop a complex biological
product with a wide range of functional properties.

We studied: 3 strains of Pseudomonas putida and Rhodococcus erythropolis, which are characterized by the ability to
biodegrade polyaromatic compounds and petroleum products; Bacillus subtilis and Pseudomonas aureofaciens, which exhibit
fungicidal and growth-stimulating properties; Azotobacter vinelandii, which is capable of nitrogen fixation and has a
protective effect against phytopathogenic fungi. Cultivation of bacteria was carried out on molasses and mineral media. The
titer of viable cells was periodically determined. The presence of antagonistic activity of a microorganism’s consortium was
determined by lysis of the fungal mycelium of the phytopathogen F. culmorum.

When all Pseudomonas strains were cultivated on the M9 mineral medium the titer of active cells was 18 - 10° CFU / ml.
During adding Bacillus sp. to Pseudomonas consortium the titer value increased by 2 times, which indicates the
biocompatibility of these bacteria. In a mixed population of all the studied bacteria, the titer of active cells was minimal, but
within the limits of the requirements for biologic preparation (20 - 10° CFU/ml).

When bacteria were cultured in a molasses medium, the number of viable cells was 90 - 10° CFU / ml.

When the microbial consortium was co-cultured with phytopathogens, hyphae bloating and mycelium destruction were
observed at an early stage, which indicates the preservation of antagonistic properties.

The results can be used in the development in the preparation of a complex biological product.

This work was supported by the RFBR grant Ne 18-416-130003\19

Cum0103 NoYBeHHBIX U pU30c(epHBIX OaKTepuil
Ubpacumosa C.A., Managheesa K.A.
HarmonanbsHbiil uccnenoarensckuii MopaoBckuii rocyaapctBennsiii yausepcureT uMm. H.IT. Orapésa, Capanck, Poccust

Annomayus. Ilokazano nanuuue cumoU03a MeHCOYy NOUGEHHBIMU U pU30ChepHbIMU DaKmMepUuAMU PAZHBIX MAKCOHOMUYECKUX
epynn. B cmewanHou NONYIAYUU OMMeHeH GbICOKUL Mump aKMUSHuIX KIEeMOK U COXpAHEeHUe aHmMA2OHUCUYEcKOU
AKMUBHOCTU 8 OMHOUEHUY PUMONAMO2eHa.

Knrouesvie cnosa: Koncopyuym MUuKpoopeanu3zmos, buoco8mMecmumocms, NOIUQYHKYUOHATbHbIE C8OUCMEA Dakmepull
Bakrepuun, HacelsOMIKE MOYBY, HE TOJIBKO OOECIICYMBAIOT JOCTYII MHUTATEIBHBIX BEIICCTB PACTCHHSAM, HO W 3ALIUINAIOT UX OT
(GUTONMATOreHOB, CTUMYJIHPYIOT POCT, a TAKXKE CIIOCOOHBI K OMOAErpaaliiy IeCTUIIU0B.

baktepun Bacillus, Pseudomonas, Azotobacter, Rhodococcus sBisiOTCS MOTEHIHATBHBIME OOBEKTAMH ArpOOHOTEXHOJIOTHH.
WHTepec mpeacTaBisieT pa3paboTKa IpernapaTtoB HE TOJBKO HA OCHOBE OAHOIO IITAMMa BBINICYHOMSHYTHIX POAOB, HO H C
HCIIOJIb30BAHMUEM UX COBMECTHOTO KYJIbTHBHPOBAHHSI.

B pabore uccnenoBanach OHOCOBMECTHMOCTh OaKTEpHil pPa3sHBIX TAKCOHOMHUYCCKHX TPYII C HEIbI0 JadbHEHIICH BO3MOXKHOCTH
CO3/1aHUs KOMILJIGKCHOTO OHoIpenapara ¢ MINPOKUM CIIEKTPOM (DHKIIHOHAIBHBIX CBOWCTB.

beun mccnemosanbl 3 mrramma Pseudomonas putida m Rhodococcus erythropolis, xapakrepusyrommecss CIIOCOOHOCTBIO K
Ouozerpafauny MojJMapoMaTHYeCKuX coepuHeHni u Hedrenpoaykros. bakrepun Bacillus subtilis 1 Pseudomonas aureofaciens,
NPOSBILSIIOIINE (YHIHIMIHBIC X POCTOCTUMYJIMpYOIIHE cBoicTBa. bakrepust Azotobacter vinelandii, crocobHas x azorodukcaun u
obnanaromas GyHru3amuTHEIM ¢ dexrom. I'TyOHHHOE KyIbTHBHPOBAHHME KYJIBTYp HPOBOAWIM Ha MEJIACCHOW M MUHEPAIBHOM
cpene. Ilperoauuecku ONMpeAe/SUIA TUTP JKU3HECIIOCOOHBIX KIETOK. Hanmmdnme aHATAarOHHCTHYECKOW aKTHBHOCTH KOHCODPIHYMa
MHKPOOPTraHU3MOB ONPEICIISUIIN 10 JIM3UCY rprOHOro mMurenus ¢puronatorena F. culmorum.

Ipu KyJIbTHBHPOBAHHH Ha MUHEPAIBHON cpelne M9 Bcex MCCIIeyeMbIX IITaAMMOB IICEBIOMOHA]] THTP AKTUBHBIX KIICTOK COCTABHII
18:10%° KOE/mn. Tlpu BHeCcEHHH B JaHHBIH KOHCOPIMYM Gallill 3HAYEHHE THTPA YBEIMIUIOCH B 2 Pasa, 9TO CBUAETEIBCTBYET O
OHOCOBMECTHMOCTH JIAaHHBIX OakTepuil. B cMemaHHO# MOMyISIUE BCEX HCCICAYeMBIX OaKTepuil TUTP aKTHBHBIX KJIETOK OBLI
MHHHMAJIBHBIM, HO B TIpeZeax TpeOoBaHHil, MpeabaBsieMbIM K 6uonpenapatam (20-10° KOE/vi).

[Ip¥ COBMECTHOM KyJbTHBUPOBAHUM OaKTepHii Ha MeaccHOH cpeje KONMYECTBO >KM3HECHOCOOHBIX KIETOK cocTamiio 90-10%°
KOE/mu.

Ilpi KyIBTUBUPOBAaHHM MHKPOOHOTrO KOHCOPIMyMa C (DUTOMATOTEHOM YK€ HAa DPAHHHX CPOKax HaOIIOIanoch B3yTHE TH(,
pa3pyLIeHHE MHULEIHS, YTO CBHICTEIBCTBYET O HAIMYNH AHTATOHUCTHYECKUX CBOMCTB.

Pe3yinbrarhl MOTYT OBITH MCIOJIB30BAHbBI IPH pa3pabOoTKe IOy YeHHUst OnorpenapaTa KOMIUIEKCHOTO ACHCTBHUSL.

