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.......................

«bHOTEXHOJIOTUS B pACTEHUEBOICTBE,

CEIBCKOXO03SIICTBEHHON MUKPOOUOJIOTHUIY !

KoH(pepeHus Mosoabix yu€Hbix (Mocksa, 17 — 21 Hos6ps 2025 r., DI'BHY
BHUUCB), cbopuuk te3ucoB nokinanos. — M.: ®I'bHY BHUUCB, 2025. — c.

25-s Beepoccuiickas Moo/iexkHasi Hay4dHasi KoHpepeHuus «buotexHonorus B
PaCTEHHEBOJCTBE, ’KUBOTHOBO/ICTBE U CEIHCKOXO3IMCTBEHHOU MUKPOOHOIOT Y
MPOBOJIUTCS €KETOHO BCepoccruiickuM Hay4YHO-HUCCIIEA0BATEIbCKUM HHCTUTYTOM
CEIBCKOXO03SIICTBEHHOM OMOTEXHOIOTHU. B COOpHUK BKIIIOUEHBI TE3UCHI JOKIAI0B
Hay4YHBIX pa0OT aCIUPAHTOB U MOJIOJIBIX YUEHBIX HAYYHO-UCCIIEI0BATEIIbCKUX
unctutyToB u BY3oB. Kondepennus npoogutcs Ha ocHoBaHuU CoriameHust OT
«31» oktsa6ps 2019 r. No 075-15-2019-1667 o nmpenoctaBieHnu U3 dheaepaibHOTO
Oro/KeTa rpaHToB B (hopMe cyOCcuIuii B COOTBETCTBUU € MMyHKTOM 4 cTtathu 78.1
bromxerHoro konekca Poccniickoit denepanny Ha OCyIIECTBICHHUE
rOCyIapCTBEHHOM MOANEPKKHU CO3IAHUS U PA3BUTHUSA LIEHTPA FTEHOMHBIX
HCCIIEI0BAHUI MUPOBOTO ypoBHA «KypuaTOBCKHI T€HOMHBIN LIEHTP» B PaMKax
peanuzanuu denepanbHOro npoekra «Pa3putue HayqyHOM U HAy4YHO-
MPOU3BOJICTBEHHOM KOOIEpaluu» HallMOHAIbHOTO IpoekTa «Hayka». COopHUK
TE3UCOB MPEJCTABIISIET HHTEPEC AJISI CIEIMATUCTOB B 00JaCTH OMOTEXHOJIOTHH,
MOJIEKYJISIPHON OMOJIOTUU, TEHHOW UHKEHEPUH, KIIETOYHON OMOJIOTUHU U
KUBOTHOBOJICTBA 25-s1 Becepoccuiickas

IITPUX-KOJI

© ®I'bHY BHUUCE, 2025 r.
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UJEHTUO®UKAILIUS BEJIKOB CEMENCTBA KCUJIOIJIIOKAH
IHAOTPAHCIVIMKO3UJIA3/TUAPOJIA3 B PACTEHUU NICOTIANA
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Amumosa A.P.12, Capuenxo S1.IO.3, Epmosa H.M.2, Kamaposa K.A.2, IllemykoBa E.B.2,
Komaposa T.B.!?

1 - ®I'bOY BO «Mockoeckuii zocyoapcmeennniiit ynugepcumem umenu M.B. J/lomonocosa»
(OI'6OY BO MT'Y umenu M.B. Jlomonocoesa), Mockea 119991; E-mail:
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2 - ®I'bBYH «Hucmumym ooweii zenemuku um. H.U. Basunosa Poccuiickoii akademuu
nayk» (OI'bBYH HOI'en PAH), Mockea 119991
3 — ®I'AOY BO «Ilepsviiit MocKkoecKuil 20cy0apcmeenHblit MEOUWUHCKUTL YHUBEPCUMENT UM.
HU.M. Ceuenosa Munucmepcmea 3opasooxpanenusn Poccuiickoii @edepavyuuy (PIAOY BO
IHepeviit MI'MY um. U.M. Ceuenosa Munszopasa Poccuu)

Knerounas crenka (KC) siBisieTcs BayKHOM 3alIUTHON CTPYKTYPOM pacTUTENIBHOMN KIETKH.
Ona urpaer poib (pu3nyeckoro U OMOXUMHUYECKOTO Oaphepa, KOTOPBIA 3alMINAeT KIETKY OT
BHEIIHETO BO3JEHCTBUS, @ TAK)KE Y4acTBYET B APYTHUX IIpOLIEccax: B IEJIEHUH, pOCTE U U3BMEHEHUNU
e€ (hopMBbL. DTH TPOLIECCHI COMPOBOXKAAIOTCS MHOTOUNCIIEHHBIMU NTepecTpoiikamMu cTpyKTypsl KC
1 U3MeHeHueM €€ cBoicTB. OqHuM u3 KoMrnoHeHTOB KC sIBiisieTcsl KCUIIOTIIIOKAH — IOJIMcaxapu,
OTHOCSIIMNCA K Kiaccy remuueuitonos. Keunormtokan coaepxurcs B nepsuuHoil KC pactenuid.
OH 3amoyHsAeT MPOCTPAHCTBO MEXIYy MUKPODUOPMIIIAMH LEJUIION03bl, CBA3BIBAsICh C HUMH U
CrocoOCTBYS TTOBBILLIEHHUIO MIPOYHOCTH KC. CewmeiicTBO KCUJIOTJIFOKaH
sHI0TpaHcrIMKo3wias/ruaponas (XTH) mpencraBneHo ¢epMeHTaMH, KOTOPbIE OCYIIECTBIISIIOT
pacIleNIeHMe U PEOPraHu3allii0 MOJIEKYJ KCWIOIJIIOKaHA, TEM CaMbIM, U3MEHSS CTPYKTYpY
LEJUTIOJIO3HO-TIEKTUHOBOI'O MaTPUKCA U PEMOJEIUPYs KIETOYHYIO0 CTeHKY. benku cemeiictea XTH
UTPAIOT BKHYIO POJIb B POCTE, Pa3BUTUHU PACTCHUN U MX aJalTallMy K cTpeccaM. /lanHble Oenku
UMEIOT B CBOEM cocTae jaBa gomena: Glyco hydro 16 (Pfam/InterPro ID: PF00722) u XET C
(Pfam/InterPro ID: PF06955) [1,2].

Nicotiana benthamiana sBIseTCsi MOJCTBHBIM OPraHU3MOM ISl U3YUYCHHS Pa3IMYHBIX
OMOJIOTUYECKUX TPOIECCOB, B TOM YHUCIE, MEXaHU3MOB YCTOMYMBOCTH K CTPECCOBBIM
BO3CUCTBUSAM U K BUPYCHOM nHGeKkuu. OIHAKO HET JaHHBIX O POJIM €0 T€HOB, KOJUPYIOIIUX
6enxu XTH, B oTBeTax Ha OMOTHYECKHE CTPECCH (HallpuMep, Ha BUPYCHYIO HH(peknuio). Llenbio
HacTosIIEeH paboThl ABISETCS MOKMCK, HACHTU(UKALIUSA U XapaKTePUCTUKA T€HOB, KOJUPYIOIIUX
6enxu XTH, u aHanu3 ux npoQuis SKCIPeccuu B YCIOBUSAX BUPYCHON HH(DEKINH.

B renome N. benthamiana, nonydyeHHOM u3 6a3bl JaHHbIX SolGenomics [3], ¢ moMoIIbEIO
ouonndopmaruueckoro uHCTpymMeHTa HMMER3.0 u cpaBHHTEnbHOTO aHanmu3a OBLIO
UACHTUPUIMPOBAHO 36 TeHoB, Koaupyroumx 6eaku XTH. Otu 6enku ObUTH K1acCUpUIIMPOBAHBI
Ha J[BE MMOATPYIIIbI HA OCHOBE UX (PUIIOTeHETHYECKUX CBsA3el, a umMeHHo: rpymnma I/I1 u rpynma I11.
Pexonctpykuusi ¢unoreHun Oblia NPOBEJEHa HAa OCHOBE MHOXXECTBEHHOTO BbIPAaBHUBAHHS
HYKJICOTUIHBIX WJIM OEJKOBBIX IOCJIEIOBATEIBHOCTEH C MCHoib3oBaHueM aiaroputmMa MAFFT
(meton FFT-NS-1, matpuist 3amedn 200PAM u BLOSUMG62, cooTBeTcTBEHHO) [4] ¥ mporpaMMBbl
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UGENE 52.1. [ToctpoeHue GpuiIoreHeTH4ecKoro aepena Obl1o BHIMOIHEHO B porpamme MEGA
C WCIOJB30BAaHHUEM METOAa MAaKCHUMAILHOTO mMpaBaomofodus (anri. «maximum likelihood»)
(monens JTT) u bootstrap-ananmsa.

[TpoBeneH aHamM3 TPAHCKPUIITOMOB JUCThEB N. benthamiana, Xax 370pOBBIX, TaK U
3apaKEHHBIX OJHUM U3 CIIEAYIOLIUX BUPYCOB PACTEHUM: BUPYC 3€JIEHOM KparyaTod MO3auKH
orypua (Cucumber green mottle mosaic virus, CGMMYV) (SRP329809), Bupyc HEKpOTHYECKOTO
MOKENTSHHS )KUJIOK caxapHOU CBEKIIbI (Beet necrotic yellow vein virus, BNYVV) (SRP018079),
Y Bupyc kaprodens (Potato virus Y, PVY) (SRP365980), Bupyc ocmiel cinuBsl (Plum pox virus,
PPV) (SRP365980) u Bupyc koiblieBoi nsaTHUCTOCTU ToMmaTa (Tomato ringspot virus, TORSV)
(SRP580001) (Bupycsr aukoro tuma). lanaeie RNA-seq Obu1H mosry4ens! u3 0a3bl nanasix NCBI
SRA (https://www.ncbi.nlm.nih.gov/sra) u npego6padoTaHbl ¢ MOMOIIBI0 OMOMHPOPMATUIECKUX

uHctpyMeHToB FastQC/MultiQC u fastp ¢ mapamerpaMu 1o ymoia4aHuio. 3aTeM MPOU3BOJUIOCH
KapTupoBaHue Ha pedepeHcHbId reHoM ¢ momoribio STAR (mapamerpsl mo yMoig4aHUIo, 3a
UCKJIIOYEHUEM JUIMHBI NIPOYTEHMH), MOACUET ypOBHA 3Kcmpeccun ¢ nomoupto HTSeq-count n
aHanu3 n1uddepeHuanTbHoN dKeIpeccun ¢ moMoInkio nakera edgeR Ha s3pike R. B xone ananunza
TPAHCKPUNTOMHBIX JAaHHBIX OOHApyXeHO, 4TO M3 36 uaeHTHPUUUPOBAHHBIX TeHOB XTH 27
MEHSIOT SKCIPECCHIO B OTBET Ha 3apakeHUE PACTEHUH KaKUM-JINOO0 U3 BBIIIICYKAa3aHHBIX BUPYCOB.
Hanpuwmep, B orBeT Ha 3apaxkenue CGMMYV u3meHsieTcsi 3KCpeccus 7 TeHOB, IpU MHQPEKIHH
BNYVV, PVY, PPV u ToRSV nossimaercs sxcnpeccust 15, 23, 20 u 2 reHOB, COOTBETCTBEHHO.
boutn BeIBNIEHB! 001mMe reHsl X7TH, SKCIpeccusi KOTOPhIX MEHSETCS TP 3apaKCHUH Pa3HbIMH
Bupycamu. Hanpumep, B otBeT Ha undekuuio u PPV, u PVY Mensiercs skcnpeccust OJHUX U TeX
ke 18 renos, B orBeT Ha CGMMYV u PVY — 7 renos, PPV u BNYVV — 12 renos, PVY, PPV u
ToRSV — 1 ren.

Ha ocHoBaHMM MTPOBEIEHHOTO aHAIHM3a OBLTH ClIETaHbI CleAyonre BIBOABL: (1) reHoM V.
benthamiana xogupyetr 36 OenkoB, mpuHamnexamux Kk cemeiictey XTH; (2) mpencka3aHHbIe
Oenku nonpasaesstores Ha 2 noarpynmnsl: rpynmna I/I1 (28) u rpynma III (8); (2) sxcnpeccust 27
T'CHOB CEMEHCTBA U3MEHSETCS B JIUCTBSIX BO BPEMs BUPYCHOM NH(EKITUH.

Takum obpaszom, B N. benthamiana waeHTU(DUIUPOBAHBI TE€HBI, KOIUPYIOIIHUE OCIKH
cemerictBa XTH. B xoxe ananuza npodusst skcrpeccun KOAUPYIOUMX UX TEHOB BBISBICHBI T€,
KOTOpBIE BOBJIEUEHBI B OTBETHI HA 3apakKEHUE BUPYCAMHU.

PaboTa BhINOJHEHAa B paMKax rocyAapcTBeHHOro 3anaHus, Tema Nel25040404872-7 u
Ne123063000010-2.
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INPUMEHEHME METATI'EHOMHBIX ITIOAXO/J10B IJIA
YCTOHUYUBOI'O PA3BBUTHUA KUBOTHOBOJICTBA

Nyckaes I'.K.!

1 - ®I'BHY ®enepanbHblii HAYyYHbIN HEHTP 0MOJTOTHYECKUX CHCTEM H AarPOTEXHOJI0TH I
Poccuiickoii akagemnu Hayk, Openoypr, 460000, gduskaev@mail.ru

CoBpeMEHHOE COCTOSIHWE HCIOJb30BAaHUS METEr€HOMHBIX IIOJIXOJ0B B HCCIIEAOBAHUIX
MHUKpOOMOMa MUILIEBAPUTEIBHOTO TPaKTa MSCHOTO CKOTa M MSCHOM MNTHIBI - M3BECTHO, UTO
MeTa0OoIMYecKoe BO3ACHCTBHE MUKPOOHOMa pyOIa HEOOXOIMMO JIJIsl pOCTa KPYIHOTO POTaToro
CKOTa, U U3yYeHHE T'€HOMHBIX U MUKPOOHBIX (DAKTOPOB, JIEXKAIIUX B OCHOBE 3THUX BPEMEHHBIX
M3MEHEHHUH, MOXKET MOMOYb MOBBICHTH 3(()EKTUBHOCTh KOHBEPCHH KOpMa Ha KakKJOM dTare
pocta. CeromHsi paccMaTpUBAaeTCs CTpaTerus pa3BEICHUs JKUBOTHBIX, OCHOBaHHas Ha
MHUKpOOHOME, KOTOpas MOTEHIMAIbHO YIYYIIAeT COCTaB >KUPHBIX KUCIOT B TOBAAMHE. B T.4.
MUMEIOTCS KpUTHUYECKH Ba)KHBIE BEILIECTBA B TOBSAMHE, BaKHBIC JJIS 37J0POBbS UETIOBEKA.

Kpome TOro, B CBsSI3Uu C IEPEOLEHKONM METareéHOMHBIX METOIOB, a TaKX€ pa3BUTHEM
JUarHOCTMYECKUX BO3MOXHOCTEH aKTMBHO M3y4yaeTcsl WX MPUMEHEHME B YIyYIIECHUU
PENPOIYKTUBHBIX IIOKa3aTeNiel JKUBOTHBIX, MSCHBIX KOpOB, MNpO(UIAKTHKE U JICUCHUH
pecniupaTtopHbIX 3abosieBaHui. Takum 00pa3oM, MUKPOOHOM KPYITHOT'O POTaTOro CKOTa UIpaeT
BOXHEHUIITYIO POJIb B IPOAYKTUBHOCTH XUBOTHBIX U BIHMSET HA MHOTHE SKOHOMUYECKU 3HAYHMBbIC
[IOKAa3aTeNH.

Kak noBnusTh Ha MUKPOOMOM KHBOTHOTO C IIENBI0 YBEIUYECHHUS €0 IPOAyKTUBHOCTH? OIHUM U3
BO3MOXKHBIX MyTEH SBISETCS - MaHUITYJIMPOBaHHE MUKPOOHOTON pyOlla M HIKHHX OT/AEIOB
KUIIeyHNKa. M3MeHsss MUKpOOHOM pyOria/KUIIeYHHKa U3MEHSETCS epeueHb METaO0IUTOB IS
(dbepMeHTalMu 1 BCAChIBAHUS, YTO B KOHEYHOM MTOTE BIMSET Ha KAY€CTBO MPOIYKIIUH.

OmeHka CBS3M MEXIY MHKpPOOMOMOM pyOla/KuIIeYHHMKa W MHOTMMHU IPOM3BOJCTBEHHBIMU
XapaKTEPUCTUKAMH KPYIIHOT'O pOraToro CKOTa BO3MOXKHO C HCIIOJIb30BAHMEM METar€HHOMUKH.
Celiuac UMEIOTCS MONBITKY CO3JaHMsI 3TAJJOHHBIX METAr€HOMOB Y JKBAYHBIX.

B xone Hamiero mccienoBaHusi Obula YCTaHOBJIEHA TaKCOHOMHUYECKAs CTPYKTypa KHIIEYHOTO
MHUKpOOHOMa KHUBOTHBIX C Pa3HOM KUBOM Maccoil U (pyHKIIMOHAIBHBINA POTHO3 META0OINYECKUX
IIyTEH, CBA3AHHBIX C HAKOIUICHUEM JKMPOBOM M MBIIIEYHOW TKaHU Yy MICHOI'O CKOTA. BhIABICHO
JOCTOBEpHOE TpeBbItieHne noiu 6akTepuid pogos Clostridium sensu stricto, Clostridium X1Va u
Treponema y >KMBOTHBIX C HU3KOH >KMBOH MacCOi. OTH MUKpPOOPraHU3MbI UTPAOT BAXKHYIO POJIb
B METa0OJIM3ME U BIHMSIOT Ha MSCHYIO IPOJYKTHBHOCTH KHBOTHBIX. Y >KMBOTHBIX C BBICOKOM
KMBOM Maccoi, cBs3aHHbIE ¢ pojamu Succinivibrionaceae, Ruminococcaceae u unclassified
Bacteroidales. Tak Hanpumep, B HalllMX MCCIEJOBAHUSAX BUAMM SIBHOE M3MEHEHHE INPOLIECCOB
depMmeHTauun B pyOlle MSCHOTO CKOTa, HAKOIUICHHE METa0OJMTOB MPH PasHBIX 033X
OpPraHUYeCKOr0 MMHEPAJbHOIO BEIECTBa, OENKOBOro OOMEHa, MPOAYKTOB Tra3000pa3oBaHMI,
NEPEeBAPUMOCTH BEIIECTB, COOTBETCTBEHHO TO OTPAXKAETCs HA MUKPOOHMOME KUIIICYHUKA.

KopmoBast no6aBka, BKiIrouaronias B ceds KOMIUIEKC TpaBbl moibiHM M Cu, crmocoOcTBoBana
MIOBBIIICHUIO B pyOlie MpeacTaBUTENeH TpaMoTpUuiaTeNIbHBIX OakTepuii ¢puryma Bacteroidetes u
Candidatus Saccharibacteria, pepMEHTUPYIOIIMX YTIEBOABI, @ TAKXKE YBEIUUUBIINX aKTUBHOCTh
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MUILEBAPUTENBHBIX (EPMEHTOB B conepkumoM pyora. CootHomenue Firmicutes k Bacteroidetes
(urpaet omnpeeNIeHHYIO POJb B aTUIOreHe3e U (POPMUPOBAHUY KUPOBOU TKaHM) cocTasisiio 3,02
B KOHTpoJ€, U 1,4 y OBIYKOB.

N3menenne Meau Ha K0OAIbT BBISIBIIIO PA3NIUYMsI KaK HA yPOBHE THIIOB, TAK U HA YPOBHE POJIOB.
[TossBUNIHMCH TPYIIBI MHKPOOPTAHU3MOB, CIIOCOOHBIX BBIPA0ATHIBATH YTIEBOIHO-AaKTHBHBIC
depmentsl (CAZyms), y4acTBYIONINX B META00IH3ME SHEPTHH.

Hcnonb3oBanue GpuToXuMHUECKON 100aBKH yMOe(epoHa yBEIUYHIO KOJINYECTBO OAKTEepHid
¢unyma Bacillota (kmacc Clostridia u Bacilli) u CHU3WIO OTHOCHTENBHYIO YHUCICHHOCTH
npencrasuteneit punyma Pseudomonadota, BkiIrogaromnme B TOM YUCIIe TATOT€HHBIE U YCIOBHO-
MaTOTeHHBIC OAKTEPUU.

BanunuH 1 KBEpLUETHH 3HAUUTENILHO YMEHbBIIAET KOJIMYeCcTBO OakTepuii ¢puimyma Bacteroidota u
Pseudomonadota, a Tak)e yBeIU4YEHHUIO YUCIEHHOCTH OakTepuil pumyma Bacillota (Bkimouas pox
Butyrivibrio u Pseudobutyrivibrio - yyacTByIOT B mpolecce Aerpajanui KiIeT4aTkKu U OeKoB,
OUOTUAPUPOBAHUS JIUITHUIOB).

ITo pe3ynbTaram 10 3KCIIEpUMEHTOB Ha MTHULE C TPUMEHEHUEM (PUTOXUM BEIIECTB YCTAHOBIICHO:
aHaJM3 YHCICHHOCTH U COBMECTHOTO NMPHUCYTCTBUS OaKTEpUAIbHBIX TAKCOHOB B MHUKpPOOHOMAax
CJIENION KUIIKH OpOisIepOB BBISBUII JIBE aJbTEPHATUBHBIE MOJIEIIN:

1. c npeobnananuem Bacteroidota u moHM>KEHHBIM ajb(a-pasHooOpa3reM u

2. ¢ mnpeoOmamanueM Bacillota, BkIrowaromryro mpeacraBuTeneld THIOB Actinomycetota,
Cyanobacteriota u Thermodesulfobacteriota, ¢ moBBIIIIEHHBIMU TIOKA3aTEIAMU OHOPA3HOOOPA3USL.

Bacillota oTnryanuch NOBBIICHHBIM TOTpeOIEHHEM KopMa (OCOOEHHO CTapTOBOT0) U KOHEYHOM
Maccoil Tena, a TakXe BBHICOKMMH TOKa3aTeIsIMU MHJAEKCAa MPOAYKTUBHOCTH, B TO BpeMs Kak
MHUKpOOHOMBI ¢ mpeoOnaganueM Bacteroidota oTpunatenbHO BIMSUIM HAa TNPOTYKTHBHOCTD
NTHIIEBO/ICTBA.

CBs3p MEXIy COAEp)KaHHEM D3JEMEHTOB B 00pas3lax KypuHOro Msica * W UHCIEHHOCTBIO
OaKTepHaJIbHBIX TUIIOB B MUKPOOHOMAX CIIETION KUILIKKA OpOiIepoB

HccnenoBanue KypuHOU MEYEHHU M Msica BBISIBUIIO TUIIMYHBIE COCTABbI DJIEMEHTOB, HAa3bIBAEMbIC
«@JIIeMEHTOMaMMi». AHalU3 CTPYKTypbl MHKpOOMOMa TIOKa3zal Hajludue JBYX pPAa3JIMYHbIX
SHTEPOTHUIIOB, 0O0O3HAYCHHBIX KaK «HaTTepHbl MUKpoOuMoMay. IlepBbiil Obl1 oborameéH TUIIOM
Bacteroidota, a Bo Bropom npeoGnananu Bacillota. CpaBHeHHE 37€MEHTOMOB U MHUKPOOMOMOB
M0Ka3aJio YETKOE COOTBETCTBUE MEXKAY HUMU. DTO OTKPHITHE MPEAiaraeT HOBYIO CTPATErHIO JUIs
yCTpaHeHUs AepUIUTa UM U30BITKA ONpEeNEHHBIX 3JIEMEHTOB B OPTaHU3ME XO3sIMHA IyTEM
MOJYJISIITUM MUKPOOHOMA KUILIEYHUKA.

Pe3ynbraThl METareHOMHOTO aHajlu3a JErJId B OCHOBY pa3pabOTKM KOPMOBBIX J00aBOK,
CIOCOOCTBYIOUIMX POCTY >KMBOTHBIX, KOTOpbIE HAaIpaBIEHbl Ha CTUMYJSIHUIO TOJE3HBIX U
MOJABJICHUE BpeIHBIX  OaKkTepwil, H3MEeHeHHe (¢epMeHTauuu B  pyOLe/KUIICYHHKE.
CoOTBETCTBYIOIIME METAreHOMHBIE JAaHHBIE MOTYT CTaThb MHCTPYMEHTOM JUIS WX KOHTPOJIA U
BEIOODA.

Cnucok Jimreparypbl:
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Bunorpannas 103a — OJHO U3 BaXKHEHUIIKUX U PACIIPOCTPAHEHHBIX KYJIbTYPHBIX PACTCHUH,
UCIOJIb3YEMBIX ISl NPOMU3BOJACTBA BUH M JAPYTUX IPOLYKTOB. YPOKaMHOCTH BHHOIpaja u
KayecTBO IUIOJOB CHJIBHO 3aBHCAT OT BHEIIHUX (DAaKTOPOB, TAaKUX KaK pacIoIOKEHHE
BUHOT'PAJHMKA, IOTOJHbIE YCIOBHSI, METO/IbI BEACHUS CEIBCKOT0 X035HCTBA, a TAK)KE Pa3IMUHbIX
OMOTHYECKNX (PAKTOPOB, TAaKUX KAaK MHUKPOOHBIE MATOT€Hbl W 3HAOGUTHBIA MuKpoOuom [1].
duronaTroreHsl BHHOTPaJa HAPYLIAIOT HOpMaJbHbIE (U3UOJIOTMYECKHE CBOMCTBA JIO3BI U €€
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KH3HECTIOCOOHOCTb, YTO MPUBOAUT K CHHIKCHUIO YPOXKAMHOCTH M KAauyecTBa IUIOAOB M, TaKHM
o0pa3oM, yMEHBIIAET OXHUJAAeMyIl0 OSKOHOMHYECKYI0 OTAady OT BHHOrpagHuka [2].
Knumartnyeckue HM3MEHEHUS 3HAUMTENBHO BIMAIOT Ha BHIOBOM cOCTaB (UTOMATOTEHOB,
aCCOIIMMPOBAHHBIX C PACTCHUSMU BUHOTPA/A, YCUIIMBACTCS arpeCCUBHOCTD TUITMYHBIX OOJIE3HEH,
pacumpsieTcst BUOBOM cOCTaB BO30yAUTENEH, paCIpOCTPAHSIOTCS. HOBBIE 3a0oseBanus [3].

Ha xommepueckux BuHOrpaguHukax KpacHomapckoro kpast Oblii 0OHapys>KeHbI pacTCHUS
BUHOTpaJia C CHMITOMaMH YBSJIaHHsI HEU3BECTHOM ATHOJIOTUH. [10OMBITKH yCTaHOBUTH STHOJIOTHIO
3a005IeBaHUs KIACCUYECKHUMH MHKPOOHMOJIOTHYECKMMH METOJaMU ObLIM Oe3yCHEIIHBIMH, YTO
JIeNIaeT ero KOHTPOJIb U OrpaHHYEHHE PACIIPOCTPAHEHUSI MeHEE AP PEKTHBHBIM.

B xone MapupyTHbIX 00ClieIoBaHi ObUIH OTOOpaHbI 00pa3Ibl BUHOTPAAa C CUMIITOMAMU
yBsiaHus ¥ 6€3 CUMIITOMOB B KadecTBe KoHTpoutst. Bernenennyro PHK u JIHK ucronb3oBanu amst
noarotoBku 6ubmmotex kJIHK, 16S pPHK u ITS, xoTopblie Ob11M CEKBEHUPOBAHBI HA TUIATHOPME
Nlumina. J{nst OwomH(popMaTHUECKOro aHain3a OHOIMOTEK MCIIOIB30BAIM POTPAMMHOE
obecnieuenne Geneious Prime u Habop rutarnaoB Amplicon v. 2025.4 na muiatdopme QIIME 2.

KommnekcHblil aHamu3 MUKpoOMOMa BHHOIpaaa copTa KpacHocTonm 300TOBCKHN €
CUMIITOMAaMHU YBSIAHUS, MPOBEACHHBIA C MOMOIIBI0 TEXHOJOTUU BBICOKOIPOHM3BOIUTEIHLHOTO
CEKBEHHPOBAHUS BBISBUII PSIJI TATOTCHHBIX MUKPOOPTraHU3MOB. B Bupome pacTeHuii o0Hapy KeHbI
SKOHOMHYECKHU 3HauuMeble grapevine leafroll-associated virus 1 (GLRaV-1) u grapevine leafroll-
associated virus 3 (GLRaV-3). Bce o6pa3isl umenu cMenannyo napekuuio ot 7 10 10 Bupycon
Y BUPOHJIOB.

AHanu3 TaHHBIX aMIUTMKOHHOTO cekBeHupoBaHus 16S rRNA u ITS noka3zan orcyTcTBue B
MHUKpOOHOME BHHOTPaJa C CUMIITOMaMH YBsIaHUS NMATOTeHHBIX Oaktepuit Xylella fastidiosa n
Xylophilus ampelinus. Cpeau rpub0B B CHUMITOMUPOBAHHBIX JI03aX Mpeodiananu canporpopHbie
rpubbl ponoB Alternaria, Stemphylium u Aspergillus. Taxke B o0Opa3max BHHOTpaaa ObLIH
netekTupoBanel pona Curvularia, Penicillium, Talaromyces, Trichothecium, Fusarium,
Sarocladium, Stachybotrys, Cladosporium u Chaetomium. OOHapy>X€HbI HECKOJIBKO IMaTOT€HHBIX
rpuboB, B TOM umcne Sphaeropsis spp., KOTOpbIE MOTYT OBITh aCCOLMUPOBAHBI C CUMITOMAaMH
yBsimanus. MccrnepoBaHue NOKa3bIBaeT HAJMYME HA BUHOTPAAEC C CHUMITOMAMU YBSJIAHHS
MHPEKIMH HECKOJbKUMH MAaTOr€HAaMHU IPOBOJALICH CHCTEMBbI, KOTOpPBIE MOTYT YCHJIHMBATb
JeCTPYKTUBHOE JACUCTBHE APYT npyra. [lomydyeHHble TaHHBIE IPEICTABIISAIOT COOOM LIEHHOCTh [T
OTpaHUYEHUS PACIPOCTPAHEHHs YBSJAHUS BHUHOTPaga W paACIIUpPSIOT HAIld 3HAHUSA O
3a00JIeBaHUAX MIPOBOAAIICH CUCTEMbI BUHOTPAJIA.

HccnenoBanue BoinoiaHeHo Ha 0a3ze obopynoBanus LIKIT «buonmxenepus» u YUK (U-
73547) npu dunaHcoBoi moanepxkke Poccuiickoro HayuHoro ¢onga (rpant Ne23-16-00232) u
MuHHCTEpCTBA HAYKH U BbIcIero oopasoBanus Poccuiickoit deneparum.
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MULTI-OMICS ANALYSIS REVEALS THE ACTION OF MTCLE35
GENE — NITRATE-REGULATED INHIBITOR OF SYMBIOSIS

Petrenko V. A., Rubtsova D. N., Berdigan R. D., Lebedeva M. L., Lutova L. A.
Saint Petersburg State University (SPbU), Saint Petersburg 199034, Russia,
st106188@student.spbu.ru

Legume plants have evolved a unique adaptation to nitrogen deficiency: symbiosis with
nitrogen-fixing Rhizobium bacteria. This mutually beneficial relationship involves the bacteria
converting atmospheric nitrogen into absorbable ammonia. In return, the host plant provides
carbohydrates and a protected niche within specialized root organs called nodules.As both nodule
development and nitrogen fixation are energy-intensive processes, legumes strictly control the
number of nodules they form. A key mechanism that prevents excessive nodulation is the
Autoregulation of Nodulation (AON) system, a subject of active ongoing research[1].

In the AON pathway, regulatory peptides of the CLE family function as essential mobile
signals. These peptides are synthesized in the roots upon rhizobial infection and transported to the
shoot via the xylem. Their gene expression is induced early in nodule development, and their
overexpression potently suppresses nodule formation.

According to the scientific data, 52 genes encoding CLE peptides have been identified in
the genome of the model legume Medicago truncatula. Of these, only two -
MtCLE[2 and MtCLE13 — have been shown to have their expression activated in response to
rhizobial inoculation. The implementation of the autoregulation of nodulation (AON) signaling
pathway depends on the interaction of these peptides with the SUNN receptor kinase, which is
localized in the plant shoot[2].

Our laboratory has identified a novel peptide, MtCLE35, which acts as a negative regulator
of symbiotic nodule development. MtCLE35 overexpression was found to suppress nodulation. Its
expression is induced by both rhizobial inoculation and nitrate treatment.To determine the
mechanism of suppression, a comparative transcriptomic analysis was performed[3].We compared
transgenic roots overexpressing MtCLE35 to GUS-overexpressing control roots at 11 days post-
inoculation with rhizobia. The analysis demonstrated that MtCLE35 overexpression results in the
complete inhibition of nodule formation and the significant downregulation of 1,122 genes
involved in symbiosis.

Interestingly, transcriptomic analysis revealed that the overexpression of MtCLE35 also
led to the upregulation of other genes. Gene Ontology (GO) enrichment analysis indicated that
these differentially expressed genes (DEGs) were significantly associated with terms such as
"oxidoreductase activity," " antioxidant activity," "heme binding," and
"tetrapyrrole binding."

A comparison of DEGs upregulated in control (p35S::GUS) and CLE35-overexpressing
roots identified eight genes, including chitinases and chalcone O-methyltransferase 1 (ChOMT1I),
involved in flavonoid biosynthesis.qPCR analysis confirmed that expression of the Chit
2G and Chit 8G chitinase genes was significantly elevated in MtCLE35-overexpressing plants
compared to the R-108 control, indicating their regulation by the MtCLE35 peptide. Chitinases are
hydrolases that cleave chitin—a key component of fungal cell walls and arthropod cuticles—into
N-acetylglucosamine oligosaccharides, serving as a well-established defense mechanism against
pathogens and insects. Notably, rhizobial Nod factors, being lipochitooligosaccharides, are also

non

peroxidase activity,
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potential substrates for these enzymes.

Furthermore, MtCLE35 affected flavonoid biosynthesis genes, which are crucial for
nodulation. The ChOMT1 gene, induced by rhizobia in both control and M¢tCLE35-overexpressing
roots, showed significantly higher expression in the latter upon qPCR. This suggests
that ChOMT 1 upregulation may be part of a CLE35-mediated defense response.

According to MACE-Seq and subsequent qPCR analysis of
transgenic p35S:MtCLE35 roots inoculated with rhizobia, genes associated with reactive oxygen
species production and the antioxidant system were induced in the inoculated roots
overexpressing MtCLE35. These included thioredoxin H2 (7TRX), peroxidase 100, and a gene
encoding ascorbate oxidase (4CO). Multiple genes encoding cysteine-rich peptides, which are too
activated in rhizobia-inoculated roots overexpressing MtCLE35, may be involved in redox
homeostasis alongside thioredoxins and peroxidases. This is due to the susceptibility of the
mercapto (-SH) groups of Cys residues to oxidation. Moreover, since groups of Cys-rich peptides
have been reported to possess antimicrobial activity and induce plant defense responses, it could
be predicted that these cysteine-rich peptide-encoding genes are part of defense mechanisms[4].

Under controlled phytotron conditions, the MtCLE35-oe line exhibited reddening of shoots
and leaf petioles, likely due to anthocyanin accumulation. Biochemical analysis confirmed a
statistically significant increase in the total content of flavonoids and anthocyanins in both roots
and shoots of the MtCLE35-oe line compared to the R108 control line.Metabolomic profiling
further revealed that MtCLE35-oe plants had increased amount of phenolic compounds,
glycosides, and free saturated fatty acids. Conversely, the content of nitrogen-containing
compounds was significantly lower in the shoots and roots of the MtCLE35-oe line.

Therefore, our multi-omics analysis reveals that that the inhibition of nodule development
caused by MtCLE35 overexpression is linked to the activation of defense processes.
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CPABHUTEJBbHBIA AHAJIN3 MUKPOBHUOTHI TUXUX BUH U
HOTEHLHUAJ PEKOMBUHAHTHBIX BAKTEPUOLIMHOB IS
HPEJOTBPALHIEHUSA UX ITOPYH
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BuHonenue TapMOHHMYHO COYETACT P CIOKHBIX XHMHYECKUX M OHOIOTHYECKUX
IIPOLIECCOB, KOHTPOJIMPYEMBIX MHKpoopraHuzMamu. Ha mpotskeHun Bcell MCTOPUM BHUHOJEIBI
IIOCTOSIHHO BBOJAMJIM B CBOIO IIPAKTHKY HOBEWILIME Hay4dHble 3HAaHUSA MU JHocTwxkeHus [1,2]. B
HACTOSIEE BpeMsI aKTUBHO UCCIIENYIOTCS BUHHBbIE MUKPOOHOMSI [3]. ITpy noMomu coBpeMeHHBIX
METO0B OMOJIOTHH U3y4YaroTCsl KOHKYPEHTHBIE B3aMMOICHCTBHS BHYTPH MHUKPOOHBIX COOOIIECTB,
BJIMSIHAE Ha MPOLIECChI CO3/aHUsl BUHA U €r0 KayeCTBO Pa3iIMYHBIX (DAaKTOPOB (XapaKTEPUCTUKH
II0YB TEPPYapOB, KIMMATUYECKUE U3MEHEHHUS, IPUEMBI IPEJOTBPAIECHNS IOPYX BUH U T.A.) [4].
B nannom wmccnenoBanuu Mel npoenu NGS-ananu3 o0pa3moB KpacHBIX M OENBIX THXUX BHH,
IIPOLIECC CO3PEBAHMSI KOTOPBIX B OAHMX CIIy4asX pa3BUBAJICS HOPMAJIBHO, a B PSAE APYTUX UMEI
OTKJIOHEHHUSI, CBSI3aHHbIE TPEXK/IE BCETO C PA3BUTHEM YKCYCHOKHCIIOTO OpOKEHUS U MOSBICHUEM
JETYYUX OPraHUYECKUX KUCIIOT.

B xozxe mpoBexeHust uccienoBaHus ObUI MPOBEAEH acelnTHUeCKud oTdop oOpasumoB 16
TUIIOB KPaCHBIX M OETBIX TUXUX BUH Ha Mpou3BoAcTBeHHOH omaake OO0 "Buna Jledhkanun",
Kpacnonapckuit kpaii, Kpesimckuii p-H, noc. Cayk-/epe. Boiaenenune renomuoit JIHK wu3
MOJIyYCHHBIX 00pa3IoB NPOBOAMIM HaOOpOM peareHTOB Juis BbiAeneHuss reHomHoi JIHK
«QIAamp» (Qiagen, CIIA) cormacHO NPOTOKOIY NPOU3BOAMUTENS. MeTareHOMHBIM aHaIu3
o0pasuoB npooauiu ¢ npuMmenenuem NGS. s sToro co3maBanu OMONIMOTEKH aMILTUKOHOB
BapuantoB reHa 16S PHK B coorBerctBum ¢ mpotokonom (Illumina, CIIIA). AMMIITUKOHBI
ounmianu ¢ ucnoib3oBanueM rpanyil AMPure XP (Beckman Coulter, CIIIA), nanekcanuoo u
MOBTOPHYIO OYUCTKY HPOBOJWIM COTJACHO MPOTOKONY mpousBoauTens. KoHueHTpauu
nonydeHHbIX [TI[P-ipoayKToB onpenensiii KOMMYeCTBEHHO ¢ momoinsio Habopa Qubit dsDNA
HS Assay Kit (Thermo Scientific, CIIIA) u 0o0BeAMHSIN B SKBHUMOJSPHBIX KOJIUYECTBAX.
KayectBenHyto mpoBepky Oubimorek mpousBoawntn Ha yune Bioanalyzer DNA 1000 Chip.
CexBenupoBanue npooauin Ha miaardopme MiSeq (Illumina, CIIIA) B pesxume TapHOKOHIIEBOTO
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yreHus ¢ aauHoil puaoB 300 m.o. buonHdopmanmonnyo 00paboTKy JaHHBIX CEKBEHUPOBAHHS
MIPOM3BOJIMIIM C MCIIONIb30BaHueM nporpamMmMHoro obecnieuenust QIIME?2 (http://qiime2.org/).