Pabora BeimonHeHa npu noaaepsxke rpanta PODOU Ne 18-416-130003.
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Methodological approaches to agrobacterium-mediated transformation of buckwheat
(Fagopyrum esculentum Moench)
llina E.L., Kiryushkin A.S., Guseva E.D., Demchenko K.N.
Komarov Botanical Institute, Russian Academy of Sciences, Saint Petersburg, Russia
E-mail: eilina@binran.ru

Key message. The method of Agrobacterium rhizogenes-mediated transformation of buckwheat has been established;
composite plants have been obtained. The distribution of the cellular response to auxin by reporter proteins with different
maturation times coincides.

Keywords: common buckwheat, agrobacterium-mediated transformation, Agrobacterium rhizogenes, composite plants, auxin

One of the rapid approaches for studying the hormonal and molecular mechanisms of plant development is to obtain
“composite plants”. The regulatory interactions between the root system and shoot are preserved in composite plants, while
the transgenic roots carry the T-DNA insert of the vector transformed into the cells of the Agrobacterium rhizogenes strain.
The buckwheat is an important crop in which, like in Cucurbits, lateral roots are initiated in the apical meristem of the parental
root [llina et al., 2018]. Methods of A. rhizogenes-mediated transformation of buckwheat are described that lead to the
establishment of hairy root cultures, but there are no reports on development of the buckwheat composite plants.

The aim of this study was to establish the method for development of buckwheat (Fagopyrum esculentum Moench) composite
plants.

The agrobacterium-mediated transformation technique of Cucurbits [llina et al., 2012] has been adapted for buckwheat.
Hulled seeds without heat treatment of the “Ballada” buckwheat c.v. were surface sterilized. The wounded bases of the
hypocotyls of 4-day-old seedlings were inoculated with A. rhizogenes strain R1000, which is virulent for Fagopyrum
tataricum [Thwe et al., 2016]. Agrobacterial cells harboured vectors 242 pKGW-DR5::mNeonGreen-H2B or 242 pKGW-
DR5::mRuby3-H2B for studying the distribution of the cellular response to auxin. Both vectors contained one of the reporter
genes, mNeonGreen or mRuby3, under the control of auxin-sensitive DR5 promoter; as well as pAtUBQ10::DsRED cassette
for screening of transgenic roots. Proteins encoded by reporter genes differ in maturation time: mNeonGreen 10-30 min,
mRuby 136 min. The presence of target genes insertion in transgenic roots was confirmed by PCR.

Composite plants of buckwheat were obtained. The spatial distribution of the cellular response to auxin was analyzed in
transgenic roots. The tissue pattern of response to auxin coincided with that shown for Cucurbitaceae plants: maxima of
response to auxin were localized in the region of the initial cells of the cell files, as well as in developing lateral roots
primordia. The pattern of cellular response to auxin by mNeonGreen and mRuby3 reporter proteins with different maturation
times did not differ. The research was supported by the RFBR grant 20-016-00233-a.

Meroauyeckue MOAX0AbI K arpodakTepuaibHOil TpaHcGoOpMALMU rPeYuXH IIOCEBHOM
(Fagopyrum esculentum Moench)
Unvuna EJI., Kuprowrxun A.C., I'yceséa E. ., Jlemuenxo K.H.
borannueckunii uactutyT um. B.JI. Komaposa PAH, Cankrt-IletepOypr, Poccus

Annomayus. Aoanmuposana memoouxa azpobaxmepuanvioi mpancopmayuu (A. rhizogenes) epeuuxu nocesmoti,
noayyeHvl KOMNO3UMmMHble pacmenus. Pacnpedenenue kiemoynozo omeema Ha ayKcuH no Oeikam-penopmepam C pasHviM
8peMeHeM cO3pesanus cognaoaenm.

Knioueswvie cnosa: cpeuuxa nocesuas, azpobaxmepuanvhas mpancgopmayus, Agrobacterium rhizogenes, xomnosummuvie
pacmenus, ayKCuH

OpHUM U3 SKCHPEcC-TMIOAXO00B TS W3ydYEeHHsS FOPMOHANBHBIX M MOJEKYISIPHO-TEHeTHIECKHX MEXaHU3MOB Pa3BUTHUSI PACTCHHH SIBIISETCS
MOTyYeHNE «KOMIIO3UTHBIX PAaCTEHHiD», KOTOPBIE COXPAHSIOT PETYNSTOPHBIE CBSI3M MEXKAYy KOPHEBOH CHCTEMOH M MoOerom, mpu 3TOM
TpaHCTeHHbIe KOpHH HecyT BcraBky T-JIHK Bektopa, BBenéHHOro B KieTkd mramma Agrobacterium rhizogenes. I'peunxa moceBHast
SIBIIICTCSl BOXXHOW CEJIbCKOXO3SICTBEHHOW KyJBbTYPOH, Y KOTOpOi, Kak M y THIKBEHHBIX, OOKOBbIE KOPHH 3aKJIa/IBIBAIOTCS B allMKaJIbHOM
Mepucteme poauresbekoro kopHs [llina et al., 2018]. Jlnst rpeunxu omicanbl Meto ke Tpanchopmaruu A. rhizogenes, nmpusosiune K
00pa30BaHUIO KyJIbTYpBl 0OPOJATHIX KOPHEH, HO OTCYTCTBYIOT JJAHHBIE O IOJIY4YE€HHH KOMIIO3UTHBIX PACTEHUH.

Lensio manHON pabOTHI OBIIO amaNTHPOBaTh METOAMKY ITOJMyYeHHS KOMIIO3WTHBIX pacTeHHMH UIs Tpedunxu moceBHoi (Fagopyrum
esculentum Moench).

Meroauka arpobakrepuansHoii Tpanchopmannn TeikBenusix [1lina et al., 2012] 6puta agantupoBana st rpednxu. HeodynIeHHbIE cEMeHa
rpeunxu copta «bamnama» 6e3 TemIoBoi 0O0pabOTKH MOABEPTa MOBEPXHOCTHOU cTeprim3anni. OCHOBaHHME THIIOKOTHIIS 4-X JTHEBHBIX
IpOPOCTKOB MHOKyIHpoBanu mrammoM R1000 A. rhizogenes, kotopblii BUpyJIeHTeH [uis Tpednxu tarapckoit [Thwe et al., 2016]. Knerku
arpo0axTepuil coep)kali BEKTOP AJIsS M3yUeHUsI paclpeieNieHus KIeTOYHOro oTBeTa Ha aykcuH 242 pKGW-DR5::mNeonGreen-H2B win
242 pKGW-DR5::mRuby3-H2B. O6a BexTopa comepikand oauH U3 penoprepHsix renoB —mNeonGreen wim mRuby3 — mox KoHTposieM
ayKCHH-4yBCTBUTENbHOTO mpomotopa DRS, a tawke ckpuHuHroByio kaccery PAtUBQL0::DSRED mnst otOopa TpaHCI€HHBIX KOPHEH.
Benku, KoaupyeMbie peropTepHBIME TeHAMHU, OTJIMYAIOTCS 110 BpemeHu co3pesanus: mMNeonGreen 10-30 mun, mRuby 136 mun. Hanudaue
BCTaBKH I[EJIEBBIX T€HOB B TPAHCTEHHBIX KOPHAX OBLIO moATBepskaeHo Metogom ITIIP.

Boir monrydeHB! KOMMO3UTHBIE PAcTeHHUS TPEUNXH. B TpaHCTEHHBIX KOPHSAX IPOAaHAIM3MPOBAHO IPOCTPAHCTBEHHOE paclpeseeHHe
KJIETOYHOTO OTBETAa Ha ayKCHH. TKaHEBOIl NMaTTepH OTBETa Ha ayKCHH COBIAJAN C TeM, KOTOPHIH OBLI MOKa3aH I PacTeHHi ceMeicTBa
ThIKBEHHBIC: MaKCUMYMbl OTBE€Ta Ha ayKCHUH OBUTH JIOKQJIM30BaHbI B O6J'laCTPI I/IHI/IL[I/IaHeI;'I PAOOB KIIETOK, @ TAaKXKC B Pa3BUBAIOUIMXCA
IPUMOP/USIX OOKOBBIX KOpHei. [TaTTepH KJIETOYHOro OTBETa HA ayKCHH 1o pernoptepHbiM Gemkam mNeonGreen u mRuby3 ¢ pasHbiM
BPEMEHEM CO3PEBaHMs HE OTIMYANICS.

Hccnenosanus nojanepxansl rpantoM PODOU 20-016-00233-a.
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Finding of regulatory codes in 5°-UTR of A. thaliana mRNAs by polysome profiling method
Kabardaeva K.V.! Mustafaev O.N.2, Deineko 1.V.%, Suhorukova A.V. !, Goldenkova-Pavlova I.V.!
Tmiryazev Institute of Plant Physiology, RAS, Moscow, Russia; 2Genetic Resources Institute, ANAS, Baku, Azerbaijan;
3All-Russia Research Institute of Agricultural Biotechnology, Moscow, Russia
E-mail: kabardaewa@yandex.ru

Key message. The polysome profiling method was used to separate mRNAs depending on their loading by ribosomes into
polysomal and monosomal fractions. Pools separation of such mRNAs and analysis of transcripts (mRNAs) which are
associated with each mRNA pool due to RNA sequencing allowed to get an idea of the translational efficiency of individual
mRNAs. Moreover, subsequent in silico analysis make possible searching of regulatory contexts in the 5'-UTR of plant A.
thaliana, which may be potentially important for efficient translation of mRNA.

Keywords: translation, 5° - untranslated region, nucleotide composition, expression efficiency

According to current opinion, the 5" -untranslated region (5’-UTR) is a key regulatory element which determines the efficiency
of heterologous gene expression at the translation initiation stage. Therefore, we conducted researches aimed at effective
regulatory codes finding in 5°-UTR. In this study, we applied the polysome profiling method, which is based on the fact that
translationally resting mRNAs are associated with single ribosomes (monosomes), while actively translated mRNAs are
associated with multiple ribosomes (polysomes). Pools separation of such mRNAs in the sucrose gradient and subsequent
analysis of transcripts (MRNAS) which are associated with each MRNA pool due to RNA sequencing allowed to get an idea of
the translational efficiency of individual mMRNAs. Furthermore, a subsequent in silico analysis that applies a new algorithm
make possible searching of regulatory contexts in the 5'-UTR of plant A. thaliana. The results of the analysis suggest that
pyrimidines, including pyrimidine di-nucleotides and five nucleotide motifs, are typical for 5-UTR mRNAs with high
translational efficiency, while purines, purine dinucleotides, and purine motifs of five nucleotides in length are representative
parameter for 5-UTR mRNA with medium and low translational efficiency.

The work was supported by the Russian Science Foundation (project no. 18-14-00026).

IMouck peryastopusix ko008 B 5'-HTO MPHK pacrenuii A. thaliana ¢ ucnosin3oBannem meroja
npodpuIMpoBaHus MOJTUCOM
Kabapoaesa K.B.* Mycmagaee O.H.?, [Jeiinexo HU.B.*, Cyxopyxosa A.B. Y, F'ondenxoea-Ilasrosa U.B.*

! ®epepansrOE TOCYIAPCTBERHOE GHOHKETHOE YUpEKIeHUE HAyku MHCTHTYT Qusnonornu pactenuii um. K.A. Tumupszesa
Poccuiickoii axagemun Hayk, Mocksa; 2HHCTUTYT reHeTHdecKuX pecypcos HalyoHnansHo akanemun Hayk Asepbaiiakana,
Baky, Asep6aiimkan; *@enepanbHoe ToCyJapcTBEHHOE OI0IKETHOE yupeskaeHue Hayku «Bcepoccuiickuit HUM
CEIIbCKOXO03IMCTBEHHOM OMOTEXHOJIOTHI», MOCKBa

Annomayun. Memoo npoguiuposanus nOAUCOM npumeHunu 0as pasoenenus MPHK 6 3asucumocmu om ux 3acpy3xu
pubocomamu Ha NOTUCOMHbIE U MOHOCOMHbIE Ppakyuu. Pasdenenue nynose maxux mPHK u ananusz mpanckpunmos (MPHK),
accoyuuposannvix ¢ kaxcovim nynom MPHK, 3a cuem cexeenuposanus PHK, nossonunu nonyuume npedcmasinenue o
mpaHcasyuonHol  3ggpexmusnocmu  unousudyaronvix MPHK, a nocnedyowuii in silico ananuz — npogecmu HOUCK
pezynsamopusix KoHmekcmos 6 5 -oonacmu mPHK pacmenuti A. thaliana, komopvie mocym Oblmb HOMEHYUATLHO 8ANHCHBIMU
ons agppexmusnort mparncaayuu mPHK.

Knrouegvie cnosa: mpancisiyus, 5 -nempancaupyemas o01acmy, HyKieomuoHslll cCOCmas, dQgexmuenocms IKcnpeccuu