MeTtareHOMHBIH ~ aHaIM3 KOHCOPLUMYMOB OaKTepHil BBIIBMJI ~ MHUKPOOPTaHHU3MBI,
otHocsaumecs K Oonee 230 pasznuunbiM cemelicTBam. Ilpu orpomMHOM pa3zHOOOpa3suM BHIOB,
MOJABJIAIONIAs YaCcTh U3 HUX OTHOCWIIACH K ceMelcTBaM Acetobacteraceae, Leuconostocaceae,
Lactobacillaceae, Dietziaceae, Enterobacteriaceae, Rhizobiaceae, Bacillaceae,
Rhodanobacteraceae n Weeksellaceae. 1llects HanOomnee MpeaCTaBICHHBIX BUIOB OTHOCHIINCH K
AT poxaMm (B TOpsAKE YMEHbLICHHS TpeacTaBieHHOCTH): Gluconobacter, Acetobacter,
Oenococcus, Komagataeibacter n Lactobacillus (2 Buna). CoriacHO MOJYYEHHBIM pe3yJIbTaTaM,
MHUKpPOOHOE COOOIIECTBO BHH Pa3HOOOpPAa3HO M OTIMYACTCS B 3aBHUCUMOCTH OT KaKJIOTO
KOHKPETHOTO BUHA U €T0 COCTOSHHSA. Y BCEX TpeX OOJBHBIX BUIOB KPACHOTO BUHA, B OTJIMYUE OT
3I0pPOBOTO, OOHApY>KEHBI MUKPOOPTaHU3MEI, OTHOCsImMecs K 3 poxam: Blautia, Finegoldia,
Corallococcus. Y 6enoro BHHa INpH Mopye OOHAPYKEHBI 8§ OOIIMX TaKCOHOMHYECKUX TPYIII
mukpoopranusmoB: Corynebacterium matruchotii, Prevotellaceae UCG-003, Lactobacillus iners,
Enterobacteriaceae, Faecalibacterium, Finegoldia, Ornithinimicrobium,
uncultured Ferrimicrobium. Pe3ynbTaThl MO3BOJIAIOT YTBEpXkJAaTh, 4YTO 3a00JIeBaHUS BUH,
XapakTepu3yromuecs: OypHBIM Ppa3BUTHEM YKCYCHOE-KHUCIOTO OpOXXEHUS U IOSIBICHUEM
3HAYUTEIHHOTO KOJIMYECTBA JIETYYHX OPraHUUECKHX KHCIOT KOPPEIUPYIOT C OOIIUM CHIKEHHEM
pa3HooOpa3usi OakTepUalbHBIX BHIOB M 3aMEUICHUEM BaXKHBIX U CO3PEBAaHHS BHHA BHIOB
Oenococcus oeni n Acetobacter sp. Bunom Gluconobacter sp. B HeKOoTOpBIX 00pa3iax 00JbHBIX U
3JI0POBBIX BUH U3MEHEHHSI KapJMHAIBHBI: 0011ee KoamuecTBo Oenococcus oeni M Acetobacter sp.
nazaer ¢ 85% B 310poBBIX oOpa3nax a0 3-5% B OonbHBIX, a KomuuecTBO Gluconobacter sp.
0JIHOBpeMeHHO yBenuuusaercs ¢ 0,5% no 85%.

JlaHHBIE O KOHKPETHBIX BHUAAX OaKTepHii, MPEICTABICHHOCTb KOTOPBIX 3HAYUTEIBHO
M3MEHSETCs NP HapYIICHWH CO3PEBaHMs BHHA U €ro IOopue, MO3BOJIAIOT pa3padoTaTh TaKCOH-
crienr(pUIHbIe TpaiMepbl IsI MOHUTOPHHTA MPOLIECCOB CO3PEBAHMS U OTIEPEKAIOIIET0 MPOrHO3a
pa3BuTHs Oone3nelr ¢ nmpumeHenueM I[P B peanmbHoM Bpemenu. Takas METOIMKa MO3BOJISET
MIPOBOJUTH KOHTPOJIb MPOU3BOJCTBA Oo0Jiee ONEpaTUBHO, MOCTOSIHHO M C TOpa3fo MEHbIIUMH
MaTepualbHbIMU 3aTpaTaMHu.

Kpowme Toro, ananus 6a3 1aHHBIX MPUPOTHBIX OAKTEPHUOLMHOB [5] MO3BOJINI BHISBUTH 6
COEMHEHUH, OTHOCAIUXCs K Kiaccy Il (reHeTHYecKH-KOAMPYEMBIX MENTHA0B, He TPEOYIOLIX
Ul pealu3aldy  AHTUMHKPOOHOM aKTMBHOCTH IOCT-TPAHCIALMOHHBIX MOAM(UKALUK H
MEPECTPOECK), MOTCHIUAIBHBIMUA MHUIICHSIMHU KOTOPBIX SBJISIOTCS BHJIBI, BBI3bIBAIOIIUE OOJIE3HH
BHH.

bynymuMm  pasBuTHEM OTOrO HalpaBlIEHUs AaBTOpPaM BUIUTCSA: CHUHTE3 TI'EHOB
OaKTEPHOIIMHOB C Y4ETOM ONTHUMAJBHBIX KOJOHOB JUISl MPOAYKIIMU B pacax BUHHBIX APO}OKEH
Saccharomyces cerevisiae; TOTy4eHHE IUIA3MUAHBIX IITAMMOB-IPOAYLIEHTOB U IPOBEpPKa MX
AHTUMUKPOOHOTO JEHCTBUS Ha JTa0OPATOPHBIX KyJIbTypax OAaKTEepHii, BHI3BIBAIOIINX MOPYY BHH;
orOOp Hambojee TMEepCrIeKTUBHBIX COCAMHEHHH; co3gaHue OecIIa3MHUIHBIX —IITaMMOB-
MPOAYLIEHTOB, MMYTEM PEIaKTHPOBAHUS TeHOMA APOXIKEH; pa3paboTka METOIUK MX MPUMEHEHHS
B IIPOMBIIUICHHOM BUHOAeIUU. Peanu3anus 3Toro noaxoaa no3BOIUT YJIy4IIATh KAYECTBO BUHA
U TOBBICUTh OOBEMBI €ro MPOM3BOJCTBA, a TaK K€ CHHU3UTH KOJHYECTBO UOKCHIA CEPHI,
IIPUMEHSAEMOr0 B KAYECTBE KOHCEPBAHTA IIPU BUHOCIIUH.
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Pabora BEIMOTHEHA 32 CUET CPEACTB CyOCHIMH, BhIIEIeHHON KazaHnckoMy denepalibHOMY
YHHBEPCUTETY Ha BBINIOJHEHHE TOCYAAapCTBEHHOTO 3aJaHuisi B cdepe HAyYyHOW AeSITeTbHOCTH
(mpoext Ne FZSM-2023-0013).

Cnucok Jimreparypbl:

1. Belda I, Zarraonaindia I, Perisin M, Palacios A, Acedo A. From Vineyard Soil to Wine
Fermentation: Microbiome Approximations to Explain the "terroir" Concept. //Front Microbiol.
2017. 8:821.

2. Liu Y, Rousseaux S, Tourdot-Maréchal R, Sadoudi M, Gougeon R, Schmitt-Kopplin P,
Alexandre H. Wine microbiome: A dynamic world of microbial interactions. //Crit Rev Food Sci
Nutr. 2017. 57(4):856-873.

3. Comitini F, Agarbati A, Canonico L, Ciani M. Yeast Interactions and Molecular Mechanisms
in Wine Fermentation: A Comprehensive Review. //Int J Mol Sci. 2021. 22(14):7754.

4. Siren K, Mak SST, Fischer U, Hansen LH, Gilbert MTP. Multi-omics and potential applications
in wine production. //Curr Opin Biotechnol. 2019. 56:172-178.

5. BACTIBASE Database http://bactibase.hammamilab.org/main.php (Bpems o6pamienus
30.10.2025 r., 12:00 )

NAEHTUOUKALIUA HOBbBIX HEHTPOMEPHBIX ITIOBTOPOB JIYKA
PEITYATOI'O

O.H. Psi6oB!2, A.C. Epmoaaes!, H.A. Kyapsiuesa!, JI.L!. Xpycranesa'?

1 - ®I'BHY “Bcepoccuiickuit Hayuno-Hccneoosamenwvckuit Hucmumym
Cenvckoxosaiicmeennoit buomexnonozuu” (OI'bHY BHUHCH), Mockea 127550,
olegryabovn@gmail.com

2 - Llenmp Monexynapnou buomexnonocuu, PI'AY-MCXA um. K.A. Tumupazeea, Mockea
127550

LlenTpomMepa sIBISETCA CHENMAIM3MPOBAHHBIM XPOMOCOMHBIM JIOKYCOM, 00€CIEUHBAIOLINM
NPaBUJIBHYIO CETperamuio XpoMOCOM B MHTO3€ M Meio3e. B GOJbIIMHCTBE 3YKapHOTHUECKUX
OpPraHM3MOB LIEHTPOMEpPHI COAEpPKAT TaHAEMHO MNOBTOpstouuecs nociuenoareapHoctn JIHK,
KOTOpBIE CIIy)KaT dSIUTCHETHYECKOW OCHOBOM i COOpPKHM LIEHTpOMEp-CIEeHU(PHUIHOTO
HYKJIEOCOMHOI'0 KOMILIEKCA.

VY nyka-OatyHa (A4. fistulosum) MAEHTU(PHUIUPOBAH YHHUBEPCAJIHHBIA IIEHTPOMEPHBIH MapKep
Afill, npucyTcTByIOmMi BO BCeX IIEHTpOMEpax, a TakKXKe OIMCAHbl JONOJHHUTEIbHbIC
neHTpomepHeie moBTOphl cemeiictBa Afi (Nagaki et al., 2012). B ornuume ot nmyka-OatyHa,
LEHTpOMEpHAsl ~ opraHu3anus Jiyka pernyatoro (A. cepa) octaercss HEAOCTAaTOYHO
OXapaKTEpU30BAaHHOM, YTO  CO3MaeT  CYNIECTBEHHBIE  TPYIHOCTH Uil  TOCTPOCHHUS
MHTETPUPOBAHHBIX TEHETUYECKUX U IIUTOT€HETUYECKUX KapT, BepUPHUKAIIHY TeHOMHBIX COOPOK H
MIPOBE/ICHUS] CPAaBHUTEIIHHBIX TEHOMHBIX UCCIICTOBAaHHA.
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Ha rtexymuii MOMeHT /Uit A. cepa W3BECTHBI JIMIIb JIBA IIEHTPOMEP-CIeUU(UIHBIX MapKepa ¢
OrpaHUYEHHBIM XpOMOCOMHBIM pactnpeneieHueM. [losrop AfCenlK nokanu3oBaH Ha 4eThIpex
xpomocomax (1, 4, 6, 8), a Bugocnenuduunbiii moprop TR2CL137 nokanu3yercss UCKIIOUUTETEHO
B (IIepH)IEHTPOMEPHOM OOJIACTH IIECTOH XPOMOCOMBI U HE MMEET TOMOJOroB Yy A. fistulosum
(Kirov et al., 2020). Takum oOpazom, A YETBIpEX U3 BOCHBMH XpomocoM A. cepa (2, 3, 5, 7)
OTCYTCTBYIOT TOJTBEP)KICHHBIE LIEHTPOMEPHBIE MApKEphl, UYTO OTrPaHMYMBAET BO3MOXHOCTHU
[IUTOI€HETHUECKOW HIEHTHU()UKALNN WHAMBUIYAJIbHBIX XPOMOCOM M 3aTPyAHSET HU3yueHHE
MOBEJICHHS LIEHTPOMEP B MEKBHIOBBIX THOpUIAX.

Wnentudukanyss HOBBIX IIEHTPOMEPHBIX MAapKepoB A. cepa TO3BOJIHMT BepUPULIUPOBATH H
YIIyYIIUTh CYIIECTBYIOIINE TeHOMHbIE COOPKHU ITyTeM HMPUBS3KH OMOMH(POPMATHUIECKUX JAHHBIX K
peanbHOH XPOMOCOMHOW JIOKalW3allik, a TaK)Ke HCIOJIb30BAaTh 3TH MapKepbl Ul aHaIu3a
LEHTPOMEPHOI TUHAMUKH B MEKBUIOBBIX CKPELIMBAHUAX BHYTpHU pona Allium.

[ToTHOTreHOMHBII MOMCK TaHAEMHBIX IMOBTOPOB ObUT POM3BEAEH B cOOpke reHoma Allium cepa
RDA Ac 1.0 (GenBank: GCA 038502295.1; Cho et al., 2025) ¢ ucnonszoBanuem TideCluster
1.6 (https://github.com/kavonrtep/TideCluster) co cranmapTHeIMH mnapamerpamu. Kiacteps

NpEeroIaraeMbIX IIEHTPOMEPHBIX MOBTOPOB ObUIM OTOOpaHbl HA OCHOBAaHMM BBIPABHMBAHUH C
W3BECTHBIMU TOCIIEIOBATEIILHOCTSIMU (PYHKIIMOHAIBHON IIeHTpoMephl A. cepa u A. fistulosum
(Nagaki et al., 2012, Kirov et al., 2020). BeipaBHuBanue 06110 BBIOTHEHO Tpu oMot BLAST
(Altschul et al., 1990). B pe3ynbrare noucka Obutn HISHTH(GUIMPOBAHBI ABa KaHIU/1aTa B HOBBIE
LIEHTpoMepHbIE TOBTOPBI A. cepa — knactepbl TRC4 u TRCS. JlanHble NOBTOPHI 3aHUMAIOT OKOJIO
0.004% (263 xommm) u 0.001% (108 xommii) TeHOMa M UMEIOT NJIUHHYIO KOHCEHCYCHYIO
nocneaoBareabHocTh MoHOMepa — 1982 bp (TRC4) u 1667 bp (TRCS8). Ha ocnoBanuu
pe3yJIbTaTOB BHIPAaBHUBAHMS OBUIO IMOKA3aHO, YTO KOHCEHCYCHBIE TIOCIIEOBATEIBHOCTU TaHHBIX
MIOBTOPOB HMMEIOT CXOJICTBO C paHee HaWIECHHOH IOCIeN0BATEIbHOCTHIO (PYHKIIMOHAIBHOM
1eHTpomepsl A. fistlosum Afil9variant3 (GenBank: AB735741, Nagaki et al., 2012) u He umeror
CXOJICTBA C YX€ HW3BECTHBIM LEHTpOMEpHBbIM moBTOpoM A. cepa — AcCenlK (GenBank:
MT374061, Kirov et al., 2020). B c6opke reHoma A. cepa AaHHBIE MOBTOPHI HE MOKA3bIBAIOT
LEHTPOMEP-TI0JO0HYIO JIOKATU3AIMIO M HAXOAATCS B PA3IMUHBIX JIOKYCaX IICEBIOXPOMOCOM HIIH
HEXPOMOCOMHBIX CK3(honaax.

Ha koncencycnble nocienoBarenbHocTy moBTopoB TRC4 1 TRCS8 6bu11 pazpaboTansl npaitMepsl
¢ ucnonb3oBanueM PrimerBLAST (Ye et al., 2012). IIL[P ¢ pa3paGoTranHBIMU IpaiiMepaMu
nokasan amrudukanuto IIP-npoaykra oxugaemoit mmael — 1354 bp ans TRC4 u 1509 bp
st TRC8 — yTo moaTBEpKAaeT X HAJIM4YKE B TEHOME A. cepa.

JU1g OATBEpKIEHUST IEHTPOMEPHOM Jlokanu3auuu HaijeHHbIX noBTopoB TRC4 u TRC8 Hamu
cHayasia 6buta ipoBenieHa [11[P ¢ ucnonbp3oBannemM KOMOMHALM MpaiiMepoB, crienMUIHBIX 115
HalIeHHBIX TOBTOPOB, W MpaiMEpPOB Ha MOCIEIOBATEIBHOCTh M3BECTHOW (PYHKIIMOHAIBHOM
neHtpomepsl A. cepa Afill (Nagaki et al. 2012). Hamu Obin ycnemno noayden ITLP-npogykr
OKUAaeMOU JUTHHBI, 9YTO TOBOPUT O KOJIOKAIM3allUU B TeHOMe TiocnenoBarenbHocTeit Afill, TRC4
u TRCS. Jlns OKOHYATENBHOTO MOJTBEPXKACHUS IIEHTPOMEPHOW JIOKaIM3allud HaMH Oblia
npoBenena FISH (Fluorescence in situ hybridization) Ha wMeradasHBIX XpoMOCOMax ¢
UCToNIb30BaHnueM (hrryopeciieHTHO MedeHbIX mpod Ha moBTopbl TRC4, TRC8 u Afill. Ananus
II0Ka3aJ YeTKUi curHain B neHrpomepax xpomocom 5 (TRC4) u 7 (TRCR) 4. cepa, uto roBOpHUT O
LETPOMEPHOH JIOKATU3aI[K HallIEHHBIX IOBTOPOB, a TAKXXe 00 MX XPOMOCOM-CIEIIU(PHUIHOCTH.
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B pesynbraTe MOJHOTEHOMHOIO TOMCKAa TaHAEMHBIX IMOBTOPOB B cOopke reHoma A. cepa
RDA Ac 1.0 (GenBank: GCA 038502295.1; Cho et al., 2025) nHamu ObUIM UACHTUPHUIIMPOBAHBI
nBa HOBbIX TaH/ieMHbIX ToBTOpa — TRC4 u TRCS. [11IP-ananu3 konokanuzauuu TRC4 u TRCS
C U3BECTHOI MOCIe0BaTeIbHOCTRIO (DyHKIIMOHANIBHON neHTpoMepsl Afill u ux FISH-gerexkuuns
yOequTeNbHO MOKa3alu LEHTPOMEPHYIO JOKaJIM3alMI0 JaHHBIX TOBTOPOB B TeHOME A. cepa.
ITokazano, uro TRC4 u TRCS sBrsitoTCS XpOMOCOM-CIIEHU(UYHBIMU TOBTOPAMHU U HAXOJAATCS B
[IEHTPOMEPAX XPOMOCOM 5 M 7 COOTBETCTBEHHO. Takum 00pa3om, Hamu ObLTH HaliICHBI 1Ba HOBBIX
LEHTPOMEPHBIX XPOMOCOM-CIIEHM(UYHBIX MOBTOpa A. cepa. JlaHHBIE TOBTOPHI MOTYT OBITH
HCII0JIb30BaHbl B KAYECTBE LINTOT€HETUUECKMX MAPKEPOB ISl U3YyUEHHS TIOBEICHUS LIEHTPOMED B
MEXBHIOBBIX THOpUIAX.

HccnenoBanue ObUIO BHIMOTHEHO NMpH noanaepxke rpanta PH® Ne24-76-10037.
Cnucok JimreparTypbl:

Altschul S, Gish W, Miller W, Myers E, Lipman D. Basic local alignment search tool. 1990.
215(3):403-410.

Kirov, I.V., Odintsov, S., Omarov, M., Gvaramiya, S., Merkulov, P., Dudnikov, M., Ermolaev,
A., Van Laere, K., Soloviev, A.A., & Khrustaleva, L.I. Functional A/lium fistulosum
Centromeres Comprise Arrays of a Long Satellite Repeat, Insertions of Retrotransposons and
Chloroplast DNA. 2020. 11.

Kiseleva, A.V., Kirov, .V., & Khrustaleva, L.I. Chromosomal organization of centromeric
Ty3/gypsy retrotransposons in Allium cepa L. and Allium fistulosum L. 2014. 50(6):586-592.

Kudryavtseva, N., Ermolaev, A., Karlov, G.I., Kirov, [.V., Shigyo, M., Sato, S., & Khrustaleva,
L.I. A Dual-Color Tyr-FISH Method for Visualizing Genes/Markers on Plant Chromosomes to
Create Integrated Genetic and Cytogenetic Maps. 2021. 22.

Ermolaev, A., Kudryavtseva, N., Pivovarov, A., Kirov, I.V., Karlov, G.I., & Khrustaleva, L.I.
Integrating Genetic and Chromosome Maps of Allium cepa: From Markers Visualization to
Genome Assembly Verification. 2022. 23.

Nagaki K, Yamamoto M, Yamaji N, Mukai Y, Murata M. Chromosome Dynamics Visualized
with an Anti-Centromeric Histone H3 Antibody in Allium. 2012.

Cho, H., Jung, M., Lee, S.J. et al. Chromosome-level genome assembly and improved annotation
of onion genome (Allium cepa L.). 2025. 12:336.

Ye et al.: Primer-BLAST: A tool to design target-specific primers for polymerase chain reaction.
2012. 13:134.

VIK: 591.471.3

®rbHY BHUUCB, 2025 . 26



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

CPABHUTEJIBHAA MOP®ODPYHKIIMOHAJIBHASA
XAPAKTEPUCTHUKA ITIO3BOHOYHOI'O CTOJIBA Y ) KUBOTHBIX B
JABUCUMOCTHU OT MEXAHU3MA CTATO-IOKOMOTOPHOI'O
AKTA

Cepas A.Jl.\, Ciaecapenko H.A\!
'‘@Ir60yY BO MI'ABMub-MBA umenu K.H. Ckpaobuna, 2. Mockea, Poccusn

Beenenune

Nzydenue 00X 3aKOHOMEPHOCTEHN U BUIOBBIX OCOOCHHOCTH CTPOEHHSI TO3BOHOYHUKA Y
KUBOTHBIX SBISETCS OJHOW W3 (yHIAMEHTAIbHBIX 3a7lady CPAaBHUTEIbHOW M KIMHHUYECKOU
aHaTOMMH, UMEIOLIEeH MPUKIIAJHOE 3HAYCHHE JIJIs1 BETEPHUHAPHOIN MEUIIUHBL.

Leas wucciaeqoBaHMsi — TPEACTAaBUTh 3aKOHOMEPHOCTH M crHenuduyeckrue OCOOCHHOCTH
aHATOMHMYECKOTO OQOpPMIICHHS TII03BOHOYHHMKA B 3aBHCHUMOCTH OT MEXaHU3Ma CTaTo-
JIOKOMOTOPHOT'O aKTa Y )KUBOTHBIX.

MaTtepuanabl H METOABI HCCJIEI0BAHUS

HccnenoBanus BeIMoyHEHB! HA 0a3e Kadeapbl aHATOMUU U THUCTOJIOTUHU KMBOTHBIX HM.
npodeccopa A.D. Knumoa. OOBEKTaMU HUCCIICOBAHUS CIY>KWIH TMPEACTABUTEIN CEMEUCTB
ncoBeie (Canidae) (n=5), komaubu (Felidae) (n=28), cBunbie (Suidae) (n=10), momoporue
(Bovidae) (n=12), enotoBeie (Procyonidae) (n=3), kymeu (Mustelidae) (n=12), 3aiinieBnie
(Leporidae) (n=10). Bcero uzydeno 89 moiaoBo3penbix 0coOek.

Hcnonp30Baiyd KOMILICKCHBIM METOAMYECKUN MOAXOJ, BKIIIOUAIONIMM aHATOMHYECKOE
Makpo- ¥ MHUKpOIpENnapupoBaHue, (QYHKUMOHAIBHBIM aHAIN3 H3y4aeMBIX CTPYKTYD,
OMOMEXaHMYECKOe MOJICIUPOBAHKUE, 0030PHYIO pEHTreHorpaduio, a Takke MOpPHOMETPHUIO C
OIpEJICICHUEM CPEeTHUX aOCOMIOTHBIX M OTHOCHUTENBHBIX MapaMEeTPOB OT/EIOB MO3BOHOYHOTO
cTonba, CTaTHUCTUYECKYI0 OOpabOTKy MOJYYEHHBIX IH(PPOBBIX JaHHBIX MO OOIICTPUHATHIM
METOMKAM.

Pe3yabTaThl Hecae10BaHUSA

Ha ocHoBanum aHanm3a yCTaHOBJIEHHBIX MOP()OMETPUUYECKUX JaHHBIX, BBIABICHO, YTO Y
CTONOXOJSIIUX >KUBOTHBIX (TIPEICTABUTEIN CEMEICTB EHOTOBBIC, KYyHbH) MaKCHMAaJIbHOTO
JIMHEIHOI0 3HAaYEHUS CPEIU N3ydaeMbIX OTJEI0B [I03BOHOYHUKA UMeeT rpyaHoi otaen (33,83%),
eMy ycrynaetr XxBocToBod (27,82%). Ilokazatenu nosicamusoro (15,53%) u meiHoro oraenos
(16,6%) HE MMEIOT NOCTOBEPHBIX OTIMYMN, MUHMMAJbHBIA IapaMeTp BBISBIEH B KPECTILOBOM
otaene (6,23%).

[lepenaua ABUraTenpHOrO0 HMIYyJbCa Yy  CTOMOXOJSIIMX JKMBOTHBIX —  3TO
KOOPAMHHUPOBAHHBIN MPOLECC, COUECTAIOIINM CHUITY MBIIIL, KECTKOCTh CKEJIETa U aMOPTU3ALUI0
MATKHX TKaHed Uit oOecrneyeHHs >(PQPEKTHBHOCTH M 0OE30MaCHOCTH MEpPEABIKEHHUS. ITO
BBIPA)KAETCs B yJUIMHEHUH y HUX, B OTJIMYME OT NaJTbLEXOAIUX U (PaJaHTOXOJAIINX KUBOTHBIX,
(a3bl OMOPHI U YBETMUEHUH BPEMEHH, 3aTPAuMBaEMOM Ha Nepeady JBUTaTEIbHOTO UMITYJIbCA.

VY noaycTonoxo X npeacTaBuTeNe ceMencTBa 3ailieBbIX (KPOJIHMK JOMAITHUH U 3as11l-
pycak) YCTaHOBJIEHO NMPEBOCXOACTBO IO MapamMeTpaM OTHOCHTEIbHOHN JJIMHBI TPYAHOTO OTAEsa
(34,37%), nanee cnenyer moscHuuHbi (31,4%), meitnbiii (15,23%), xBoctoBoi (13,14%) u
KpecTHoBbIi oTaen (5,865%) mo3BOHOUHOTO CTOI0A.

B otinuue oT cCTONOXOAIMNX Y TOTYCTONOXOIAIINX JBUTaTeIbHBINA UMITYJIBC NTepeaacTes
C TIOMOILBIO TPBDKKOBBIX JBIWKEHHUH, MpPU 3TOM BeAyllas pojib IpU peamu3alid CTaTo-
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JIOKOMOTOPHOTO aKTa IMPHUHAJJIEKUT TA30BbIM KOHEYHOCTSIM, a NaJIbLEXOKICHUE >KUBOTHBIC
MCTOJB3YIOT TOJBKO B (ha3e TONUKa U pu3emieHus [2].

VY nanpuexoasunmx obOpamaer Ha ceOst BHUMaHue yjumMHeHue Ha 9,33% y cobaku u Ha
1,78% y KOLIKM IpyIHOTO OTHAE€NAa, IPU OJHOBPEMEHHOM YKOPOUEHMM HOSICHUYHOTO OTJIEINA.
OpHAaKO OTHOCWUTENBHBIM JIMHEHHBIM MapaMeTp XBOCTOBOI'O OTeNa y KOWKHU Ha 6,83% Belie
TAKOBOI'O y COOaKd, YTO MOXXET CBHUJAETEIBLCTBOBATH O Oo0Jieeé AKTUBHOM JIBUTATEIBHOM
MOTEHLIMAJIE 3TOr0 OT/AEJA I03BOHOYHHKA Y IIPEACTaBUTENEH KOIIaYbHX.

[Nanpuexoasiye NpeBOCXOAT CTONOXOAAIIMX 10 CKOPOCTH NEPEIBUKEHUS, HO YCTYTAIOT
UM 110 YCTOMYHUBOCTH, DJHEPrOEMKOCTH IIPH PEATU3ALMU CTATO-JIOKOMOTOPHOrO akra. boiee Toro
NAJIBLEX0KICHHE MOJIPa3yMeBaeT OOJBIIYI0 THOKOCTh CTOIBI U MANBLEB, @ TAK)KE MOBHIIIEHHYIO
CIIOCOOHOCTH K CJIO)KHBIM MaHEBPEHHBIM 3JIEMEHTAM JIBUTATEIHLHOTO akTa [1].

Takum oOpa3oMm, y NaJbLUEXOAALNIMX Iepeladya HMMITyJIbCa ONTHUMHU3UPOBAaHA IS
o0ecreyeHns: CKOPOCTHBIX KauecTB M OECUIYMHOTO MEpeABIKEHHsS. JTO JOCTUTaeTCs 3a CUET
PBIYAKHOTO MEXaHU3Ma KOHEUHOCTH, KOHLIEHTPALUY CUJIOBOM Harpy3Ky Ha JUCTAJIBHBIE OTAEIIBI
KOHEYHOCTEH ¢ pa3BUTHEM B 3TOW 00JIaCTH MOIIHOM aMOPTU3aLIMOHHOMN CUCTEMBI.

VY mpencraBuTeneil cemelicTBa CBUHBIX (CBHHBS JOMAIIHSS W KabaH), MPH WU3YYCHHUH
COOTHOCHUTEJIBHOTO Pa3BUTHUS OTAEIOB K OOLIEH IIMHE MO3BOHOYHOIO CTOJ0a yCTAaHOBICHO
IIPEBOCXOJICTBO TOKa3aTesleld IpyAHOro otaena cBUHbM Ha 3,22%, B CpaBHEHHHM C KabOaHOM.
Henb3st WCKIMIOUUTH, YTO JaHHAS TEHACHIMS MOXET ObITh OOYyCJIOBJICHAa HalpaBlieHUEM
CENIEKIIMOHHO-TUIEMEHHOM paboThl, OPUEHTHUPOBAHHOM Ha MOBBIIIEHHE TPUPOCTA KUBOM MACCHI B
YCIIOBUSIX IPOMBIIIJIEHHOTO MACHOTO CBUHOBOJCTBA [3].

Brnu3kopoacTBEHHBIE MPEICTABUTENIM CEMEWCTBA IMOJIOPOTHX (OBIA JOMAIIHAS M KO3a
JOMAIlHsAs) O0JIAAAal0T OTHOCHTENbHBIMH JMHEWHBIMH MapaMeTpamMH OTJAEJOB, KOTOpbIC
YMEHBIIAIOTCS B CIEAYIOLIEH MTOCIEN0BATEIbHOCTH: TPy IHOM, NIEHHBIN, OSICHUYHBIN, XBOCTOBOM
U KPECTLIOBBIN.

OpnHako y KO3bl IIEHHBIN, TPYIHOM, MOSICHUYHBIM U KPECTLOBBINA OTIENIBI OTHOCUTEIBHO
JUIMHHEE, YeM Yy OBLbI. Henb3s MCKII0YaTh, YTO 3TO MOXKET OBITH CBSI3aHO C SKCTEPbEPHBIMH
MOKa3aTesIMH  M3y4aeMbIX IPEJICTaBUTENCH KO3bUX: 0Oojiee BBITAHYTHIM KOPIYCOM H
YAJIMHEHHBIMU KOHEYHOCTSIMHU Y KO3Bl, 10 CPAaBHEHUIO C OBILIOM, YTO MHULIMUPYET YBEIUYEHUE Y
Heé TMHEWHBIX MapaMeTpoB e JUTs MoAepKaHus 6agaHnca 1 MOOMIBHOCTH.

QDataHroxoaA1IMe (IIPEACTaBUTENN CEMENCTB CBUHBIE U MTOJIOPOTHE) JIMIUPYIOT 1O JUIMHE
meiHoro (22,19%), rpyanoro (35,24%), kpectioBoro otaenoB (8,95%) cpenu cpaBHHUBaeMBbIX
HaMU >KMBOTHBIX Pa3JINYHbIX TAKCOHOMHUYECKUX KATETOPUH.

BriBoabI

VYcTaHoBieHBl 00IIME 3aKOHOMEPHOCTH M BHJOBBIE OCOOEHHOCTH CTPOCHHS KOCTHOTO
OCTOBA MIO3BOHOYHMKA JKMBOTHBIX Pa3IMYHbIX TAKCOHOMMUECKUX rpynil. [Ipeacrasneno HaydHoe
00OCHOBaHME BHUIOBBIX M BHYTPHUBHUIOBBIX OCOOCHHOCTEH COOTHOCHUTEIBHOI'O paclpeieieHus
OT/IEJIOB IIO3BOHOYHOT'O CTOJI0A Y U3Y4aeMBbIX )KMBOTHBIX. [Ip1 3TOM Moka3aHo, 4To JIOKOMOTOPHAs
CTeLMANIN3aLHUs KUBOTHBIX (CTOMOXOXKACHUE, MATBIIEX0XKACHUE, (QaaHrOXOXKICHUE), CBSI3aHHAs
¢ OMOMHAMUYECKUM (PaKTOPOM, ONPEIeIIsieT BUOBbIE aHATOMHYECKUE MIPU3HAKHU T03BOHOYHUKA
B LI€JIOM ¥ COOTHOCUTEJIbHBIE IT0KA3aTEIN €r0 OTAEIIOB.
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yUeHOH cTeneHu KaHauzaara Omosormueckux Hayk / OOyxoBa Mapusi EBrenbeBHa. — Mocksa,
2015.-22 c.— EDN ZPPBGR.

2 IlnemaxoB, ®. JI. BnusHue JTOKOMOTOPHOH cHelMaiu3alMd Ha OMOMEXaHWYEeCKHe
MoKa3aTear KOCTHOTO OCTOBA Ta30BOM KOHEUHOCTH Yy 3aieodpasubix / @. JI. [Inemakos, H. A.
Cnecapenko, A. /1. lllanaeBa // AkTyanbHble MPOOJIEMbI BETEPUHAPHON MEIUIIMHBL, 300TEXHHH,
OMOTEXHOJIOTMU U SKCIEPTU3bI CBHIPbsI U MPOAYKTOB >KUBOTHOTO HpoHcxoxaeHus : COOpHUK
TpyaoB 4-ii Hayuno-npaktuueckoil kongpepeniun, MockBa, 16 mas 2025 roma. — Mocksa:
MocKkoBCKasi TOCYJapCTBEHHAsl aKaJeMHs BETEPUHAPHON MeTUIMHBI 1 OuorexHosnoruu - MBA
um. K.W. Ckpsibuna, 2025. — C. 156-157. — EDN VYJWRG.

3. IllamaeBa, A. J. CpaBHurenbHas MoOppodyHKIHMOHAIBHAS XapaKTePUCTHKA
MIO3BOHOYHOTO CTOJIOA Y )KUBOTHBIX B 3aBHCUMOCTH OT UX JIOKOMOTOpHOM crienmanu3anuu / A. 1.
[MamaeBa, H. A. Cnecapenko, @. JI. IlnemaxoB // Mopdonorus B XXI Beke: Teopwus,
MeTofonorusa, mnpakTuka : COOpHHK TpyAoB MexXIyHapoaHOH Hay4YHO-TPAKTHUECKOM
KoH(pepeHMHu, MockBa, 24-25 ampenst 2025 roma. — MockBa: MoCKOBCKasi TOCy1apCTBEHHAS
aKaJeMusi BeTepuHapHO MeaunuHbl 1 6uorexnonorun - MBA um. K.U. Ckpsibuna, 2025. — C.
216-218. — EDN XMZGXN.

N3YYEHHUE BJIUAHUA TIOJTINMOPPU3MOB I'EHA JIEIITUHA HA
X031l CTBEHHO-ITOJIE3HBIE IPU3HAKA KOPOB MOJIOYHOI'O
HAIIPABJIEHUSA TPOAYKTUBHOCTHU

3umuna A.A., PomanenkoBa O.C.

«DenepaJbHbI UCCIEA0BATEIBCKUN HEHTP :KUBOTHOBOACTBA - BUK nMeHn akageMuka
JI. K. Opucray (PITBHY ®UI BUX um. JI. K. Opucra), 142132, Poccusa, Mockoeckasn
oonacmo, 2opoockoii okpye Ilooonwvck, n. /Jyoposuywt, 0om 60,
filipchenko-90@mail.ru

JlenTvH - 3TO ILIMTOKMHOBBIM OEJOK, cocTosuii n3 167 aMHHOKHMCIOT, BKIodas 21 B
CUTHAJIbHOW TMOCJEN0BAaTENBbHOCTH [1]. ¥V KpymHOro poraroro ckora OH pacIHoJIOKE€H Ha 4-i
XpOMOCOME, SIBIISIETCSI BBICOKOMIOIMMOP(HBIM U COEPKUT 0KOJIO 60 OHOHYKICOTHIHBIX 3aMEH,
IIPEUMYLIECTBEHHO B UHTPOHAaX [2].

Cumnraercs, 4To JENTUH O0JIaZaeT TICHOTPOIHBIM BO3JICiiCTBUEM HA opranusM. JlenTux
peryiupyer MUIIEBOE MOBEJCHUSA, BIHMSIET Ha (YHKIMOHHUPOBAHWE HMMYHHOH CHCTEMBI H
PENPOAYKTUBHYIO (YHKIIMIO, a TaKK€ Ha POCT M KOHCTUTYIMIO XUBOTHBIX [3]. OcHOBHas
¢usnonornueckas posib JIENTHMHA — YBEJIMYEHHE 3aTpaT »HEPruu. BrlueneHue JenTHHA
perynupyercs runoranamycom [4].

JlenTuH NHTEpECEH AJIs CEJNEKIIMU TEM, YTO BO MHOTOM OIIPENENISIET MOJIOYHYIO U MSCHYIO
NPOAYKTUBHOCTh CKOTa, COJIEpXKaHMe OelKa M KHpa B MOJIOKE, CBA3aH C IPOJYKTHBHBIM
JIOJITOJIETUEM CEITbCKOXO03UCTBEHHBIX KUBOTHBIX [S-10].

Llenbto uccnenoBanust ObLIO M3ydeHUe moiaumopdusma rexa snentuna rs29004508, C/T
(manee LEP-I) u 1529004488, C/T (manee LEP-2) Ha NPOAYKTUBHOCTb KOPOB TOJIITHHCKOU
MIOPOJIBI.

B kadectBe marepuana i MCCIEIOBaHMUS HCIOJNB30BATHCH OOpaslbl TKaHU (YIIHOU
BbIUN) 184 KOpPOB TOJIITMHCKOM MOpPOABI M3 MJIEMEHHOro 3aBojaa KpacHomapckoro kpas ¢
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nuanazoHoM gar poxaeHus 2010-2018 rr. B ocHOBYy MoOAenMpoBaHMsI TECT-CUCTEMBI,
npeJHa3sHAuYeHHON JUIs eTeKIMHu noaumopdusmoB rea LEP Obu1 monoxkeH meron ITLIP-PB.
Jlu3aifH pa3paboTaHHBIX TECT-CUCTEM I0/Ipa3yMeBal HCHOJIb30BAHUE MJIsI KaXXIOrO JIOKyca
Habopa H3 JBYX CHEHU(PHUECKUX NpaiMEepoB U JBYX aUIeTb-CIECIHU(PUUHBIX 30HAOB C
¢byopecuenTHON MeTKOU. ['eHoTHIIMpOBaHKE BBHITONHAIN Ha npudope QuantStudio 5 («Thermo
Fisher Scientificy, CIIIA).

IIpoBeneHHass OLIEHKa 4YacTOT TE€HOTHIIOB W ajUleled JEMOHCTPUpOBaia, 4YTO IO
nonumopdusmy nokyca LEP-1 y xopos reHotun CT Berpeuancs vamie renotunoB CC (37,5%) u
TT (13,5%) u cocraBnsn 49%, a no noaumopdusmy nokyca LEP-2, Ha000pOT, KUBOTHBIE C
reHotunoMm CC nipeBanupoBaiu Ha 4,8-38,6 % no cpaBuenuto ¢ renotunamu CT u TT. Yactora
BcTpeuaeMoctu aytensi C Obuta Beie 9actoTsl amutens T Ha 0,240 mo nokycy LEP-1 u 0,386 o
nokycy LEP-2.

[TomydeHHbIe TaHHBIC B X0 PabOTHI MOKa3anu, 9YTo KOpoBhl ¢ reHoturniom CT (LEP-1)
uMmenu Oosee MO3AHMK BO3pacT mepBoro oréna — 31 mec., HO IpU 3TOM JOCTOBEPHO Oojee
BBICOKHH yoit — 8320 Kkr u KonmuecTBO Oenka (276 Kr) B MOCIEIHIO 3aKOHYCHHYIO JIAKTAI[UIO
10 CPAaBHEHUIO C IPYTUMU KUBOTHBIMH.

[To nomumopdusmy nokyca LEP-2 xopoBbl ¢ reHotunoM CC OTIHYamuCh JOCTOBEPHO
BBICOKMM COJIEpP)KaHUE XKUpa B MOJIOKE 3a NEpBYI0 Jakrauuioo 3,44 % M XapakTepu30BaJINCh
OoJbIeld TPOAOKUTEIHHOCTRIO MPOAYKTHBHOTO HUCHONb30BaHus (2,9 makt.). 'enorun CT
OKa3ajcs aCCOIMUPOBAH ¢ OobIIei )uBoi Mmaccoit 510 kr y kopos (P<0,90).

Taxum 00pa3oM, MPOBEAEHHBIN aHAIN3 BBISIBUI JOCTOBEPHYIO CBSA3b NOJIMMOp(dH3Ma reHa
JENTHHA C KJIOYEBBIMU IPOJYKTUBHBIMU U BOCIIPOM3BOAUTEIBHBIMU Ka4ECTBAMH KOPOB.