CornacHO TekylieMy MHEHHI0 5’ -HeTpaHcnupyemas obmacte (5°-HTO) saBnsieTcss KITIOYEBBIM PETYIISTOPHBIM 3JEMEHTOM,
onpeaens oM 3PPEKTUBHOCTh IKCIPECCHHM TIeTEPOJIOrMYHOI0 I'eHa Ha JTalne WHHLIUALUK TpaHCIsiud. [1o3ToMy MBI
IIPOBEJIN UCCIIeIOBaHNS, HAIIPAaBJICHHbBIE HA TIOUCK 3()(hEeKTUBHBIX perysaTOPHBIX K0a0B B 5'- HTO. B aTOM HccnenoBaHnN MBI
MPUMEHUITN METO/] TPOGUITUPOBAHHS MTOJIMCOM, KOTOPBI OCHOBAaH Ha TOM, 4TO TpaHCIIIMOHHO nokosuuecst MPHK cBsizanbl
C OJTMHOYHBIMU pUOOCOMaMHU (MOHOCOMEI), B TO BpeMsI KaK akTHBHO TpaHciaupyemble MPHK cBs3aHBI ¢ MHOXKECTBOM puOOCOM
(monucomer). Paznenenne aByx myioB Takux MPHK B rpaanente caxapose u mocienyromuii aHanu3 TpanckpuntoB (MPHK),
accoIMUpOBaHHBIX ¢ KaxabiM ImynoM MPHK, 3a cuer cexBenmposanust PHK, mosBoswm momyuuTs mnpeacTaBiIeHHE O
TPaHCIALMOHHOM 3¢ dekTuBHOCTH MHAMBUIYanbHbIX MPHK, a mocnenyrommii in Silico aHanu3 ¢ ucmonbp3oBaHHEM HOBOTO
IrOpUTMa — MPOBECTH IMOUCK PErYISTOPHBIX KOHTeKCTOB B 5°-obmactu MPHK pacrenmit A. thaliana. Pesynbrars
MIPOBEACHHOIO aHaNW3a MO3BOJIMIM NMPEANOJOKHUTh, YTO MUPUMUIMHBEL, B TOM YHUCIE MUPUMUAMHOBBIE AMHYKIEOTHIBl U
MOTHBBI JJIMHOW 5 HykieoTunoB xapakrepHsl 4t 5°-HTO MPHK ¢ Bbicoko# TpaHCIsIInoHHOH 3(h(heKTHBHOCTBIO, TOT/IA KaK
IIypUHBI, MYPUHOBBIE IUHYKICOTUABI, a TAKXKE ITypUHOBbIE MOTHUBBI JIMHOM 5 HYKICOTUAOB SBISAIOTCS XapaKTEPHBIM
mapameTpom st 5°-HTO MPHK co cpenneli u HU3KOH TPaHCISIIIMOHHON 3 (EKTHBHOCTBIO.

Pabora BeinosiHeHa B pamkax rpanta PH® 18-14-00026.
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Plant biological control agents as the basis for remediation and stabilization of agrobiocenoses
Kalamiyets E.I.
SRPA «Chemical Synthesis and Biotechnologies», Institute of Microbiology of NAS Belarus, Minsk, Belarus
E-mail:kolomiets@mbio.bas-net.by

Key message. New approaches to diagnostics of plant diseases, development of composition and high-tech commercial forms
of biopesticides were proposed for enhancement of their efficiency in remediation and stabilization of agrobiocenoses.
Keywords: agrobiocenoses, biopesticides, diagnostics, microorganisms-antagonists

Application of biopreparations with phytoprotective action opens new frontiers to alleviate pesticide stress on agrobiocenoses,
to yield prime-grade eco-safe farm products, to diminish dependence of agromanufacturers from supply of foreign chemicals.
Theoretical and practical basis for design of biopesticides is the selection of superactive strains-antagonists and
entomopathogens, elucidation of the type of metabolites showing antimicrobial and insecticidal activities, clarification of
mechanisms governing antagonistic activity of introduced cultures, optimization of fermentation processes, elaboration of
high-tech commodity forms of biopreparations. Both traditional selection methods and genome-editing techniques improving
screening efficiency dozen- and hundred-fold are used to derive strains with elevated biological activity, growth rate, genetic
stability, low sensitivity to biocenotic factors and eco-friendliness. Biopesticides derived from pre-selected microbial
antagonists, like Fruitin (to control pathologies of berry and fruit cultivars), Phytoprotectin (to suppress diseases of vegetable
crops), Betaprotectin (to counter clamp rot of sugar beet), Ecogreen (to combat pathologies of vegetables and green spice
cultures), Baciturin, Bactosol, Xantrel ( to oppose pests and infections of potato and vegetable crops), Multiphage (to curb
bacterial diseases of vegetable and fruit varieties), Polybact (to normalize soil microbial cenoses) occupied their appropriate
niche at the home market ant possess a vast export potential. The key significance of elaborating microbial products for
national economy is determined by low-cost manufacturing technology and cheap prices. The huge contribution into
upgrading efficiency of biological control agents is made by the practiced diagnostics of phytopathogenic species using up-to-
date molecular-genetic identification methods (PCR, real-time PCR, multiplex PCR). New approaches in strategy of
biopesticide elaboration will be aimed at perfecting the formulas and prolonging the storage terms of the developed high-tech
commodity forms of the products.

Buonornyeckue cpeacTsa 3alUThI PACTEHUH KaK OCHOBA 0310POBJICHUS U CTA0M/IM3ALUM AarpoOHOLIeHO30B
Konomuey 3.1.
I'HIIO «Xummaeckuit cuaTe3 U OnoTexHOIOTHNY, MHCTHTYT MuKpoOHonorun HAH bemapycu, Munck, benapych

Annomauusn. Ilpeonosicenvt Hosble nOOX00bl K OuazHOCmMuKke 3a001e8aHull pacmenutl, paspabomke KOMHOZUYUOHHO2O0
cocmasa U GbICOKOMEXHONIOSUYHBIX MOBAPHBIX (POpM buonecmuyudos Osi ROGbIULEHUS dPDEKMUSHOCU UX OeUCmEUs KaK
azenmog 0300pOGIeHUs U CMAOUIUZAYUY A2POOUOYEHO308.

Kniouesnvie cnosa: acpobuoyenossi, buonecmuyuodvl, OUASHOCMUKA, MUKDOOP2SAHUIMbI-AHIMALOHUCTIbL.