OTO CcO34aeT OCHOBY JUIsl YNPaBJIECHHUsS TEHETUYECKOW CTPYKTYpOH MOMYJISLUU 4Yepes3
KOHTPOJIMPYEMBIH 10100p Map B CENIEKIMOHHBIX MPOrpaMMax.

Cnucok Jimrepatypbl
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Resources” (FIES 2020). BIO Web of Conferences 27, 00061 (2020). DOI
https://doi.org/10.1051/bioconf/20202700061.

7. Apvimkun A.A., Iaranuna O.C., Jlemonoxk O.U., Kopamox H.B. Biuusuaue
noJuMopdu3Ma reHa JISNTHHA HA X03HCTBEHHO-TIOJIE3HbIE PU3HAKU KPYITHOTO pOraToro CKOTa
// I3Bectus OpeHOyprcKoro rocy1apcTBEHHOIO arpapHoro ynusepcureta. - 2022. - Ne 1 (93). -
C. 260-264.

8. laiinytauaoBa D.P. Bnusnue nmonmumopdusma rena nentuHa (LEP) na momnounyio u
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Ca¢una, I1LK. IlTakupos, M.1. Bapnamosa // Ydensle 3anucku KazaHckoi rocynapcTBeHHOU
aKaJeMuM BeTrepuHapHoil MenuuuHel uM. H.O. baymana. - 2021. - T. 245. - Ne 1. - C. 24-28.

9. Bapnamosa M.U., Hlakupor LK., Cadpuna H.}O. Ilonmumopdusm rena nentuH
TOJIIUTHHCKON TOPOJBI KPYIHOTO POraTroro CKoTa // AKTyalbHble BONPOCHI BETEPUHAPHOM
6uonorun. 2020. Ne 3 (47). C. 3-6.

10. [TapamonoBa M.A., BamutroB ®.P., I'anueBa W.H., Kononenko T.B. Acconuanus
noauMopdu3Ma reHa JENTHHA C XO3SHWCTBEHHO TMOJIE3HBIMH NPHU3HAKAMH KPYIHOTO POTaToro
ckota uépHo-n€cTpoii moponsl // M3pectus OpeHOYPrcKOro rocydapCTBEHHOTO arpapHoOro
yauBepcureta. 2023. Ne 1 (99). C. 277 —283. https://doi.org/10.37670/2073-0853-2023-99-1-277-
283.

IHAOPUTHBIE BAKTEPUMU TOIIOJIA BEJIOT'O (POPULUS ALBA):
BBIJIEJIEHUE, TEHOMHBINA AHAJIU3 U OLIEHKA
BUOTEXHOJIOTHYECKOI'O IOTEHIINAJIA

Boraanosa A.C.1% Tnaaeimn H.C.!, Kyapsisuesa A.B.!

1 - Hncmumym monexkynaprnoit ouonocuu um. B.A. Iuzenvecapoma Poccuiickoit akademuu
nayk, Mockea, Poccus

2 - Deoepanvhoe 2ocyoapcmeennoe A6MOHOMHOE 00PA306AMENbHOE YUPEHCOCHUE BbICULESO
oopazosanusn «Hayuonanvnulii uccnedosamenvckuil ynueepcumem «Boicuas wikona
IKOHOMUKUY

Tonons sABNsSETCS NEPCHEKTHUBHOM KyJIbTYpOH [Uii OHWOPKOHOMHUKH, OJHAKO €ro
IPOAYKTUBHOCTH OIpaHHUEHA CTPECCOBBIMU (pakTOpaMu. DHAOPUTHBIE OAaKTEPUU MPEACTABISIOT
0coObIii MHTEpec A pa3paboTKH OuonpenapaTroB, MOCKOJIBKY TECHO AacCOLMUPOBAHBI C
pacTeHUEeM-X03IMHOM U MOTYT HallpsMYIO BIUATh Ha €r0 YCTOHYMBOCTD. M3yueHne Mukpobroma
OTEYECTBEHHBIX MOIYJISALUI TOMOMS OEOro akTyadbHO Ui co3laHHs 3()()EKTUBHBIX CPEICTB
OroayrMeHTaIHH.

KawueBble caoBa: Populus alba, >HnoduTHBIE OaKTepuy, TEHOMHBIA aHAJM3,
a30T¢UKcaIys, BTOPUIHbIE METa0OIUThI, OMOTEXHOJIOTHUECKUN TOTCHIIAT.

Marepuajasl 1 METOBI:

Hcmounux uzonayuu: KOPHU B3POCIBIX JepeBbeB P. alba, coOpaHHBIE B pPazIUYHBIX
reorpaduueckux Toukax esponeiickoit uactu Poccun u CesepHoro KaBkasa
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Cmepunuzayuss nogepxrHocmu: TocienoarensHas oopaborka PBS + Tween-20, 70%
3TaHOJIOM, TUIIOXJIOPUTOM HaTpus (2,5%) ¢ nocnenyrouieid OTMbIBKON

Kynemusuposanue: Boiaenenne Ha cpene LB npu +20°C ¢ nocneayromum Nojay4eHHeM
YUCTBIX KYJBTYP

Xapaxmepusayus:

TectupoBanue a3oTdukcHUpyroLIel aKTUBHOCTH Ha cpeaax Dmbou u Jlobepeiinepa
OreHka caxapoJIMTHYECKON aKTUBHOCTHU C UCIIOJIB30BAaHUEM OPOMTHUMOJIOBOTO CHHETO
[TomHOTEeHOMHOE cekBeHHpoBaHue Ha maTdopme [llumina MiSeq
buonndopmarnueckuit ananus: coopka SPAdes, annorupoBanne DFAST u PGAP, nmouck
KJIacTepoB BTOpHYHOTro MeTabonu3ma (antiSMASH)

PesyabTaTsl 1 00cy:KIeHHE.

1. Koanexyus wimammog: noay4eHo 60 4McThIX OaKTepHalbHBIX KYJIbTYp, U3 KOTOPBHIX 19 mponum
MIOJTHOT€HOMHOE CEKBEHUPOBAaHHE

2. Takcomomuyeckoe pasznoobpaszue: BBIABIEHBI mpenctasurenu ¢uiaymoB Bacillota,
Actinomycetota u Pseudomonadota, Bkirodas:

- Bacillus cereus, B. bombysepticus
- Peribacillus frigoritolerans
- Pseudomonas koreensis, P. canadensis
- Staphylococcus haemolyticus, Micrococcus luteus
- Kocuria rosea, Corynebacterium amycolatum
3. yuKyUOHATLHBIL NOMEHYUAT:

A3oTduKcanus: Bce IpOTeCTUPOBaHHbIe TaMMbl demonstrated crmocoOHOCTH K pOCTy Ha
0€3a30TUCTBIX Cpeaax

CaxaponuTndeckas aKkTUBHOCTh: OOJBIIMHCTBO ITAMMOB 3((EKTUBHO YTHIM3UPOBAIH
[JIFOKO3Y, CaXxapo3y, TaJlaKTo3y

buocunres BTOPHUYHBIX MeTa0O0JIUTOB: BEISABJICHEI KJIIaCTCpbl I'CHOB, OTBCTCTBCHHLIC 3a
CHHTC3!:

- CugepodopoB (1meTpodakTuH, OAMILTHOAKTHH, ITU30KUHUH )
- [IpoTUBOrpUOKOBBIX COCTUHEHUH (KOPAHUMUH, £-TTOJU-L-131H)
- AHTUMHUKPOOHBIX BEIIECTB (TEPMOAKTHHOAMU A)

4. Buopemeduayuonnviii nomenyuan. OOHaPYKEHbI TCHbI CHCTEM TPAHCIIOPTa U JCTOKCUKAIHH
Tspkenbix MetauioB (Co??, Ni?*, Zn*", Cd*")

BeiBOABI.

1. Pa3zpaboran 3¢ (peKTUBHBIN TPOTOKOJI BBICICHUS U KyJIbTUBUPOBAHHS SHIOPHUTHBIX OakTepuit
13 TKaHeW Tomnosst 0enoro

2. CopmupoBaHa KOJJIEKIHS IITAMMOB C JOKa3aHHOW CITIOCOOHOCTBIO K a30T(HUKCAIIUHN i CHHTE3Y
OMOJIOTHYECKH aKTUBHBIX COCTUHEHUN

3. I'enomHbIl aHanu3 revealed Hamu4KMe reHETUYECKUX IETEPMHUHAHT, OMPEISISIFOIINX TOTSHITHAI
[ITAMMOB KaK areéHTOB OMOKOHTPOJISI U OMopeMeTuaIiim
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4. BolaeneHHble IITaMMbI IPEICTABISIFOT IPAKTUYECKUN UHTEPEC ISl CO31aHU:
- KoHCOpLMyMOB /17151 IOBBIIIEHUS CTPECCOYCTONYUBOCTH TOIOJIS
- buonpenapaTtoB /i GpUTOpEeMEaNALINH 3arPSIZHEHHBIX TEPPUTOPHIA

- CpenctB OMOKOHTPOJISI (PUTOTIATOTCHOB

NAEHTUOUKALIUA TMBPUI0B TOIIOJIA BEJIOT'O U OCHUHBI
(POPULUS ALBA x P. TREMULA) C UCITIOJIbB3OBAHUEM SNP-
HNPOPUTINPOBAHUA

Tnageim H.C.!, Kpacnos I'.C.!, ITonuenko M.W.2, KyapsiBuesa A.B.!
!Hucmumym monexynapnoi ouonozuu um. B.A. Inzenvzapoma PAH, Mockea, Poccus;
Aucmumym zeozpagpuu PAH, Mockea, Poccus.
natalyagladish@gmail.com

Tonons Genblit (Populus alba L.) — Bua ApeBECHBIX PaCTEHUH, ITUPOKO PACIIPOCTPAHEHHBINH Ha
Teppuropun Poccun M NmpencTaBISIOIIMM MHTEPEC B JIECOTEXHUYECKOM IEeATENbHOCTH. B Hamen
CTpaHe NPOM3PACTAET TaKXKe MEXKBUIOBOM ruOpua Tomoist Oemoro u ocusbl (P. tremula L.),
Ha3bIBaE€MBbI TOmoJIeM ceperonuM (P. X canescens (Aiton) Sm.). Waentuduxamus rudbpuaos
3aTPyAHUTENIbHA B CBSI3M C OTCYTCTBHEM XapaKTEpHBIX MOPQOJOTMYECKUX TMPU3HAKOB.
Mopdororuueckass HACHTU(PHUKAIMUA OCJIOXKHACTCS HAJTUYMEM TNOJHUIUIOWINM M  BO3BPATHBIX
CKpeuiBaHui. PemenreM 3Tol mpoOaeMbl MOXKET MOCITYKUTh CEKBEHHMPOBAHUE T€HOMa TOIIOJIS C
HU3KUM TIOKPBITUEM, TO3BOJISIONIEE OXBATUTh OOJIBIIOE KOJUMYECTBO OJHOHYKJICOTHUIHBIX
nonumopdusmoB  (SNP), Onaromapst WAECHTHPHUKAIMKA KOTOPBIX MOXHO OLEHHTH BHJIOBYIO
MPUHAIICKHOCTD PACTEHUS C BBICOKON CTENEHBIO TOCTOBEPHOCTH.

B nanHO# paboTe BBINOJIHEHO MOJHOTEHOMHOE CEKBEHUPOBaHHUE 5 00pa3loB MOTEHIIMAIBHBIX
rubpunoB P. alba x P. tremula na muardpopme Illumina (CILIA). Jlanee mpoBeneHO KapTUPOBAHKE
(BWA-MEM) nony4yenHbix manHbIXx WGS M cUMyIMpPOBaHHBIX MPOUYTEHUH U3 cOOpOK Oernoro
tononsi, ocwHbl u ux THOpumoB (NCBL:GCF 005239225, GWH:GWHAAEP00000000,
PlantGenlE:Potra w52 u np.), mOJIy4eHHBIX NpH MoMoInud wgsim. B kadecTBe pedepeHca Takxke
BeIcTynan reHom Oenoro Tomoust (GCF_005239225). TTouck SNP ocymecTsisiics: freeBayes Tosbko
B 00J1aCTH 3K30HOB I'€HOB (C 11eTbI0 cOKpateHus yucna SNP u Bpemenu ananuza). beuin BblieneHbl
3aMEHbI, XapaKTepHbIC Ui OCHHBI (BCTPEUAIOIINXCS B BUAE TOMO3UTOTHI B pe)epeHCHOM T'€HOME
OCHHBI U B BHJIE T€TEPO3UTOTHI B peepeHCHBIX TeHOMax ruOpuaoB). Jlanee s 3THX 3aMeH IJis
pa3nuYHBIX 00pa31oB OblIa OLIEHEHA J10JI IPOUTEHHA, COACepKaIINX 3aMeHy. B pe3yibrare ananusa
yeTblpe 00pasia ObUTH KiIaccu(UIUpPOBaHbI KaK TPUILUIOMAHBIE THOpUnbl P. alba x P. tremula (B
cooTHomeHnn 2:1) M oxuH oOpaszel] — Kak TPUIUIOMIHBIA rubpun P. alba % P. tremula (B
cooTHomeHNH 1:2). OTH 00pasubl BBACISUIMCH B OTHCNIBHBIA KIAcTep Ha JIeHAporpammax
reHerTudeckoit 6muzoctu (mocrpoeHHsx MerogaMu UPGMA u NJ Ha ocHoBe npoduineit SNP) mpu
COBMECTHOM aHainm3e ¢ 50 obpa3znamu 6enoro Tormos, npouspacratomiero B Poccuu.
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OnuH 13 00pa3IoB, BKIIOUYEHHBIX B aHAIU3, 10 MOP(OIOTHYECKUM KPUTEPUSM paHee ObLI
UACHTU(UIMPOBAH KaK THOpH, 0HAKO He obnanaetr SNP-ipoduiem, npucymmm rudpugam 6emoro
TOTIOJIE U OCHHBI. DTOT PE3yJibTaT AEMOHCTPHPYET HEAOCTATOUHYIO MH(POPMATUBHOCTH, M MOAYAC
Pa3MBITOCTh, MOP(HOJIIOTHYECKUX KPUTEPUEB oOmpeaeieHus TubpuaoB. TemM caMbiM CTaHOBUTCA
OYEeBHIHA HEOOXOAMMOCTb TPOBEICHHS JONOJHHUTEIBHBIX TE€HETHUYECKHX WCCIEIOBAaHUN s
ONpENICJICHUs] ~ BHJIOBOM  TNPUHAUIEKHOCTH  HMHTEPECYIOLIMX  JIEPEBbEB, 1O  (EHOTHUILY
COOTBETCTBYIOIIUX OEIIBIM TOHOJISIM.

CTGA: IU®POBAS IIVIAT®OPMA, TIOCBAIIEHHAS
®YHKIIMOHAJBHOM TEHOMUKE CYAMOPSIS TETRAGONOLOBA

3opun E. A2, BumnsikoBa M. A. 12, ’Kykos B. A. 12
1 - @®I'BHY «®eoepanvusiii uccnedosamenvckuii yenmp Bceepoccuiickuit uncmumym
2enemuueckux pecypcoe pacmenuit umenu H.U. Baeunosa» (BUP), Cankm-Ilemepoype,
190000, ezorin@arriam.ru
2 — @I'BHY BcepocculicKuil HAyYHO-UCC1€006AMeNbCKU UHCIUMY M
cenvckoxozaiucmeennoi mukpoouonozuu (OI'bHY BHUHUCXM), Caukm-Ilemepoype,
196608

B mocneanue necaruinerusi, Oimaromaps pa3BUTHIO METOAOB CEKBEHHUPOBAHHS HOBOTO
IIOKOJICHUS, U3 MAJION3YUYE€HHOM CEIbCKOX03IMCTBEHHOM KYJIBTYphI I'yap IPEBpaTUIICS B HEILJIOXO
OXapaKTepU30BaHHBIN BUA. B MepBBIX UCCIEIOBAHUIX YCIEIIHO UACHTU(PHUIMPOBATIH KIIIOUEBbIE
TCHbI, CBSI3aHHBIC C OMOCHHTE30M TraJakKTOMaHHAaHA, pa3paboTamy OOMIMPHYIO KOJUIEKIIUIO
MOJICKYJISIPHBIX MapKepoOB M CO3Jaiu cOOpKYy reHoMa Ha ypoBHE XpoMocoM. OJHAKO MOJHBIH
MOTEHLIMAJ] TOJYUYEHHBIX DPE3YJbTaTOB €I€ HE PEAJM30BaH B IOJIHONM Mepe, MOCKOJIbKY HX
JIOCTYITHOCTh M HWHTErpanusi TpeOyroT 3HAYUTEIbHBIX OMOMH(OPMATHUECKUX HABBIKOB, UTO
co3maér Oapbep UIsi MHOTHX HCCIeAOBaTele M celekiuoHepoB. Hame uccrnemoBaHue ObUIO
HaIpaBJICHO Ha PEIICHUE 3TOW MPOOIEMBI.

Msi pa3paboTany KOMIUIEKCHBI TEeHOMHBIA pecypc mius Cyamopsis tetragonoloba,
KOTOPBII  BKIIOYAae€T CTPYKTYpHYIO M  (YHKIMOHAJIBHYIO AaHHOTALMUIO C  OOIIMPHBIM
HKCIPECCHOHHBIM aTIacoM u JOCTYTICH yepes yIOOHBIN BeO-uHTEpdeEiic.
BricokokadecTBeHHOE de novo Tpe/icCKa3aHne TeHOB, BBHIMONHEHHOE ¢ momolsio BRAKER2 u
MOATBEPKICHHOE BBICOKMM TOKa3areneMm monHOTel uyepe3 BUSCO (97.5%), obecneunBaer
TOYHBIN W HaJIeXKHBIA HaOOp TeHOB Il aHanu3a. [IpenckasaHre HETPaHCIHPYEMBIX PETHOHOB
(UTR) xpaiiHe Ba)XHO AJI1 M3Y4YEHUS IOCT-TPAHCKPUIILIMOHHOW PEryJsiUU U HCCIEAO0BaHUM,
OCHOBaHHBIX Ha TexHosiornu cekBeHupoBaHus 3'-MACE. Ilpencka3aHHble TI'€Hbl, B HTOTE,
OXBaTHJIM BCE OCHOBHbIC (yHKIMOHAJIbHBbIE KaTeropuu Mercator4, 4To yka3plBaeT Kak Ha
YCIIEIIHOE MTPEICKa3aHue I€HOB, TaK U Ha BBICOKOE Kaue€CTBO AaHHOTALUH.

[leHHOCTh aHHOTaMM T'€HOMA 3HAYUTENBHO BO3pAacTaeT INpPU MOHUMAHUU YCIOBUM H
TKaHEH, B KOTOPBIX I'€HbI JKCIPECCUPYHOTCA. 1I0CTpOEHHBIM HaMM HKCIPECCUOHHBIN atiac,
OocHOBaHHBIN Ha 85 obmenoctynHbix RNA-seq 610inmnoTekax, OXBaThIBAIOIIMX PA3INYHbIC TKAHU
U YCJOBHUSL Pa3BHUTHS, MPEAOCTABISAET OecrperieleHTHbI 0030p naHAmadTa TpaHCKPUIITOMA
ryapa. Yerkoe paszzencHue oOpa3loOB MO YCIOBUSM SKCIIEPUMEHTA, T€HOTUNAM U TKaHIM B
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aHanu3e riaBHBIX KOMIOHEHT (PCA) momuepkuBaeT BBICOKOE KAa4eCTBO MOJTYyYEHHOTO Habopa
JTAHHBIX U BO3MOXKHOCTh CPaBHUBATh JKCIIPECCHIO T'€HOB, HE MpPUHUMAas BO BHHMAaHHUE TaKHe
(bakTophl, Kak pa3IU4yHbIC 3allyCKd CEKBEHHUPOBAHHMS W pa3jIMyUsl B HKCIEPUMEHTAIbHBIX
YCITIOBHUSX.

Bbnaronapst uHTerpaniu MHTEPAKTUBHOTO reHOMHOro Opaysepa IGV, BLAST-cepBuca u
MT'HOBEHHOH BHM3yanu3aluuu npopuiel skcrnpeccud M (YHKIMOHAJIBHBIX AHHOTAIMK, CEpBHC
MIO3BOJISIET UCCIIEZIOBATEIISIM OTKA3aThCsl OT UCIOIB30BAHUS HHCTPYMEHTOB KOMAaHIHON CTPOKH H
JIOKaJIbHOM 00pabOTKHU TaHHBIX.

[lo HamemMy MHEHUIO, WHCTPYMEHTBHI, MPEJOCTaBIIEMBbIE 3TUM pPECYpcoM, 00JaJaroT
MOTEHIIMAJIOM Il 3HAYMTEIBHOTO PACIIMPEHUs] UCCIEI0BATEIBCKUX BO3MOXKHOCTEH B 00JIacTH
Owonoruu Tyapa. Ympoias TOYHBIM TEHOMHBIM aHanu3 0e3 HEeoOXOAMMOCTH HAaBHIKOB
pOrpaMMUPOBAHUS, HHCTPYMEHT JUIS M3BJICUEHUs rocienoBaTenbHocTel (Sequence Extractor)
MO3BOJISIET MCCIIEA0BATENSAM OBICTPO MOJYyYaTh CIEHU(PHUECKUE MOCIEI0BATEIBHOCTH SK30HOB,
MHTPOHOB M MEXICHHBIX PErMOHOB, 4YTO TIIO3BOJIIET UM IUIAHUPOBATH HKCHEPUMEHTHI H
XapaKTepu30BaTh TeHbl. IHCTPYMEHT JUId aHainu3a (QyHKIIMOHAIBHOTO O0OTaleHsI B TEPMHUHAX
Gene Ontology momoraer BBISBIATH KIIOYEBBIE OHOJOTMYECKHE MPOLECCh W (PyHKIHH,
CBsI3aHHBIE, HAIIPUMED, C YCTOMYUBOCTBIO K CTPECCY WIIM CO3PEBAaHHEM CeMsIH y ryapa. TerioBsie
KapThl, KOTOPBI MOJIH30BATENb MOXKET FT€HEPUPOBATDH MIPU MOMOILM HAILIETO CEPBHUCA, TIO3BOJISIIOT
BBISIBJIATH TEHACHLMHU B MATTEPHAX SKCIIPECCUU I'€HOB, a KJacTepHU3alus TeHOB HA OCHOBE 3TUX
NATTEPHOB IMO3BOJISIET OMPEACIATh UX OOIIME MyTH PEryJALUU U CBS3b C (PU3UOJIOTMUYECKUMHU
nporeccaMu. Bmecte 3TH WHCTPYMEHTHI AENAIOT CIOXKHBIE T€HOMHBIE U TPAaHCKPHIITOMHBIC
JaHHble OoJiee JOCTYMHBIMH M WHTEPIPETUPYEMBIMH JJIsl HCCIeloBaTesei, CcrnocoOCTBys
JTy4IIleMy MOHUMAHUIO (HU3UOJIOTMYECKMX MEXaHW3MOB M TIPOLIECCOB PA3BUTUS PACTECHUIL.
Pa3paboranHslii pecypc TOCTyIeH OH-JIalH 1o anapecy https://guar.arriam.ru/.

Pabora nonnepxana Poccuiickum Hayunsim @onnom: No. 23-16-804 00195

OCOBEHHOCTH METUJIMPOBAHUS LTR-PETPOTPAHCIIO30HOB
MOJCOJTHEYHUKA

M.IO. Kazanues!?, K.H. Tiopun'?, ILYO. Mepkynos!%, U.B. Kupos'2.

1 - ®I'BHY «Bcepoccuiickuii Hayuno-uccied08amenbCKuil UHCHmumym
cenbckoxosaicmeennol ouomexnonozuuy (PI'bHY BHHHCB), Mockea
127550; E-mail: iab.@iab.ac.ru
2 - ®I'40YBO «MockoécKuil (pu3uko-mexnuuecKuii UHCmumym
(Hayuonanvhbll uCcce006amenbCKull ynugepcumem)y, /lonzonpyonsiir 141701;
E-mail: info@mipt.ru

MoOunbHble 37eMeHThl (MD) coctaBisioT ~75% reHoma mojconHedHuka Helianthus
annuus L. [1]. Cpequ MD pacrenuii HanOosnee pacrnpocTpaHEHHbIM KiaccoM siBisitoTest LTR-
perpotpancno3onsl (LTR-RT). LTR-RT criocoOHBI mepemMeniaTbes o THITY COpy-paste B TEHOME,
TeHEepPUPOBATh MHCEPLINH, IECTa0OMIN3UPOBATh CTPYKTYpy reHoma, nostomy LTR-RT sBistroTes
MUIIEHBIO JUISl CACTEM SMUIE€HETUUECKOI O MMOAABJICHUS IIyTEM METUIIMPOBAHUS IUTO3MHA 110 TPEM
koHTekcTam CG, CHGu CHH (rne H=T, C, A) [2].

Mpl mnpoBenu IOJHOTEHOMHOe HaHomopoBoe cekBeHupoBanue JIHK u  x/JHK
MIOZICOJIHEYHUKA. B pe3yiibTare Mbl IOJIy4WIH JaHHBIE O METUIIMPOBAHUH NTOIHOpa3MepHbIx LTR-
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petpotpancno3onoB nuHuii Tork, Tekay, TAR, SIRE, Retand, Ivana, Ikeros, Bianca, Athila,
Angela, Ale B reHOME MOACOTHEYHHUKA.

C moMoIpl0 KJIAacTepU3alMi Mbl 3a(UKCHPOBAIN 3HAUUTENbHBIC PAa3Uuusl MAaTTEPHOB
MeTunupoBanus BHyTpH JuHuii LTR-RT, a He Tonbko mMexay HuMmu. HamGonbuime pasnuuus
Obutn 3aduKcUpoBaHbl B MeTmiinpoBanun CG-MoTHBA.

Jlunum Tekay u Athila OpUIM METHIUPOBAHBI ACHMMETPUYHO MO TPEM KOHTEKCTaM.

Jns muanu Tork ObuTO BBISIBIIEHO 3HAUUTENbHOE CHIDKeHUE MeTuiaupoBanus CG-MoTHBa
Ha TPOTSHKEHUM OOJBIIEH YacTH Tesla TPAHCIIO30HOB, C TOBBIIMICHHMEM Ha TIpaHUIax. Takoi
NaTTEePH BBIPAXKEH OCOOCHHO y KJIACTepa TPAHCIIO30HOB PACIIOJIOKEHHBIX B HE T€HHBIX Y4aCTKaxX
reHOMaA.

CpaBnenue metunupoBanus Tork y H. annuus L. n A. thaliana, noka3ano cX0ACTBO B
naTrepHax MetwiupoBaHus. [lpu  3TOM jApyrue JHMHHM TpPAHCNO30HOB A. thaliana
J€MOHCTPHPOBAII MEHBIIINE PAa3UUns BHYTPU JIMHUHN, YeM TaKue ke IMHUK y H. annuus.

TpaHCKpUNITOMHBINM aHAJIN3 HE BBISIBUJ aKTUBHOM TPAHCKPHUIILMK 1OJHOpa3smMepHbIx LTR-
RT.

Cnmcox qurepartypsl:

1. Badouin, H., Gouzy, J., Grassa, C. et al. The sunflower genome provides insights into oil
metabolism, flowering and  Asterid  evolution. Nature 546, 148-152 (2017).
https://doi.org/10.1038/nature22380

2. Slotkin, R., Martienssen, R. Transposable elements and the epigenetic regulation of the
genome. Nat Rev Genet 8, 272-285 (2007). https://doi.org/10.1038/nrg2072

OCOBEHHOCTU MUKPOBUOMA SHIAOMETPUA KOPOB
B PA3JIMYHBIX YCJIOBUAX COAEPKAHUA

Kmiounukosa U.A-, HeLaabipsiv E.A.
DI'E0Y BO «Canxkm-Ilemepoypzckuii 2ocyoapcmeennblil azpapHulil yHUGEPCUnent)
(OI'BOY BO CIIoI'AY), Cankm-Ilemepoype, Ilywikun 196601; E-mail:
klyuchnikova.irinaa@yandex.ru

CocrosiHe MUKPOOHOTBHI PENPOIYKTUBHOTO TpaKTa SBISETCS OJHUM M3 KIFOUEBBIX
(bakTOpOB, ONpPENENSAIONINX 3/J0pPOBbE MATKH, YCIEHIHOE OIUIOJOTBOPEHUS] U TEUYCHHE
MOCIIEPOJIOBOTO MEPHOJa y KPYIMHOTO poraroro ckora [1-3]. lucbananc MUKpOOHBIX COOOIIECTB
SHIOMETPHUS HEPEKO ACCOLIMUPYETCS C PA3BUTUEM 3HJIOMETPUTA U CHUIKEHUEM PENPOAYKTHUBHON
¢byukuuu [4, 5]. BiusHue TeXHOIOTHYECKUX YCIOBHHA COJEpKAHUs, pallioHa U 3KOJIOTMYECKUX
(akTOpOB Ha COCTaB MHUKpOOMOMa OCTa&TCsl aKTyalbHOW TeMoil uccienoBanuil. Hacrosmas
paboTta HampaBiieHa Ha CPaBHUTEIbHBIN aHAINU3 CTPYKTYPBHl MUKpOOHOMa 3HIOMETPHUS Y KOPOB,
COJIEPIKALIMXCS B PA3IMYHBIX YCIOBHUAX — IPOMBIIIICHHOW (hepMbI U SKO(PEpMBI.

Matepuajibl 1 MeTOABbI. MaTepuaaoM sl UCCIIEOBAHUS CITYKHIIN 00pa3iibl COCKOOOB €
SHAOMETPHUS U Biarayviia (n=3), MOJIy4eHHbIE OT KIMHUYECKU 30POBBIX KUBOTHBIX U KOPOB C
KIMHUYECKUM WM CyOKIMHUYECKUM >HAOMETpUToM. OTOOp MpoO MpOBOIMIICS HA pa3IMYHBIX
(GU3MONIOTHUECKUX dTanax: paHHUN cyxocToi, 10—15 cyrok mo oréna (mMo3gHUN CyXOCTOH),
MOMEHT 0Téna, a Takxke 3, 5—7 u 20 cyTok nocine oréna.
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Jis aHanu3a TPOBOAMIM BBISBICHHE MHUKPOOHOJIOTMYECKHMX MapKepoB 3I0pPOBbS U
NaTOJIOTUU PENPOAYKTUBHOM cucTteMbl kopoB. Toranbhyro JIHK u3 o0pas3noB Bwlaensim c
ucnonb3oBanneM Habopa Genomic DNA Purification Kit («Thermo Fisher Scientific, Inc.»,
CIIA). CocraB 6akTepHagbHOro cooOIIecTBa OleHNBaIU MeTo1IoM NGS-ceKBeHUpPOBaHUS.

Pesynbratel u ob6cyxnenusi. Ilpu nposenennn NGS-ceKBEHHMpPOBaHMS B COCTaBe
MHUKpOOMOMa 3HJIOMETpUS y KOPOB M3 BCEX TIPYNI B YCIOBHUAX HPOMBIIUICHHON (epMBbl
NPUCYTCTBOBANIO 6 aTpUOyTHpPYEeMBIX OakTepHalbHBIX (puiayma u cynepdunymon (Firmicutes,
Fusobacteriota, Bacteroidota, Proteobacteria, Actinobacteriota, Campilobacterota) u 1
HEKYJIbTUBHPYEMBI. B ycrnoBusax sxodepmbl onpeseneHsl § aTpuOyTHPYEeMbIX (pUIYMOB, Cpeau
KOTOpBIX mpeoOnananu Proteobacteria, Firmicutes w Actinobacteriota, a TaKXke OJIUH
HEKYJIbTUBUPYEMBIH.

Ha npowmsitinennoit ¢pepme nonst Fusobacteriota B 00pa3uiax >KUBOTHBIX ¢ KIMHUYECKUM
U CyOKIMHUYECKMM SHIOMETPUTOM jaocTurana a0 68,2 % B mepuoa 5 cyTok mocie OTéna, uTo
3HAYUTEIBHO NPEBBIIIANIO AaHAIOTUYHBIM MMOKa3aTeNlb y 310pPOBBIX XUBOTHBIX. OJHOBPEMEHHO
HaOJI01a7I0Ch CHWKEHHE OTHOCUTENBHOIO cojiepkaHust Firmicutes. B skodepme, HanmpoTus,
Firmicutes 3annmManu Benyliiee NOJ0XKEHUE B MUKPOOHOME, YTO KOPPETUPOBATIO C OTCYTCTBUEM
KJIMHUYECKUX MPU3HAKOB BocnalieHust. Kpome TOoro, yCTaHOBIIEHO, YTO y KIMHUYECKU 3I0POBBIX
KMBOTHBIX M3 TPOMBINUIEHHOW (epMbl B paHHEM cyxoctoe naons Fusobacteriota Oblia
JOCTOBEPHO BhIIIE, yeM 3a 10-15 cyTok 1o oréna.

Tak pe3ynabTaThl UCCIEAOBAHHS MOATBEPXKIAIOT, YTO YCIOBHS COJEPKAHHUS OKa3bIBAIOT
3HAYMMOE BIMAHUE Ha (OPMHUPOBAHME MUKpPOOMOMA SHAOMETpHs. B mpomblnuieHHO# cpene,
XapaKTepU3YIOIIEHCs] TIOBBIIICHHONH OaKTepHaJbHOM Harpy3Kod, CTPECCOBBIMHU (haKTOpamMH H
BO3MOKHBIMU HApyLIICHUSIMHA MUKPOKIUMATa, IPOUCXOIUT CMEUICHHE MUKPOOHOTO Npoduis B
CTOPOHY YCJIOBHO-NIATOI'€HHBIX TAKCOHOB, B YaCTHOCTU Fusobacteriota. IlpeacraButenu 1aHHOTO
¢wryma, BkIouas poj Fusobacterium, n3BeCTHBI KaK MOTEHIIMATBHBIC TATOT€HBI, YYaCTBYIOIINE
B Pa3BUTUHU BOCIIAIUTEIBHBIX MPOLIECCOB MATKH.

B cBoio ouepens, nomMuHupoBaHue Firmicutes B MHUKpOOWOME >KMBOTHBIX IKO(EpPMBbI
MO>KET CBHJIETENILCTBOBATH O CTA0MIN3UPYIOIIEM BIUSHUM TJAaHHOTO TAKCOHA, TIO/|IEPKUBAIOIIETO
HOpMaJIbHOE MHKpPOOHOE COOOIIECTBO U MPEMATCTBYIOLIETO KOJOHMU3ALUU HSHIOMETPHS
naToreHamu. Beicokas nons Actinobacteriota B 3xopepmax Takke MOXKET OBITh CBsI3aHa ¢ Ooliee
cOaaHCUPOBAaHHBIM METa0OJMYECKUM CTAaTyCOM U OJaronpHSATHBIMU YCIOBUSIMH MUKPOOHOTO
B3aUMOJICHCTBUS.

Takum 00pazoM, BBISBJICHHBIC Pa3IM4Ms OTPAXKAIOT HE TOJBKO pa3jinyMe B CAHUTApHO-
TMTHEHUYECKHX YCIIOBHUSIX, HO U B YpPOBHE (PU3MOJOTHUECKOW YCTOWYMBOCTH IKHMBOTHBIX K
BOCTIAJIUTEIBHBIM ITPOLECCAM.

3akarouyenue. IIpoBenéHHBI CpaBHUTENBHBIM aHAIW3 I[OKa3aj, 4YTO CTPYKTypa
MHUKpOOHOMa SHAOMETPHUS KOPOB CYIIECTBEHHO 3aBHCHUT OT YCJIOBUH cojiepkaHus. B ycioBusix
NPOMBIIIICHHON (epMbl HabIOAaeTCsl pocT Aonu Fusobacteriota n cHuxenue Firmicutes, 4To
acCOIIMMPYETCsl € pa3BUTHEM HHIoMeTpura. B skodepmax nomuHupoBanue Firmicutes n
Actinobacteriota MOXeT paccMaTpUBaTbCA KaK MPU3HAK MUKPOOHOJIOTHUYECKOTO OJIarOmoIyHs.
JlaHHBIE PE3yIbTATHI MOATBEPKAAIOT HEOOXOAUMOCTh yU&Ta MUKPOOHOJIOTMYECKUX MTOKa3aTesen
B IIpOrpaMMax Mpo(puIaKTUKA U MOHUTOPUHTA PEIIPOAYKTUBHOTO 3J0POBbS KOPOB.

BaarogapuocTu. MccnenoBanue BBINOIHEHO NMPpH (UHAHCOBOU mojepxke rpanta PHD
Ne24-16-00131.

Cnucok JuTeparTypsbl:
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MOJIEKYJIIPHASI IUATHOCTUKA U ®UJIOTEHETUYECKUIA
AHAJIN3 BO3BYJIUTEJEN ®Y3APUO30B 3EPHOBOBOBBIX
KYJbTYP

Jlan JL.K !, luuranues A. C. !, lynnukos M.B. !

1 - @®I'BHY «Bcepoccuiickuii HAy4HO-UCC1e006ameabCKuli UHCIUmMym
cenbckoxosaiicmeennoinl ouomexuonozuu » (BHUUCE), Mockea, 127500.E-mail:
iab@iab.ac.ru

®y3apro3 — 3TO rpymnna 3a00JeBaHUN PACTCHUH, BHI3BIBAEMBIX MUKPOCKOITUYECKUMHU IpubamMu
pona Fusarium. Bo30ynuTenu MOpa)karoT LIMPOKHH CHEKTP KyJIbTyp, BKJIIOYasi 3€PHOBBIE,
OBOIIIHBIC, TOACOJHEYHUK U COI0. ['pubbl Fusarium BBI3BIBAIOT KOPHEBBIE THWIU, COCYAMCTOE
yBSiIaHUE, TOpakeHUe cTeOIei, IMCTHEB U CEMSH, YTO MPUBOJUT K YTHETEHUIO POCTA, CHIXKEHUIO
YpOKalHOCTH M KadeCTBEHHBIX IMOKazaTenel mnpomaykuuu. Kpome TOro, OHU CIIOCOOHBI
CUHTE3UPOBATh MUKOTOKCUHBI, OTIACHBIE [IJIS YEJIOBEKA, )KUBOTHBIX U CEMEHHOI'0 MaTepuala.

s con dyzapro3 mpeacTaBisieT 0co0yI0 OMAaCHOCTh, BBI3bIBAas KOPHEBBIE THUIIM M COCYIUCTOE
yBSIIaHUE, CHUKEHHE BCXOXKECTH M MAcCCOBYIO THOENb pacTeHH. B ycmoBHAX M3MEHSIOIIETrocs
KJIMMaTa ¥ WHTCHCHUBHOTO 3eMilefenusi (y3apHo3Hble OOJE3HM COM CTaHOBATCA BcE Oonee
aKTyaldbHOM mpobiemol, TpeOyromeil yriayOn€HHOro u3ydeHus U pa3paboTku 3(PPEKTUBHBIX
METOZIOB MOJIEKYJISIpHOI nuarHoctuku. Ilpm 3TOM cBemenuss o Bo3OymuTensx (y3apuo3oB
3epHOO00OBBIX KYyJBTYp, OCOOCHHO Ha Tepputopun Poccuu, KpallHEe OrpaHHUYEHBI, YTO
NOTYEPKUBACT HEOOXOAUMOCTh TPOBEICHHUS MOJEKYJISPHBIX MCCICIOBAHUNA M yTOYHEHUS
BUIOBOT'O COCTaBa MaTOTEHO.

OnHako u3ydeHue (y3apro30B 3aTPyTHEHO M3-3a BHICOKOW MOP(OJIOrMYECKOi U FeHETHYECKOM
U3MEHYMBOCTU TPHOOB pona Fusarium. VX KOIOHMM M CIOPHI MEHSAIOT (OPMY U OKpacKy B
3aBUCHMOCTH OT YCJIOBHH KyJbTHBUPOBAaHUS, a MHOTHE OJHM3KOPOJICTBCHHBIC BHIbI
MOP(OJIOTUYECKH TMOYTH Hepa3nuuuMmbl. Kpome TOro, B cocTaBe poja  BBLICISIOT
MHOT'OYHCIICHHbIE BUIOBbIE KOMIUIEKCHI (F. oxysporum, F. solani, F. fujikuroi n np.), BHyTpH
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KOTOPBIX pa3iIuydMsl NPOSBISAIOTCSA TOJIBKO HA MOJIEKYJISIPHOM YPOBHE. DTO AENAET KJIACCUUYECKHE
METO/BbI OIPEIEICHUS HEHAIEKHBIMMU.

B cBsi31 ¢ 3TUM B MOCIIEAHNE TOJIBI MOJIEKYJISIPHbIE METO/IbI CTaJI OCHOBHBIM HHCTPYMEHTOM JUIS
OIIpeJIeJIEHUs] BUJOBOM MPUHAIICKHOCTH M30JTOB. B MCcnenoBaHNM MCIIOIB30BaHbl 00pa3IIbl
rpuboB pona Fusarium w3 komnekuuu OI'BY « BHUMKP». U3 munenust M30JI4TOB BbIIEICHA
renomHas JIHK. Ammiudukanuss v cCeKBEHHpPOBAHHE TMPOBEACHBI 1O y4acTkaM reHoB RPB2
(6mopas no eenuuune cydoveounuya PHK-nonumepasvr 1) uw TEFI1-o (¢hakmop snoneayuu
mpaucaayuu  1-anvgha), pPEeKOMEHIOBAHHBIX JUISL BHIOBOM nud¢epeHiuanuy BHYTPH poja
Fusarium. Ilony4eHHbIE TOCIEI0BATEILHOCTH BBIPOBHEHBI U MTPOAHATU3UPOBAHBI B IIPOrpaMMax
MEGA u BioEdit; conocraBnenue ¢ sTamoHHbIMH JaHHbIMH u3 GenBank u FusariumlID.org
MOATBEPAMIIO KOPPEKTHOCTh HJCHTHU(UKALMU W TO3BOJIMWIO IOCTPOUTH (UIOTEHETHYECKUE
JIepeBbs, OTPAKAIOIIUE BUIOBYIO CTPYKTYPY MCCIEIOBAHHBIX M30JISTOB.

B xo1e MosekynspHO-TeHeTHIeCKON MASHTU(UKAIIMK U30JIATHl poja Fusarium, BeIIEICHHbIE U3
NopakEHHBIX 00Pa3lOB 3epHOOOOOBBIX KYJBTYp, ObUIM OTHECEHBI K HECKOJBKHM BUAAM H
BUZOBBIM KoMmIUiekcaM. W3omatel F. graminearum w F. sporotrichioides TpuHajuiexar K
koMmrutiekcy F. sambucinum (FSAMSC, Bxmouas F. graminearum species complex, FGSC); F.
avenaceum, F. acuminatum n F. torulosum — x xommuiekcy F. tricinctum (FTSC), F. ipomoeae,
F. serpentinum u F. scirpi — x xomiuiekcy F. incarnatum—equiseti (FIESC). HauGonee onacHpIMu
¢uTonarorenamu, 00JIaJAIOIIMMHU BBICOKOH BHPYJIEHTHOCTBIO U CIIOCOOHOCTBIO MPOAYLIPOBATH
MUKOTOKCHHBI, IBIISIFOTCA F. graminearum, F. sporotrichioides v F. avenaceum. OcTanbHbIC BUJIBI,
npeuMytiecTBeHHo (F. acuminatum, F. torulosum, F. diversisporum, F. ipomoeae, F. scirpi),
OTHOCSITCSI K CIIa0OMAaTOTeHHBIM WJIM BTOPUYHBIM Mapa3uTaM, YYacTBYIOIIUM B (hOPMUPOBAHHUU
CMEIIAHHBIX (hy3apPHO3HBIX KOMILJICKCOB.

CrnenyeTr OTMETUTb, YTO JJI1 HEKOTOPBIX BUAOBBIX KOMIUIEKCOB, B YACTHOCTH F.
incarnatum—equiseti (FIESC) u F. tricinctum (FTSC), ucnons3oBanue Toiabk0 MapkepoB TEF[-a
U RPB2 oka3anoch HeIOCTaTOYHBIM JUTsl HAAEKHOTO pa3rpaHUUeHuUs OJIM3KOPOICTBEHHBIX BUJIOB.
CornacHo pekomMeHnmanusM 0as3bl naHHBIX Fusarium.org, nis 6ojee TOYHON WACHTU(DUKAIMH
IITAMMOB 3THX KOMIIJIEKCOB TpeOyeTcsl NOIMOJHUTEIbHOE TUIMpOBaHHE MO ydacTkam RPBI,
ptubulin (TUB2), calmodulin (CaM). TlomyueHHbIE pe3ynbTaThl MOATBEPKAAIOT BUIAOBYIO
HEOJIHOPOJHOCTh momyJsiiuii Fusarium ¥ HEOOXOAMMOCTh JNANBHEWIIUX HUCCICIOBAHHUMA IS
YTOYHEHUS X (PUTOMATOreHHOI'0 M TOKCHUKOJIOTHYECKOTO MOTEHIIHAIA.

BCIIVIECK PETPOTPAHCIHHO3UL U Y NICOTIANA BENTHAMIANA
B OTBET HA BUPYCHY1IO UH®EKIINIO

Mepkyaos ILIO.1%, Bosoruna A.A.!, Tlepesoszunkos JI.B.!, IIpokodpnesa A.H.!, Baacosa
A.B.12, UBaxuenko A.C.!, Kamapaymu E.JI.!, Yxonkuna E.JI.>, Kupos U.B.!*

1 - Mockoeckuit puzuko-mexuuueckuii uncmumym, /lonconpyoustii, Poccus

2" ®eoepanvhoe 2ocyoapcmeennoe 0100x3cemuoe HayuHoe yupeixcoenue «Bcepoccuiickuii
HAYYHO-UCCNIe008AMENbCKUTI UHCHUMYM Ce/1bCKOX03AIICIMEEHHOU OUOMEXHO102UY,
Mockea, Poccus
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3 - @eoepanvhoe 2ocyoapcmeennoe A6NMOHOMHOE 00PA306aAMENbHOE YUPeIHCOCHUE BbICULE20
obpazoeanuna HayuonanvHulii uccnedosamenbckuil yuugepcumem “Bovicuias wikona
IKOHOMUKU”

Ha npotspkenun sBomonnu PacTeHuMs pa3BUIM CIOXKHBIE MEXaHU3MBI I1OJABICHHS
skcnpeccun PHK, obGecnieunBaromue 3amuTy OT BUPYCOB M MOOMJIBHBIX 3JIEMEHTOB, BKIIOYAs
peTpoTpaHCno30Hbl. MX aKTHBHOCTH KOHTPOJIUPYETCS MyTSIMH IOCTTPAHCKPHUIILIMOHHOTO
nonaBneHus: reHoB (anri. Post-Transcriptional Gene Silencing, PTGS) u PHK-nanpaBneHHoro
metunupoBanus JJHK (anrn. RNA-directed DNA Methylation, RADM). ¥V pacrenuii ¢ nedexramu
RdDM Habumoaetcst MOBBIIICHHAS! YyBCTBUTEILHOCTh K BUPYCHBIM WH(EKIUSAM U TOBBIIICHHAS
TPAHCHO3HULIMS MOOMIBHBIX 31eMeHToB [1]. Ilpu 3apakeHHHM BHPYCOM HOTPEMKOBOCTH Tabaka
(aarn. Tobacco Rattle Virus — TRV) MoXeT mpOUCXOAUTHh TPAHCKPHUIIIIMOHHAS aKTUBAIUS
PETPOTPAHCIIO30HOB H3-3a JEPETYIISAIUU UX KOHTPOJIS [2]. YpOBEHb TaKUX U3MEHEHUH U MacITad
TPAHCKPUIITOMHOTO PEIPOrpaMMHPOBAHUS 3aBUCAT OT CTENEHU aJalTHPOBAHHOCTH BHPYCHOTO
TaMMa K KOHKpETHOMY BuAy pacTeHus [3]. Takxke HM3BECTHO, YTO KOONTALMs 3alUTHBIMU
redamu mnocienoBatenbHocTet LTR (amrn. Long Terminal Repeat), comepskammx cis-
pEryJIsTOPHBIE 3JEMEHTBI, MOXXET TPUBOIUTH K aKTUBALMM PETPOTPAHCIO30HOB IIPH
ouotnyeckux crpeccax [4]. HecMoTps Ha BBISBJICHHBIE CBSI3M, aKTHBALMs MOOMIOMa B OTBET Ha
BUPYCHYIO HH(PEKIHIO OCTAETCS MaJIOU3y4eHHBIM (PEHOMEHOM.

JUisi u3ydeHHs] peakuuu MOOMJIOMa Ha BHUPYCHYI0 HH(EKIHMIO NPOAHAIU3UPOBAIH
n3MeHenus skcnpeccun LTR-perporpancnoszonoB (LTR-PT) y Arabidopsis thaliana, Brassica
napus W Nicotiana benthamiana. Pactenus 3apaxaiu mOyTéM arpouHQWIBTPALUU C
UCTIOJIb30BaHUEM OWHAPHBIX BEKTOPOB, COJEPXKAIIUX M€HOMHBIE MOCIIEOBATEILHOCTH BUPYCOB
TRV, PVX (anrn. Potato Virus X) u TRSV (anrn. Tomato Ringspot Virus) moa KoHTposieM
npomoTopa 35S. Uepes 14 aHeit oTOMpand CUCTEMHBIE JIUCThs, CUICTEMHOE PacCIpOCTpPaHECHUE
BupycoB moxarBepxkganu OT-IILHP. [ns N. benthamiana NDOTNONHUTETHHO BBIICISUIN
BHexpoMmocoMHble KonblieBble JJHK (Bk/IHK) kak MapkepoB akTMBHON TpaHCIO3UIMH B OTBET Ha
3apaxxenne TRV c¢ BupycHeiM cynpeccopom P19. JIByxuenoueunyro kJHK u Bx/HK
cexBeHHpoBany Ha ratdpopme Oxford Nanopore. buonnpopmaTrueckuii ananu3 ObLT HapaBJIeH
Ha BbisiBIIeHHEe LTR-PT ¢ akTUBHOCTBIO, 3HAUUTENIBHO OTINYAIOMIENCS OT KOHTPOJIS.

Ananmnz RNA-seq naHHBIX MMOKa3al, 4To y pacteHuil A. thaliana w B. napus napexus
Bupycamu TRV, TRSV u PVX He nmpusBomuna x axkruBauuu LTR-PT. B To ke Bpemsa y N.
benthamiana nabmoaancs: BeIpaXXKeHHBIA TPAHCKPHUIILIMOHHBIA OTBET 54 snmeMeHToB: 49 U3 HUX
akTuBupoBanuch mnpu uHpexkmuun PVX um 5 — mpu TRV. Ilpu 3TOoM Bce 53IEMEHTHI,
skcrpeccupyromuecs npu uHpekuu TRV, coBnamamu ¢ PVX-aktuBupyembiMu. MH eEKus
TRSV B cBo0 ouepenp He BbI3bIBAJA W3MEHEHHWH B AKTUBHOCTH TPAHCIIO30HOB, YTO MOKET
yKa3plBaTh HA  CHEUU(UYHOCTh  B3AaUMOACHCTBUU  MEXIY BHPYCOM M XO3SHHOM.
@unorenernueckas kinaccuukanuss LTR-PT, akTuBHBIX mpu BHpPYCHOW WMH(EKIUH, BBISIBUIA
npencraButenei Tpéx knax: Galadriel (26 snementoB), Ivana (14 snementoB) u Alesia (2
3JIEMEHTA).

B pesynerare anammsza npoduns Bk/IHK namm Obuto BeiBneHo neBsith LTR-PT,
neMoHcTpupyomux npoaykuuio BK/IHK B o0pasuax N. benthamiana, napunpoannsix TRV ¢
BUPYCHBIM cynpeccopoM P19, HO He B KOHTPOJIbHBIX BapHaHTaX. Bce aKTUBHBIE 3JIEMEHTHI
npuHaiekan knanae Galadriel v HaXogWIMCh HA CEMH XpOMOCOMax; TPH M3 HHUX ObLIH
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IIOJIHOPAa3MEPHBIMH, OCTaJbHBIE IIECTh — YKOPOUYEHHBIMH. Puiiorenerndyeckuii anamus 1179
JOMEHOB 00paTHOM TpaHckpuntasbl (aHri. Reverse Transcriptase — RT) snementoB Galadriel
II0Ka3aJl CyLIECTBOBAHUE IISITU KPYIHBIX KiIacTepoB. Bee anemenTsl, npoayuupyromue Bk/IHK, a
TaKxke OONBIIMHCTBO TpaHCKpuOupyembix (10 u3 16), Haxogunmuch B kiactepe 2. AHanmu3
uaeHtTnyHocTd L'TR mokaszan, 94To akTUBHBIE KJIACTEPHl XapaKTEPU3YIOTCSI BBICOKUM CXOACTBOM
nocnenoBarenbHocTel LTR (94-97%), 4To MOKET CBUIETEIHLCTBOBATh O HETAaBHEW aKTUBHOCTH
UX IPEICTaBUTEIICH.

[TonmyyeHHble AaHHBIE MOKA3bIBAIOT, YTO peaKiMs MOOWIOMAa Ha BUPYCHYIO MH(EKIIHIO
SABIISICTCS BUJIOCTICHU(UYHON U MOXKET 3aBUCETh OT B3aWMHOMW aJlanTallii BHUPYca U PacTEHUS.
Ha6monaemas aktuBanus necitkoB LTR-PT y N. benthamiana B 0OTBET Ha BUPYCHYIO HHPEKITUIO
MO>KET CBHJIETENLCTBOBATH 00 0c000# posi MOOMIIOMA B IPOTUBOBHPYCHOM OTBETE JAHHOTO BU/1A
pactenuil. [Ipu 3TOM KpaiiHe BbICOKast BUPYC-UHAYIHOMIBHOCTD 31eMeHTOB Galadriel sBnsieTcs
MHTEPECHBIM (PEHOMEHOM, H3yUeHHE OCOOCHHOCTEN KOTOPOTO MOKET ObITh KpaifHe IIEHHO KaK JIs
(byHIaMEHTAJIBHBIX, TaK ¥ MIPAKTHYECKUX IIeIeH.

Pabota BrINOIHEHA MpU TOAEpkKKe rpanTa Poccuiickoro HayuHoro ¢onaa Ne 22-64-00076.
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Metunuposanue JHK — 310 snurenetnyeckas MoguUKaIys TeHOMa, y4acTBYIoLIas B
perymsiiui  SKCIPECCMM TEeHOB M  CcOOBITMH  KpoccuHroBepa. [lokazaHo, 4YTO B
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TMIIEPMETWIIMPOBAHHBIX ~ CafiTax  MaXWTEHHBIX XPOMOCOM  IOJABISETCS  0O0pa3oBaHHE
nByxuenoueyHslx paspsiBoB  JIHK, T.e. BO3HMKHOBEHHME KpoccuHrosepa. B pesynbrare
KpPOCCHHIOBepa o0pa3yeTcsi HOBOE COYETaHHE ailieliel B raMerax, 4YTO SBIISETCS OCHOBOM
KJIACCUYECKOM CEJNIEKLIMU PACTEHUM.

I'eHOMBI pacTeHuil IIMPOKO METUIMPOBAHBI, 1 METHIIMPOBAHHE OOBIYHO MPOUCXOAUT 10
uuto3uHy (Banrommnu 2006, 2009). CymectByeT psa MeTo10B u3ydeHus: Metunnposanus JJHK:
(1) ©e3 mokammzanmuu - TI00aTBHO MO BCEMY T'€HOMY, BBICOKO3()(EKTHBHAS KHUIKOCTHAs
xpomororpadusi ¢ obpareHHoi ¢a3oif 1 kaTuoHHBIM oOMeHoM (RP-BDXKX), unu B TapreTHbIX
yuactkax JIHK gyBcTBUTENBHAs k MeTunupoBanuto konuuectBeHHas [P (MS-qPCR); (2) ¢
nokanu3anuen - oucynspurHoe cekBenuposanue JIHK u cexBenupoBanue JIHK Nanopore c
neTekuueil Momudukanuii HykiaeoTHaoB. OIHAKO, 3TH METOAbl OCHOBAHbI Ha BBIJCICHUH
reHoMHoi JIHK wnu nonyuenun I[P npoaykra B ayuiieMm cilydae U3 ONpEAEICHHBIX TKaHEH
pacTeHUil W He Hal0T WHPOPMALKMU O JIOKAIM3ALUU CAWTOB METHIUPOBAHMA B KOHKPETHBIX
KJIETKaX U UX OIpPENEICHHBIX CTAIUIX.

[lenpr0 HAKMX HCCIEAOBAHUM SBISETCA HM3YyYECHHUE CBS3€M CATOB METWIMPOBAHUS B
Meio3¢ W JIOKAJIM3alUK  KPOCCHHTOBEpa Ha MAaXUTEHHBIX XpPOMOCOMaxXx Yy  JIBYX
OIM3KOPOICTBEHHBIX BUOB Allium cepa v Allium fistulosum, 061anaromux KPyImHEIMA TeHOMaMHU
(15,9 Gb u 11,5 Gb, cootBercTBeHHO, Ricroch et al., 2005). DTu BUABI UMEIOT AMAMETPATBHO
MPOTUBOIIOJIOXKHOE PACIPE/ICIICHIE CAiTOB KPOCCHHTOBEpA.

W3ydenue noKanM3alMyd CaWTOB METWIMPOBAHUS in Situ TPOBOAWIM TOJNBKO Ha
MHUTOTHYECKUX XPOMOCOMaX PACTCHUN MyTEM JETEKIIMU S-METUII-IIUTO3MHA C TOMOIIBIO AHTUTEI
(Castiglione et al., 1995). Msl mnpeanmaraeM HOBBI TOAXOJ, MO3BOJSIOMIMN YBEIUYUTH
paspemannyo crnocodHocTh naerekiuu MetwiupoBanus JHK in  situ. Komnaktuszanms
MaXUTEHHBIX XPOMOCOM cyiiecTBeHHO, B 7—10 pa3 (Ohmido et al., 2018), menbme, yem
KOMITaKTH3allisl MUTOTHYECKUX XpOMOcoM B MeTadasze. Panee Hammu Obul pa3zpaboTaH METOA
NPUTOTOBIICHUST TPENapaToB MEHOTHUECKMX XPOMOCOM C XOpOUIMM pazdpocoM  Juis
UMMYyHOJIOKanu3anuu Meioruueckux OenkoB (Kudryavtseva et al.,, 2025). Ortor wmerox
MIPUTOTOBIICHUSI MEHOTUYECKHX XPOMOCOM MBI HMCIIOJIB30BAIN JJISI JIETEKIIUH METHJIMPOBAHUSL.
Jlns  perekuuu OBUTM  HMCIIOJIB30BAaHBl AHTHUTENA K S-METWILUTO3MHY, IHpPUMEHEHHbIE Ha
XpoMocoMax B CTaguM mnaxuTeHbl | weio3a. Crnoxnas KoH¢urypamus KiyOka cimabo
KOMITAKTH3HPOBAHHBIX XPOMOCOM B MaxXWUTEHE y BUJIOB C OOJIIIMM T€HOMOM 3aTpYIHSET UX
BU3YaJIbHBINA aHanu3. s pemeHus 3Toil mpobaeMbl B JOMOJIHEHUE K OKPAIIMBAHUIO XPOMOCOM
DAPI na mpenaparax HpoOBOJMJIACE UMMYHOJETEKIMS MeiloTnueckoro 6enka ZYPI, xoTopsrii
BU3yaJIM3UpYyETCs Kak 0ojee TOHKKE U YETKHUE TPEKH, MTPOJIETAIOIIUE B IEHTPAIbHON YacTH Oojee
IIMPOKHX T10JIOC OKPALICHHOTO XpOMAaTHHA.

Takum oOpaszom s aHanu3a mnarrepHa JIHK MerunupoBaHus Ha MaxXUTEHHBIX
XpOMOCOMax B MEPBYIO oYepeab He00X0AUMO OBIIIO Pa3paboTaTh MPOTOKOI Il OJTHOBPEMEHHOM
BU3yaJIM3allii OEJKOB M CAalWTOB METWJIMPOBAaHUS Ha Ipenaparax. JeTekius MeHoTHYecKoro
6enxa ZYP1 npoxonut npu temneparype 37°C, a 171 JeTeKIUU S-METHILUTO3MHA UCTIONb3YeTCs
npenBaputensHas aenarypamus JJHK mpu 75°C. Takas oOpaGoTka mpenapaToB MPUBOIUT K
MOJTyYEHHUIO TPEPBIBUCTHIX curHANIOB ZY P1 u nerpagarnmu xpomatuna. s Toro 4To0bl n30€XKaTh
MOJyYeHHUsST HEKAUYeCTBEHHBIX M300paXCHUH IaXUTEHHBIX XPOMOCOM C THPEPHIBUCTHIMH
curHaiaMd ZYP1 u BBICOKMM ypoBHEM (DOHOBOTO CBEUYEHHsS B IMPOTOKOJ Oblia jo0aBieHa
¢ukcamms npemnapatoB B 1% Qopmanbaerune u cHmwKeHa Temmneparypa aeHatypauuu. C
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ucnons3oBanueM mporpamm GIMP 2.10 u Image] 1.54p (c mumaruHom Straighten) B
MHTEPAKTUBHOM pPEKUME OTAETbHBIC MaXUTCHHBIE XPOMOCOMBI OBUIM HKCTPAarMpOBaHBl H
BBINPSIMJICHBI /ISl aHanu3a marepHa metwinpoBanus JIHK. Pa3zpaGoranHbIi HaMU MPOTOKOI
MIO3BOJISIET C BBICOKUM  pa3pelieHUueM AQHAIN3MPOBATh CalTBl METWIMPOBAHMS Ha
MHAUBUAYAIBHBIX XPOMOCOMAX.

[To pesympTaram aHamW3a MOJYYEHBI NPEIBAPUTEIBHBIC TaHHBIE O BHIOCHCHUPHIHOM
pacloOKEeHNH CaWTOB METHIMPOBaHUS: Y Allium cepa (MyK pemdarsiil) B MPUICHTPOMEPHBIX
peruonax, a y Allium fistulosum (yk OaTyH) B cyOTelOMepHbIX peruoHax. IlomydyeHHble
pe3yNbTaThl KOPPEIUPYIOT C Cylpeccueil peKOMOMHALINI B METHIIMPOBAHHBIX PETHOHAX Y ITHX
JBYX BUJIOB.

HccnenoBanue BoIMonHeHO npu puHancoBo nozaepxkke PH® mpoekra Ne 24-76-10037.
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MNOJYUYEHUE PEKOMBUHAHTHBIX BUPYCOB A®PUKAHCKOM
YyMbI CBUHEHN C PEIOPTEPHBIM 'EHOM GFP JIJI51
XAPAKTEPUCTHUKHU BUPYCHBIX TIPOMOTOPOB

Pynakosa C.B., Cyxep M.M., Koasnos A.1O., Koasnosa I'.C.
DI'BHY «®eodepanbhulil uccied08amenbCKuil YeHmp UPYCconoZuu U MUKpPOOUOaI02uu»
(OPI'BHY ®HI]BuM), ya. Akaoemuxa bakynoaa, .....cmp. 1, nem. Bonveunckuii,
Baaoumupckasn oon., Poccusa, 601125; E-mail: sofiia.rudakova@mail.ru

Adpukanckas ayma cBuneit (AUC) — 3T0 KOHTarmo3Hasi 60J1e3Hb JOMAITHUX CBHHEW W
Ka0aHOB C BBICOKOM JIETAIbHOCTBIO, XapaKTEPHU3YETCsl JINXOPATKOH, OOIIMPHBIMU T€MOPPATHSIMH
U IIMaHO30M KOXXH, TSDKEIBIMU MOPaKEHUSIMH BHYTPEHHUX OpraHoB. Bo3Oyautenem Gosie3nu —
CIMHCTBEHHBIM TpeICTaBUTENb CeMelcTBa Asfaviridae w pona Asfavirus KpymHBINA
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nurorazMarudeckuil JIHK-conepskamumii BUpyc co ClI0KHOOpPraHM30BaHHBIM reHOMOM. Pa3mep
Bupyca Bapsupyet ot 170 1o 193 um. Bupyc permuipyercst B nutorniazmMme Makpodaros.

Oxcnpeccusi reHoB Bupyca AUC npoucxoauT B yHOpsiI0YEHHOM MOCIeA0BaTEIbHOCTH 10
TUIy KackajgHoro mexanusma. Ilepen pemmukanueint JIHK 3amyckarorcs npen-pannue MPHK,
KOTOpBIE, B CBOK ouepenp, 3amyckatoT paHHue MPHK. Ilocne nauvana perumkanum JIHK
HA4YMHAETCS YK€ TPAHCKPUILMS CPEIHUX I'€HOB, a TPAHCKPUILHSA MO3JHUX TFE€HOB JOCTUIAET
MaKCUMaJIbHBIX ypOBHeH depe3 12-16 wacoB mociie MH()EKIMH M MEJIEHHO YMEHBIIACTCS 10
KOHIIA IMKJIA 3apa)KE€HMsI, KOTOPBIM 3aHMMAeT 0K0JIO 18 yacos.

Ha ocHoBanum pesynbraToB OmouH(popMaTHyecKoro aHaiauza reHoma Bupyca AUC u
PHK-cexBeHMpOBaHUs €r0 TPAHCKPUIITOMBI OBUIO MPEICKA3aHO, KAKUE T'eHBI SBIISIOTCS PAHHUMH,
a Kakue no3nHUMH. Heckonmpko wuccienoBaHWi OBUIM TMOCBSIIEHBI H3YyUYEHHIO BHUPYCHBIX
IIPOMOTOPOB, OJHAKO 3TH MCCIEA0BAHNS OTPAaHUYNUBAIUCH TOJIBKO HEKOTOPHIMU IIPOMOTOPAMH, B
OCHOBHOM JIOCTaTOYHO XOPOIIO OXapaKTepPU30BaHHBIX T'eHOB. PaHee HaMu ObUIM TPOBECHBI
HCCIIEIOBAHMS 110 XapaKTEPUCTUKE BPEMEHH BKIIIOUEHUS M CUIIBI 15 MPOMOTOPOB I'€HOB BHpYyca
AUC (4137R, E184L, D205R, 1267L, CP2475L, B646L, D117L, S273R, DI1133L, MGF360-15R,
Al79L, 1226R, DPI146L, BI25R, SI83L) c WCHOJb30BaHUEM T'E€HETUYECKUX KOHCTPYKLHUM,
conepkamux red GFP nox KoHTposieM BUPYCHOTO IPOMOTOpPA KaXKAO0ro TeHa. AHajIu3 BPEMEHU
BKJIIOYECHHUSI TIPOMOTOPOB MPOBOMIN METOOM (hIIyOpPECEHTHONH MHUKPOCKOIHUEH Ha OCHOBAaHUH
nerexkunu GFP B kitetkax COS-1 nocne tpanchexunn ux nonyueHuasivu JJHK-koHCTpyKIIMAMEU 1
uHdpexu Bupycom AUYC. AHanu3 CuiIbl TPOMOTOPOB MPOBOIMIIN METOJJOM CIIEKTPO(HOTOMETPHH
Ha ocHoBanuu nerekiuu GFP B kmetkax COS-1 mocne TpaHcekuMu UX MOTYyYEHHBIMH
wiasMugamu 1 uHpexkuuu  Bupycom AYC. bBputo  mpoaeMOHCTpUpOBaHO, UYTO  BCE
OXapaKTEpU30BaHHbIE IIPOMOTOPHI OTHOCATCS K Pa3HbIM 110 BPEMEHHU BKIIIOUEHHUS IIPOMOTOpPaM
renoB Bupyca AUC. Kpome Toro, Ham yJanoch UASHTU(UIUPOBATh 4 TpoMoTopa reHoB A3 7R,
E184L, D205R, CP2475L, xOTOpble OKa3aJIUCh CWJIbHEE M3YYEHHOTO paHee MpOMOTOpa IeHa
B646L (p72). C uenbio MOATBEPKACHUS PE3yIbTaTOB, HA CIEAYIOLIEM dTare padoT MbI PEIIIIN
MOJyYUTh PEKOMOMHAHTHBIE BHPYChl M TIPOBECTH aHAJINW3 IMPOMOTOPOB IIPU BHPYCHOM
PEIUIMKALNH.

B cBs13u ¢ 3TUM, 11€7BI0 JAaHHOM pabOTHI OBLIO MOTyYeHHE PEKOMOMHAHTHBIX BUpYycoB AUC
¢ pennoprepHbiM reHoM GFP nog koHTposiem npomotopoB reHoB D205R, A137R, 1267L n E184L.

J11s BBITTOJTHEHUS JAHHOM LIeIM HaMM OBUTH TIOCTABIJICHBI CIIEAYIONINE 3aJauu:

1. Ilony4uTh reHETHYECKHE KOHCTPYKIUH I CO3JaHUA PEKOMOWHAHTHBIX IITAMMOB
Bupyca AYC myTéM roMoJI0ruHyHON peKOMOWHAIIHH.

2. Ilonyuuts pexomMOuHaHTHBIE ITaMMbI BUpyca AUC ¢ penoptepHbiM reHoM GFP mon
KOHTPOJIEM ITPOMOTOPOB BHIOPAHHBIX T'€HOB.

3. IlpoBecTu mEepBUYHYIO XapaKTEPUCTUKY BPEMEHHU BKIIIOUEHHUS U CHUJIBI IIPOMOTOPOB
BBIOPAHHBIX T'€HOB C MCIIOJIb30BAaHUEM MOJTYYECHHBIX PEeKOMOMHAHTHBIX BUPYCOB.

Hawmu 6butn BeIOpans! mpomotopsl TeHoB D205L, AI137R, 1267L n E184L, xak Haubonee
cuibHBIC. 11 TOro YTOOBI MCKITIOYHUTH BIMSHUE 00JacTH reHOMa Ha CUJIY M BpeMsl BKIIOUCHUS
IpoMOTOpa, A7 BceX 4 peKOMOMHAHTHBIX BUPYcOoB reH GFP ¢ coOTBETCTBYIOMIMM MTPOMOTOPOM
Obul BKIIOYEH B IMpaBylo BapuabenbHyto yacTh reHoma Bupyca AUC mramma KK262.
[TpeumymectBom mramma KK262 sBusercs ero »QQexTHBHas pEIUIMKAIUs HE TOJBKO B
MIEPBUYHBIX KYJIbTYpax KJIETOK, HO U B IEPEBUBAEMBIX JIMHUAX KIIETOK, Hanpumep, COS-1.

Hawmu 6putn onmy4eHs! 4 reHeTH4ecKre KOHCTPYKIMU («PEKOMOMHAIIMOHHBIE KaCCEThI»),
koTopele coxaepxkanmu TeH GFP ¢ cooTBeTcTByrOIIMM INPOMOTOPOM, a TaKXKe «IUIeUn
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pexom6OuHanmm» (Larm, Rarm). Hykneotuanas mocneioBaTeIbHOCTbh HOTYUYEHHBIX KOHCTPYKIHMA
Obu1a Bepu(UIIMpOBaHa CEKBEHHUPOBAHUEM 110 MeTory CaHrepa.

MpbI UCTIONB30BaIM CKOHCTPYHMpPOBaHHbIE pekoMOMHanmoHHble KacceTbl pUnk GFP (c
npoMotopoM rena E184L), pI267L_GFP (c npomoropom rena 1267L), p11.5 GFP (c npomoropom
reda A/37R) u pD205R_GFP (c npomoTtopom rena D205R) s moidydeHUss peKOMOMHAHTHBIX
IITAaMMOB BHpYycCa a(ppUKaHCKOM YyMbl CBHHEH METOJOM TOMOJIOTMYHOM pexoMOuHauuu. J[ns
sroro kinetku COS-1 wunduuupoBamu Bupycom AUC mramm Congo-a (KK262) ¢
MHOXECTBEHHOCTHIO 3apakeHus | MOI. MuduunpoBanHble KJIeTKH HHKYOHpoBanu 2 yaca B CO2-
uHKyOaTope npu 37°C, mociie 4ero KIETKH NMPOMBIBAIM M MPOBOAMIN TPAHC(HEKLHUIO KIETOK
COOTBETCTBYIOIIEH PEKOMOMHAIIMOHHOM KacCeToM.

Cenexumio peKOMOMHAHTHBIX KJIOHOB BHpyca AUC oCylIecTBISIIM METOAOM MpeIeIbHbIX
pa3BelleHUIl BHPYCOCOJAEPKAILEN KyJIbTYpaJbHOM JKUAKOCTH Ha KyibTypax kietok COS-1 u
NEPBUYHON KyJIbType KIETOK MakpodaroB cBUHEW. B pesymbrate 7 payHIOB NpeAeibHBIX
pa3BeieHui ObUIM MOJy4YeHbl peKOMOMHaAHTHbIE mTaMMbl Bupyca AUC ¢ penopTepHbIM T'€HOM
GFP non xonTponem npomotopoB reHoB D205R, A137R, 1267L n E184L. [lepBuuHO€ HAKOILJIEHUE
BHUPYCHOT'O MaTepurasa MpoBOAMIHN Ha KyJIbType KJIETOK Makpodaros cBUHEH. [lanee momyyeHHbIH
MaTepHall ObUT UCTIOIb30BaH Ul HH(PEKUUHU KyJIbTypbl kileTok COS-1 11 noiyyeHus BUPYCHBIX
CTOKOB.

JUis  OIEHKM BpeMeHH BKIOUeHHs mnpomoropoB kietkn COS-1  wunpuuupoBanmu
MOJIyYCHHBIMH paHee PeKOMOWHAHTHBIMHU BUPYCaMH U MPOBOJMIN (OTO(PUKCALUIO BCEX MOJEH
JYHOK KaXKIpl yac B TeueHue 24 yacoB c ucnoib3oBaHueM cucteMbl « CELENA X». [lanee
npoBoAwan noAcu€r BpemeHHM pasropanuss GFP. Ananu3 BpeMeHu pasropaHus 3eJ1EHOTIO
¢yopecueHTHOro Oelika TOKa3aj, 4TO BbIOpaHHbIE HaMH 4 TPOMOTOpa T'EHOB BHpyca
appUKaHCKOM YyMbl CBHHEH SBIAIOTCA paHHUMU TNpoMoTopamu. [loiyueHHBIE TaHHbBIE C
HCTOJIb30BAHUEM PEKOMOWHAHTHBIX BUPYCOB COTJIACOBBIBATIMCH C TAHHBIMH, ITOJTyYCHHBIMH paHee
C MCIIOJIb30BAaHUEM F€HETUUECKUX KOHCTPYKIIHIA.

Jns ananuza cuitel sxcnpeccun kinetku COS-1, nHGUIMPOBaHHBIE MONTYYEHHBIMU paHee
PEKOMOMHAHTHBIMU BUpYCaMH, cooupainu yepes 24, 48 u 72 yaca v UCIIOIB30BAIH JUI U3MEPEHHS
of1iero KonuuecTBa Oenka U curHana (iayopecieHuuu. B kauecTBe pedepeHTHOTO MPoOMOTOpa
HCII0JIb30BaJIM IPOMOTOp T'eHa 4/37R. Pe3ynbTaTsl OKa3any, 4To CUia IpoMoTopa reHa £184L
B 5 pa3 BBbILIE 110 CPABHEHUIO C pehepeHTHBIM TPOMOTOPOM, criia mpoMoTopa rema D205R B 1,5
pa3 HUXKE 10 CPaBHEHHIO C pehepeHTHBIM IPOMOTOPOM, a CHjla MPOMOTOpa reHa /267L B 2 pasa
HIDKE TI0 CPAaBHEHHIO € pe(h)epeHTHBIM IPOMOTOPOM.

Takum 00pa3zom, B pe3yibTaTe MPOBEACHHBIX pabOT ObLTH MOITY4YEeHbl pEKOMOMHAHTHBIC
Bupycbl AUC c penoprepasiM reHoM GFP non koHTposieM npomotopoB reHoB D205R, A137R,
1267L n E184L. B xoa€e npeaBapUTEIbHBIX 3KCIIEPUMEHTOB MPOJIEMOHCTPUPOBAHO, UTO A/37R 1
E184L sastorcs Hamboliee CHIBHBIMH. XOTS M3y4eHHE mpoMoTopoB Bupyca AUC cBs3aHO C
HEOO0XO/IMMOCTBIO MOHUMAHUsI OMOJIOTUU BUPYCOB, XapaKTEpUCTHKa MPOMOTOpoB Bupyca AUC
MO3BOJIMT TOJIy4aTh PEKOMOMHAHTHBIE BUPYCHI C PAa3HBIM YPOBHEM U BPEMEHEM HKCIPECCHH
MHTEPECYIOIINX I'€HOB, YTO aKTyaJbHO JUIsl CO3/IaHUS KHUBBIX PEKOMOMHAHTHBIX BAaKIMH MPOTUB
AUC.
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FISH-KAPTUPOBAHUE HEHTPOMEPHOI'O U CYBTEJIOMEPHOI'O
IHOBTOPOB B BUBAJIEHTAX JIYKA PEITYATOI'O, IYKA-BATYHA "
I'MbPUJAX MEXIY HUMHA

E.A. CuiponsitoBal, H.A. Kyapsisuesa?, JI.U. Xpycrajesa':?
1 - Henmp Monekynapuou buomexnonozuu, PI'AY-MCXA um. K.A. Tumupaszeea, Mockea
127550; E-mail: katerinap1323@gmail.com
2 - ®I'BHY “Bcepoccuiickun Hayuno-Hccneooeamenvckuii Hncmumym
Cenvckoxozsaiicmeennou buomexnonozuu” (OI'bHY BHUHHUCE), Mockeéa 127550

Jlyk pemuatsiit (Allium cepa L.) Bo3nmenbiBaercs denoBedecTBoM Oosee 5000 ner u
o0yajjaeT He3aMEHUMBIMU MOP(OIOTHYECKUMH U XO35IICTBEHHO-IICHHBIMH XapaKTePUCTUKAMU
(Jones, 1983). Onnako, 3a ro/ibl BO3/IEIBIBAHUS U KYJIBTUBALMY OblIa yTepsiHA TIpeAKoBas popma,
a BMECTE C Heil U BaXHBIC CEIbCKOXO3SUCTBEHHBIC KauecTBa. JIyk-6aryH (Allium fistulosum L.),
ONMM3KOPO/ICTBEHHBIN BHJI, SBJISAETCS MCTOYHMKOM LIEHHBIX T€HOB JUIS YJIy4IIeHUS TeHOo(oHIa
JyKa penyatoro. A. fistulosum coaepKHUT TeHbl yCTOMUMBOCTH K psany 3aboneBanuii (Currah and
Maude, 1984; Galvan et al., 1997; Netzer et al., 1985; Ponti and Inggamer, 1984), umeeT BeIcCOKOE
CoJlep>)KaHUEM CYXUX BEIIEeCTB U oOnamaeT xonomocroikocthio (Meer and Bennekom, 1978).
HecMmoTpst Ha TaKCOHOMHUECKYIO ONU30CTh A. cepa U A. fistulosum, cenekuus Takux THOpUIOB
COIPsDKEHA CO 3HAYUTEIBHBIMH TPYTHOCTAMHU. MccienoBareny CTOIKHYIUCH C BBICOKUM YPOBHEM
CTepUIBHOCTHU TUILTOUAHBIX THOpUAHBIX GopM (F:1 u F2), a Takxke rubenbio mpopocTKOB THOPHIOB
BC: (Emsweller and Jones, 1935; Maeda, 1937). OnHoil U3 BEpOATHBIX NMPUUUH CTEPUIHLHOCTH
MEXBHIOBBIX THOpHI0B (2n=2x=8C+8F) siBisieTcs paznuyuue B 4aCTOTE M pacpepeICHUN XHa3M
— IMTOJIOTUYECKUX TPOSBICHHA KpoccuHroBepa. Y A. cepa mnpeoOiafaeT AMCTAIbHOE
pacrioyio’keHue XuasM, B TO BpeMs Kak y A. fistulosum — npokcumanbHoe (Kudryavtseva, 2023).
Paznuuust B pacrpeneneHud XuasM MeEXIy PpOIUTEIbCKUMH BHIAMH MOTYT HPUBOJAUTH K
HapyIIEHUsIM KOHBIOTAIMM XPOMOCOM B Mei03e MEXBHIOBBIX T'MOPUIOB U (OPMHPOBAHUIO
HE)KM3HECNOCOOHBIX TaMeT. AHalU3 paclpeleseHUs] XHa3M OTHOCUTENBHO IIEHTPOMEpHl H
TEJIOMEPHBIX OKOHYAHHH HAa MOHOXPOMHO OKPAIICHHBIX MEHOTHYECKUX XPOMOCOMaX TOBOJIBHO
CJIO’KHAS 3a/1a4a.

[{espr0 HaIIUX HMCCIECIOBAHUM SIBISIETCS BHU3yalM3alus TEJIOMEPHBIX OKOHYAaHUM U
[IEHTPOMEPHI Ha MEHOTUYECKUX XpoMocoMax A. cepa u A. fistulosum v Fi THOPUIOB MEX Ty HUMU
C UCTIONIb30BaHUEM QuryopecueHTHOH in situ Tudpuauzanuu (FISH).