Hcnonb3oBaHue OuonpenaparoB ¢ (GUTO3AIUTHBIM JEUCTBUEM OTKPBIBACT MEPCHEKTUBBI CHU)KEHHS TIECTHIUIHON HArpy3Ku
Ha arpoOMOLIEHO3bI, TIIO3BOJSAET TMOJYYHTh BBICOKOKAYECTBEHHYIO O3KOJIOTHUECKH YHCTYIO CEJIBCKOXO3SHCTBEHHYIO
MIPOJYKINIO, YMEHBIIAET 3aBUCHMOCTH arpONpPOMBIIIIEHHOIO KOMIUIEKCa OT MMIIOpTa arpOXMMHKAaToB. TeopeTHdeckoid u
MIPAaKTHYECKOH OCHOBOHM cO37aHMs OMONECTHIMIOB SIBISIETCS CEJEKIUS BBICOKOAKTUBHBIX IITAMMOB MHKPOOPTaHH3MOB-
AQHTArOHNWCTOB M YHTOMOIIATOT€HOB, BEIICHEHNE NPUPOBHI META0OINTOB ¢ AaHTUMUKPOOHOI M SHTOMOLIMIHON aKTHBHOCTSIMH,
YCTQHOBJICHHNE  MEXAaHM3MOB  aHTarOHHCTHYECKOTO  JEHCTBUS  NOTEHIMAIBHBIX  MHTPOJAYLEHTOB,  ONTHMH3ALMS
(hepMEHTALMOHHBIX TPOIIECCOB, Pa3padOTKa BHICOKOTEXHOJOIHYHBIX TOBAPHBIX (GopM. ISl MOJTydeHHs ITaAMMOB C BBICOKOW
OMOJIOTMYECKOH aKTUBHOCTBIO, CKOPOCTBIO pOCTa, TEHETHYECKOW CTaOMIBHOCTBbIO, HHM3KOH YYyBCTBHUTEIBHOCTBIO K
OuoLeHOTHYeCKUM (akTopaM W O0e3BPEJHOCTBIO ISl OKPY)KAIOIEH Cpelbl UCIOJb3YIOTCS KaK TPaJUIMOHHBIE METOJBI
CEJNIeKIMU, TaK M METOJbl «PEeJaKTHPOBAHMsD) T'€HOMa, MOBBINIAOIINE Y(PPEKTUBHOCTh CEJICKIMOHHBIX paboT B JNECATKU U
coTHH pa3. Pa3paboraHHble Ha OCHOBE OTCEIEKTHPOBAHHBIX IITAMMOB MHKPOOPTaHW3MOB-aHTarOHMCTOB OWOMNECTHIINIbI
®pyTuH (111 KOHTPOITST BO30yquTeseil 60sie3Heil ATOMHBIX U IUIOJOBBIX KYJIbTYp), PUTOMPOTEKTHH (A1 3aI[UTHI OBOIITHBIX
KyJnbTyp OT OonesHeit), BeramporektuH (s OOphOBI ¢ KaraTHOW THWJIBIO CaXapHOH CBEKIBI), DKOTPHUH (U1 3amluThI
OBOIIHBIX M 3€JICHHBIX KyJIbTyp OT Oonesneit), bamurypun, bakroconm u Kcantpen (aus 3ammrsl kKapTodens W OBOIIHBIX
KyJIBTYp OT BpeauTenel u Oonesneit), Mynbrudar (uist 60ps0bI ¢ 6akTepro3aMy OBOIIHBIX U IIOAOBBIX KyIbTyp), [TloimnbakT
(JuIst 030POBIICHNSI MUKPOOOIIEHO30B 1TOYB) HAILUIM CBOIO HHUINY Ha BHYTPEHHEM PBIHKE M MMEIOT 3KCHOPTHBIN MMOTEHIHAI.
DKOHOMHYECKasi 3HAYMMOCTh ISl PECITyOJIMKH pa3paOb0TKU MUKPOOHBIX MpenapaToB CBs3aHa ¢ MAJIO3aTPATHOW TEXHOJIOTHEeH
nX TIOJyYeHUS] ¥ HHU3KOH CTOMMOCTBIO. bonbinol Bkiiag B MoBbImIeHHE 3(PPEKTUBHOCTH OHOJIIOTHYECKHX CPEACTB 3aIHUTHI
pacTeHuii BHOCHT NMPaKTUKyeMasi HaMH JIMarHOCTHKa (PUTONATOreHHBIX MUKPOOPTaHU3MOB C HCIIOJIb30BAHHEM COBPEMEHHBIX
MoJteKysipHO-TeHeTndeckux meroaoB (ITIP, TP B peanbHOM Bpemenu, mynbruiiekcHas [11[P). Hoele momxonsr B
pa3paboTke OHMONECTHIHIOB CBS3aHbI C COBEPIICHCTBOBAHHEM HX KOMIIO3UIIMOHHOTO COCTaBa W YBEIMYEHHEM CPOKOB
XpaHeHHs IIyTeM CO3/1aHHsl BBICOKOTEXHOJIOTHYHBIX TOBAPHBIX HOPM.
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The taxonomic composition of the microbial community of the southern chernozem when introducing plant substrates
and their destructors
Kameneva 1.1, Melnichuk T.1, Abdurashitov S.t, Andronov E.?, Yakubovskaya A.* Gritchin M.%, Prikhodko A.X
'FSBSI “Research Institute of Agriculture of Crimea”, Simferopol; 2FSBIS “All-Russian Research Institute of Agricultural Microbiology”,
St. Petersburg, Russia
E-mail: irina.kameneva.7@mail.ru

Key message. The influence of green manure (phacelia), wheat straw, and cellulolytic association on the taxonomic structure of chernozems
southern in the steppe zone of the Crimea was studied. Changes in the proportion among representatives of 11 phila, 14 bacteria, and 2
archaea were established.

Keywords: chernozems southern microbiome, phacelia green manure, wheat straw, cellulosolytic association of microorganisms

Microbial communities of the soil are the most important factors in the transformation of organic compounds, nutrients cycle, increasing soil
fertility and self-purification. To improve the efficiency of these processes, research aimed at managing the functional and taxonomic
structure of the microbiome by introducing plant mass and active microorganisms for their destruction is relevant and promising.

The purpose of the research was to determine the taxonomic composition of the microbiome of the chernozems southern after the addition of
green manure and straw, as well as their destructors.

In the stationary three-field short crop rotation located in the Department of the field crops of the FSBSI “Research Institute of Agriculture
of Crimea” (central part of the steppe Crimea), we studied the taxonomic composition of the microbiome of chernozems southern low
humus on loesslike light clays during the incorporation of phytomass of phacelia (Phacelia tanacetifolia Bent.) and winter wheat (Triticum
aestivum L.). We processed this phytomass with the cellulosolytic association (CA) of microorganisms in the laboratory. The taxonomic
composition of the soil microbiome was determined using high-throughput sequencing of 16S rRNA gene libraries.

Assessment of the microbiome of the chernozems southern showed changes among 11 phyla of fungi, of which five exceeded 1%; 14 phyla
of bacteria, of which 6 were dominant; the same for Thaumarchaeota — representative of archaea.

The dominant observed eukaryotes were Ascomycota phylum. Their proportion was in the range of 30.0-45.1% depending on the introduced
plant substrates and CA. The increase in the share of Ascomycota was more significant after straw incorporation, namely 4.4% more than in
the control variant. In case of phacelia incorporation, the excess was 1.8% only. Among minor eukaryotes, Cercozoa has been identified, the
most common representatives of which are commonly found in nutrient-rich soils.

Among the major representatives of bacteria, three phyla were identified: Actinobacteria, Bacteroidetes, and Proteobacteria, which respond
by increasing the proportion when phacelia and straw were incorporated (both without treatment and inoculated with CA).

Thus, the influence of green manure (phacelia), wheat straw, and cellulolytic association of microorganisms on the taxonomic structure of
chernozems southern in the steppe zone of the Crimea was established. The work was carried out within the framework of the state task of
fundamental research No. 0834-2019-0005 and supported by RFBR grant r_a N0.19-416-910003.