FISH mno3Bomsier BusyanusupoBaTh mnocienosarensHoctd JIHK Ha Qusnueckux
XpoMocoMax myTteM ruOpuauzanuu (parmentoB MeuenHoi JIHK-mpoOGsl 1o mnpuHUIHMITY
koMmiuieMeHTapHoctu ¢ JIHK Xxpomocom, uTo nenaer €€ He3aMEHUMBIM HMHCTPYMEHTOM B
HCCIIEIOBAaHUH Mei03a MEeXBUAOBBIX THOpuaoB. [t Hameit pabotel B kauectBe JJHK-11po6 M
MCTOJIb30BaIM HanpsaAMyto MeueHblil [ILP-nponykT caremnurnoro nosropa Afill, pasmepom 109
bp, dyukumnonansHoit neaTpomepsr (Nagaki et al. 2012) u FITC-meueHbIl OJIMTOHYKICOTHI,
pazmepoM 59 bp, Ha cydrenomepnsiii moBTop (Irifune ef al., 1995). IlpumeHeHne dTHX MapKepoOB
MIO3BOJIMJIO TIOJTYYHUTh YETKUE U SAPKUE CUTHAIBI HA IEHTPOMEPHBIX M CYOTEIIOMEPHBIX y4acTKaxX
XpOMOCOM B OuBaneHTax A. cepa u A. fistulosum v Fi THOPUIOB MEXTy HUMHU.

Hcnons3oBanne FISH B anann3se Meiio3a ABIIETCS YaCTHI0 KOMIIJIEKCHOI'O MCCIICIOBAaHMA,
HAMpPaBIIEHHOTO Ha W3YYCHHE MEXAaHM3MOB PEKOMOMHAIIMM, YTO MOXET CIOCOOCTBOBATH
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NPEOIONICHUIO cTepuiIbHOCTH F1 rubpunoB mexny A. cepa u A. fistulosum U pacmIMpeHUIO
BO3MOKHOCTEH CEJIEKLIUU JTYKOB.

JanpHeimmm 1maroM paboTsl sBisieTcst moctaHoBKa ogqHoBpemenHoi GISH (I'enomHuoit /n
Situ I'nbpuanzanun) u FISH na mexsunoBom rubpune Fi mexny A. cepa u A. fistulosum. Takoit
MOJIXO/ MO3BOJUT HIACHTU(UIIMPOBATH POAUTEIHCKHE T€HOMBI B TOMEOJIOTUYHBIX OMBaJeHTaX
ruOpuga ¥ TOYHBIN aHANU3 JIOKAJTU3AIMM XUa3M OTHOCHTEIBHO ILEHTPOMEPHI M TEIOMEPHBIX
OKOHYAaHWM.

HccnenoBanue ObUIO BBIIOTHEHO MpH noanepxke rpanta PH® Ne24-76-10037.
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JOITOJHUTEJIBHBIE OTKPBITBIE PAMKU CYUTBIBAHUS B
MOBMWJIBbHBIX DJIEMEHTAX PACTEHUI: 3BOJIIOIIMOHHOE
PA3SHOOBPA3UE U ®YHKIIUOHAJIBHBIN IOTEHIUAII
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MoOupHbIe reHeTHIecKre dieMeHTsl (MI'D) nmpeacTaBmistoT co0oii MoCae10BaTEIPHOCTH
CIOCOOHBIE K TIEPEMEIICHUIO U aMIUTH(UKAIIUN BHYTPH F€HOMA, OHU 3aHUMAIOT 3HAYUTEIbHYIO
9acTh TEHOMOB PACTEHUI U UTPAIOT KIFOYEBYIO POJIb B MIX dBOJONMHU U afanTtanuu [1]. Hapsny ¢
6a30BbIMU OenkamMH, HeOOXOAMMBIMHM JJIs1 TpaHcno3uuuu (Tpancno3asa y JIHK-tpancno3onoB u
GAG-POL y LTR-perpoTpaHcno30oHOB), HekoTtopble MID coxepxaT AONOIHUTEIbHbBIE
OTKpBIThIE paMKu cuuThiBaHus (AORF), pyHKIIMU KOTOPBIX OCTAIOTCS MAJIOU3yUeHHBIMH [2, 3, 4].

B HactosimeMm wuccrienoBaHMM HaMu Obuta paspabortana mnporpamma JumpORF s
cucreMatnyeckoro noucka u anHotanuu aORF B MI'D B reHoMax pacteHuil. AHaiu3 BBIIIOJIHEH
Ha TATH BUAAX TPEX MOAETBHBIX ponoB — Arabidopsis, Oryza u Solanum. J{ns cHmkeHHS
KOJIMUYECTBA JIOXKHOIIOJIOKUTEIBHBIX NpeAcKazaHuil B npouecce anHotauuu aORF noaseprarorcs
¢GwIbTpauu TO cIexyroImuM KputepusM: (i) inHa Koxupyemoro Oenka He Menee 100
aMHHOKUCIIOT; (11) HaTM4Ke He MeHee TPEX KOMUH B MpeJiesiax 0THOTO TeHOMa (C MIEHTHYHOCTBIO
>80%). [Tomyuennpie aORF Obutn Ki1acTepr30BaHbI B OCIKOBBIE CEMEHCTBA C UICHTHYHOCTHIO >
80% 1o MOCIeI0BaTEILHOCTAM KOJUPYEMBIX UMHU OCJIKOB JUIs KaxIoro poaa. B mocienyromem
aHaJM3€e MPOBOJIWIACH JOMOJHHUTENbHAS (PUIBTpPAIMS CEMEHCTB MO HAIMYHIO KOHCEPBATHBHBIX
JIOMEHOB B TIpeziesiax ceMeicTBa (1o 6a3e KoHcepBaTUBHBIX OeIKoBbIX JoMeHOB CDD), cxoncTBy
¢ 6enkxamu u3 6a3bl UniProtKB ¢ naentuunoctsio > 60% u nokpsitreM > 50% aMUHOKHCIIOT OT
pedepeHcHOro Oenka Wi MPUCYTCTBUIO B OEJIKOBOM CEeMEHCTBE aHHOTAIMM U3 HE MEHee JBYX
BUJIOB B IpeJeiax poJa.

B pesymbrate Hamm Obuto umaeHtuummponano 5229, 13547 wu 11539 aORF,
00beTMHEHHBIX B 269, 426 1 421 6enxoBoe ceMeicTBO A ponoB Arabidopsis, Oryza u Solanum
COOTBETCTBEHHO. [TpocTtpancTBEeHHOE pacrpenenenue UACHTUYHOCTHU OEIKOBBIX
nocjenoBaTeIbHOCTE  Mexay — uHaAuBHAyanbHbIMH  aORF-komupyembiMu — Oeixamu,
BU3yaJIM3UpOBaHHOE nIpu nomomu Meronga UMAP, nokasano 4eTKyro KIacTepU3aLHI0 II0
(YHKIMOHATBHBIM aHHOTAIMAM, mpenckazanHsiM o CDD. Ot 48.7 mo 66.5% cemeiicTB He
UMEIOT (YHKIIMOHATBHBIX aHHOTALMN WM TOMOJIOTOB CPEIM M3BECTHBIX OCJIKOB M, BEPOSATHO,
NPEJCTABISAIOT PEIKUE WIM HEJAaBHO BO3HHUKIINE (YHKIHMOHAJBbHBIC THUIBI. DYyHKIMOHAIBHOE
pasznoobOpaszue aORF paznuuaercs mexay ponamu: y Arabidopsis npeo0manator OeKu, CXOTHBIC
CO CTPYKTYPHBIMHU KOMIIOHEeHTaMu XpoMmocoM (SMC u kuHeToXopHbIe 6enkn), y Oryza - 6enKku ¢
CO CBS3BIBAIOIIMMHU HYKJIEMHOBBIE KHCIIOTHI JAOMEHaMH, y Solanaceae - Oenku, CXOIHBIE C
envelope-no00HBIME OElIKaMU PETPOBUPYCOB.

[TonmyyeHHble pe3yabTaThl JEMOHCTPUPYIOT 3HAauuTENIbHOE pazHooOpazue aORF B
TPAHCIO30HAX PACTCHUN U MOAYEPKUBAIOT UX POJIb KaK HCTOYHHUKA HOBBIX OCTIKOBBIX (DYHKITHIA.
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XAPAKTEPUCTUKA TEHETUYECKO#M PE3SUCTEHTHOCTH K
BUPYCY BUCHA-MAEJIU Y POCCUICKUX MOPO/ OBEIL]

Sxosaesa O.C. !, Jlennckosa T.E. !
1 - OI'BHY «®edepanvhulii ucciedosamenbcKuilt yeHmp Hcueommuogoocmea — BUK umenu
axkademuka JI. K. Ipucmay (OI'bHY ®HI] BU/K um. JI. K. Ipucma), noc. /[yoposuupi, 0. 60,
2. 0. Ilooonvck, Mockosckaa odnracms, Poccuiickaa @eodepayus, 142132, e-mail: priemnaya-

vij@mail.ru.

OBLIEBOACTBO MMEET Ba)KHOE SKOHOMHMYECKOE 3HAUEHHUE, TaK KaK CIIY)KUT B KauyeCTBE
CBIPbEBOI 0a3bl ISl MUIIEBOM M TEKCTUIIBHOM NMPOMBILIUIEHHOCTH. B HacTosmee Bpemsi, B HalIen
CTpPaHe, Pa3BEICHUE OBEL] 3HAYUTEIIBHO OTCTAaET OT IPYTUX OTpacield >KMBOTHOBOACTBA. Jlis
CENIbCKOTO XO035IIICTBAa OCTPO CTOAT MPOOIEMBI HEOOXOIUMOCTH CO3JJaHHUSI HOBBIX OTEUECTBEHHBIX
BBICOKOTIPOYKTUBHBIX IMOPOJ, a TAaKKe COXpaHEeHHe TeHO(OHIa HMEIOMIUXCS TMOPOA U €ro
palMOHATPHOTO HCMOJB30BAaHUS, a Takke pa3paboTka METONOB OOBEKTUBHOW OIICHKH
TEHETUYECKOT 0 IOTCHIMAJIA U PA3BUTHE MAPKEP-OPUECHTUPOBAHHOMN CEJICKLIUH, HAIIPABICHHOM HA
yJIy4IIeHUE MPOAYKTUBHBIX KaUeCTB U YCTOMYMBOCTH K 3a00JIEBaHUSM.

Bupyc Bucna-Maenu (Visna/Maedi) npunamiexut K JIeHTUBUpycaM MENKUX >KBAUHBIX
#uBOTHBIX (SRLV) oTHOcATCS K CeMEHCTBY OO0OJOYEHHBIX BHUPYCOB Retroviridae, KOTOpBIE
3apakaloT OBEIl M KO3, BBI3bIBAsl XPOHUUYECKHE MTPOrPECCUPYIONIe 3a00IeBaHuUs, N3BECTHbIE KaK
BHUpYyC nporpeccupytonieit nueBmonnu osell (OPPV — nasBanue, ucnonszyemoe B CIIA) win
Bupyc Bucna-Maegu (VMV-B  gpyrux  crtpanax).PacmpocTpaHeHne — XpOHHMYECKHX
neHTHBUPYCHBIX uHGeknuit (SRLV), CcHWKAIMUX OPOAYKTUBHOCTh M yBEIMYUBAIOIIUX
CMEPTHOCTb KMBOTHBIX, SIBJIIETCS IPUYMHON 3HAUYUTENIBHBIX 3KOHOMHUYECKHX IOTEPHh B
oBueBojcTBe. llpu mnomamaHum BHUpyca B BOCIPUUMYMBOE IIOTOJIOBBE OBEL] €)KEroJHas
CMEpPTHOCTh MOXeT jgocturatb 30% cmycTss HECKOJbKO JeT mocie uHpuiupoBanus. Ilpu
CyOKkIuHUYeCKOoU popme HH(DEKINH Y 3apaskeHHBIX OBell Ha0IIoAaeTcs ocnabieHne UMMYHHTETA,
YMEHBIIEHNE IUIOAOBUTOCTM W CHW)XKEHME IPONYKTHUBHBIX KaydecTB. Bupyc mmpoko
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pacmpoctpaneH, k npumepy, B CIIIA derBepTh oBell 3apaxkeHa OPPV, a B TpeTu oBueBOgUYECKUX
X035IUCTB UMEIOTCS ’KUBOTHBIE-HOCUTEIH (MMEIOT MOJIOKHUTEIbHBINA CTATYC).

Jnist 3a00neBaHys, BBI3BAHHOTO BUpycoM BuicHa-Maenu, XxapakTepeH KpaiHe UM TeTbHbINA
JATEHTHBIA MEPHUOJ, CUMITOMBI HE MHPOSBIAIOTCS B TEYEHHE MHOTHX JIET, YTO MOXET OBITH
naryOHO Ui OCTPAAABIINX MOMYJIAIMA, TaK KaK ypPOBeHb MH(PHUIMPOBAHUSI BO MHOTHX CTalax
npesbimaer 50% K TOMy BpeMEHH, KOT/la MOSBISIOTCS KIMHUYECKHE NPU3HAKU U OOJIe3Hb
OUarHOCTHpYyeTca. Y  OBEll JaHHBI BHUPYC BBI3BIBAET XPOHUYECKHE HEU3JICUMMbIE
MIPOTPECCUPYIOIINE BOCTAIUTEIbHbBIE MPOIECCHl U MOPakaeT HEPBHYIO cHcTeMy (HUe(auT),
JbIXaTEJIbHYI0 CUCTEMY (ITHEBMOHUS ), MOJIOYHYIO XeJle3y (MacTUT) U CyCTaBHbIE COUIICHEHHUS.

Kpome  TOoro, 0coOEHHOCTBIO  JAHHOTO  BHUpyca  SBIAETCS  TI'€HETHYECcKas
rUNepBapuadenbHOCTb, YTO SBJSIETCS MPUISATCTBHEM Ui pa3paboTKU 3((EKTUBHBIX BaKIUH,
MOTBITKH CO3J]aHMUS KOTOPBIX TIOKa HE YBEHYAJIUCh YCIEXOM, a B HEKOTOPBIX CIIydasx
SKCHEpUMEHTAIbHbIE BaKIMHBI Jake€ YCWIMBaIM uHOpeKnuio. JleueHne JIEHTUBUPYCHBIX
MHQEKIUI aHTUPETPOBUPYCHBIMHU IIpETapaTaMy y OBell SKOHOMUYECKH HEpEeHTa0eIbHO, 110 3TOH
IIPUYMHE BO3POC UHTEPEC K CEIEKIMH Ha IOPOAHYIO IT€HETUYECKYI0 YCTOMUNBOCTU K BUpycy MB.

I'en tpancmemOpannoro Oenka 154 (TMEMI154) Obin ommcan B psjne 3apyOeXHBIX
MCCIICZIOBAaHHM, TMOCBSIIEHHBIX W3YYEHHUIO TaHHOM MpoOJeMbl, B KaueCTBE OCHOBHOTO TI'€Ha-
KaHIHaTa, BapuUalil KOTOPOTO CBSI3aHHBI C BOCIPUHUMUYMBOCTBHIO/YCTOHMUMBOCTBIO K BucHa-
Maenu, 4TO JenaeT BO3MOXKHBIM pa3paboTKy 3(PQEeKTHBHON TeCT-CUCTEMBbI, IO3BOJISIOLICH
BBISIBJISATH )KUBOTHBIX, YCTOHYMBBIX K JAHHOMY 3a00JIeBaHMIO. M3ydeHre reHeTHIEeCKUX MapKepoB
YCTOMYUBOCTH, TakuX kKak TMEM 154, 1o3BonuT pa3padboTarsb 3(h(peKTUBHBIE CTPATETHH CETCKIIH
YCTOMYUBOTO MOTOJIOBBS], YTO OCOOCHHO BA)KHO B YCIOBHSX OTCYTCTBUS JICMCTBEHHBIX BAKIMH H
TEpareBTHYECKUX METOIOB.

B 2024 rony B nepedeHp Ba)KHEWIINX HAYKOEMKHX TEXHOJIOTUIN BKIHOYEHA KPUTHUECKAsS
texHojoruss Ne 7 «TexHonorusi MOBBINIEHHS NPOAYKTHMBHOCTH (B TOM 4YHCIE C ITOMOIBIO
CEJIEKIIUH) CEIbCKOXO3SHCTBEHHBIX JKUBOTHBIX M UX YCTOHUMBOCTHU K 3200JI€BAHUSIM.

AKTyanpHOH 3a/1a4eii A5 uccienoBanus Oyner onpeaenenue amwieneit B SNP ykazanHoro
reHa [yl U3y4aeMbIX BHIOOPOK OBEI] POCCHUUCKUX MOPO. Y CTOMYMBOCTH MJIM BOCIIPUUMYHBOCTD
KUBOTHBIX ompezaensercsa nonumopdusmom rena TMEM154. T'enotunpoBanue noauMopdusma
JAHHOTO TeHa HEOOXOOUMO Ui TUTAHUPOBAHHS CEJEKIHOHHO-TUIEMEHHOH paboThl € IEINbIO
CHIDKEHHS JIOJM BOCTIPUMMYHUBBIX K BUPYCY OCOOEi.

Lenpto Hammx w#cciaenoBaHUN Oblla TEHETHUYECKas XapaKTepucCTHKa amsenodoHaa
poccuiickux mopoxa osen o SNP rena oBeubero tpancMmemoOpannoro Oenka 154 (TMEM154)
OAR17 5388531 (rs414338245), accouMMpOBAHHOTO C TEHETUYECKON YCTOMYMBOCTBIO K BUPYCY
Bucna-Maenu.

Pabora BeImonHssach Ha 0a3e 00OpyNOBaHMS IEHTPA KOJUIEKTUBHOIO MOJH30BAHUS
«buopecypcsl 1 OMOMHKEHEPHUS CETbCKOX03IiCTBEHHBIX )KUBOTHRIX» OI'BHY OUIL] BUXK nwm. JI.
K. OpHcra. buomaTtepuanoM sl UCCIIETOBAHMS TIOCTYKUIH 00pa3Ibl TKAHH (YIIHBIE BBIIIUIIBI),
MOJly4eHHbIE OT oBel, conepxkammxcs B [13 «Jlamoxkckuity, a Takke oOpaslbl TKAaHU OT
NpEJCTaBUTENICH TOpPOJA, HMEIoIecs B OMOpEeCYypCHOM KoJUIeKUMH «baHK TeHeTHYecKoro
Marepuaia JOMAaIHUX U AUKUX BHUJIOB KUBOTHBIX M mtuilbly GI'BHY OUIL BUXK um. JLK.
OpHcra (3apeructpupoBaH MunoOpHayku PO No 498808): roxnas wmscHas (n=108),
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MexmnoponHbele Kpoccel F1 mopox roknas wmsicHasxkataguH (n=33),3nunbbaeBckas (n=69),
KanMblilkas (n=49), kapauaeBckas (n=67). nesrunckas (n=100), TyBuHCKas (n=52), ropHo-
anraiickas (n=32), kyiosimenckas (n=137), ropHast narecranckas (n=53), rpo3HeHckas (n=42),
canbekast (n=63), monronbckas (n=50), oceTuHckas (n=66), Bonrorpajackas (n=43), karymckas
(n=11), rymmnuckas (n=40), kynynaunckas (n=31)

I'eroTunsl oOBelL, acCOLMHUPOBAaHHBIE C YCTOWYMBOCTBIO K BHUpycy Bucna-Maenn,
ompenensnun  npu nomomu [P B peansHOM BpemeHu @parmenta rena TMEMI54.
Ammundukanuio npoBoauau Ha npudope Applied Biosystems QuantStudio S(CILA).

Ananuz nonumopdusma reHa TMEMI54 mokas3an Haquuue B M3YyYaeMbIX BBIOOpKax
XKUBOTHBIX ABYX amened —C u T.

HonyquHHe PE3YIbTAThI CBUACTCIILCTBYIOT O JOMUHUPOBAHUHN AJUICIIA Cs HCCIICAYCMBIX
MOMmyJIInrugaX OBCII.

Amnens C rena TMEM154 accoluupoBaH € MOBBIIIEHHON BOCIPUUMYHBOCTBIO OBEL] K
nertuBupycam. CorjaacHoO MoJy4YeHHBIM JTaHHBIM, OOJBIIMHCTBO 0CO0EH M3 M3yYEHHBIX BEIOOPOK
OBELl POCCHMCKHUX MOPOJ OKa3aJIMCh BOCIPUHUMYUBHI K 3a00JI€BaHHIO, U SBISIOTCS HOCUTEISAMU
HEXXEJIATEIbHOTO AJIs CEJIEKIINM aJuIeIs.

B cBs3u ¢ BBICOKOW pacnpOCTPAHEHHOCTBIO AJIENS, CBA3AHHOIO C HEYCTOMYHMBOCTBIO K
MHQEKIUH B MOMYJSIIHUAX POCCUHCKUX TOPOJ OBEIl, YMECTHBIM OYJEeT BBEJICHHE U pean3aliys
TCHETUYECKOTO CKPUHHMHIAa Ha YCTOWYMBOCTb JKUBOTHBIX K BHUpYyCy BucHa-Maenu u ero
BKJIFOYEHHUE B IIPOrPAMMBbI MAPKEP-OPUECHTUPOBAHHON CEICKLIUH.

B xoze npoBeieHHOTO HCCIeI0BaHus, Y OOJIBIINHCTBA TPOAHATHU3UPOBAHHBIX ITOMYJISIIUN
HE OBLJIO BBIABICHO T€HETHYECKON YCTOWYMBOCTH K BUpyCy BrucHa-Maenu, kak 1 'y OOJIbIIMHCTBA
3apyOeKHBIX. VICKIIOYEHUSMHU SIBISIIOTCS BBIOOPKH KYJTYHIMHCKOHM, CajJbCKOW, JAarecTaHCKOM
TOPHOI M Tpo3HEHCKOM nopoa. [lonyueHHbIe JaHHBIE SIBIISIOTCS MPEABAPUTEIBHBIMY, I OoJiee
MOJTHOTO aHaJIN3a HEOOXOAMMO YBEIMYUTh KOJIUYECTBO )KUBOTHBIX B BBIOOPKAX.

Paboma oOviia evinornena npu @uuancogou noodepoiicke Munucmepcmea HayKu u
gvicuieco obpasosanus Poccuiickou ®Dedepayuu 6 pamxax 20cyo0apcmeeHHo20 3a0aHus
(pecucmpayuonnsiii Homep ETHUCY memor HUP FGGN-2024-00135).

MOJIEKYJISIPHO-DBOJIIOLIMOHHBII AHAJIU3
JTOMECTULIMPOBAHHOI'O BEJKA GAG PETPOTPAHCIIO30HA
Ty1/Copia ¥ JBYJOJbHBIX PACTEHUI

Suymkesna M. A.!2, Ioaxosckuii A. B. 12, Kupos U. B. 12
1 —®@I'A0Y BO «MockoecKkuii (puzuko-mexHuuecKuil uHcmumym (HayuoHa1bHblil
uccnedosamenwvckuil ynusepcumem)y, /lonzonpyonstit 141707; E-mail:
maria.yanushkevich7@gmail.com
2 — @I'BHY «BcepocculicKuil HAy4YHO-UCC1€008AMeNbCKUL UHCIUMYM
cenbckoxosaiicmeennoil ouomexuonozuuy (PI'bHY BHUUCE), Mockeéa 127550
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dGAG mnpexacraBisier coboil nomecTulpoBaHHBI Oenok GAG peTpoTpaHCIo30HA
Tyl/Copia, cuutelii ¢ TpanckpuniuoHHbBIM (akropom KELP. Jlansblii 06enok MIMpOKO
pacrpocTpaHeH y ABYIOJbHBIX PACTEHH, OJJHAKO ero (yHKIMS Heu3BecTHa. i1 Toro, 4ToObl
MOJATBEPAUTH 3HAYNMOCTh JAHHOTO Te€HA, MBI ITPOBEJIM 3BOTIOIMOHHBIN aHanmu3 romonoroB dGAG
A. thaliana cpenu npyrux pacTUTEIBHBIX OPTaHu3MOB [1].

I'omonoru 6enka dGAG ObutH MASCHTU(OUITUPOBAHBI CPEAU PA3NIUYHBIX MPEICTaBUTENEH
IBYJOJIBHBIX pacTeHui ¢ ucnoib3zoBaHueM tBLASTn m ananm3a NTOMEHHOM apXUTEKTYphl B
InterPro. JIns mocnemytromero ananmsa Mbl B3suid 15 mocnenoBatenbHocTet dGAG U3 pa3HbIX
TaKCOHOB.  MHOXXECTBEHHOE  BBIPAaBHHBAHWE aMUHOKHUCIIOTHBIX  IIOCJIEI0BATEIbHOCTEM,
BeinmosiHeHHOe B Clustal Omega, moaTBepAMiIo KOHCEPBATUBHOCTD (DYHKIIMOHAJIBHO 3HAYUMBIX
nomenoB: DEC-C, pl5, GAG wu zinc finger (ZF). Ha ocHOBe maHHOTO BBIpaBHUBAHUS OBLIO
noctpoeHo Quiorenernueckoe nepeBo B IQ-TREE. [lns u3yueHus TpexMepHOH CTPYKTYpHl H
BaJWIAlM IOMEHHOW OpraHu3anuu ObuUTH mocTpoeHbl Mojaenu B AlphaFold3. DBomrormonnas
JMHAMHKA W JaBJICHHE OTOOpa OIEHMBAIMCH C MOMOIIBI0 mporpaMmMmbl PAML v4.9] merogom
MaKCUMaJIbHOTO TpaBaononoous. Jlns ananmsa nasienuss oroopa B PAML ucnonb3oBaiuch
BbIpaBHUBaHUE Koaupyroomux nociegoatenbHocted MPHK Ha ocHoBe xogonoB (MAFFT) u
¢uorenernyeckoe aepeBo, panee nocrpoennoe B [Q-TREE.

DuUIOreHeTHYCCKUI aHalIM3 MoKaszan, 4rto s3Bomonus romonoroB dGAG B meinoMm
COOTBETCTBYET OOIMIEHPUHATON (QuIoreHnn IByAONbHBIX (cuctema APG 1IV), udro
CBUJCTENHCTBYET O JAPEBHEW NOMECTUKAIIMH I'€HA U €ro MOHO(DHUIUTHYECKOM MPOUCXOKICHUH.
MopenupoBaHue TPEXMEPHBIX CTPYKTYP BBISIBUIO CXOXKYIO MPOCTPAHCTBEHHYIO OpraHU3aIUIO
KOHCEpPBATUBHBIX JIOMEHOB Y Pa3HBIX OpPraHU3MOB. AHAIU3 CEJIIEKTUBHOIO JABJICHHS BBISBUII
npeobiaganue ounmaroniero oroopa (dN/dS < 1) mo Bceil mociae10BaTeIbHOCTH, YTO YKa3bIBaeT
Ha (YHKIMOHANLHBIC OTPAHWUYCHUS WU BAXKHOCTH Oenka ans opraHu3Mma. [lpu sTtom ObuLin
OOHApyKEHBl OTICIBHBIE CAWTHI, JEMOHCTPHUPYIONINE MPHU3HAKA MOJOXKUTEIHHOTO 0TOOpa,
KOTOpBIE MOTYT OBITh CBSI3aHBI C a/IaNTAllMEl K OMpeAeICHHBIM MTPOIIECcaM.

[TonyyeHHble AaHHBIE — KOHCEpBAaTHUBHAs JOMEHHAs apXHUTEKTypa, COOTBETCTBHE
BUJIOBO (PMIIOT€HUH 1 MpeobIiaiaHie OUUIIAIOIIET0 0TOOpa — SBJISIFOTCA BECKUMH KOCBEHHBIMH
CBHUJICTEJIbCTBAMHM BaXXHOM (QyHKUMOHANbHOH 3Haummoctu Oenka dGAG B pacTHTENbHBIX
opranusmax. JlanpHeillime  ucclieOBaHUs,  HampaBlEHHbIE Ha  SKCIIEPUMEHTAIbHOE
noarBepxaeHue GyHkuun dGAG, moMoryT pacKpbITh €ro KOHKPETHYIO pOJib, MOTEHIIHAIBLHO
CBSI3aHHYIO C IMMYHHBIM OTBETOM Ha BUPYCHBIE 3a00JI€BaHHS y paCTEHUI.

Cnucok JiuTeparypsbl:
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KiieTouHbIe OMOTEXHOJIOT UM, PErYJAATOPbI POCTAa U
Pa3sBUTHSA PACTCHUU

POJIb IPOTPAMMMPYEMOM KJIETOYHOM 'IBEJIU B

OHTOI'EHE3E PACTEHU

Hoponuna T.B. 1, JTazapesa E.M. 12,
1 — Mockoeckuii zocyoapcmeennbuiil ynugepcumem umenu M.B. Jlomonocosa, buonozuuecxkuii
daxynomem, xaghedpa knemounoii 6uonozuu u cucmonozuu, 119234, Poccus, Mockea, /Ienunckue
2opul, 0. 1, .....cmp. 12, e-mail: matveevatatiana.94@yandex.ru
2 — @I'BHY «Bcepoccuiickuii HaQy4HO-UCC1e006AMETbCKUIL UHCIUMY M

cenvckoxo3aiicmeennoii ouomexnonozuuy (OI'6HY BHUUHCHB), 127550, Mockea, Tumupazeeckas,
42

[IporpamMmupyemas knerounas rudens (IIKT) sBrasiercs GpyHIaMeHTaIBHBIM MIPOIIECCOM B JKU3HU
pacTeHuid, 00ecTIeUBaIOINM UX HOPMAaJIbHOE Pa3BUTHE U 3aIIUTY OT Pa3IMUHBIX CTPECCOBBIX (DAKTOPOB.
OTOT MEXaHU3M UTpaeT KIOYEBYIO POJIb B (HOPMUPOBAHUH PACTHTENBHBIX TKAaHEH U OPraHoB, a TaKXKe B
OTBETE Ha OMOTHUYECKHE U a0MOTHYECKHE BO3ICHCTBUSI.

Boimensitor  nBa  ocHOBHBIX  (yHkuumoHanbHeIXx Tuma [IKI. TlepBelii TuUn cBA3aH C
muddepeHIUpoBKON TKaHEeH M MpoLeccoM crapeHus, oH Ha3biBaeTcs developmental-induced (dPCD).
Bropoii Tun HHAYLIUpYyeTCs ASHCTBHEM Pa3IUUHBIX CTPECCOBBIX (PAKTOPOB M Ha3bIBaeTCs environmental-
induced (ePCD) (Olvera-Carrillo Y. et al., 2015)

[Io mopdomoruueckuM NpU3HAKAM pazIUyaroT JBa OCHOBHBIX BHJA KJIETOUYHOW rubenu.
BakyonsipHast (ayronmuTHyeckas) THOENIb XapaKTepU3yeTCsl YBEIMYCHHEM KOJIMYECTBA JIMTHYECKHX
BaKyolleH, JenojuMepu3aliedl MHTOoCKeneTa M mocienyromeii  ¢gparmenramueit JIHK. Tlporecc
3aBepIIAeTCA Pa3pblBOM TOHOIIACTa M Jerpajaluell KIETOYHOro coaep:kumoro. IIporpaMmupyemsliit
HEKpPOo3 (HeayToIUTHIECKas THOeIb) COMPOBOKAACTCS MOTEPEH LENOCTHOCTH IIa3MaTHUECKONH MeMOpaHbI
MIPY COXPaHEHWU OPTaHeIUI JI0 MO3AHUX CTaJAWH mpouecca. DTOT TUI THOETIH YacTO Ha3bIBAIOT aroNTo30-
nim Hekpo3omnonooHeM (Van Doorn et al., 2011).

AyTodarusi BBICTYIIaeT HE TOJBKO MEXaHHM3MOM BBDKMBAHHSA, HO U BaXHBIM KOMIIOHEHTOM
peryJsiuy KJIEeTOYHO! rulenn. DTOT mpolecc BKIoYaeT popMupoBanue ayToharocom ¢ yuactuem OenKoB
ATG u ux mociaenyoourylo A0CTaBKy B Bakyosib. AyTodarusi y pacTeHUH MHOTJa pacCMaTpUBAETCS Kak
KOMITOHEHT BaKyOJISIpHOU THOEH.

B perymauun IIKI' y9acTByIOT pasnuuHble TpyIIbl MpOTea3, MPEXkAE BCEro IUCTEHHOBBIC
npoteasbl (VPE, MeTakacnassr), cepuHoBble poTeassl (puracmasel). Kacnas y pactenunii HeT. BeisscHeHBI
HEKOTOpBIE KIIOUEBBIC TPaHCKpUMIHOHHBIE (akTopel u peryisaropsl [IKI y Arabidopsis. B nocneanee
Bpems BBelneH TepMmuH deathosome. Deathosome mpencraisier co0oi KIIIOYEBOH KOMILIEKC OEIKOB-
perynsitopoB IIKT, Bkmtouatommii 6enku EDR1, ACD32.1, PAD4, EDS1 u SERPINT.

Oco6ennsiii uatepec [IKI npencrasisier B pa3BUTHU ceMeHH, T.K. 6e3 nmpouecca [IKI" HeBo3MOkHO
npaBwibHOE (OpMUpOBaHME TKaHEH MOJHOLEHHOTO 3apOABIILIEBOTO MeEIIKa M CEMEHH Yy BCEX
MTOKPBITOCEMEHHBIX PACTEHUI.

[Ipu pa3BuTHH 3apOABIIIEBOTO MEIIKA TPU U3 YeTbIpex Meracnop noasepratorcs [IKI. Cuneprust
noru0aroT B XOA€ JBOWHOTO OIJIOAOTBOPEHUS. AHTUIOAAIbHBIC KIETKH Yy OOJBIIMHCTBA PACTCHUHN
JETEHEPUPYIOT BCKOPE IOCJE OMIOAOTBOPEHHUs. [loIBECOK M HIOCHEPM BBIIONHSAIOT TPOYUUECKYIO
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¢ynkumio u mozasepratorcst [IKIT mocne BbeimonmHeHusi cBoux 3azad. KietouHod rubenu Takke
MOJBEPraloTCs KIETKH HYLETyca 1 MHTETYMEHTOB CEMEHHU.

B nameit pabote Mbl H3ydany KIETOYHYIO THOEh aHTHIIOJAIBHBIX KJIETOK 3apOABIIICBOIO MEIIKa
MIICHHUIIBI.

AHTHIIOANBHBIE KJIETKH UTPAlOT BAXKHYIO POJIb B CTPYKTYpPE 3apOJBIIIEBOIO MELIKA, BBIMOIHSISL
¢yHkumu Oappepa W oOecredeHHs HEKJIETOYHOTO SHAOCIEpPMa MUTAaTeNbHBIMU BemiecTBamH. OHHU
pacronaraloTcs MeX Iy MaTepUHCKIMHU TKAHSIMH U SHIOCIIEPMOM, KOTOPBIH PopMuUpyeTcs mocie mporecca
nBoitHOTO orutofoTBopenus (Chaban et al., 2011).

[Ipeamonaraercs, 4TO AHTHUIIOJAJIBHBIC KJIETKH >KCHCKOTO ramero(ura BBIONHSIOT BasKHBIE
CEKpeTOpHbIe M MuUTaTeNbHble QYHKIUH. Ha paHHMX 3Tamax CBOETO Pa3BUTHUS OTH KIETKH y4YacTBYIOT
OCMOPETYJIATOPHYIO (PYHKIMIO Giiarofapsi HATWYHIO KPYMHBIX Bakyolieid. [To Mepe pa3BuTus, Ha CpeaHUX
W MO3AHUX CTAagusIX, B aHTUIOAAJBHBIX KJIETKaX aKTHBHO MPOMCXOIST MPOLECCH SHAOPEAYILTHUKAIINY,
TPAHCKPHUIILUH U CHHTE3a PA3IHMYHBIX BEIIECTB, TAKUX KaK MMUTATEIbHBIC BEIIECTBA, TOPMOHBI, BUTAMUHBI
U aHTHCTPECCOPHBIE (PaKTOPbl. DTH KOMIIOHEHTHI HEOOXOJUMBI IJIsl IPaBUIIBHOTO PAa3BHTHUS YHIOCIIEPMA
Ha HA4YaJbHOU CTaIHH.

Korna naunmHaercsi mpolecc LEeJUTIONAPU3alui LEHOUUTa DHIOCIEpMa, 3aIlyCKAaeTCsl MEXaHU3M
MPOrpaMMHUPYEMOH KJIETOYHOH TMOeIM aHTUMOJANbHBIX KJIeTOK. OH CONpPOBOXKIAETCS HM3MEHEHHEM
CTPYKTYpBI XpOMaTHHA, Cerperanneii KOMIOHEHTOB SAPBIIIKA U BEIXOIOM LIUTOXPOMa C U3 MUTOXOHIPUH.
OTOT mporecc MPOUCXOIUT HEPABHOMEPHO: HEKOTOPHIC KIIETKH MPONODKAIOT (PYHKIMOHHPOBATH AaXe
nocie Havana rudenu apyrux. [Ipu sToM rMOHyIIMEe aHTUMOJANBHBIE KIETKH Yepe3 MIMPOKHE KaHajbl B
KJIETOUHBIX CTEHKaX IMepelaroT B IIEHOUUT 3HAOCIepMa (parMeHThl XpOMaTHHA, SIAPHILEK U OpraHeil
nyTéM SKcTpy3ud. Ha 3akmounTenbHBIX STamax aHTHIOAANbHBIC KIETKH TOJHOCTBIO MOTJIOMIAIOTCS
supocnepmoM (Doronina andLazareva, 2021).

Crnucok JuTepaTypsl:

Chaban I. A. et al. Antipodal complex development in the embryo sac of wheat //Russian journal
of developmental biology. —2011. — T. 42. — Ne, 2. — C. 79-91.

Doronina T. V., Lazareva E. M. Structure of antipodal cells nuclei of wheat embryo sac during
programmed cell death // Planta. — 2021. — Vol. 254, no. 48.

Olvera-Carrillo Y. et al. A conserved core of programmed cell death indicator genes discriminates
developmentally and environmentally induced programmed cell death in plants //Plant physiology. — 2015.
—T.169. — Ne. 4. — C. 2684-2699.

Van Doorn W. G. et al. Morphological classification of plant cell deaths //Cell Death &
Differentiation. —2011. — T. 18. — Ne. 8. — C. 1241-1246.

BBEJEHUE NPEICTABUTEJIENA POJIA MAGNOLIA L. B KYJbTYPY
IN-VITRO

Aodpocumona B.JI. !, Kamenko I'.A. 2, [lIsauxo H.A. 4, Boiinosa M.B.5

1 — ®I'A0Y BO «llepgvrit MI'MY um. H.M. Ceuenosa Munszopasa Poccuu» (OI'AOY BO
Ceuenoeckuit Ynueepcumem), Mockea 119991; E-mail: vikaabrosimova041105@gmail.com

2 — @I'bOY BO «Poccuiickuii cocyoapcmeennslit acpapusiit ynueepcumem — MCXA um. K.
A. Tumupsaszeea» (OI'bOY BO PIrAY—MCXA um. K.A. Tumupazesa), Mockea 127550; E-
mail: grigory.kashchenko@mail.ru
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3 — @DI'BHY «Bcepoccuiickuit uncmunym 2eHemu4eckux pecypcoe pacmenuit um. H.U.
Basunosa» (OI'BHY BHUP), Cankm-Ilemepoypz 190000

4— ®OI'AO0Y BO «Mockoeckuit puzuko-mexnuueckuii UHCmumym (HayuoHaIbHbLI
uccaeoosamenvckuil ynueepcumem)» (PIAOY BO M®TH), Mockea 141701

Poxn Magnolia L. nacunteiBaeT 224 BuUJa W MPEACTaBIEH KaK JUCTONAJAHBIMHU, TaK H
BEUHO3EJICHBIMU JCPEBbSIMU U KYCTapPHUKAMH, KYJIbTUBUPYEMBIMU B PETMOHAX C TPOMUYECKHUM,
CyOTpONMUYECKMM M yMEpPEHHBIM KiIuMaToM. [IpencTaBuTenu poja LEHATCS 3a BBIIAIOIIHECS
JICKOpaTUBHBIC Ka4eCcTBa M BOCTPEOOBaHBI B KaUECTBE MaTepuaia JJisi 03€JICHEHUS TOpOJIOB Ha
UYepunomopckom mobepexxkbe KaBkaza, m-oBe KpbiM, ActpaxaHckoli, PocToBckoli obmactu u Ha
HNansaem Bocroke. IlpencraButenu cemelictBa MarHonueBbie Magnoliaceae Juss. urparor
BKHYIO POJIb B TPAIUITMOHHON U coBpeMeHHoM MenunnHe SAmonun, Kutas u Mekcuku 6marogapst
CBOUM OHMOJOTMYECKUM M (hapMaKOJIOTHYECKMM CBOMCTBaM. XOHOKHOJ W MarHoJyioyl 00JajaioT
MEJUIIMHCKUM TOTEHIMAIOM B O0phOe MPOTHUB paka, a TakKe MOTYT OBITh HCIIOJIb30BAHBI B
KayecTBe OHONpenapaToB NPOTUB BPEeIUTENEH ¢/X KyIbTYP.

Ha teppuropun P® B KynbType pax BULOB nogaepkusaercs B borannueckom cany Ilerpa
Bemukoro boranmueckoro wuncturyta uM. B.JI. Komaposa PAH (Canxt-IletepOypr),
nenaponorndeckoM caay uMm. P.U. IlIpenepa PITAY-MCXA um. K.A. TumupszeBa (Mocksa),
borannueckom cane-uncruryre JBO PAH (BnaguBoctok), mapke “FOkHble KyabTypsl”
(Denepanpuas tepputopusi Cupuyc, Coun), Hukurckom 6otanmueckom caay (fnra). K uucmy
3THX BUJIOB OTHOCSATCSI MarHOJIMs KpynHouBeTkoBast M. grandiflora L., MarHomus neKkapcTBEHHAS
M. officinalis Rehder & E.H. Wilson, maranonust jimuano3aoctpennas M. acuminata (L.) L., M.
kobus DC., marnonust ooparHosiiitieBuaHast M. obovata Thunb., maraonus 3ubonsaa M. sieboldii
K. Koch, marnonus Cynanxa M. x soulangeana Soul.-Bod. u 1.71.

TpaauIMOHHO MarHOJIMH Pa3MHOKAIOT CEMEHAaMU, IPUBUBKOM U YKOPEHEHUEM CTEOJIEBBIX
YEpPEHKOB, HO BCXOXKECTh CEMSH OTHOCHUTENIbHO HH3Kas, a YEpEeHKH 4acTo 00JalaioT IUIOXOH
CIOCOOHOCTBIO K YKOpeHeHHto. Jlins moiydeHus OOJBIIOrO KOJWYECTBA YCTOHYMBOTO K
3200JIeBaHUSAM U T€HETHYECKH MICHTUYHOTO IMOCAJ0YHOr0 MaTepuasa akTUBHO 3aJIeHCTBYIOTCS
TEXHOJIOTMY MUKPOKJIOHAJIIBHOI'O Pa3MHOKEHHUS.

JlaGopaTopHslif 650k padoT mpoBeaeH Ha 6aze kadeapsl 6uorexHonoruu GI'OY BO
PI'AY-MCXA nm. K.A. Tumupssesa. Matepuain 151 MUKpPOKJIOHAJIbHOTO Pa3MHOKEHUS — IIOYKU
U CeMEHa MAarHOJHMM JICKapCTBEHHOM, MarHoJlMu CUJIbHO3a0CTPEHHOM, MarHojgoruu 3u0oibia,
MarHojiuu KoOyc M Martoioruu mwimHapudeckoit M. cylindrica E.H. Wilson npenocrasien
corpyanukamu Jlennponoruyeckoro cana uM. P.U. Illpenepa PAH B Tpetheil nexane ceHTAOps
2024 ropa. Insa xaxmgoro Buja B3gTo mo 30 cemsH u 15 mouek. MckimrodeHue — MarHoaus
nexapctBeHHas (30 ceMsH W 5 mouek). ACENTHYECKUE YCIOBHUS BBEACHHUS OOECIICUHBAIUCDH
UCTOJBb30BAaHUEM DPa30aBICHHOTO pacTBOpa XJopuaa pPTYTH (C JajdbHEWIIed MPOMBIBKOM
MaTepHuaia B JUCTWLIUPOBAHHOM Boje). PaboThI MpOBOAMINCE B CTEPUIILHOM JIaMUHap-00Kce, ¢
IpeBapUTENIHO aBTOKJIABUPOBAHHBIMU MIOCYI0U M MHCTPYMEHTaMU, (PUIBTPOBAIBHOM OyMaroii.
Jlnst BBEIGHUS SKCIJIAHTOB B KYJBTYPY in Vitro BeIOpaHbl cpeabl AHnepcoHa, ['ambopra (BS) u
Mypacure-Ckyra, c¢ poGaBinenuem 0,15 wmr/n  6-BAIl (HauGombiueli BBIKMBAEMOCTBIO
XapaKTepU30BAIMCh SKCIUIAaHTBI Ha cpene ['amOopra). CemeHa OMONHUTENBHO MPOXOAMIH
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cTpaTu(UKaLnIo B TIEpUOJ ¢ OKTIOps 1o ¢eBpasb (5 MecsleB), MpU NOCTOSTHHOM TemIieparype
5°C, c¢ panbHedmed ckapudukanueid. PacTuTenbHBII MaTepuan  MOAJCPXKHUBAICT B
KOHTPOJIMPYEMBIX YCJIOBHAX Ha CBETOBBIX YCTaHOBKax mpu Temneparype +25°C u 14-uacoBom
CBETOBOM JIHE.

[TopaBnsronas yacTb NOYEK MOTHUOJIA B pe3yIbTaTe BHIX0Aa MHPEKIINH B TEUSHHH NEPBbIX
1,5-2 Henenb ¢ MOMEHTA HavyaJia YKCIIEPUMEHTa. DKCILIAaHTHI MarHOMK 3U00JIb/Ia M1 MAaTHOJIOTUN
JUIMHHO3Aa0CTPEHHOMN, XOTS M UMENH CaMblii BBICOKUH MPOLIEHT BBIKMBAEMOCTHU 110 CPABHEHUIO C
IpyTMMHM BHJaMH (4bsi CMEPTHOCTh JAocTHrana cBbilie 98%) oka3anuch HEYyCTOMYMBBI K
M30BITOYHON BIIAXKHOCTH, BO3HHUKAIONIEW B pe3yjibTrare oOpazoBaHHs KoHaeHcaTa. Camoii
BBICOKOM BCXO0XKECTBIO 00J1aaIi 3TH K€ BHJIbI, OJJHAKO JAHHBIA MOKA3aTeIb JOCTUTAJ JUIIb 15-
20% ot ofmero KoiuyecTBa ceMsH (B cilydae ApYTHX BUAOB auana3oH coctaBuil 0-2%).
[TonmyyeHHbIE U YK€ CYLIECTBYIOLIME B TUTEPAType Pe3yJIbTAThI MOATBEPKIAAIOT HEOOXOAUMOCTD
JAIBHEUIINX HKCCIIEeIOBAaHUI 10 BHEIPEHHIO METOIMK COXpaHEHHs BHUAOB poja Magnolia B
KYJbTYPE in Vitro, OBBIIIEHUS IPOLIEHTA BCXOXKECTH CEMSH U NOJEPKAHUS KIIETOUHBIX KYJIBTYP
B T.U. C LEIbI0 COXPAaHEHUS HATHUBHBIX NONYJSALMHA, CTPaJaOIIUX OT BO3pacTarolen
AHTPOIIOIE€HHON Harpy3Ky U pEKpeallMOHHOM EATEIbHOCTH YEJI0BEKA.

ABTOpBI BBIpaXKAIOT 0JIar0AapHOCTH K.0.H., JOIEHTY Kadeapbl MOJCKYIISPHONU CENeKIIH,
KJIETOUHBIX TexHonoruil u cemeHoBoacTBa PIAY-MCXA uM. K.A. Tumupszea — MaTioxuny
JJI. u k.0.H., COTpyIHUKY Kadeapsl AEKOPATHBHOTO CAJ0BOJACTBAa M Ta3oHoBeneHHs PI'AY-
MCXA um. K.A. TummpsazeBa — Coxonenko A.H., 3a mpenocTaBiieHHblE MaTepuaibl A
UCCIIEA0BAHUM.

BJIMSIHUE SK30TI'EHHOHN OBPABOTKHN CAJIMIINJIOBOM
KHNCJIOTOM HA POCT NBLJIBIEBBIX TPYBOK ITPHU
CAMOHECOBMECTHUMOM ONbIJIEHUU PETUNIA HYBRIDA E.
VILM.

Apriommnn A.B.!, Byxaposa A.P.2, Moauanosa T.I1.!, 3axaposa E.B.!

1 — Beepoccuiickuii HayuHO-ucci1ed008amenbCKuil UHCIUMYM Ce1bCKOX03AUCMEEHHOIL
ouomexnonozuu (DI'bHY BHUHCB), 127550, Mockea, yn. Tumupaszeeckasn, 42,
izbrannyil @yandex.ru;

2 — Poccuiickuii 20cyoapcmeeHHblil yHUgepCumem HapoOHo20 X03aicmea
umenu B. U. Bepnaockozo (OI'bOY BO PI'YHX um. B. H. Bepnaockozo),
143907, Mockosckaa odaacme, 2. barawuxa, ya. lllocce Inmysuacmos, 0. 50

CamonecoBmectumocth (CH) mpeacraBiasier coOOif T'eHETHYECKH JI€TEPMHUHHMPOBAHHBIN
MEXaHU3M, MPEeIOTBPAIIAIOUINA CaMOOIUIOJOTBOPEHHE U CHOCOOCTBYIOUIMH ayTOPUAMHTY Y
MOKPHITOCEMEHHBIX PACTCHHU. Y mpencTaBuTesei cemelicTBa Solanaceae, K KOTOPOMY OTHOCHUTCS
Petunia hybrida E. Vilm, caMOHECOBMECTUMOCTb KOHTPOJIHUPYETCSI MHOTOAJJIEIEHBIM S-JIOKYCOM.
KitoueBbiM coObiTuemM mMexanuzma CH siBisercss MHrHOMpoOBaHHE pOCTa IMBUIBIIEBON TPYOKH B
CTOJIOMKE MECTHKA, YTO MPEJOTBPAIIAET JOCTUKEHUE €10 3apOJIBIIIEBOro Melka. M3BecTHo, YTo
CUTHaJIbHBIEC IIyTH, ONOCpPEAOBaHHbIE canuuuioBoil kuciaoroil (CK), yyacTBYIOT B peryisuuu
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IIMPOKOTO CIEKTpa (HU3MOJIOIMYECKHX MPOIECCOB, BKIIOYAs OTBET Ha OHOTHYECKUH H
abMOTHYECKHIA cTpecc.
B mnocnenHee BpeMsi MOSBISIOTCA JaHHble O mnoTeHuuanbHoi ponu CK B Momynsiuu
PENpOaYKTUBHBIX MPOLIECCOB, B YACTHOCTH, B IIPEOJOJICHUN OaPhepOB HECOBMECTUMOCTH.

Lenbto maHHOW paboOTHl SBISUIOCH W3YyYEHHE BIMSHUS OSK30I€HHOM 00paboTKu
CAJIMIIMIIOBOM KMCJIOTOM Ha IpOpacTaHue M POCT MbUIbLEBOM TpyOKu y Petunia hybrida in vivo.
KactpupoBanHble HaKaHyHE 3KCIIEPHUMEHTA IBETKH METYHUU 00padaThIBajli BOJHBIM PaCTBOPOM
canniiioBoi kucaotsl (CK) B konnenTparumsax 10° M, 10 M, 10° M u 10712 M nytém Hanecenus
KalUIM pacTBOpa Ha pbUIbLIE TecTUKa. Jlasee MpoBOAMIM OMNBUIEHWE COOCTBEHHOW MBUIBLION
(camonecoBmectumoe). OOpabOTKy NPOBOAWINM  OJAHOBPEMEHHO C ONBUIEHHEM, B JPYIOM
BapHaHTE 3a JBa yaca 10 omnbUieHHs. J[Is Kakaoro BapuaHTa HCIOJIb30Bajach JBYKpaTHAs
MOBTOPHOCTh. JlJ1s1 BH3yaiM3allMd POCTA MBUIBLEBBIX TPYOOK HCIOJIB30BAIU OKpaIIMBAaHHE
AHUJIMHOBBIM T'OJTYObIM.

[TonmyuyeHHbIe JaHHBIE JEMOHCTPUPYIOT YETKYIO 3aBUCUMOCTH POCTA MBUIBIEBBIX TPYOOK
IPpU CaMOHECOBMECTUMOM OIBUICHUH OT KOHIIEHTPALUMU CATUIMJIOBOM KHUCIOTHI M CXEMBI
obpabotku. Ilpu onmHoBpemenHoit o0pabotke CK ¥ OmbUICeHMH POCT NBUIBLEBBIX TPYOOK
HaOIIOAJICS TONBKO B BapuaHTax ¢ HuskuMHu KoHueHtpamusmu CK (10° — 10°M) u anuna
IBUIBIEBHIX TPYOOK cocTaBisuia 67 — 233 MKkM uepe3 2 yaca Iociie onblIeHus. B ciyyae BEICOKUX
koHuenTparuii (103 M — 10 M) nbuibiieBbie TpyOKH He npopacTany. B BapuanTte ¢ onblieHUEM
yepe3 2 wyaca 1ocie OOpabOTKM pOCT TMBUIBIEBBIX TPYOOK HaAOmIOAancss BO BcCex
[POTECTUPOBAHHBIX KOHIIEHTpAIMAX, KpoMe 10712, nocturas MakCMMasbHbIX 3HAYEHUH 646 MKM
npu 10° M. B cpaBHenun c¢ koHTpojem (6e3 oOpaborku) CK oxa3piBaeT MHruOupyrouiee
JeiCTBUE HA POCT MBUIBIEBBIX TPYOOK METYHUU PU CAMOHECOBMECTUMOM OTIBUICHUH.

Hccneoosanue evinonneno npu noooepiicke Munucmepecmeéa Hayku U 8blCuieco
obpazosanusi Poccuiickou @edepayuu (coczadanue Ne FGUM-2025-0003).

BJIUSIHUSI COCTABA IUTATEJIbLHOM CPEJBI HA POCTOBBIE
IHAPAMETPBI ITPOPOCTKOB POKKOBOI'O TEPEBA (CERATONIA
SILIQUA L.) IN VITRO

Canex Aoayapaxman', Koases B.C., Kanamnukosa E.A.%, Kupakocsin P.H.!

!@rBOY BO «Poccuiickuii zocydapcmeennvtii azpaphvtii ynusepcumem — MCXA umenu
K.A. Tumupazeea», Mockea, 127550

@IBYH Hucmumym gusuonozuu pacmenuii umenu K.A. Tumupazeea Poccuiickoii
akademuu nayx, Mockea, 127276

E-mail: mia41291@mail.ru

PoxkoBoe nepeBo (Ceratonia siligua L.) - BeuHozenéHoe 0000Boe pacTeHUe,
pacnpoctpanénHoe B CpemuzeMHOMOphe M Ha bimxHem Boctoke. OHO 005amgaeT BBICOKOMA
3aCyX0yCTOHYMBOCTBIO, CIIOCOOHOCTHIO K CHMOMOTHYECKOM (PUKCAITUH a30Ta U IIEHUTCSI 32 IJI0/IBI,
Ooratele caxapamu, OeJIKamMH, MHHEpajlaMH U nojaudeHonaMu. [1101p! MUPOKO TPUMEHSIOTCS B
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MUILEBOM, KOCMETHYeCKOW U  (hapMaleBTHUECKOM IMPOMBIIUIEHHOCTH; B HApOAHOM H
TPaJULIMOHHON MEAMLIMHE UX HCHOJB3YIOT IPHU KEIyAOYHO-KULIEUYHBIX PACCTPONCTBAX,
TUIIEPTOHUU U caxapHoM nuaderte [1]. OqHako ecTeCTBEHHOE Pa3MHOKEHHE OTPAaHUYCHO HU3KON
U HEPaBHOMEPHOW BCXOXKECTbIO CEMsH, OOYCIIOBIEHHOW TIUIOTHOW BOJOHENPOHHUIIAEMOM
obonoukoii (pusmueckmii mokoi) [2]. B Takux ycnoBusiX OMOTEXHOJIOTUYECKHUE METONBI, B
YaCTHOCTH, KyJIbTHUBUPOBAaHUE i1  Vitro, CTaHOBATCA KIIOYEBBIMM Ui  IOJy4YEHUS
KHU3HECTIOCOOHOTO U TeHETHUECKU OHOPOIHOTO IMOCAJOYHOTO MaTepHasa.

Lenb paGoTHI - U3yYUTH BIUSHUE MHHEPAIHLHOTO M TOPMOHAIBHOT'O COCTaBa MUTATEIbHOM
Ha POCTOBBIE MapaMeTpPhI IPOPOCTKOB poxkKoBoro aepesa (Ceratonia siliqua L.).

OOBeKTOM uCCIeoOBaHMs CIIyKUIN co3peBiune cemena Ceratonia siliqua, coOpaHHbIE B
necHom mapke byra (35° 32' 7,5918718614" ceepHoii mupotsl u 35° 48' 25,5941514298
BOCTOYHOM JIOJITOTHI), PUHAAIEKAIEM ApaOCKOMYy MHCTUTYTY JIECHOTO XO3siicTBa, Jlatakwus,
Cupus, B centsi6pe 2023 rona. J{ist mpeogoneHus pU3MIecKoro moKost MpOBOAUIIHN IPEATIOCEBHYIO
00paboTKy cemsiH ropstaeit Bonoit (80 °C u ocraBisuii 3amavynBaThes Ha 48 4acoB) [3], mocie uero
ux crepunuzoBanu 0,1 % pacrBopom HgCl: B Teuenue 12 MUH ¢ TpPEeXKpaTHOW MPOMBIBKOM
CTEPWIBHON JUCTUJUIMPOBAHHOMN BOJIOM.

CrepusbHble CeMEHA KyJIbTUBUPOBAIH B IJIACTUKOBBIX KOHTEHHEpAX C arapu30BaHHBIMU
cpenamu mo nponucu MS [4] u WPM [5] (pH 5.8), comepxammumu caxaposy (20 r/m),
aKTUBUPOBaHHBIA yroub (1 r/m), 1 r/n nonmuBuHMImUppoauaonom (PVP) u perymsropsl pocra:
HadpTunykcycHas kuciora (HYK), 6-6ensunamunonypus (BAIT), ru66epemnosas xkucnora (I'K3)
B KoHueHTpauu 0,5 Mr/ia, Kak MO OTIENbHOCTH, TaK M B coudeTaHusx. KynbTuBupoBaHHE
ocymiecTBIsIH pu Temrieparype 23 + 1 °C, 16-qacoBom doronepuoe u ocsenieHHoctd PPFD =
97,28 umol/(m?:s). Yuér BcxoxkecTd HpoBoIwin B TeueHHe 20 CyTOK, MoOpoMeTpudecKue
nokaszarenu (AIuHa modera U KOpHs, KOJIMYECTBO MEXKI0Y3IHi, K03 PUiineHT pasMHOKEeHUS) —
Ha 30-e u 60-e cyTKu.

CpaBHHTENbHAS OLIEHKA POCTOBBIX M MOp(horeHHbIX napamerpoB Ceratonia siliqua L. npu
KyJIbTUBUPOBaHUU Ha cperax MS u WPM ¢ pa3nuuHbIMU TOPMOHAIBHBIMU 100aBKaMH TOKa3asa,
410 3()(peKTUBHOCTH TON MM MHOM CpeJIbl ONPENesIeTCsl HE TOIBbKO MUHEPAIbHBIM COCTaBOM, HO
Y TUTIOM (PUTOTOPMOHOB U aJICOPOEHTOB. Y CTAHOBJICHO, 4TO Hanbosee 3 (HEeKTUBHBIM BAPHAHTOM
ObuTa cpena o nmponucu MS ¢ mo6asnenuem 0,5 mr/n BAIL, obecnieunBaromuii MaKCUMAIIbHYIO
BbIcOTy moberoB (5,42 + 0,18cm), pa3Butyio KopHeBYyIo cucteMy (4,76 + 0,14 cMm), HaubombIee
gucino Mexaoy3nuid (8,6 + 0,3) u Beicokuii koapduimeHt pazmuoxkenus (10,3 £ 0,4), uto
COIIACyeTCsl C JAHHBIMU JPYI'MX aBTOPOB IO HCIOJB30BAHHUIO YMEPEHHBIX KOHLEHTpauui
IIUTOKWHUHOB TpH Tpojudepanuu IpeBecHbIx 0000BbIX [1, 2]. YV pacTteHuit ormeuarnach
MHTCHCUBHAs 3€JEHAas MUTMEHTAlMs, OTCYTCTBUE MPU3HAKOB BUTPU(UKALMU WIM HEKPO3a, a
TaKKe paBHOMEpHOE (OPMHPOBAHME TAa3yUIHBIX IMOYEK - TPU3HAKA CTaOWIBHOTO
MEpHCTEMAaTUYECKOro noTeHnuana. CTOUT OTMETUTh, YTO B BAapUAHTE C KYyJbTUBUPOBAHUEM
ceMsH Ha nuTarenbHOi cpenre WPM + 0,5 mr/nm BAIL, yuuThiBaeMble MOKa3aTeaw YCTyNalId
Bapuanty MS ¢ no6asnenuem 0,5 mr/n BAII- nnmuna nmobera cocrasuna 4,31 + 0,21 cm (MeHblIe
Ha 20 %) u koo PuuueHt pazmHoxenus o6out 7,8 + 0,3 (menbiie Ha 19%). D10 cornacyercs ¢
TaHHBIMU O TOM, 4To cpena WPM, pa3paboraHHas i 3peibIX APEBECHBIX TKaHeW, oOnamaer
MIOHWKEHHBIM YPOBHEM a30Ta M KW, YTO OIPAaHMYMBAET KIJIETOYHOE IEJIEHHUE Y MOJIOJIBIX
MPOPOCTKOB B (pa3ze akTHBHOrO pocta [5]. B To e BpeMs BapwaHT ¢ ucmoib3oBaHueM WPM

®rbHY BHUUCB, 2025 . 58



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

ACMOHCTpHUPOBAJI MCHBINYIO BApUATUBHOCTHL POCTA, YTO MOKCET OBITh NpCANOUYTUTCIIBHO TIpU
AJATCIIBHOM MMOAACPKAHUHN KYJIBTYPHI.

Job6asnenne PVP (monmuBUHUINUPPOINIOHA) BO BCE BapUaHTBI CPEJ COMPOBOKIAIOCH
CHIDKEHHEM nokaszatenel Ha 18-27 % o cpaBHeHMIO ¢ «uucTbIM» BAII-BapuanToMm. Xots PVP
3¢ deKTHBHO ToAaBisgeT (EHONbHOE OKUCICHHWE Ha paHHEM »JTane CTePWIM3alUH, IpH
MIPOIOIDKUTEIHLHOM KYJIBTUBUPOBAHUHM OH HECEJIEKTHBHMBHO aJCOPOMPYET PEryisaTopbl pocTa H
MUKpO3JIEMEHTHl (B 9acTHOCTH, Zn?>" u Cu?"), cHmkas uX OUOJOCTYIMHOCTh. DTO OCOOEHHO
BBIPA)KEHO Y PO’KKOBOTO JIEPEBa, UbM CEMEHA COZIEpPKaT yMEepeHHbIH ypoBeHb Genonos [1], u PVP
3/1eCh HE J1a€T CYLIECTBEHHOI'O IIPEUMYIIIECTBA.

Kombunammms HYK + TI'Ks okasamace Haumenee S((EKTUBHOW:  pacTeHUs
XapaKTepU30BAIUCh CJIA0BIM, HMCKPUBJIEHHBIM POCTOM, MEJIKMMHU JIUCTBSMH, TaK Kak
ru00epeUIMHBl B OTCYTCTBHE  JOCTAaTOYHOTO IIMTOKMHMHOBOTO ()OHA  CTUMYJIHMPYIOT
runepTpodudeckuii poct 6e3 1cToBOM AU} PepeHIUPOBKH, YTO MOATBEPHKAACTCS MUHUMAIbHBIM
qucioM Mexaoy3iuit (3,8-4,9). AmanorndHble NaHHBIC MONyYeHBI Y Robinia pseudoacacia, Tre
HVYK 6onee 0,1 Mr/a pe3ko yCHIIMBaJI KaJUTyCOT'€HE3 U IOIaBIIsI OPraHOTeHe3.

JloGaBnieHre akTHBUPOBAHHOTO yIiisl B cpeny ¢ BAII nano HeogHO3HAUHBIN pe3yIbTaT: Ha
cpene MS koaddunment pazmuoxkenust causuics ¢ 10,3 1o 7,5, a va WPM - ¢ 7,8 o 5,4. Xots
yroiib aacopOHpyeT TOKCHYHBIE (PEHOJIbHBIE COCIUHEHMS, OH TAKKE CHUXKAeT 3(P(PEKTUBHYIO
KOHIIGHTPALMIO (PUTOTOPMOHOB: B HallleM citydae - OnogoctynHocTs BAIL ¥V poxxkoBoro nepesa
YPOBEHb OKHCJICHHUS (PEHOJIOB 3aMETHO HIKE, YeM Y JPYTHUX APEBECHBIX KYJBTYp, HOITOMY
MPEUMYIIECTBA a1COPOIIMU HE KOMICHCUPYIOT MOTEPU TOPMOHATIBHOM aKTHBHOCTH.

Takum obOpazom, s nponudepaumu Ceratonia siliqgua L. Ha 3Tame MaccoBOTO
pPa3sMHOXKEHHUsI peKOMeHIyeTcsl ucnoib3oBatb MS + 0,5 mr/n BAIL, a B ciryyae HEOOXOJUMOCTH
CIEp)KUBaHU pocTa (Hampumep, s npenakkiauMaruzanuu) - WPM + 0,5 mr/n BAIL. Bcee
ocTaJIbHBIE AONOIHHUTENbHbIE KOMIIOHEHTHI (PVP, I'Ks, akTuBHpOBaHHbII yroib B KOMOWHAIMU C
BAIl) cumxaoT 3¢p(GEeKTUBHOCTh KJIOHAJIBHOIO MHKPOPAa3MHOXKEHHSI M HeEIeaecooOpa3Hbl Ha
JAaHHOM JTarle.

Paborta Obuta BhIOMHEHAa NpU (PUHAHCOBOM TMOJJEP)KKE TOCYAAPCTBEHHOTO 3aJaHUs
MuHHCTEpCTBA HAYKHU U BbIciiero oopasosanus PO, Ne 122042600086-7.
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PA3PABOTKA TEXHOJIOI'MU KJIOHAJIBHOI'O
MHUKPOPA3MHOXEHHUS CEKBOU BEYHO3EJIEHOM (SEQUOIA
SEMPERVIRENS (D. DON) ENDL.) IN VITRO

Boaoruna E.A.l, Baituesa C.M.!, Kasamnukosa E.A.%, Kupakocsan P.H.!
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Cexksoiist Beunosenénas (Sequoia sempervirens (D. Don) Endl.) - npeBHetitee penukToBoe
XBOWHOE pacTeHHE, YHJIEMHK Y3Koi mpubpexHoii monocs Kanudopuun u Operona. 3to - camoe
BBICOKOE JiepeBo Ha 3emuie (1o 115 m), nocturatroiiee Bo3pacta cBeiiie 2500 et [1,2]. B npupone
CEKBOIS CTAJIKMBAETCS C KpallHE HU3KOM CEMEHHOM MPOAYKTUBHOCTBIO: IO OLIEHKAM, JUIIb 1 U3
1 MuH cemsiH nmaér xuszHecnocoOHBIM cestHen [3]. Ilpu 3TOM aHTpOMOreHHOE NaBleHUE U
COKpallleHHE apeaja CTaBsAT BUJ IOJ yrpo3y. buoTexHojormueckue MeToibl, B YaCTHOCTH,
KJIOHAJIbHOE MUKPOPA3MHOXKEHHE i1 Vitro, TIO3BOJIAIOT PEIIUTh MpolieMy AeduiuTa mocaiouHoro
MaTepuaia, COXpPaHUTh I'€HETHUECKOE Pa3HOOOpa3ue M CO3[aTh KOJUICKIIMHM PEAKUX BHIIOB B
OoTaHn4veckux caaax [4,5].

[lenpto  paboThl siBWJIACh  pa3paboTka 3((eKTHBHOrO NPOTOKOJIA  KIOHAJIHHOTO
MUKpPOpPa3MHOXEHMsI S. sempervirens in vitro, a TaKKe H3YYEHHE JIOKAIM3AlMM BTOPHYHBIX
METa0OJIUTOB B MUKPOKJIOHAX.

OOBEeKTOM HCCIECNOBAHUS CIYXHJIM YEPEHKH OJHOJETHHUX T00EroB  CEKBOWH,
3aroToBJICHHBIE B HOA0pe-nekadpe 2022 r. B opamwxkepee I maBHoro 6orannueckoro cana um. H.B.
[Mumunaa PAH (r. MockBa). YepeHKH MOABEPrajIy ABYXITAlHOM CTEPHIU3AMK: 5 MUH B cIaboM
pacTBope mepmanranara kanusi, 3areM 18 muH B 0,1 % pactBope HgCl: ¢ TpexkparHoii
NPOMBIBKOM  CTEpWIbHOM  aucTWIIUpoBaHHON  Bomoil. Ilocne  oOpaboTkM — YepeHKH
KyJIbTUBUPOBAIN B MPOOMpPKaX C arapM30BaHHOM O€3ropMOHANBHON Cpeqod IO MPOMUCH
Mypacure u Ckyra (MS), pH 5,8, nononnennoii 1 r/n nonusuaManupponugoHom (PVP) mns
nojiaBleHus: okucieHus Gperonos [6,7]. KynbTuBupoBanue mpoBOIWIH MPpU Temmeparype 23 + 1
°C, l16-uacoBoMm ¢oromepuone u ocBeméHHOCTH 150 mrmons/(M?-c). Uepes 3540 cyrok
BBIPOCIINE MUKPOIIOOETH MEPEHOCHIIN Ha CPEIbl C Pa3IMYHBIMUA TOPMOHAIBHBIMU COYETAHUSMHU.
Ha 3axnrountenbHOM 3Tane yKOPEHEHHbIE MUKPOKJIOHBI aJaITUPOBAIM K YCIOBUSAM exX Vifro B
cyoctpare (mouBa:mecok:mepauT = 1:1:1) moa MOTUATHICHOBBIM KOJITAKOM TPH BIIAXXHOCTH
Bo3ayxa 85-90 %.

OnTuManbHBIM PEKUMOM CTepHIIM3aluy npusHana oopadorka 0,1 % HgClz B Teuenue 18
MUH: B TOM BapHaHTE JOCTUTHYTa CTepHIIbHOCTE 82,1 % 1 skn3HecnocoOHOCTh 85 % 3KCIIIIaHTOB.
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YBenndyenue BpeMeHu 10 20 MUH YBEIMYHIO CTepHIbHOCTH A0 91 %, Ho Gonee 40 % dyepeHKOB
OKa3aJIuCh HEKYJIbTUBUPYEMBIMHU.

VYcranoBneno, 4yro cpega MS mpeBocxomut WPM: kosdduuueHt pasMHOXKEHHS B
BapHaHTe C HCIOJIb30BaHHeM cpeabl MS coctaBun 9,4 + 1,2, cpenusis nmuHa moderos - 12,5 2,1
cM; Ha WPM - 1,3 u 7,3 cM COOTBETCTBEHHO, C YacCThIMH SIBJICHUSIMU KaJUTyCOreHe3a u
Butpupukanuu. Jlamee, A MHAYKUMH MOOEro- W KopHeoOpa3zoBaHMs NpoTecTHpoBaHo 10
TOPMOHAJIFHBIX BapUAHTOB MUTATEIbHBIX cpen. Hambonee »pQpeKTHBHBIMH OKa3aluCh JBE
koMOuHammu: 2 mr/a 2,4-J1 + 0,5 mr/n BAII + 0,5 mr/n HYK- xoaddurment pasmuoxenns 14,8
+ 0,3, vactora kopHeoOpazoBanus 70,4 + 2,9 %, a Bo BropoMm Bapuante 2 mr/n 2,4-J1 + 2 mr/n 2iP
- ko3 ument pazmuoxkenus 17,2 + 0,3, kopueit 12,7 + 0,3 Ha pacTeHue.

B Bapmantrax ¢ poGaBinennem NYK, MMK wmn HYK mo otmensHOCTHM (3 M™MI/M)
KOpHEeOoOpa3oBaHWe OTMeueHO He Obuto. [IpumedarenbHO, YTO YKOPEHEHHE MPOMCXOIUIIO
MPEUMYIIECTBEHHO Yepe3 KAUTyCHYI0 TKaHb, 4TO TpeOyeT manbHEHIIeld ONTUMHU3ALUU s
MOJTyYEHUS IPSIMBIX KOPHEH.

Croutr oTMeTuTh, 4T0 87,5 % MHUKpPOKIOHOB OBLIH aaNTUPOBAHBI K YCIOBUSIM ex Vitro.
Yepes 5 mecsieB ux BeicoTa gocTurana 26—30 cM pu akTUBHOM Pa3BUTUU OOKOBBIX TOOETOB.

BriepBbie mokazaHo, 4To BTOpUYHBIE METAO0IUTHI (TTONH(EHOIIBI, (DIaBaHBI, TEPIICHOMIBI )
B MHUKPOKJIOHAX JIOKAJIM30BAHBl B TEX K€ TKAHAX, YTO U Y MATEPUHCKOIO pPACTEHHUS - B
AMUAEPMUCE, TAPSCHXUME, POBOISAIINX MyYKax MOOEeToB, Ul U KopHeld. OCOOEHHO HHTCHCHBHOE
HaKoIUIeHHE (p1aBaHOB HAOJII01aI0Ch B TAPEHXUME BOKPYT MIPOBOISIINX TKAHEH U B HIM0OOIACTaX
Katyca, QopmupyromeMcss B 30HaX MopdoreHesa. DTO CBHUACTENBCTBYET O COXPAaHEHUU
OMOXMMHYECKON aKTUBHOCTH KYJBTYPHI i1 Vitro U €€ MOTeHIIUaIe KaK HCTOYHHUKA OMOJIOTHYECKU
AKTHUBHBIX COCJMHCHHI.

Takum oOpa3zom, pa3paboTaH TPOTOKON KJIOHAJBHOTO MHKPOPa3MHOXKEHHUS S.
Ssempervirens, BKIIOYalmui: crepunu3anuio depenkoB 0,1 % HgCl: (18 wmwun),
KyJIbTUBIBUPOBaHUE Ha Oe3ropMoHanbHO cpene MS + PVP, pazmuoxenue Ha MS + 2 mr/n 2,4-
I + 0,5 mr/n BAII + 0,5 mr/n HYK (wnu +2 mr/n 2iP), ykopeHeHre Ha TOH e cpejie, aIanTaluio
MPU BBICOKOM BIIAXKHOCTH BO3ayxa. [lonydeHHbIE MUKpPOKIOHBI MOTYT HCIIOJIB30BaThCS MJIS
MOTIOJTHEHHST KOJUICKIIUH OOTAaHUYECKUX CaJ0B, PEUHTPOAYKIHMH H (PapMaKOJIOTHIECKOTO
CKpUHUHTA.

Pa6ota BrinmonHeHa npu GUHAHCOBOM Noaepkke Poccuiickoro HayyHoro (oH1a B paMkax
HayyHoro npoekra Ne 24-76-00070 «ITOJIVUEHME KIJIETOUHBIX KVYJIBTYP IN VITRO
PEJIMKTOBBIX M  HAXOJAIMUXCS  IIOJI YIPO30M  MCYE3HOBEHMS
I'OJIOCEMEHHBIX PACTEHHMU POJIA Sequoia M WM3YUEHUE BHUOJIOTMYECKOU
AKTUBHOCTHU EE METABOJIUTOB» (®I'BOY BO «Poccuiickuii rocyaapcTBEHHBIH
arpapblil yHuBepcureT - MCXA um. K.A. Tumupssesay).
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Pobunus  mwxeakanueBas  (Robinia  pseudoacacia L.) -  OwicTpopacryiiee
azoTpuKcupyromee JAepeBo cemeiictBa Fabaceae, pomom wu3 CeBepHoli AMepHKH,
unaTpoayuupoBannoe B Empomy emé B XVII Beke. bmaromaps cuMOuo3y ¢ KIyOCHBKOBBIMHU
OakTepusimMu pona Ensifer (Rhizobium), poOuHusi cnocobHa ocBauBaTh O€IHBIC, YPOANPOBAHHBIE,
KHCJIBIE U 3aCOJIEHHBIE MTOYBBI, 000Talast UX a30TOM M yJIy4lllasi arpo3KOJIOrMYECKHe YCIOBUS JIs
nocienyomux KyiasTyp [1]. B necHoM x03siicTBe OHAa MCHOJIB3YETCA KakK JIECOMEINOpPATUBHAS,
MOYBOYJIYUIIAIONIAs, SHEPreTUUecKass U JCKOpaTHUBHAsL KYJbTypa - IS YKPEIUICHHUs] CKIJIOHOB,
PEKYJIbTUBALMKM TPOMBIIUICHHBIX MyCTOILIEH, CO3[aHUs 3aLIUTHBIX JIECOMOJOC B 3aCyILIUBBIX
peruoHax, a TaKXke B TOpPOJCKOM o3eieHeHuH. OJHaKo IuKopacTyimue (OpMbl PACTCHHS
00J1aZjaloT BBICOKOM WHBA3WBHOCTBIO, CKJIOHHOCTBIO K OOWIBHOM KOPHEBOH MOpOCIH U
HEPaBHOMEPHON CEMEHHOM BCXOXKECThIO0. B CBsI3U ¢ 3TUM 0COOYIO aKTyaJbHOCTh MPUOOpETaeT
pa3paboTka OMOTEXHOJIOTUYECKUX IMOAXOI0B K IMOJYYEHUIO MaJONOpOCIEBhIX, HEMHBA3UBHBIX,
TCHETHUYECKU CTAOUIIBHBIX KJIIOHOB, B TOM YHCJIE C MMOMOIIBIO KIOHAIEHOTO MUKPOPA3MHOKCHHS
in vitro [2].
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OcHOBHas CIIOXXHOCTb i1 Vitro KyJIbTUBUPOBAHHS JE€PEBHEB, OCOOCHHO IMPEICTaBUTENEH
cemeiicTBa OOOOBBIX, 3aKIIIOYAECTCS B UX BBICOKON UYBCTBUTEIIFHOCTH K COCTaBYy NMHUTATEIbHOU
Cpeabl, CKIOHHOCTH K OKHCIICHHUIO (DEHOJIBHBIX COSAMHEHUI M HEXKEJIaTeIbHOMY KaJllTyCOTEHE3Y.
B nwurtepatype otrmeuaercs, 4To 3((HEKTUBHOCTh KIOHAJBHOIO MHKpPOpPa3MHOXKEHHS R.
pseudoacacia 3aBUCUT OT BbIOOpA AKCIUIAHTA (aNMKaJIbHbIC WM MAa3yIIHbIe MOYKH, HOAAJIbHBIE
CerMEHTBHI, TUITOKOTHIIN), THIA nUuTaTeabHoi cpensl (MS, WPM, DKW) u ¢uroropmonansHoro
¢ona [3]. X0oTs npennoyTeHrne 4acTo OTAAETCS CHEIHATN3UPOBAHHBIM cpeaam (Hanpumep, DKW
JUI. HEKOTOPBIX CEJIEKIMOHHBIX (POpM), B MPAKTUYECKOH padoTe MIMPOKO MPUMEHSETCs cpesa
Mypacure u Ckyra (MS) u3-3a e€ moctynmHoctd U yHHBepcaibHOCTH [4]. OcoOeHHO Ba)KHO
KOHTPOJIMPOBATh KAJIyCOTEHE3, TaK KaK €ro M30BITOK MOBBIMIAET PHCK COMAKJIOHAJIBHOM
U3MEHUYUBOCTH.

Llenbio HacTOsAMIEH PaOOTHI IBUJIACH ONITUMH3AIIMS COCTaBa MUTATEIBHOM Cpe/ibl HA OCHOBE
MS nanst Bcex 3TamnoB KIOHAILHOTO MHUKpOpa3MHOXkeHUs R. Pseudoacacia. B xauectBe 00beKTa
UCTIOJB30BaIM ceMeHa ypoxas 2023 r., cobpannble Ha Tepputopun kammyca PCAY-MCXA (r.
Mocksa). [y mpeoioneHust GU3NUECKOro MOKOs MPOBOAMIN MPEANOCEBHYI0 00pabOTKy CeMsH
ropstueit Bogoii (80 °C, 48 u), mocne vero ux crepuwimzosanu 0,1 % pacrsopom HgCl: B Teuenue
8 MUH C IByKpaTHO! IIPOMBIBKOM CTEPUJIBHOM TUCTUIIIIMPOBAHHOM BOJOM.

CrepwiibHbIE ceMEHAa KyJIbTHUBUPOBAIM B KYJbTypalbHBIX COCyJaX C arapu3OBaHHOU
cpemoit  MS (pH 5.,8), Bapeupys KoHueHTpamuio caxapo3sl (15-30 r1/m), Hanmuue
akTUBHpoBaHHOTO yris (1 r/1m) u perymaropoB pocrta: mHAoIWI-3-ykcycHas kucinora (MYK),
uHponi-3-macngnas kucnora (MMK), nHagptunykcycnas kucnora (HYK), 6-6ensunamMmuHonypus
(BAII), xkunetTnH B koHueHTpamusx oT 0,5 mo 2,0 Mr/m, kKak 1O OTHEIBHOCTH, TaK U B
koMOuHaimsx. KynpTuBHpoBaHHE ocymiecTBIsuiM npu Temnepatype 23+ 1°C, 16-yacoBom
doronepuoae u ocsemennoctu PPFD = 9728 umol/(m?:s). Yuér BcXokecTH NPOBOAMIN B
tederne 30 cyTok, MopdoMeTpuueckue TokazaTenu (AauHa modera W KOPHS, KOJIUYECTBO
MEXI0Y3I1i, K03 duiueHT pasmuoxxenus) — Ha 30-e u 60-e CyTKu.