TakcoHOMUYeCKHii COCTAB MUKPOOHOT0 COO0IIECTBA YePHO3eMA I0;KHOI0 IPU BHECEHUH PACTHTEIBHBIX Cy0CTPATOB
U HX 1eCTPYKTOPOB
Kameneea U.A.Y, Menonuuyx T.H., A60ypawumos C.®.%, Andponos E.E.%, Sxybosckaa A.M., Tpumyun M.B.Y, Ilpuxoowvko A.B.
I®OI'BYH «HayuHo-HCCIe0BaTENLCKUI HHCTUTYT CENbCKOro Xo3siictra Kpeimay, Cumdeponons; 2OIBHY «Bcepoccuiickuii HayuHo-
HCCIIeI0BATEIbCKUH HHCTUTYT CEIbCKOX03siCTBEeHHON MUKpoOHonorun»; Cankr-IlerepOypr, Poccust

Annomayusa. H3zyueno enuanue cudepama (ayenus), conomvl NueHUYbl U YeTON030IUMULECKOU ACCOYUAYUU HA MAKCOHOMUYECKYIO
CMPYKMypy YepHO3eMd 102CcH020 cmenHoll 30ubl Kpvima. Ycmanoenenvr usmenenus ooau cpeou npedcmasumeneti 11 ¢gun epubos, 14
baxmepuii u 2 apxeu.

Knroueevie cnosa: mukpobuom uepnozema 10JACHO20, cudepam dayeius, CcOAOMA NUEHUYbL, YETTONO30TUMUNECKAS ACCOYUAYUsL
MUKPOOP2AHUIMOE

MuKpoOHBIe cOO0IIECTBA OYBBI SBISIOTCS BOXKHEHIINM (akTOPOM TpaHC(HOPMALMKM OPTaHUYECKUX COSMHEHHUI, KPyrOBOpOTa OMOTCHHBIX
9JIEMEHTOB, TOBBIIICHHS IUIONOPOAUS W CAMOOYMIIECHUs NO4YBBL. {18 TNOBBILEHUs 3(P(EKTHBHOCTH ITHX MPOIECCOB AKTyaJbHBI H
MEpPCIICKTUBHEl HCCIIEIOBAHUS, HANpPaBICHHBIE HA YIpPaBICHHE (YHKIUOHANPHONH M TAaKCOHOMHYECKOH CTPYKTYpod MHKpoOHOMa
MOCPE/ICTBOM BHECEHHS PACTHTEILHONW MAcChl M aKTUBHBIX MUKPOOPTAaHU3MOB ISl UX I€CTPYKIHH.

Lens mccnenoBaHnii — yCTAaHOBUTH TAKCOHOMHYECKHH COCTaB MHKpPOOHMOMa YepHO3eMa IOKHOTO TIPH BHECEHHU CHAEpaTa M COJIOMBI U HX
JIECTPYKTOPOB.

B cranmoHapHOM TpPEXIOJILHOM KOPOTKO-POTALMIOHHOM MOJIEBOM ceBooOopoTte otaeneHus nonesbix KynsTyp @PI'BYH « HUMCX Kpbimay,
PacHoIOKEHHOT0 B IIEHTPaIbHOI uYacTH cremHoro KpeiMa, HMCCiemoBany TaKCOHOMHYECKHH COCTaB MHUKPOOMOMa YepHO3eMa I0XKHOTO
MaJIOTyMyCHOTO Ha JIECCOBHIHBIX JIETKHX TJIMHAX TpH 3ajeike ¢puromaccel darennn (Phacelia tanacetifolia Bent.) B da3y userenus u
cOJIOMBI 03uMOM mrneHunsl (Triticum aestivum L.), 00pabOTaHHBIX COOpPaHHOH B JIAOOPATOPHBIX YCIOBHUSX IIEILTFOIO30IUTHYCCKOM
acconuarueii Mukpoopranm3smMoB (I[A). TakcoHOMHUYECKHMH COCTaB MHUKpPOOMOMa TIIOYBHI YCTAaHABIMBAIM C HCIIOIb30BAHHEM
BBICOKOIIPOM3BOAUTENFHOTO CEKBEHHPOBaHMs OnbmoTek rena 16S pPHK.

OmneHka MHKpOOHOMa YepHO3eMa I0’KHOTO MoKa3ana n3MeHeHus cpean 11 ¢un rpudos, 13 KOTOPBIX A0 IATH npeBsimana 1 %, u 14 ¢un
GakTepHii, U3 HUX 6 TOMUHUPYIOIIKX, Kak M Thaumarchaeota — nmpeacTaBUTEIbHULBI apXei.

Haunbosee BbICOKOE MpPEICTaBUTENILCTBO 3YKapHOT OTMedeHO y ¢uiber Ascomycota, rae nons Haxoawiaach B mpenenax 30,0-45,1 %, B
3aBHCHMOCTH OT BHECEHHBIX PacTHTENBHBIX cyOcTparoB u LIA. VBennuenue noiu Ascomycota 6bu1o Gosiee CyIeCTBEHHBIM IPH BHECEHHH
cosioMbl — Ha 4,4 % BbIlLIE KOHTPOJIS, YeM NpH 3aieike Qareinnu, Tae npesbimenne coctaBmwio 1,8 %. Cpeau MHHOPHBIX JYKapHOTOB
BesiBrieHa Cercozoa, Hanbosee pacrpocTpaHeHHbIE IPEICTABUTENN KOTOPOi 00BIYHO BCTPEUAIOTCS B OOTaThIX MUTATEIbHBIMU BELIECTBAMH
MOYBaX.

Cpenu MaXOpHBIX TpeAcTaBuTeNel Oaktepuii o6o3HaueHsl Tpu ¢uubl: Actinobacteria, Bacteroidetes u Proteobacteria, pearupyromue
YBEIMYIEHHEM JOJIN IPH BHECCHUH (halleNINH U COJIOMBI, Kak 6e3 00paboTKH, Tak M HHOKY/INPOBaHHBIX LIA.

Taxum 00pa3zoM, yCTaHOBIIEHO BIMSHUE cujepara ((amenus), COJIOMBI MICHUIE U IEJUTI0I030IUTHIECKOH acConnanul MIKPOOPTaHU3MOB
Ha TAKCOHOMMYECKYIO CTPYKTYpPY YE€pHO3eMa F0XKHOTO CTenHOit 30HbI Kpbima.

PaGoTa BeINOJIHEHA B paMKax rOCYAapCTBEHHOTO 33/1aHus (pyHIaMeHTanbHbIX ncciaenoBanuid Ne 0834-2019-0005 u npu noazepke rpanta
POOU p_a Ne19-416-910003.
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Intracellular transformations in bacteria as a response to external factors: molecular spectroscopic characterization
Kamnev A.A., Tugarova A.V.
Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia
E-mail: aakamnev@ibppm.ru; a.a.kamnev@mail.ru

Key message. Examples are considered of using molecular spectroscopy techniques (Fourier transform infrared, Raman and
Mdssbauer spectroscopies) in monitoring the responses of bacteria to stresses.

Keywords: molecular spectroscopic analysis, Fourier transform infrared spectroscopy, Raman spectroscopy, Mdssbauer
spectroscopy, Azospirillum

The use of molecular spectroscopy techniques in the analysis of various structural features and composition of a wide variety
of objects in recent decades has been steadily developing in line with the development of electronics and instrumentation in
laboratories both in scientific institutions and in industrial enterprises. In the field of life sciences, molecular spectroscopy
techniques are particularly useful as they allow one to study at the molecular level (often in the mode of non-destructive
analysis) not only the structure and composition of biomaterials, but also various intermolecular interactions, the importance
of which cannot be overestimated for the functioning of organisms. In this lecture, some examples will be considered of
applications, primarily, of vibrational spectroscopy techniques (Fourier transform infrared spectroscopy in its various
methodological variants, Raman spectroscopy) [1] for studying the responses of bacteria (using the examples of azospirilla) to
external factors, as well as of Mossbauer (nuclear gamma-resonance) spectroscopy [2,3] which allows, in particular, the state
of intracellular iron, one of the most important trace elements, and its changes to be monitored in situ. The possibilities of
monitoring the accumulation and studying the intracellular properties of reserve biopolymers (poly-3-hydroxybutyrate in
bacteria of the genus Azospirillum) and their changes during growth of bacteria under various stresses will be demonstrated.
One of the interesting novel effects is the change in the state of intracellular iron found in azospirilla in the course of drying
(lyophilization) of cellular biomass [2], which may be a natural strategy to avoid damage to cells in the dormant state (dried
living biomass) as a result of redox transformations (e.g., the Fenton reaction) in the presence of cellular Fe(ll).

This work was supported in part by The Russian Foundation for Basic Research (grants 17-08-01696-a, 19-13-50160).

BHyTpuK/IeTOYHbIe IPeBpalleHusl Y 0aKTepuil KaKk OTKJIUMK HA BHEIIHUE BO31eiCTBUS: MOJIEKYJISIPHO-
CIEKTPOCKONMYeCKasi XapaKTePHCTHKA
Kamnes A.A., Tyeaposa A.B.
WuctutyT Onoxumun U (PU3HOIOTHN paCTeHUI 1 MUKpoopraHm3MoB Poccuiickoit akamemun Hayk, CapatoB, Poccus

Annomayus. Paccmompenvt npumepsl UCHOIb308aAHUL MEMOO08 MOACKYIAPHOU CReKMpocKkonuu (UH@pakpachas gypve-
CNEKMPOCKONUsL, CHeKMPOCKONUSL KOMOUHAYUOHHO20 PACCESIHUSL, MECCOAYIPOBCKAS CNEKMPOCKONUSL) OISl U3YUEHUSL OMKIUKO8
baxmepuii Ha cmpeccyi.

Kniouesvie cnosa: monexynsapHo-cneKmpoCKORUYeCcKUil aHanus, UHPPaKpachas Gypve-cnekmpockonust, CneKmpoCcKonus
KOMOUHAYUOHHO20 paccesnus, méccoayposckas cnexkmpockonust, Azospirillum

Hcnonb3oBaHHE METOOB MOJIEKYJISIPHOH CIIEKTPOCKONUHM B aHAIM3€ PAa3JIMYHBIX CTPYKTYPHBIX OCOOCHHOCTEH M COCTaBa
caMbIX pa3HOOOPa3HBIX OOBEKTOB B IOCIETHHUE JCCSITUICTHS CTAOMIBHO Pa3BHBAeTCs Oiarosmaps pa3BUTHIO HJIEKTPOHHUKH U
IpUOOPHOTO OCHAIIEHUS J1a00paTOpUil KaKk B HAYYHBIX OPraHH3alMsIX, TaK U Ha MPOMBIIIIEHHBIX NMPEANpHUATHIX. B o6nactn
HayK O >KU3HH METOJ(bl MOJICKYJISIPHOH CIEKTPOCKOIIMH OCOOEHHO IOJIE3HBI TE€M, YTO MO3BOJITIOT Ha MOJEKYJISIPHOM YPOBHE
(gacTo M B peXKMMe Hepa3pylLIalollero aHaiuu3a) He TOJIBKO W3ydaTh CTPYKTYpY M cOCTaB OMOMarepualioB, HO U OTCJIC)KUBATh
pa3MuHbIEe MEXMOJIEKYJISIPHBIE B3aUMO/EHCTBUS, BaXKHOCTh KOTOPBHIX A (PyHKIMOHMPOBAHHS OPTaHU3MOB HEBO3MOXHO
NepeolieHUTh. B HacTosiel Jekunu OyIyT pacCMOTPEHbI HEKOTOpbIE IPUMEPBI CIIOJIb30BaHUs B IIEPBYIO O4YEpe/b METO/OB
KoJsiebaTenbHOU crieKkTpockonuu (MHppakpacHas (ypbe-CIIEKTPOCKONHUSI B €€ Pa3IMYHBIX METO/OJOTMYEeCKUX BapHaHTaX,
CHEKTPOCKOIHST KOMOMHAIIMOHHOTO paccestHudA) [1] s mcciaeoBaHus OTKIMKOB OakTepuil (Ha mpuMmepe a30CHUpWIII) Ha
BHEITHUE BO3JIEHCTBUS, a Takke MeTo] MEccOaydpOBCKOM (sSAepHON ramma-pe3oHaHCHOW) cmekTpockonuu [2,3],
MO3BOJIAOIINMA, B YaCTHOCTH, KOHTPOJHPOBAaTh iN SitU COCTOSHHE BHYTPHUKICTOYHOTO >Kelle3da, OJHOTO U3 BaXKHEHIIMX
MHUKPOJJIEMEHTOB, M €ro W3MEeHeHHs. ByayT nmpojeMOHCTpUPOBaHBI BO3MOYKHOCTH MOHUTOPWHIA HAKOIUICHHS M H3y4YSHHUS
BHYTPHUKIJIETOYHBIX CBOWCTB PE3EPBHBIX OHMONMOIMMEPOB (MONH-3-TUAPOKCHOYTHpaTa y a30CHHUPIILUI) M WX W3MEHEHHH B
npouecce pocra OakTepHUid 1MOJA BO3JICHCTBHEM pa3IMYHBIX cTpeccoB. OJHUM M3 MHTEPECHBIX HOBBIX 3(dexToB sBisieTcs
00OHapy)KEHHOE y a30CIUPUILT H3MEHEHHE COCTOSHHSI BHYTPHUKJICTOYHOT'O JKeJie3a B MpOoIiecce BhICYIMBaHMs (JINODUIN3aNN)
KJIETOYHOW Omomacchl [2], 4TO MOXXET OBITH CBSI3aHO C HEOOXOJMMOCTBIO MPEAOTBPAILCHHS IOBPEXICHHUS KIETOK B
JIOPMaHTHOM COCTOSIHMM (BBICYIIEHHAsl KHMBas OMomacca) B pe3yJsibTaTe pellOKC-TIpeBpalleHnii Tuna peakuun PeHTOHa B
npucytctun kierounoro Fe(ll).

PaboTa BbITIOJIHEHA TP YaCTHYHOM noaepkke rpantamu POOU 17-08-01696-a, 19-13-50160.