[TIpumenéHHas cxema CTepuIH3alMK OOecledniia acenTUIHOCTh KyIbTyphl B 90-95 %
cinyyaeB. [IpopacTanue cemsiH HacTymnasao Ha 5-6-€ CyTKH, BCXOXKECTh B KOHTPOJILHOM BapUaHTE
(6esropmonaneHas cpeaa MS) cocraBuia 70 %. YcTaHOBIEHO, YTO KOHIIGHTpaLus caxaposbl 30
/71 OKa3bIBa€T JIOCTOBEPHO IOJIOKUTEIBHOE BIMSHUE HA POCT MHUKPOPACTEHUH: JUIMHA molera
yBemmumnack ¢ 4,3 cMm (15 /1) no 7,2 cM, a KonudecTBo Mexa0y3nuit - ¢ 4,0 no 6,1. Jlo6aBnenue
AKTUBUPOBAHHOTO YTJIS IOMOJHUTEIILHO YCHIINIIO 3TH 3P PEKThI: BEICOTA MoOera 1ocTuria 7,4 ¢,
KOJINYECTBO MEXI0Y3JIH - 6,3, IPH 3TOM OTMeUaslach 00jee MHTEHCHBHAS 3€JIEHAs TUTMEHTAIH
JMCTHEB, CBUJICTEIBCTBYIOUIAS O Jy4IlleM (PU3UO0IOIMYECKOM COCTOSIHUU PaCTEeHUI.

Cpenu npoTeCTHPOBAHHBIX COUETAHHUM PETYIATOPOB pocTa Hanbosee cOaaHCUPOBAHHBIN
poct (6e3 oOpazoBanus kamryca) odecrnieumna cpega MS + UMK (0,5 mr/m) + akTUBUPOBaHHBIIA
yroub (1 1/m): qnmunaa noGera cocraBuna 9,37 0,31 cm, kopueit- 17,17 + 0,58 cMm, ko dunmeHt
pasmHoxenus -14,70 + 0,69. Bapuant MS + UYK (0,5 Mr/m) + akTHBUPOBaHHBIHN YTrob MOKa3al
MakCUMalbHBIH K03(pPuuument pazmuoxenus (16,77+0,91), onHako ¢ HECKOJIBKO MEHbIICH
uHOM KopHeit (5,39 cm). MuTepecHo, uto B otcyTcTBHe ancopoenta MMK (0,5 Mr/i) BeI3biBaia
TUIIb yMepeHHoe KopHeoOpaszoBanue (9,31 cM) u ciabbrii poct moberoB (4,22 cM), Torma Kak
COBMECTHO C aKTUBUPOBAHHBIM yriieM 3¢ (eKT ycunupascs 0ojee 4eM BIBOE.
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AKTUBUPOBAaHHBIN yrojib B MOJABIIAIONIEM OOJBIIMHCTBE CIy4yaeB (KpoMe COYETaHUs C
BAII) s¢ddextuBHo nmogasnsin kamrycorene3. Tak, HYK (0,5 Mr/im) B oTCyTCTBHUE YIS BBI3BIBAI
o0pa3zoBaHME KENTOrO PHIXJIOT0 Kajuryca (auameTp mpumepHo 2,3 cM), a Ipu 100aBICHUN YIS
KaJUTyC TIOJHOCTBIO OTCYTCTBOBAJI, HO PE3KO Bo3pacTall KodpuiueHT pazmHoxenus (¢ 4,16 no
9,41). B 1o e Bpemsa coueranue BAII (1 mr/m) ¢ akTUBUPOBAaHHBIM yTJieM HE MHTHOMpPOBAIIO, a,
HANpOTHB, YCWIMBAJIO KajlycooOpazoBaHue (Macca 2,65 ), 4TO yKa3bIBaeT Ha CIEHU(PUUECKOe
B3aUMOJICHCTBHE ITUTOKUHIUHOB C aJICOPOSHTOM.

JUis MHAYKIOUM KaJUIyCHBIX JHMHUK (B LEISIX TEeHETHYECKOW TpaHchopMaluyd WIN
MOJIyYeHHS BTOPUYHBIX MeTabomuTOB) Hanbomnee 3pdexkTuBHOI okazanacy komOuHanus HYK (2,0
mr/i) + kunetud (0,5 mr/im): macca kamnyca gocrurana 5,20+ 0,31 r. OnHako UMEHHO CPEJbl ¢
BAII (0,5 mr/m) B coueranuu ¢ HYK wmm 2,4-J1 (2,0 mr/m), HeCMOTpst Ha MEHBITYI0 Ouomaccy
Kamryca (2,05-2,08T), oOecrneuynBanu pereHepanuio IMOOEroB W3 KAIIYCHOW TKaHH,UTO
NPUHIUIHAIBHO BaXKHO JUI MOJTYYSHUS [EIOCTHBIX PACTEHUH.

Taxum 06pa3zom, A1 MaCCOBOTO KJIOHHUPOBaHUSA POOMHHH PEKOMEHYETCs NCTIOIb30BATh
npsiMoii opranorenes Ha cpeae MS + UMK (0,5 mr/n) + akruBupoBaHHbIN yroib (1 r/m). Takoi
IPOTOKOJI MUHHMH3HMPYET PHUCK COMAaKJIOHAJIBHOW HW3MEHYMBOCTH, OOECIIEUMBAET BBICOKHIMA
KOO(QQUIUEHT pa3MHOKEHUSI M TOJIYy4YEHHE IHKM3HECIIOCOOHBIX, XOpPOIIO YKOPEHEHHBIX
MUKPOPACTEHHI, TOTOBBIX K aanTanuu ex vitro. IlonydeHHbIe pe3yabTaThl CO3Aal0T OCHOBY IS
CTaHJApTH3allMM  OMOTEXHOJOTMYECKOr0  IPOM3BOJACTBA  MOCAZOYHOTO  Marepuana R
pseudoacacia, OpUEHTHPOBAHHOTO Ha MPHUMEHEHHE B JIECOBOCCTAHOBJICHHUHU, MEIHOPALUH U
TOPOACKOM O3€JICHEHUH.

PaGorta Obuta BhIOMHEHAa NpU (PUHAHCOBOM TMOJJEP)KKE TOCYAAPCTBEHHOTO 3aJaHUs
MuHHCTEpCTBA HAYKHU U BbIciiero oopasosanus PO, Ne 122042600086-7.
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MNOTEHIUAJIBHOE JEUCTBUE MPOAYKTOB METABOJIU3MA
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ABakymoB A.Jl.!, Auncumon A.A.!, Maxunosa E.JO.!
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[IurMeHTH UMEIOT KpaliHe BaKHOE 3HAYEHUE B MPOLECCAX CUHTE3A U PacIiaia y pacTeHHUM
¥ MOTYT NPSIMO MJIM KOCBEHHO CBHUJIETEIHCTBOBATH O COCTOSIHUM METAa00JIM3Ma U MOTEHIIUAIBHOM
IIPOJYKTHUBHOCTH.

B niepByto ouepenb, Ipyu U3y4EHUH NTOKa3aTeNed NPOAYKTUBHOCTH HHTEPECYET COCTOSIHUE
(OTOCUHTETHYECKOTO ammapara, a HMEHHO, xjopodwmria. OnHako HE MEHBIIMKH HHTEpec
NPEJCTABISAIOT HUTMEHTHl (HEHOJBHOM MPUPOJIBI, OCOOEHHO TMpPH HAIUYUUA Y PACTCHHA
CUMOMOTHYECKHUX OTHOIICHUI ¢ MUKPOOPTaHU3MaMH.

Tax, NpOHUKHOBEHHE HJO0(UTOB B pacTeHHUE BO3MOXHO KaK TOPU30HTAIBHO, TO €CTh OT
MaTEpUHCKOT0 paCTEHUs K CEMEHH, TaK U BEPTUKAIBbHO, uepe3 ¢puio- uiu pusochepy [1]. B arom
cllydyae MEXaHM3M MPOHUKHOBEHUS aHAJOTHUYEH C (PUTOMATOT€HHBIMU MUKPOOPIaHU3MaMH, YTO
MO>KET BBbI3BaThb MMMYHHBIM OTBET pacTeHHs, HalpuMep, MOBBILIEHUE KOHLEHTpaluu
(1aBOHOMAOB, KOTOPBHIM TPHUIKCHIBAIOT CBOWCTBA ()UTOAJIEKCHMHOB, WM AaHTOLIMAHOB,
BBIMOJIHSOLINX AaHTUOKCHIAHTHYIO (PYHKLHIO [2].

JlonomHUTENbHO (PEHOIBI PEryIUPYIOT POCT U Pa3BUTHUE PACTCHUMN, BXOAS B KOMIUIEKCHI C
¢utoropmonamu (B-unrudburopHsiii komiekc ¢ ABK) u nognepxuas ux neiictsue, HarpuMep,
3a cuér wuHruoupoBanus MYK-okcunmaszpl. OHIO(DUTHI aKTUBHO OCYILECTBIISIOT CHHTE3
TOPMOHAJIbHBIX BELLIECTB, U OKA3bIBAIOT BJIMSHUE HAa POCTOBBIE ITPOLIECCHI B PACTEHUSX, UTO TAKKE
MOJKET OBITh CBSI3aHO C HaKOIUJIeHHEeM uMu (heHoos [ 1, 4].

B kayecTBe MCTOYHMKOB 3HIO0(UTOB HCIOIH30BAIUCH JIMCTOBBIE HKCIUIAHTHI PACTCHUN
MSTHI TepeyHoit copta KyOaHckas 6, mosrydeHHbIE U3 KOTOPBIX IO paHee OTpaOOTaHHON METOAMUKE
[3] GakrepuwalibHbIE KOJOHHMH IEPECEBAIMCh HA KHUIKYI0 KapTO(PEIbHO-TIIOKO3HYIO Cpely C
JaTbHEUITNM TOJYyYEHUEM KYJIbTYPaJbHOM JKUAKOCTH, (QHIBTPAT KOTOPOW NPUMEHSJICS B
KayecTBE POCTCTHMYJIMPYIOIIETO Ipernapara JUIsi MOACIbHBIX pacTeHuil Oasmiuka. [ToceBHOM
MaTepuan Oasmnnka copra PUOJETOBBINA 3amMayuBalICs B Boje ¢ Jo0OaBieHHeM (uibTpara u
BBICEBAJICA B YCJIOBHSX BEr€TALIMOHHOI'O OMNbITA B OPAaHXEPEE C MCKYCCTBEHHBIM OCBEIEHUEM
nabopaToOpUU UCKYCCTBEHHOTO KiimMata kadenpsl ¢pusuonoruu pacrenuit PCAY-MCXA um. KA.
TumupsizeBa. [To npomectBun 60 1HEH OT BCXOAOB OBLIO ONPENEICHO COIEp)KaHHE MUTMEHTOB
npu nomomu mnpubopa Dualex Scientifict, a Taxke ObLIa NpPOBEJEHA OIEHKA POCTOBBIX
[1apaMeTpOB U YPOKAUHOCTH.

VY Bcex OMNBITHBIX BapUaHTOB HAOMIONAIMCh JOCTOBEPHO OoJjiee BBICOKHE 3HAYCHUS
koHuentparuu Qiaasonounos (0,56 u 0,65 MKr/cM> B KOHTPOJIE U OIBITE COOTBETCTBEHHO) W
antonuanoB (0,62 u 0,69 MKr/cM> B KOHTPOJIE M OIIBITE COOTBETCTBEHHO), IPH JTOM IO
COJZICPKAHUIO XJIOPO(PHMIUIOB OMBITHBIE BApHAHTHl YCTyNaJud KoOHTpoito. llpum Hammuuum
pE3yJIbTaTOB U3MEPEHMSI CHIPOM MAacCChl ONBITHBIX PACTEHUH, MOKA3aBIIMX TaKKE 3HAYUTEIBHOE
npesblieHre Hajx kontposieM (19,33 u 22,73 r/cocyn B KOHTpOJIE M ONBITE COOTBETCTBEHHO),
MO>KHO BBICKa3aTh MPEANOIOKEHUE O HAJIWYMKM CTUMYJUPYIOLIErO BIMSHUS BBIJEIECHHBIX
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SHIO(PHUTOB HAa POCTOBBIC MPOILECCHl U HAKOIUIEHHWE AaHTOLMAHOB M (DIIaBOHOMIIOB pPacTEHUSIMH
Oa3uimKa.
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KYJbTUBUPOBAHUU PACTEHUM

ABmikuna A.B.!, Maxunosa E.1IO.?

1, 2 - @edepanvuoe zocyoapcmeennoe 0100xcemnoe oopazosamenvhoe yupexcoenue
evicuiezo oopazosanusa «Poccuiickuii 2ocyoapcmeennulil azpapnusiit ynueepcumem — MCXA
umenu K. A. Tumupsazeea» (OI'bOY BO PI'AY-MCXA umenu K. A. Tumupazesa), 127434, 2.
Mockea, yn. Tumupsaszeeckasn, 49, E-mail: info@rgau-msha.ru

[To manubIM TIpOAOBONBCTBEHHON W CENBCKOXO3SUCTBEHHOW opraHu3anuu OO0beTMHEHHBIX
Haunit (®AO), k 2050 rony Hacenenne 3eMiil JOCTUTHET 9 MUJUIMAPIOB YEJIOBEK, U3 KOTOPBIX
75 % OynyT xkuth B roponax [1]. Oxxumgaercs, 9to B OMmKaiime qecATHICTHS TIT00aIbHBIN CIIPOC
Ha BoAy OyJIeT pacTu ObIcTpee, YeM YHCICHHOCTh HACceJICHHs M dKOHOMUKA. B HacTosiee Bpems
Ha CeJIbCKoe X03aUcTBO npuxoautcst 70 % Bcero noTpediieHus pecHO! BOJbI B MUPE, U HEXBATKa
BOJIbl, BBI3BAHHAS M3MEHEHUSIMHU KIMMaTa, MOXET CTaThb CEPbE3HOM Yrpo30M ISl CEINBCKOrO
XO3HCTBA.

OnHOM U3 caMbIX CephE3HBIX MPOOIEM CTaHET YAOBJIETBOPEHHUE CIPOCa Ha MPOAOBOJILCTBHE,
MIOCKOJIBKY CEJIbCKOXO3SIMCTBEHHBIE YTO/Ibs COKPAIIAIOTCS M3-32 M3MEHEHUS KIIMMAaTa, HEeXBaTKH
BOJIbI, 3arpsi3HEHHS TOYBBI U JPYTHX (DakTopoB. B 3TOM KOHTEKCTE THAPONMOHHKA — METOJ
BEJCHUSI CEIBCKOTO0 XO3AHWCTBa 0€3 HCIONb30BaHMA TOYBBI — IMPEJCTAaBIsAET COOOM
KH3HECTIOCOOHYIO AIbTEPHATHUBY JUI peIeHus 3Toi npobuemsl. [loxxoasmuii BeIOOp Hanbomee
3¢ PEKTUBHOTO METOJa THIPONOHUKU [UIS PA3IHYHBIX MacIITabOB MPOU3BOJICTBA IMO3BOJUT
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MPHOOPECTH  DKOHOMHUYECKYID  IIEeTIeCO00pa3HOCTh,  pecypcod(h(HEeKTHBHOCH,  BBICOKYIO
YPOKaHOCTb, YCTOMYMBOCTD, HAJIC)KHOCTD Y IMTOTEHLIMAJI CUCTEMBI.

HecmoTpss Ha pa3zHooOpasue TUAPOMOHHBIX TEXHOJOTHMH, CYIIECTBYET DS HEpEeIIEHHBIX
BOIIPOCOB, OJINH M3 KOTOPBIX - OTCYTCTBHE YHU(DUIIUPOBAHHON CUCTEMBI OLICHKH 3(PPEKTUBHOCTH
METOZIOB THAPOMOHMKH JJIs PasHbIX MaclmTabOB NPOM3BOACTBA (OT AOMAIIHUX (epM 10
MIPOMBIIIJICHHBIX KOMIIJIEKCOB).

Ha ocHoBe aHanm3a COBpEMEHHBIX HAY4YHBIX JAaHHBIX IUIAHUPYEM IIPOBECTH CPABHUTEIBHYIO
OLICHKY HEKOTOpBIX KJIACCUYECKUX M WHHOBALMOHHBIX THAPONOHHBIX METOIOB, BBISBUTH
ONTUMAJIbHYIO TEXHOJIOTHIO JUIS YETBIPEX CLIEHAPUEB:

1. HeGonpmme macmradbl Mpou3BOACTBA 0e3 TpeOOBaHMSA K BBICOKOMY POCTY KYJIBTYPBI
(Hammpumep, 1abopaTtopuu 00pa3oBaTEIbHBIX YUPEKACHUIN),

2. HeGonpmue macmradbl NMPOU3BOACTBA C TPEOOBAHMEM K BBICOKOMY pPOCTY 3€JIEHH U
OBOIIIEH (JIOKaJTbHOE CHA0XKEeHUE, HUIIEBBIM OM3HeC, (epMepCKHe PHIHKH),

3. IIpombinuieHHble MaciiTabbl 0e3 TpeOoBaHUS K BBICOKOH YpOXKAHHOCTH KyJBTYp
(papmaneBTHUECKass W KOCMETOJIOTHYECKAsh OTpacib, HAyYHO-MCCIEAOBATEIBCKUE H
CENIEKIIMOHHBIE LEHTPBI, DKO-TIOCENIECHHSI M MIPOEKThI YCTOHYUBOTO Pa3BUTHUS, BOCHHbIE U
cTpaternyeckne 00beKThl),

4. TIpoMbllUIEHHBIE MacITa0bl C TPEOOBAHNUEM K BHICOKOMY POCTY M YPOKAaHOCTH KYJIBTYp
(ropoackue arfioMepald MU PErHoHbl € JAe(QUIIMTOM CeNNbX033eMelb, HKCHOPTHO-
OpPHEHTUPOBAHHBIE ATrPOXOJIIMHTH, TOCYJAapCTBEHHBIC MPOrPaMMBbl MPOJAOBOILCTBEHHOM
0€30MacHOCTH, arpoNpPOMBIIIJICHHbIE KOMIUIEKCHI TP MPOMBIIIJICHHBIX TPEATPHUITHSX )

CucremaTuzanusi JNaHHBIX IUIAHUPYETCS IO 3-M KPUTEPHSIM: YpPOKANHOCTh, CTOMMOCTH
BHEIpEHUS U pecypcodPHEeKTHBHOCTh Mg 8 TUAPONOHHBIX cucteMm (purunpHas, DWC,
MepPHOANYECKOe 3aTOIICHHE, KanenbHoe opoieHue, NFT, aaponoHnka, BEpTHUKAIBHBIE CUCTEMBI,
HMOHOTIOHUKA)

Ha ocHoBe mimanupyembix paboT OyneT pazpaboTaHa oO0IIas peKOMEHAANUsS ONTHMAbHBIX
CUCTEM THAPOTIOHUKH IS PA3HBIX YCIOBHM SKCILTyaTalliH.

Cnucok JimTeparTypbl:

1. A Review on Hydroponics and the Technologies Associated for Medium- and Small-Scale
Operations

2. Mamununa T. A., HoBukoB B. A., MonokanoBa M. «l'uzapornoHuka Kak ajgpTEepHaTHBa
BBIpAIIMBAaHUS MTOCATOYHOTO MaTepuaiay // AKTyalbHbIC HAIPABJICHUS HAyUYHBIX UCCIICAOBAHHM
XXI Beka: Teopus u npaktuka. 2020. Nel. C. 91-94. DOLI..
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POCTOBBIE XAPAKTEPUCTHUKU KAJIJITYCA U3 HHTAKTHOI'O
COLBETHUA YECHOKA B 3ABUCUMOCTHU OT TUITA
MNUTATEJIbHOHN CPEJbI

A3onkoBa ML.A.

Bcepoccuiickuil HayuHo-uccied08amenbcKuil UHCHUMYH 080UWe800CMea — punua
Dedepanvrozo 20cyo0apcmeeHH020 0100HCemHo20 HAYUHO020 yupexcoenusn «DedepanvHblil
Hayunwlit yenmp osouyeeoocmea» (BHUHUO — ¢punuan ®I'6HY ®HI]0), Mockosckasn
oonacme, 14015 , E-mail: tixanish@mail.ru

YecHok (Allium sativum L.) - oBOIIHas MHOroLeNeBas KyJlbTypa, UMeomas OoraTsii
OMOXMMHYECKUN U XUMUYECKUH COCTaB, pa3MHOKAIOIIASICS HCKITFOUUTEIHHO BEreTaTuBHO [1].

Jns monmyuyeHus HOBBIX T'€HOTMIIOB HMCXOAHOIO MaTepuaya JUlisl CEJEKIMH aKTUBHO
UCIOJIB3YIOT i1 Vifro TEXHOJOIMM, CPEAM KOTOPBIX MEPCHEKTUBHBIMH SIBJISIOTCS IOJIy4YEHHE
COMAKJIOHAJIbHBIX BAPUAHTOB, KJICTOYHASL CEJIEKLUS U MyTareHes in vitro. [Ipu 3ToM HE0OX0 MO
o00paTh yCIOBUS JUIS MOJTyUYEHHs KIIETOUYHOU KYJIbTYPHI i1 Vifro ¢ BBICOKOH CKOPOCTh POCTa H
MOp(OTeHHOI aKTUBHOCTBIO.

Lesb paboThl — U3yYUTH POCTOBBIE XaPAKTEPUCTUKH KAJUTyCHBIX CTPYKTYP M3 HHTAaKTHOTO
COLIBETHS YECHOKA, ITOJyYEHHBIX Ha Pa3HbIX TUIIAX TUTATEIbHOMN Cpebl.

HccnenoBanus mpoBeAeHbI B cekTope arpoduorexnonoruit BHUMO B 2023-2024 1T.

Marepuai uccie10BaHui — KaJllyc, IIOJy4YEeHHbBIN U3 COLBETUH YeCHOKaA copra I maguarop,
M30JIMPOBaHHBIX B BO3pacTe 7 CYTOK.

OKCIUIaHTBl Ul TOJIyYEHHs Kajulyca KyJbTUBHPOBAJIM Ha arapu30BaHHON M KUAKOU
nuTaTenbHol cpene Mypacura - Ckyra (MS) [2], conepxkamieit 2,4-nuxinopheHOKCHYyKCYCHYIO
KHCIOTY B KoHueHTpamuu 2,0 mr/n, kunetud - 0,5 mr/n, pH 6,0 [3]. [IpogomxurensHOCTD
KylabTUBUpOBaHUs - 120 cyrok. KOHTpoIpHBIMM OTpe3KamMu Ul aHalu3a KaJUIyCHOW KyJbTYpbl
obutn Kaxele 10 cyTku, HaunHas ¢ 30 CyTOK KyJIbTUBUPOBAHHUS.

Onpenensuii pocTOBbIE TAPAMETPBI KYJIbTYPBbI:

yBeIMueHue celpoil Macchl (M, I) — pa3HOCTh MEXAYy Maccoil Ha JaTy ydeTa U Maccou
IKCIUIAHTA;

IPUPOCT CHIPOH OMOMACCHI OTHOCUTENBHO UcX01HOM Macchl (11, T) - oTHOLIeHHE pa3HOCTH
Macc Kajulyca Ha JaTy y4yeTa U 9KCIUIaHTa K Macce IKCIUIAHTA;

npupoct ¢ yuétom dakropa Bpemenu (IT;, cyr!) - oTHOIIEHHE Pa3HOCTH MacC Kajllyca Ha
JlaTy y4yeTa 1 SKCIIaHTa K Macce HKCIUIAHTa, YMHOXKEHHOE Ha BpeMs KyJIbTUBUPOBAHUS;

UHAEKC ckopocTH pocta (I) — oTHomIeHHMe Macchl Kajulyca Ha JAaTy ydera K macce
aKcrutanTa [4].

CraTucTudecKkylo 00pabOTKy SKCIEPUMEHTAJIbHBIX MAHHBIX MPOBOAMIM C IOMOIIBIO
nporpamMMmHoro nakera Microsoft Excel.

Ilo pesynpTaTaM NpPOBEAEHHBIX HCCIECJOBAHUM YCTAHOBJIEHO, 4YTO MaKCHMAaJIbHOE
YBEJIMUEHUE CBIPOM Macchl Kajlllyca OTHOCHTEIBHO MAacChl SKCIIaHTa HA arapu3oBaHHOMN
IUTaTeNbHOM cpene npoucxoawno Ha 100 cyTku KynapTuBMpOBaHMsA M coctaBwio 3,33 1. Ha
KUJIKON MUTATENBHOU Cpeie MaKCUMAaJIbHOE 3HaUE€HUE ITOro nokasarens 3,25 T otmedyeHo Ha 70-
80 cytku. [Ipu sToM, HanbobIIMi pupocT Maccsl 0,68 T Ha arapu30BaHHOHN Cpeze HAOIIoaaTN
B nnepuo ¢ 80 mo 90 cyTku, Ha xuakoi cpene - Ha 0,92 r B nepuog ¢ 60 nmo 70 cyTku
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[TpupocT chIpoii 6uomacchl Kajlyca OTHOCHUTEIBHO MCXOIHON Macchl 3KCIUIaHTa Ha
arapu3oBaHHOW cpene nmpoucxoqmn Ha 100 cyTku KyabTUBHUpoBaHuUS M coctaBun 47,6 r. Ha
XKuIKON cpene MS MakcuMaibHOE 3HAYEHHE STOTO Mmokazarelis 46,4 r otMedeHo Ha 70 CyTKH.

MaxkcuManbHbII TPUPOCT CHIpOM OMOMacchl Kajuryca ¢ y4éTom (akTopa BpeMEHH Ha
arapusoBaHHOM cpeze coctaBui 0,506 cyr! Ha 90 CyTKHM KyJIbTUBUPOBAHHUS, HA JKUIKOU Cpeie —
0,580 cyr! na 80 cyrku.

HNHaekc CKOpOCTH pocTa CBOEr0 MAaKCUMAJIbHOI'O 3HAUEHUS JOCTUI HAa arapu30BaHHOU
nuTatenbHoi cpeae Ha 100 cyTku KyJIbTUBHpPOBaHMS U cocTaBwil 47,6. Ha sxuakoil nurarenbHON
Cpelle MaKCHUMaJIbHOE 3HaUY€HHUE ITOT MOoKa3aTesb JocTur Ha 70 cyTku u coctaBui 47,4.

Ha ocHOBe IOJIy4eHHBIX JaHHBIX MOXHO CH€JaTh BBIBOJ, YTO HCIOJIb30BAHUE KUAKOU
nuTaTeNnbHOU cpenpl MS, ¢ nobaBnenuem 2,0 mr/n 2,4-nuxiiopdeHokcuykcycHON Kucaotel u 0,5
MI/J1 KHHETHHA, TI03BOJISIET MOyYaTh KaJUTyC C BBICOKMMH POCTOBBIMH XapaKTepucTukamu Ha 20
CYTOK paHbllleé 1O CpPaBHEHHIO C AHAJOTMYHBIMU TMOKa3aTelsIMH, 3a(UKCHPOBAHHBIMH Ha
arapu30BaHHOM MUTATEIILHON CPEZIE TOTO ke COCTABA.

Cnucok JimTeparTypsbi:

1. Cepenua T.M., Aradgono A.®., I'epacumosa JI.U., Kpusenkos JI.B. DnemenTHbII
coctaB 4ecHOKa 03uMoro (A/lium sativum L.) coptoB cenekiun BHUHUCCOK. OBomu Poccun.
2015. Ne 3-4. C. 81-85. DOl.org/10.18619/2072-9146-2015-3-4-81-85

2. Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco
tissue cultures. Physiol. Plant. 1962. V.15. No 13. P.473-497.

3. AszonkoBa M.A. Muaykius kajurycorenesa couBeTuit yecHoka (Allium sativum L.) in

vitro. CHOUPCKHII BECTHHUK CeIbCKOXo3siicTBeHHOM Hayku. 2023. T. 53.Ne2. C. 43-
47. DOI: 10.26898/0370-8799-2023-2-5
4. JIro6akoBckas JI. A., SkxosneBa O. A., bpens H. I'. PocToBeie u OuocuHTETHUECKHE

xapaktepuctuku Syringa vulgaris L. copra «M. LllonoxoB» cTe0I€BOr0 NMPOUCXOXKICHHUS B
KynbType in vitro. Bectauk BTMYVY. 2007. Nel. URL: https://cyberleninka.ru/article/n/rostovye-i-
biosinteticheskie-harakteristiki-syringa-vulgaris-1-sorta-m-sholohov-steblevogo-
proishozhdeniya-v-kulture-in-vitro (nata oopamenus: 08.08.2025).

BUOXUMMUSA ThIKBbI MYCKATHOM

buaxamos I'.A., 'onuapos A.B.

DI'b0Y BO Munucmepcmea cenvckozo xo3aicmea Poccuiickoit @edepayuu «Poccuiickuii
20Cy0apcmeeHHblil YHUugepcumem Hapoonozo xozaiucmea umenu B.U. Bepuaockozo»
(OI'6OY BO MCX P® PI'YHX umenu B.U. Bepnaockozo), banawuxa 143907, E-mail:
tikva2008@mail.ru

Pacrenusi THIKBBI MYCKaTHOW OJHOJIETHHE, CTEOENbh CTENIONMIUUCS,JI , C CEPEOPHUCUTHIM
PHUCYHKOM; TUTOJT SIBIISICTCSIOMOKHOM srotoibIkBUHAl 110161 ofommu apOy3HbIM . ThIKBa MyCKaTHas
SABIISICTCS JOCTATOYHO TEIJIOTPEOOBATEIbHBIM BUIOM THIKBBI CPEAH KYJIbTYPHBIX BHJIOB THIKBBI U
JUI BBI3PEBAHUS IUIO/I0B CyMMa aKTUBHBIX TEMIIEpaTyp AobkHA cocTaBiaTh 1800-2000 rpamycos.
B Poccun BoipammBaercss Oonee 50 copToB M THOPUIOB THIKBBI MYyCKaTHOH (Hauboiee
pactipocTpaHeHHble copTa - MyckarHas, JXemuyxkuna, IlpukyOanckas, Bura, Ilunrsum,
ApaOatckast, Buramunnas, ['mrapa, Hexrapuas). B HacTtosmiee Bpemsi KylnbTypa TBHIKBBI
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MYCKAaTHOW TpeACTaBiIsgeT OOJBIION MHTEpEeC Kak MPOAYKT JUIsl NepepadOTKH Ha COK, IIOpe,
MPOAYKTHI (YHKIIMOHATILHOTO MUTAHUS, /ISl UCTIOJIb30BAaHUS B CEIEKIIMU U UHTpoaAyKIuH [1-19].

N3ydanu GMOXMMHUYECKUH COCTaB, MOp(HOMETpPUUYECKHE MOKa3aTeIH IJI0A0B U ceMsH 38
COPTOOOPA3LOB THIKBBI MYCKAaTHOH pa3IMYHOIO 3KOJOTO-Teorpaguyueckoro MpOUCXOKIACHUS
OTEYECTBEHHON U MHOCTPAHHOH CeJIEKLINH B ycloBHsX MockoBckoii oomactu B 2023-2025 rr. [pu
NIPOBEICHUU HCCIICOBAHUM BBIJCIEHBI COPTOOOPA3Lbl THIKBHI MYCKATHOM, OTJIMYAIOLIUECS
maccoit miozaa (0,6-12 kr), ¢dopmoii mioaa - oKpyras, CIUIIOIIEeHHAas, TPYLIeBHIHAs, TIepeXBaTKa
yIUIMHEHHasl, TIepexBaTka YKOPOUCHHAs; OKPACKOW IJIoJa - 3eJeHasi, KOpUYHeBast, C TOJIOCKaMH.
W3ydenHble copTOOOpa3Ibl THIKBBI MYCKaTHOM OTIMYAIUCh BBHICOKMM COZAEp)KaHHUEM B IUIOJAX
pacTBOpuUMBIX cyxux BewecTB (9-14 %), kaporuna (9-25 mr%), caxapos (7,5-12,0 %); MaKkoTb
IUIO/Ia BapbpoOBaJlaCh IO OKPACKE - CBETIO-XKENTas, SPKO-KeNTas, OpaHXKeBas, OpPaH)KEBO-
KpacHOBas; 10 KOHCUCTEHIIMU - IJIOTHAs CyXasi, TUIOTHAs BJIaKHAsl, pacchlmyaTas Ha BOJIOKHA, C
HACBHIIIEHHBIM HWJIM CJIA0OHACHIIIEHHBIM apOMAaTOM; CEMEHHOE THE3/I0 B IJI0JaX OTIMYalioCh
HauOOJBIIMMHU TApaMETpaMU y COPTOOOpA3LOB C OKPYIod (OpMOH; TOJIIMHA MSAKOTH
Kosiebanach ot 2,3 110 5,3 cm. CemeHa copTooOpa31oOB THIKBBI BRIICISIIMCH IO OKPAcKe - CBETJIO-
WM TEMHO-KOPUYHEBAs, 110 pa3Mepy - Menkue (y mionoB maccoi 0,6-3 kr), cpenHue, KpynHslie (y
IUI0/10B Maccoii 4-12 k), mo popme - OKpyTIIble, yATUHEHHBIE, OBaJIbHBIE C 000IKOM HJTH 0€3 HETo;
coJiep;KaHuE Macila B CEMEHaxX BapbUpoBanock B npeaenax 32,0-39,1 %.

Cnucok Jimrepartypbl:

bumxamoB I'.A., T'onuapos A.B. . ., [llutukoBa A.B. // : // : // :// KapTodenb u oBoIIIH.
I'ongapos A.B. ..Ka3einy6 H.I'., Kamranosa FO.A., ®ananeea E.B., ['onuapoB A.B., 'acmapsin
N.H. . :Ka3pigy6 H.I'., Kamranosa FO.A., ®ananeesa E.B., 'onuapos A.B. // :Kamranosa FO.A.,
Kaszpiny6 H.I'., T'onuapoB A.B. _ B // :KamranoBa F0.A., Kazeiny6 H.I'., ['onuapos A.B. . //
N3Bectus TumupsizeBckoil cenbCcKoxo3sicTBeHHOM akanemun. 94-99.Ckopuna B.B., 'onuapos
A.B., ITouroBas H.JI. //:

N3YYEHUE BUOXUMHNYECKOI'O IOTEHIIUAJIA ITIOJIBIHU

T'OPHLKOM B YCJIOBUSIX CBETOKYJIbTYPBI
Boaymesa JI.A.!, Maxunosa E.1O.2

1, 2 - @edepanvuoe zocyoapcmeennoe 0100xcemnoe oopazosamenvhoe yupexcoenue
evicuiezo oopazosanusa «Poccuiickuii 2ocyoapcmeennulil azpapnuslit ynueepcumem — MCXA
umenu K. A. Tumupsazeea» (OI'bOY BO PI'AY-MCXA umenu K. A. Tumupazesa), 127434, 2.
Mockea, yn. Tumupaszeeckasn, 49, E-mail: info@rgau-msha.ru

IlonbiHb TOpPBKAst — MHOTOJIETHEE TPABSIHUCTOE pPACTEHUE, W3JPEBIE MCIOIb3yEMOE
yenoBekoM. OHa NpUMEHsETCA Kak B JIEKapCTBEHHBIX, TaK M B MUUIEBBIX Lemsx. Hampumep, B
JlpeBHel I'peniny MCHOIB30BAINCh PELENTHI C MOJIBIHBIO FOphKOM (110 AaHHbIM ['unmokpara u
Teodpacra). Celiuac OHa UCHONB3YETCS KaK JKEITUYErOHHOE W TMOBBIMIAIONIEE AMIETUT
JIeKapCTBEHHOE BelecTBo. Kpome 3TOro, aOMHETON M NMHHEH, BXOIAIIME B COCTaB IOJIBIHH
TOPbKOH, OKa3bIBAIOT BO30Y KAarolee IeHCTBUE Ha LIEHTPAIbHYIO0 HEPBHYIO CUCTEMY, YIIydllIas
HEPBHO-MBIIICYHYIO Niepenauy. Takke, (haBoOHOU B!, HAXOAUMBIE B COCTABE MOJIBIHU OJIOKHPYIOT
BBICBOOOXK/IeHHE MHTEpIieiiknHa-10, MoAaBisas 3KCIPECCUI0 MPOBOCHANUTENBHBIX MEAMATOPOB,
YTO MO3BOJSET HCIIOJIB30BATh MOJBIHb I'OPHKYI0 B COCTaBE MPOTHUBOBOCHAINUTENBHBIX Ma3ei,
HanpuMep, Uil JIEYEHUs PEBMATOMAHOIO apTpuTa. B Ccuily HCIIONIBb30BaHMS B YEJIOBEUYECKOU
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NESITeIbHOCTH BTOPHUYHBIX METAaOOJIMTOB IMOJBIHM, BAXKHOW TEMOHM Uil W3yuYeHHs SBISETCS
BIIMSIHUE CIIEKTPAJbHOIO COCTaBa CBETa Ha UX HakomeHue. K coxalleHuio, UCCleOBaHMH,
3aTparuBaBIIUX Ty TEMY HaiIeHO HE OBLJIO, HO MOXKHO MPEOJI0KHUTh, YTO B3aUMOCBSI3b BCE XKe
MPUCYTCTBYET, TaK KaK CYIIECTBYIOT paObOTHI Ha ATY TEMY JUIsl APYTHX JIEKAPCTBEHHBIX PACTCHUI.
CnenoBatenbHO, N3y4EHHE MOJIBIHU FTOPHKOM B pAMKaX CBETOKYJIBTYPBI SIBISETCS NEPCIIEKTUBHBIM
HaIlpaBJICHUEM UCCIIEIOBAHUS.

B monbHM TOpRKON copepkaTcs TaKWe BeENIeCTBa, OONAJAOIINe AHTHOKCHIAHTHBIMU
CBOMCTBaMH, KaK aHTPAILEHIIPOU3BOJHBIC, ACKOPOWHOBAs KHUCJIOTA, HUPUAOUABI, TyOUIHHBIC
BelIeCcTBa, (PIaBOHOUIBI, KyYMapHHBI M YTJIEBOABI, UTO OBLIO JIOKAa3aHO IKCIEPUMEHTOM, B XOJIe
KOTOpPOTO CPaBHUBAJIMCH HECKOJIBKO BUOB MOJBIHU ¥ UMEHHO ITOJIBIHE TOPhKast ObLIa BBIJEICHA
KaK BUJI, IEPCTIICKTUBHBIN JJIs1 JaIbHEHTIIeH paboThI.

Kpome sToro, mccienoBaHusi MOKas3bIBAIOT, YTO COIBETHS IMOJBIHM IMOKA3bIBAIOT OOJBIIYIO
aHTHOAKTEpUATIbHYIO aKTUBHOCTD, YeM €€ JHCThs. KOoHeuHO, MECTO BBIpAIIMBAHUS TAK XKE BIHUIET
Ha HAKOIUIGHHWE BTOPUYHBIX MeTabonuToB. Ilo pesynbpraram ucciaenoBaHUNA MOXHO CAeNaTh
BBIBOJl, YTO HAKOIUICHHWE (DIIaBOHOMAOB CHJIBHO 3aBUCUT OT YHAJEHHOCTH OT OOBEKTOB,
3arps3HAIONINX OKPYXKAIOIIYI0 Ccpely, TaK KaK J3TH OHOJOTMYECKH aKTHUBHBIC BEIIECTBA
NPUHUMAIOT YYacTHE B pEaKLMU pacTeHus Ha cTpecc. Tak, 00pasibl MoJIbIHA, COOpaHHbIE BOIU3H
TPAHCIOPTHBIX MarucTpaiei, cogepxaiu B 2,7-4 paza Oomnblue (QIaBOHOMIOB B MepecuéTe Ha
PYTHH, 4Y€M B KOHTPOJIBHBIX 3allOBEJHBIX 30HAX, YTO CBUACTEIBCTBYET O HAKOIUICHUHU
(1aBOHOMAOB KaK O MapKepe aHTpONoreHHoro BiusHHUs. Ha HakomneHwe 3(UpHBIX Macel
IIOJIBIHBIO TOPBKOM aHTPOIIONEHHOE BO3IEUCTBUE TAKXKE BIMAET OTpULarensHo. Hecmorps Ha 310,
ObUIM TIOJNy4EHBl 3HAYEHUS, OTKJIOHSIOIIMECS OT TaKOW TEHJEHIIMH, YTO CBHUJETEIBCTBYET O
BO3JCUCTBUU MHBIX (pakTOpoB. IMEHHO MO3TOMY Ba)KHO NMPOBECTH MCCIIEIOBAaHUS, TAe Oyaer
PaccMOTPEHO BIUSHHUE CIEKTPAIILHOTO COCTaBa CBETA Ha HAKOIJICHWE BTOPUYHBIX META0OIHUTOB
IIOJIBIHU TOPBKOM.