1. Kamnev A.A. et al. Spectrochim. Acta Part A: Mol. Biomol. Spectrosc. 193 (2018) 558-564.

2. Kamnev A.A. et al. Spectrochim. Acta Part A: Mol. Biomol. Spectrosc. 229 (2020) 117970.
3. Kamnev A.A., Tugarova A.V. Talanta 174 (2017) 819-837.

110



- 24 International Conference “Plants and Microbes: the Future of Biotechnology’, Saratov, October 5-9, 2020

Biochar influence on antibiotic resistance genes abundance in the manure derived composts
Karamova K., Danilova N., Galitskaya P.
Kazan Federal University, Kazan, Russia
E-mail: 89625725848 @yandex.ru

Key message. Composting chicken droppings with the addition of biochar and an antibiotic led to a decrease in the
concentration of oxytetracycline on the 28th day and an increase in the amount of the resistant tet(X) gene.
Keywords: biochar, antibiotic resistance genes, composting

Antibiotic resistance is one of the most important and modern public health problems, as it reduces the efficiency of
infections treatments. The reason of resistance wide spreading is use of antibiotics, especially in cattle and poultry farming,
for disease prevention and growth promotion. To remove the antibiotic resistance genes (ARG) from the cattle and poultry
manures, composting may be used. However, this method has own limitations, and different improvements such as biochar
addition to composts are recommended to decrease the number of ARG.

In the present study, we analyzed the potential of biochar to reduce ARG number in the process of chicken manure
composting. Five composting mixtures of chicken manure with sawdust (1:2) were used in the experiment conducted in 200L
rotating machines for 120 days: control (K), with 15% of biochar (B), with additional 50, 150 and 300 mg kg-1 of
oxytetracycline (B50, B150, B300). Biochar was prepared from chicken manure at 400 °C and 3 h residence time.

It was revealed that composting main parameters such as temperature profile and dissolved organic carbon content were not
influenced by biochar or antibiotics. The contents of oxytetracycline decreased 6, 2 and 11 fold in the B50, B150 and B300
variants, correspondingly, after 28 days of composting. The copy number of genes encoding tetracycline resistance — tet(A),
tet(B), tet(O), tet(M) and tet(S) — was not affected by antibiotics. Biochar addition did not affect the number of these genes as
well, moreover, it led to increase of tet(X) gene copy number — 10 fold in B variant as compared with control. Bacterial
community structure, revealed by Illumina MiSeq method, overcame several changes in the process of composting determined
by composting stage and did not depend on biochar or antibiotic presence.

The work was supported by the RFBR grant project 18-29-25054.

Biausinne 6Mo4apa Ha KOJIMYECTBO FeHOB YCTOHYMBOCTH K AHTHOMOTHKAM B KOMIIOCTAX,
MOJIy4YeHHBIX U3 KYPHHOI0 IoMeTa
Kapamosa K.O, [lanunoséa H.B., I'anuyxaa 11.1O.
Kazanckuii penepanbubiii yHuBepcuTeT, Kazanb, Poccus

Annomayun: Komnocmupoganue KypuHo2o nomema ¢ 6HeCeHueM 0uouapa u OKCUMEempayukiuHa RPUGelo K CHUNCEHUIO
cooepoicanus anmubuomuxa na 28 cymku, npuseno k yeeaudenuio 2ena tet(X), kooupyrowezo ycmoiiuusocmo Kk anmubuoOmuxy
Kiouesvie cnosa: buouap, cenvi ycmouyusocmu Kk aHmuOUOmuKam, KOMIOCMuposaHue

OpHOHN M3 BaKHBIX W COBPEMEHHBIX NMPOOJEM 37paBOOXPAHEHUsS SBISIETCSI YCTOMYMBOCTh K AHTHOMOTHKAM, NPUBOASAIIAS K
cHkeHuro pdexkruBHOCTH NedeHus. lllnpokoe npuMeHeHNe aHTHOMOTHKOB B JKMBOTHOBOJCTBE M ITHIEBOACTBE BHOCHUT
CYIIECTBEHHBIH BKJIa]] B PACIIPOCTPaHEHHE PE3UCTEHTHOCTH.

Llens naHHOTO MCCNEOBAaHKS OLEHUTh BO3MOXKHOCTH OMOYapa CHMKATh KOJMYECTBO T€HOB YCTOMYMBOCTH K aHTHOMOTHKAM
(I'YA) B mporiecce KOMIIOCTHPOBaHUs KYPHHOTO TTOMETA.

KommnoctupoBanue npooaunu B 200-1UTPOBBIX KOMIIOCTEpPaX C MEPUOJUUECKUM NepeMelnuBaHueM B Tedenue 120 nHei.
Hcrnonk30Baii TATh BAPHAHTOB KOMITOCTHBIX CMecell (COOTHOIIeHHe KypHHOTO momera u ommwiok 2:1): xoutpons (K),
KOHTpOJIb ¢ Onouapom (KB), 00pasibl ¢ 6MoyapoM U OKCHTEpalMKIMHOM B KoHIeHTpauuu 50, 150 u 300 mr/kr (B50, B150,
B300). buouap nomyuanu B mpouecce nuponuza npu temneparype 400° C u jymurenpHOCTH 3 daca.

Bruto BBISIBIICHO, YTO BHECEHHE OMOYapa M aHTHOMOTHKOB HE OKa3ajl0 3HAUYMTEIBHOTO BIMSHHMA Ha OCHOBHBIE ITapaMeTphl
KOMIIOCTHPOBAHUS, TaKWe KaK TEMIIepaTypHBIH HpoQuiIb, COAEp)KaHHE PACTBOPEHHOTO OPTraHWYECKOro yriepoxa u Jp.
CoJeprkaHue OKCUTETpalMKINHA YMEeHbIMIock B 6, 2 u 11 pa3 B Bapuantax B50, B150 u B300 cootBercTBEHHO 4epe3 28
IHel KoMIocTUpoBaHUWs. BHeceHue OMouapa M aHTMOMOTHKOB HE OKas3ajo BIMSHHS Ha KOJIMYecTBO reHOB tet(A), tet(B),
tet(O), tet(M) u tet(S), bonee Toro, OHO MpHBENIO K yBeNWYeHUIO ducia komuil rexa tet(X) — B 10 pas B Bapuante B mo
cpaBHeHHUIO ¢ KoHTposieM. CTpyKTypa OakTepuaibHOro coollnecTBa, BbisBiIeHHas MerogoMm lllumina MiSeq, npeononesana
psAA U3MEHEHHH B Ipolecce KOMIOCTHPOBAHUS, ONPEAEIsEeMBIX CTauell KOMIOCTUPOBAHUS, M HE 3aBUCENa OT HAJINYUA
Onoyapa WM aHTHOMOTHKA.

Pabora BbInosIHEeHA 1TpH Tojiepkke rpaHTa POOU npoekt 18-29-25054.
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Comparative analysis of nucleotide polymorphism o