Onupasch Ha BCE BBIIECKA3aHHOE, IOJBbIHb TOpPbKAasl SIBISIETCS Ba)KHBIM JIEKAPCTBEHHBIM
pacTeHueM ¢ OONBLION MEePCHEeKTHBOM pPa3BUTHUS, BTOPUYHbBIE METaOOIUTHI KOTOPOTO AKTUBHO
UCTOJNB3YIOTCS, HO WX HAKOIUICHHE U3ydeHO cnabo, Mmo3ToMy e€ H3yuyeHHe B paMKax
CBETOKYJIBTYPHI OIIPABIaHO U HEOOXOIMMO.

Cnucok JimTeparypsbl:

1. OesxoBa H.A., I'amonos C.II., CnuBkun A.U., boouna E.A., llIumopuna JI.A., Benukanosa
JLA. W3yyenue o0COOCHHOCTEW HAKOIUICHHS (JIABOHOMIOB TPaBOW TMOJIBIHM TOPHKOH,
Ipou3pacTaroIieil B pa3anyHbIX ypOo- u arpobuorieHo3zax Boponexckoit obmactu. Bompockr
Ouosiornueckoii, MeuIMHCKON U papmaneTuueckoit xumun. 2020;23(7):15-21

2. Abpamsn, A.A., Ky3smenko, H.}O. dutodapmakonaorus TpaBbl MOJIBIHA
ropbkoii//Hayuno-menunuackuii BectHuk Llentpansnoro YepHosembs. —HayuHo-
IpakTU4ecKuil xkypHani, Ne9 —2022. —C.23-27
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PEAKIIUSA PASHBIX 'EHOTHUIIOB IIIIEHUIIBI HA I'NITOKCHIO

N PEOKCUTI'EHALINIO

Nayaerosa P.B!., ®exopeena JL.U2., Kononenxo H.B%

1 - ®I'bOY BO «Poccuiickuii zocyoapcmeennnlit azpapusiii ynueepcumem — MCXA
umenu K. A. Tumupsaszeea» yn. Tumupazeeckas, o. 49, 2. Mockea, Poccusa, 127434,
soillab@rgau-msha.ru
2-®@I'BHY BHUHUCE «Bcepoccuiickuii Hay4Ho-ucci1e008amebCKuil UHCmumym
cenbeKoxo3anucmeennou ouomexnonocuuy ya. Tumupaszeeckan 42, Mockea, Poccusa, 127550,

iabwiab.ac.ru

AxtuBHble (hopMmbl kuciaopona (ADPK) ¢opmupyrorcs B OTBET Ha HeOIaronpusTHbIC
BO3JICHCTBUS OKpyXkaromieir cpeabl [2]. M30piTounoe HakorieHue ADK mpuBOIUT K pa3BUTHIO
OKHCIIMTEIBHOTO cTpecca. Bricokas peakiuoHHas criocooHocts ADK B ciyuae mpeBbIIICHUS
NPEJENIbHO IOMYCTUMOTO YPOBHS CIOCOOHA Pa3pyLIUTh MPAKTHUECKHU BCE KIacChl OMOIOTHUECKUX
Moutekyn: Oenku, mumuasl memOpansl, JJHK [1]. B pamMkax maHHOro MccienoBaHUs B KauecTBE
abuotnyeckoro (hakropa ObuIa BEIOpaHa TUMIOKCHS (MK Je(ULIUT KUCIOPO/1a), BOSHUKAIOMIAS IPU
M30BITOYHOM TIepeyBIaKHEHUH, 3aTOIUICHUU WU YIUIOTHEHUH MTOYBHI.

Llenpio gaHHOW PabOTHI SBISIOCH KOMIUICKCHOE HM3Y4YCHHE BIMSHUS THIOKCHYECKOTO
CTpecca Ha reHepalfio ¥ MPOCTpaHCTBEHHYIO Jokanu3anuio ADPK B Ki1eTkax KOpHEH U JHCThEB
MIPOPOCTKOB y JIBYX Pa3HBIX T€HOTUTIOB MIIEHUIIBL: Triticum aestivum L. (copt OpeHOyprckas 22)
u Triticum durum Desf. (copt 3onotas). [locie CHITHS TMHIIOKCUYECKOTO BO3JIEHCTBHUS, 0cO00E
BHUMaHHE OBLJIO YAETICHO aHAIN3Y JUHAMUKN BOCCTAHOBHUTEIBHOTO MPOIIECCAa — PEOKCUTCHALIUH.

3akyazka IMoJIeBOro ombITa Oblia mpoBeaeHa 14 mas 2025 rona Ha ONBITHOM YYacTKe
denepanbHOr0 HAy4HOTO LIEHTpa OMoJIOrHyeckux cuctem u arporexnonoruit PAH. Ha 13 nens
nocje rnocesa B (a3zy KyIICHHUs MIIECHHILY JBYX COPTOB MOJBEPINIM THIIOKCHYECKOMY CTPECCY B
TEUYEHHUE JBYX CYTOK, U 3TOTO BHYTPH JACISIHOK IPEIBAPUTEIHLHO TMOMEIIANIN JBYXCIIOWHbIC
IIEHKKA U1 yaepxaHus Bojabl. OTOOp mpod mpoBoAMiICS coriacHo cienyromeil cxeme: 30
pacTeHui B TpeX MOBTOPHOCTSIX.

MopdomeTrpuueckn ObIIO ONpeneNeHo, YTO JBa COpPTa MIIEHHUIBI MO-Pa3HOMY
pearupoBanu Ha runokcuto. Eciu copt OpenOyprekas 22 yBennuuBal JUIMHY KOopHed B 1,4 pasza
u (GOpMHpOBaT BTOPUYHBIC KOPHHM, HE HM3MEHAS HA3eMHYI0 YacTh, TO cOpT 30JI0Tas IpH
HEIOCTaTKe KHCIOpoa yKopaunBal KopHU B 1,1 paza. Takum 06pa3zoM, MOKHO 3aKJIIOUUTH, YTO
copt OpeHOyprckast 22 agantTupyercs 3a CUeT YBEJIWYECHHUS MMOBEPXHOCTH BCACHIBAHMA, a COPT
3onoTast 3aMeIsieT pocT. B mporecce peokcureHauy npyu BOCCTAHOBJICHUH JIOCTYTa KUCIOPOa
HaOJII01a7I0Ch CHIDKEHHE POCTa KOPHEBOW CHUCTEMBI Y IBYyX COPTOB MIIEHUIBI. OHAKO MIIEHHUIIA
copta 30J0Tasi IO CpaBHEHUIO ¢ copToM OpeHOyprekas 22 mpoAeMOHCTPUPOBaAja 3HAUNTENFHOE
yBEIUYEHHUE BHICOTHI HA/I36MHOM YaCTH PACTEHUS IIPU BOCCTAHOBJIEHUH 11OCIIE TUTIOKCHU.

B knerkax pacteHuid OCHOBHBIM mponyuneHToM A®K sABIAIOTCA XJIOpPOIIACTBL. ITO
00yCJIOBJICHO TEM, 4TO HAaOOJBIINI BKJIaJ] B MX 00pa30BaHNE BHOCUT ()YHKLIIMOHUPOBAHUE IIeTIeH
nepeHoca 31ekTpoHoB [3]. I[Tockonbky n30bITok ADK oTpHnaTebHO CKa3bIBAETCSl HA MPOLIEcCe
¢dorocuHTe3a B paboTe OBUT MPOBEIEH aHAIN3 COACPIKAHUS XJIOPOPHIUIA a M b B HA[3eMHOM YacTu
niIeHuIbl. B KoHTpobHBIX 00pa3iax mieHuisl Opendyprekas 22 conepskanue Chl a Beie B 1,2
pas3, yem B copte 3onoTtas. OnHako, 6omnee Beicokoe coaepxkanne Chlb (B 2,5 pa3) B copre 3omoras
o cpaBHeHUIO ¢ coproM OpeHOyprckas 22 komneHcupoBano HempoctaTok Chl a. BosnmelictBue
THITIOKCUH TIPUBOIWIIO K yBenuueHuto conepxkanus Chl a kak B copre OpenOyprekas 22, Tak U B

®rbHY BHUUCB, 2025 . 72



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

copre 3omnoras (1,3 u 1,1, coorBercTBeHHO). Takke OBLIO OTMEYEHO pPE3KOE YMEHbBIICHHE
cogepkanuss Chl b B copre 3omoras, uTo MOrJ0 OBITH CBSI3aHO C IepepacHpeacICHUEM
xyopodunia a u b mexay coboit. [Iponecc BoccranoBnenus nocie aedunura Oz B IByX copTax
TIIEHUIIBI TPOTEKAI 110 pa3HbIM MEeXaHu3MaM: eciu cogepkanue Chl a B copte 3050T1ast B mepBbIii
JIeHb 3HAYWTEIBHO YyBenuuyuBaioch (1,6 pa3), a manee HaAUMHAJIO yMEHBIIAThCS, TO B COPTE
OpenOyprckas 22 conepxkanne Chl a B iepBbIii IeHb TTOCIIE TUTTOKCUH PE3KO YMEHbIIAIOCh (B 2,1
pa3), HO 3aTeM PE3KO YBEIMYMBAJIOCh M Ha 3 JICHb PEOKCUTCHAIUU TOCTHTAIO 22,6 MKI/T CBIPOi
Macchl, 4to B 1,5 Beiie, ueM B koHTpoe. Conepkanue Chl b Taxke 3HaUUTENBHO YBETUUNBACTCS
(8 1,8 pa3) mo cpaBHEHMIO € KOHTpojieM. M3 MONy4eHHBIX JaHHBIX MOXHO CHEJIATh
Npearnoiokenue, yto y copra OpenOyprckas 22 BOCCTAHOBUTENBHBIA MPOIECC B HAI3EMHOM
YacTH 10CJIEe TUITOKCHU IIPOTEKaeT OoJiee NIUTENbHO, YeM y copTa 30J10Tasl.

C moMoIIbI0 METO/IOB CBETOBOM M (hIIyOpPECLEHTHON MHKPOCKONUHU ObUIO OOHApY>KEHO,
YTO KOPHHU MPOPOCTKOB JBYX COPTOB MIIEHMIBI, OKpamieHHble Mapkepom ADK — Carboxy-
H2DFFDA, nakammBaiu pasnuuHoe konaudectBo ADK. B ombiTe ¢ rumokcued y copra
Openo6yprckas 22 nponykuust APK yeennuunacs B 2 pa3a IO CPaBHEHHUIO C COPTOM 30JI0Tas.
[Tpuyem, Hanbonee nHTeHCHBHOE OKpamuBanue ADPK y copra 3onoras Ha0II01a10CH B 00JIACTH
KOPHEBOT'0 YeXJHMKa M 30Hbl MEpUCTeMbI, a y copra OpenHOyprckas 22 — B 30HaX YeXJIHKa,
MEpUCTEeMBbl U 3JoHranud. Ha OCHOBE MOJYYEHHBIX JAaHHBIX MOXHO 3aKIIOUUTh, 4TO Oojee
YCTOMYMBBIM K JEHCTBUIO THUIIOKCUU OKa3ajcs copT 30J10Tasl.

[To maHHBIM UTO(POTOMETPUYECKOTO aHaJIN3a PEaKLUs Ha TUIOKCHUIO y Pa3HBIX COPTOB
TIIEHUIIB! COMTPOBOXKIANACH YBEIMUCHUEM KOJIMYECTBA KIETOK B (pa3e cuHTe3a, MpuyeM, y copTa
OpenOyprckas 22 obpazoBaics 0510k. [Tocienyromiast 3a THIIOKCHEH pEOKCUTECHAIUS TIPUBOAMIIA K
CHIDKCHHMIO KIETOKy copta OpeHOyprckas 22 B CHHTETHYECKOH (a3e W yBEIMUCHHIO — B
MIOCTCUHTETUYECKON (aze, YTO CBHIETENBCTBYET O Oojee HHU3KOM BOCCTAaHOBUTEIBHOM
CIIOCOOHOCTH COPTa 110 CPABHEHUIO ¢ copToM 3oiioTast. [Ipouecc peokcurenanuu y copra 3oiotas
MPOUCXOIMII OoJiee aKTUBHO M yXKE€ BOCCTAHABJIMBAJICS KO 2-M CyTKaM. Takum oOpazom, copT
OpenOyprckas 22 xyxe, 4eM copT 3010Tasi HEPEHOCHIT THIIOKCHIO U TIPOIECC PEOKCUTCHAIINH.
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KoHnTponupyemoe BblpamyBaHue pacTeHUN B YCIOBMSIX MCKYCCTBEHHOI'O OCBELICHHS U
MUKpOKJIMMAaTa HAalpaBiI€HO Ha YCKOPEHHME CEJIEKIIMOHHOIO IpoIecca 3a CUET COKpallleHUus
nepuo/ia Beretauuu. JlanHbIi M0AX0/] UMeeT OOJIBIION MOTEHIIHAI IPH COBMECTHOM ITPUMEHEHUH
C METOJaMM  KyJbTypbl TKAHEH, MAapKEp-OPUCHTHUPOBAHHOW, TE€HOMHOM  CEJICKLHUH,
BBICOKOTIPOU3BOAUTENBHOTO  (eHOTMUNHMpoBaHus [1]. Pa3paGoraHHble  MPOTOKONBI MO
YCKOPEHHOMY BBIPAIlIUBaHUIO TAKUX KYJbTYp, KaK MIIEHUIIA, SYMEHb, HYT, FOPOX, PaIlC OTKPbUIN
NEPCIIEKTUBY MPUMEHEHUS JTAaHHOTO METO/A JUIsl APYTUX CENbCKOXO035HCTBEHHBIX pacTeHUH [2, 3].
Caxapnas cBékna (Beta vulgaris L.), aBrnsercs ABYJIETHEH KOPHEIUIOMHON KYJIbTYPOid, TOITOMY
Il Hee JaHHAas TEXHOJIOTHsI OCOOCHHO aKTyajbHa. B MpUPOIHBIX YCIOBUSAX MOIYYEHUE OJTHOTO
IIOKOJIEHUSI PACTEHUM 3aHHMMAaeT A0 ABYX JIET, YTO 3HAYUTEJIBHO OIPAaHWYMBAET BO3MOXHOCTHU
CEJICKIMOHEPOB. TEXHOJIOIMU YCKOPEHHOM CEJIEKIIUM CaxXxapHOW CBEKJIBI HAXOAATCS B CTaIuU
pa3pabotku. MccnenoBaHusi HampaBlieHbl Ha  MOBBIIEHHE 3((EKTUBHOCTH  YCIIOBHM
KyJIbTUBUPOBAHUS NIl COKpAIEHHS CPOKOB CO3PEBAaHUS PACTEHUM, BBIBIECHUE, KOHTPOIb U
ONTHMHU3ANHIO paOOTHI TEHOB, OTBETCTBEHHBIX 32 I[BeTEHUE [4].

Henr wuccnemoBanus: pa3paboTraTh ©  aJaNTHPOBATh TEXHOJOTHMH yCKOPEHHOTO
BBIpAILMBaHUs CaXapHOW CBEKJIBI JUJIS MMOJYYEHUSI KOPHEIUIOAOB U UX JAJbHEUIIEH BBICAAKHU Ha
CEMEHOBOJYECKHUX YUYaCTKax, POBEICHUS CKPEIIMBAHUN U MOJYYEHUS CEMSIH B LIEIAX CO3JAaHUS
BBICOKOIIPOTYKTUBHBIX THOPHUIOB.

Marepuansl ¥ METOABI: JJIsi MPOBEACHUS ONbITA B YCJIOBHUS 3aKPBITOTO TPyHTa ObUIH
IIOCESIHBI CEMEHA U BBICAXKEHBl YKOPEHEHHbIE MUKPOKJIOHBI JIMHUI caxapHO#l cBekibl. Pactenus
NPUHAIICKATH PA3IMYHBIM T€HOTUIIAM U CENIEKIMOHHBIM (hopMam: myxckoctepuibhbie (MC),
otoBckue ¢popmsl (Ot) u onbutntenu (OIT).

OcCHOBY HCCIIEOBaHUI COCTaBisIa ONTUMM3ALUs (PAKTOPOB CPEbl, 0OECIICUUBAIOIINX
YCKOPEHHBI POCT M pa3BUTHE pacTeHHid. PaboThl BBIMOMHSINCHE B TOMEIIEHUH C
KOHTPOJUPYEMbIMH aOMOTHUYECKMMH YCIOBUSAMHU ((UTOTpoH). PacreHuss BbIpamuBaiul B
MH/IMBUYaIbHBIX TOpUIKaX ¢ TOpPsiHBIM cydcTparoM (Topd, nepaut 3:1). /linHa cBEeTOBOTO AHA
coctaBuia 16 u nens/ 8 4 HOub, TeMnepaTypa Bo3ayxa 22°C nens / 20 °C HoOub. MakcumansHOe
NpUOJIMKEHNE CHEKTPa OCBEUICHHS K €CTECTBEHHOMY COJHEYHOMY JIOCTUTANIOCh C MOMOIIBIO
CBETOJIMO/IHBIX CBETWJIBHUKOB. I10JIMB pacTeHuil OCyIECTBIsUICA IO MEpE MOJAChIXaHUs TPYHTA.
ExeHenelbHO  BBINOJHSUIM — MOAKOPMKY  PAacTeHMH  KOMIUICKCHBIMH — yIOOpPEHHUSMHU H
JIOTIOJIHUTENBbHBIN YXOJI B TEUEHUE BEreTalllu.

Pe3ynbTaThl ¥ BBIBOABL: B X0J1€ UCCIEAOBAHNUN CPOK IOJYUYEHUS] KOPHEIUIOAOB CaXxapHOU
CBEKJIBI U3 CEMSTH 1 MUKPOKJIOHOB cocTaBmi 3—4 mecsima. 13 200 Brica)KeHHBIX YKCIUIAHTOB OBLIO
nostydeHo 196 xopHemnonos, uto coctaBmwiio 98 %. Macca kopHennonos cocraBuna 30 —50 r.
3eneHple YacTH pacTeHWd oOJjananu WHTEHCHBHOM OKpackod, 0e3 NpU3HAKOB Ae(pUIUTOB
MUTATEIbHBIX BEIECTB, HANUYKS 3a00J€BaHUN U HACEKOMBIX. BBIABIEHO, UTO HE BCE PACTCHHS
OJINHAKOBO IOJIOXKUTEIIBHO PEarupoBaM Ha YCKOPEHHBIE yCJIOBUS BblpalivBaHusd. OTaeiabHbIE
TCHOTHUITBI PA3BUBAJIUCH C OTCTaBaHUEM U 00pa30Bai KOpHEIUI0abl Maccoit 1o 10 1, uro B 3-5 pas
MEHbILIE MACChl KOPHEIUIOI0B OT3bIBUMBBIX (POPM.

HccenenoBanus nokasanu BO3MOXKXHOCTb MaCCOBOIO IIOJIy4EHHS] KOPHEILJION0B PACTCHUAMU
caxapHoil cBekibl B (uToTpoHe. [lOCKOIBKY HE BCe JMHMM AKTUBHO pPa3BUBAINCH B
HCKYCCTBEHHBIX YCIIOBHSIX, JaHHas TEXHOJIOTUs TpedyeT nopaboTku. CheayromuM 3TaroM
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HCCIIEA0BAHUN SIBJISIETCS IIPOBEIACHHUE OIBITOB 110 KYJIBTUBUPOBAHUIO PACTEHUM CaAXapHOU CBEKJIbI
Pa3NUYHBIX TEHOTHUIIOB, MTOJyYEHHIO T€HEPATUBHBIX TOOETOB U CEMSH B MOJICTBHBIX yCIOBUAX. B
COYETaHMH C METOJAaMU MApKEP-OPUCHTUPOBAHHOM M TE€HOMHOW CEJICKLIUU TEXHOJIOTUs
YCKOPEHHOT'O BBIPAIIMBAHUS MOXKET MO3BOJHTH ObICcTpee (UKCHUPOBATH IICHHBIC MPU3HAKU IS
MOJIyYeHHUsT HOBBIX MEPCHEKTHUBHBIX JIHHUNA M THOpHIoB. B Oynymiem naHHas TEXHOJIOTHS
IIO3BOJIUT COKPATUTh BPEMsl IIOJIy4CHHUS HOBBIX IIOKOJICHMM CaXapHOM CBEKJIBI, YTO IIO3BOJIUT
YCKOPUTB CEJIEKIIUMOHHBIN ITPOLIECC.
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[ToBbllIeHHE TTPOAYKTUBHOCTH CaXapHOM CBEKJIBI — OJHOM U3 KIIFOUEBBIX TEXHUYECKUX
KYJIbTYp — HanpsIMyIO CBSI3aHO C YCIIEXAMHU B CEJIEKUHUH. TEXHOJIOrus yABOEHHBIX TalljIOuI0B
(DH) nmo3BosisieT moiy4yaTh MOJIHOCTBIO TOMO3UTOTHBIE POAUTENBCKUE JIMHUM BCEro 3a OJHO
MOKOJICHUE, YTO 3HAYUTENIbHO YCKOPSIET CENEKIMOHHBIN mpouecc. OgHaKo MpUMEHEHUE 3TOro
MOAXO0Ja JJII CaXxapHOW CBEKJIBI COMPSHKEHO C PSAIOM OHMOTEXHOJOTHYECKUX CIIOKHOCTEH, B
YaCTHOCTH, C TPYIJHOCTSMHU YIBOCHHS T€HOMa TaIUIOMJHBIX pereHepaHToB. JlaHHas pabora
MOCBSIIIEHA M3YYEHHUIO CHOHTAHHOM IUILIOMAM3ALMU T€HOMA TalIOMIHBIX PACTEHUM, a TaKXKe
pa3paboTKe METOTHKH HCKYCTBEHHOTO YABOCHHUS TE€HOMAa C TOMOIIBI0 aHTUMUTOTHYECKUX
areHTOB.
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B naHHOM ucciieI0OBaHMM HCIIOJIB30BAJIUCH TaIlJION/bl CAXapHOW CBEKJIBI, ITOJIyYEHHBIE C
MIOMOIIBI0 THHOT€HE3a B KYyJIbTYype HEONBbUIEHHBIX cemsnouek u3 rudpuna 'Kopcap'. Conperus
MOJIBEprajii XoJa010Boi 00paboTke npu 5-6°C B TeueHue 2-8 qHEH, Mocie 4ero n30InpoBaHHbIC
HEOIBIIEHHBIE CEMANOYKH KyJIbTUBHpOBaiIH Ha cpeae IMB Ha ocHoBe MS u B5 ¢ no6asnennem
T3 (0,4-0,8 wmr/m). ns pereHepany TalUIOMIHBIX SMOPHOUAOB B TOJHOIICHHBIE PACTCHUS
SMOPHOUIHBIE U KaJUIyCHbIE CTPYKTYpBI nepenocuiu Ha cpexy MS ¢ BAII (1 mr/m) u I'K3 (0,1
MI/1). YKOpEHEHHE TIIOJIHOLEHHBIX PAacTeHUH MPOBOMMIM Ha OE3rOpMOHAJIBHON cpere
(Zayachkovskaya T., 2023).

ITockonbKy CIIOHTAaHHOE yIBOCHHME I'€HOMA Yy CaXapHOM CBEKJIbI IPOMCXOAUT C HU3KOU U
HECTaOMJIbHOW YAacTOTOM, IS TOJYYECHUS IUIUIOMIHBIX JHHANA HEOOXOIMMO IpPHMEHEHHE
anTumuToTHYecknX areHToB (Fomicheva M., 2024). beuio mpoBeneHO CpaBHEHUE KOHTPOIIS
(OIleHKa CIIOHTAaHHOTO YABOEHHUS) M 00pabOTOK [BYMsI areHTaMmu: TPaTUIMOHHBIM, HO
BBICOKOTOKCHYHBIM KomxunuHoMm (0,5 ©/1, 5 cyTOK) M MeHee TOKCHYHBIM TepOUIUIoM
tpudaypamuaom (0,1 r/m 2 m 5 cyrok). MHKyOauuioo ¢ aHTUMUTOTHYECKUMH BEIIECTBAMH
IIPOBOAMJIN Ha 3TAIE€ PEr€HEPUPOBAHHBIX pacTeHU in vitro. Ilocie 3TOro pacTeHUs-pereHepaHThl
MIPOXOAMJIM 3Tall AJANTAIMU K YCIOBUAM ex Vitro, BKIIOYAIONIUM B ce0sl BBICAAKY B cyOcTpar
top¢:nepant (7:3) ¥ MOCTENIEHHOE CHUKEHUE BIAXXHOCTH B TeueHHe 14 naHei.

J17151 TOUHOTO U BBICOKOIIPOU3BOIUTENBHOIO aHAJIN3A IUIOUIHOCTH MOJTYUYEHHBIX PACTEHUM
HCIOJIb30BAaJIM METOJ MPOTOYHONM LMUTOMETpUU. BblaeneHue snep W3 MOJIOABIX JIUCTHEB
npoBoawan B Oydepe [pnbpeiita ¢ moOCHeayOmMUM OKpalIMBaHUEM HWOAUIOM MPOMUAMS U
aHAJIM30M HAa IPOTOYHOM LUTOMETPE C MCIOJIb30BAHUEM BHEUIHETO IUIUIOMAHOIO KOHTPOJISA
CBEKJIbI, 4TO TO3BOJISIIO JOCTOBEPHO UACHTU(PHUIIMPOBATH PACTEHUS PA3InYHOM tuionHoCcTH. [Ipn
obpabotke 0.1 /1 TpudypanHOM B TeueHHE 2 JHEH TUIOMIHOCTh pereHepaHToB Obuia: n (8%),
n+2n (46%), 2n+4n (31%), n+2n+4n (15%). IlnounHocTs pactenuii mpu obpadotkax 0.5 /1
konxunuHoM U 0.1 /1 TpudypanuHoM B TeyeHHE 5 AHEH MOKa3adl CXO0XHE Pe3ylbTaThl: N
(17%), nt2n (41% u 45%), 2n+4n (25% u 10%), n+2n+4n (17% u 24%), COOTBETCTBEHHO.
Muxkcormuionnabie pactenus (2n+4n u n+2n+4n) UMenu yBeIMUEHHYIO IJIOMIAAb JHCTa, Ooliee
HU3KOE 00I11ee YHUCIIO JUCTHEB, a TAK)KE YBEJIIMYESHHOE 110 CPABHEHHIO C TAIUIOMIHBIMU PACTEHUSIMH
KOJIMYECTBO XJIOPOIUIACTOB B 3aMBIKAIOIIMX KIETKax ycTbull. IlnaHupyercs mnpoBeneHue
SPOBU3ALIMU TOJYYCHHBIX PACTEHHM C MOCIEAYIOMIEeH OIEHKOH MOP(OJIOrHH LIBETOB, KauecTBa
IIBUIBLBI U CEMEHHOW IPOAYKTUBHOCTH.

Coznanue 3¢ (HEeKTUBHOTO MPOTOKOJIA YABOCHUS T€HOMA TaIUIOMIHBIX PACTEHUH CBEKIIBI
ABJIAETCS BXKHBIM 3aBEPIIAIOIINM 3BEHOM B TEXHOJIOTMH yABOEHHBIX TaIllJIOUI0B, 103BOJISIFOIINM
B C)KaThle CPOKH IOJy4YaTh YUCTHIE JIMHUU JUISl TIOCIEAYIOLIETO CKPEIIUBAHUS. DTO OTKPBIBAET
NyTh K YCKOPEHHOMY CO3JIaHHIO BBICOKOMPOIYKTHBHBIX THOPUAOB CaxapHOW CBEKJbI, YTO B
KOHEYHOM HTOT€ CIIOCOOCTBYET IOBBIIICHUIO PEHTA0EIbHOCTH M KOHKYPEHTOCIIOCOOHOCTH
IIPOU3BOJICTBA 3TOM KYJIBTYpHI.

Cnucok JuTeparTypsbl:

1. Fomicheva M., Kulakov Y., Alyokhina K., Domblides E. Spontaneous and chemically
induced genome doubling and polyploidization in vegetable crops // Horticulturae. —
2024.—-Vol. 10, Ne 6. — P. 551.

2. Zayachkovskaya T., Alyokhina K., Mineykina A. u ap. Optimizing different medium
component concentration and temperature stress pretreatment for gynogenesis

induction in unpollinated ovule culture of sugar beet (Beta vulgaris L.) // Horticulturae.
—2023.—-Vol. 9, Ne 8. — P. 900.
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A3OTOUKCHUPYIOIIAA AKTUBHOCTD PUBOCDEPDHI
3EPHOBBIX KYJbTYP IPU NPEJAIIOCEBHON HHOKY.JISILIUA

CEMSIH B YCJIOBUSIX OMCKOM OBJIACTH
Kucenésa A.A., llyauxo H.H.
DI'BHY «Omckuii azpapuslii Hayunolit yenmp», Omck 644114,
e-mail: alina.veinbender@mail.ru

*UccnenoBaHKe BINOJIHEHO 3a cueT rpanTta Poccuiickoro Hayunoro ¢onmga Ne 23-76-10064,
https://rscf.ru/project/23-76-10064/.

CenbCKOX0341MCTBEHHBIE KYJIBTYpPBI I10JIy4al0T HEJOCTaTOYHO a30Ta U3 pe3epBa M0UB,
CO3JIaHHOT'O U MOJZICP)KUBAEMOTO JeSITEIbHOCThI0 MUKPOOPTaHU3MOB-/11a30TPO(OB.
AccouuaTuBHas a30T(QUKCALUS TPOXOTUT B pu30chepe pa3IuUHbIX CEMEHCTB
CEJIbCKOXO3SICTBEHHBIX PACTEHUM BO BCEX TUIIAX I10YB, HO C Pa3jIMYHOM cKopocThio [1].

BaxxabIM akTopom, onpeaenstomuM 3PpPeKTUBHOCTh aCCOLUATUBHOM a30THUKCAIINY,
ABIISICTCS IPUMEHEHHE OMOJIOTHYECKUX MPETapaToB, CO3aHHBIX HA OCHOBE aKTUBHBIX IITAMMOB
MHUKPOOPIaHU3MOB, 00J1a/IaI0IIMX MTOBBIIIEHHON CITOCOOHOCTHIO K ACCOIMALINU C KYJIbTYPHBIMU
pacTeHUsIMH U MHTEHCUBHOM a30T(UKCAIHEH.

HccnenoBano BAMSIHUE arponpremMa Ha akTHBHOCTD a30T(HHUKCAIIMY TPU HHOKYJISIIUN CEMSH
ouonpenaparamu Muzopun u ®@naBodaxreput. [loneBoit onbIT 3a10keH Ha mosix OMCKOTro
arpapHoro Hay4Horo neHTpa B TapckoM ¢uinane B moATaekHoi 30He. ONBITHBINA Y4acTOK
IIPEACTABIICH CEPOH JIECHOU OIOA30JIEHHON CPEIHEMOILIHON CYINIMHUCTON TOYBOM. MOITHOCTH
naxoTHoro ropusoHnTa 18-20 cMm ¢ cogepxanuem rymyca 2,5-3,0%.

Bereranumonnsiii nepuoa 2023 roza B 11€s10M ObLT OJIarONpUATHBIM JJIS1 pOCTA M Pa3BUTHSA
3€pHOBBIX KYJIBTYP, 0CaAKOB BbINajio 115% ot cpennemHoroneTHux gaHHbeix. CpegHecyTouHas
TeMIIepaTypa Bo3ayXa 3a mepuoa Mai — ceHTsA0pb coctaBmia 15,5°C, uro Ha 1,6°C BbIlIe HOPMBI,
I'TK 1,34.

JI1 MHOKY LMY CEMSIH MCIIOJIb30BaJIN IIPenapaThl KOMIUIEKCHOIO JEMCTBYS,
usroroBieHHbIe B0 Beepoccuiickom HUU cenbekoxossiictBeHHON Mukpobuonoruu (PI'BHY
BHUHNCXM, r. Caukt-IlerepOypr, [Tymkun) Musopus (Arthrobacter mysorens),
®dnaBobakrepuH (Flavobacterium). THOKYISIUIO CEMSTH TIPOBOJIMIIM B JIEH TIOCEBA U3 pacuera
600 r Ha rexkTapHy0 HOpMy cemsH. VccrnenoBana pusocdepa nireHuIs - copt Tapekas 12,
Owmckas 44, Omckuil Kopaul.

A3OTQUKCHPYIOINIYIO aKTUBHOCTh pU30C(EpPhl ONPEAEISITN MPH MIOMOIIH al[eTUIICHOBOTO
METO/a M0 BOCCTAHOBJICHHIO allETHJICHA B ATUJICH METOJIOM T'a30BOi XpoMaTorpaduu Ha
xpomarorpade cucremsl Kpucramn - 5000 [2].
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B pusocdepe 3epHOBBIX KyJIbTYp Ha CEpOi JIECHON MOYBE HAOIIOAAETCSl HEOAHO3HAUHOE
BO3JICUCTBHUE MPEANIOCEBHON HHOKYJISLIMU CEMSH HAa aKTUBHOCTH IIPOLIECCa.

B npukopueBoM cioe coptoB Tapckas 12 u OMckast 44 BBISIBIEHO UCKIIIOUUTEIBHO
CTUMYJIUpYIOIIEe BO3ICHCTBHIE arporpreMa Ha aKTUBHOCTh aCCOIIMAaTUBHON a30T(UKCAIIUH B
puzoctepe. IlonoxurensHoe BIusiHUE oKa3anu O6akrepun poaa Flavobacterium sp.,
MaKCUMaJIbHbIE pa3Mepbl PUKCUPOBAHHOTO a30Ta cocTaBmwin 10 178,7 u 208 HM C2H4 / 100 T
noyBkI Ipu ypoBHe Ha koHTpoie 101,7 u 141,3 uM C2H4 / 100 1 cooTBeTcTBeHHO. [Ipumenenune
Mwu30pHrHa MOBHIIIATI0 AKTUBHOCTH a30T(HKCALMU B Te€UCHUE BereTanuu Ha 43-64% (copt
Tapckas 12) u 25-77% (copt Omckas 44).

[MonoxwurensHoe Businue 6akrepuit Arthrobacter mysorens u Flavobacterium sp. Ha
aKTUBHOCTH aCCOLIMATHUBHOM a30T(HUKCAIMU B pU3ocdepe MIATKO MIISHULBI TOATBEPKICHO
KOJIOHM3aluel UMU KOpHEBOW cucTeMbl. OOHapykeHUe a30TPUKCUPYIOIIEH aKTUBHOCTH B
puzochepe 3epHOBBIX KYJIbTYp MPU HHOKYJISLUN (GUKCHPYIOIUMH aTMOC(HEPHBIH a30T
OaKTepHsIMHU NOJATBEPIKIIACT, YTO MPOUCXOAUT 00pa30BaHKE aCCOIMALINI BHECEHHBIX OaKTepuil ¢
a0OpUTeHHBIMU TUA30TPOPHBIMH OaKTEPUSAMH, TaKXe 001aJaI0IUMHU CTIOCOOHOCTBIO K
¢dukcanuu azoTa Bozayxa [3]. YcuneHue a30TGUKCHPYIOIICH aKTUBHOCTH B puszocepe npu
BHeceHuu Oaktepuit Arthrobacter mysorens u Flavobacterium sp. MOXeT OBITh CBSI3aHO C
YBEJIIMYCHUEM JIOCTYITHOCTH B TIOYBE XUMHUYECKUX 3JIEMEHTOB, YUYAaCTBYIOLINX B
MUKPOOHOJIIOTHYECKON (PUKCALMU MOJEKYJISIPHOTO a30Ta [4].

B puzocdepe tBEpaOI mieHUIBI copTa OMCKUI KOPAJUT BBISIBICHO CHI)KEHUE aKTUBHOCTH
azorukcanuu B (pa3bl KynieHue u kojiomenue, Ha 38 u 10% coorBercTBeHHO. M3BeCTHO, UTO
3G PEKTUBHOCTH MPUMEHSEMBIX MIPETIapaToOB BO MHOTOM OIPEEIISeTCS B3aUMOICHCTBHEM C
KOPEHHBIMU OOHMTATENISIMU MOYBBI. [Ipy HHOKYJISIMK B TIOYBY HOMNAAaI0T MUKPOOPTaHU3MBI,
CTIOCOOHBIE OKa3bIBaTh OMpeAEIEHHOE BO3/ICHCTBIE (B TOM YHCIIE M HETATUBHOE) Ha
abOpUTEHHYI0O MUKPOOHOTY M BMEIIUBAThCS B X0 MUKPOOHBIX CYKIIECCHI ¢ HApyILICHHEM
OTpeeNIEHHOTO PaBHOBECHOTO coolIecTna [5].

Taxum 0Opa3oM, BHECEHHBIE OAKTEPUH KOJIOHU3HPOBAIN KOPHEBYIO CHCTEMY PACTCHHNA U
YCHITUBAIIU a30T(HUKCUPYIOIIYIO aKTUBHOCTH B pr30c(epe 3epHOBBIX KYIbTYp. B ycioBusix
MOJTaeKHON 30HBI pa3Mepbl aCCOLMATHBHOMN a30T(HUKCAIIMN YBETUUYUBAIUCH IPU OaKTepU3alun
cemsiH @aBoOAKTEPUHOM JOCTHrasi MaKCUMaJIbHBIX 3HaUeHUl B pu3ochepe copta Tapckas 12.

Cnucok JiuTepaTypsbl:

1. 3aBanmH, A. A. AcconmatuBHast a30THUKCAMS U IPAKTUKA IPUMEHEHUsI OMoNpenapaToB
B I10CEBAX CEIbCKOXO3IUCTBEHHBIX KyIbTyp / A. A. 3aBanuH, A. A. Andepos, JI. C. Yepnona //
Arpoxumust. —2019. — Ne 8. — C. 83-96. — DOI 10.1134/S0002188119080143. — EDN ELJRHR.

2. VYmapoB M.M. AUETUICHOBBIA METOX W3Y4YCHHs a30T(QUKCAIMM B IIOYBEHHO -
MUKpoOHonorndeckux uccienoanusix // [Tousosenenue. 1976. Ne 1. C. 119-123.

3. VYmapoB M.M. AcconmaruBHas azordukcanus. M.: M3a-so MI'Y, 1986. 136 c.

4. XamukoBa JI.B., KasenenoBa JI.M. IlouBeHHBIII MHKpOOOLIEHO3 B arpocpene Kak
TMHAMUYHAsl CHCTEMa: MEpPBHYHBIC PE3yJIbTaThl OLEHKH H3MeHeHHH // Camapckuil Hay4HBIH
BecTHHK. 2023. T. 12. Ne 2. C. 91-97. https://doi.org/10.55355/snv2023122114
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N3MEHEHUE MUKPOBHOI'O HEHO3A PU3OC®EPBI
SBEPHO®YPAKHBIX KYJbTYP ITPU IPUMEHEHUUN
NPEJNOCEBHOM MHOKYJIAIIUU CEMSH B YCJIOBUSX OMCKOI

OBJIACTHA
Mlyauxo H.H.
DI'BHY «Omckuit azpapustit nayunstii yenmp», Omck 644114;
e-mail: alina.veinbender@mail.ru

*ucciieqoBaHNe BBIMOJHEHO 3a cueT rpanta Poccuiickoro HayuHoro ¢donma No 23-76-10064,
https://rscf.ru/project/23-76-10064/.

B mocnenHue necsATWUETHs OJHUM W3 OCHOBHBIX IyTEH pEIICHHs 3aJa4d IO TOBBIIMICHUIO
YPOKaMHOCTH  3€pHOBBIX BO  MHOTHMX CTpaHax MHpa  SBJISIETCS — MCIOJIB30BaHUE
MUKPOOHOJIOTHYECKUX CPEACTB, 00ECIEUHBAIOIINX CTUMYJISIIIHIO POCTa U Pa3BUTHS PACTCHHIA,
3alUTy OT BPEAHBIX OPraHU3MOB, YTHJIM3AIMIO MMOXHUBHBIX OCTAaTKOB W T.N. Vcmonb30BaHue
OuomnpenapaToB MPU BO3ACIBIBAHIH 36PHOBBIX KYJIBTYp HEMHOTO YCTymaeT 1o 3hdekTuBHOCTH
XUMHYECKUM (yHTHIHIAM, OIHAKO OWOQPYHTHIMIBI MOTYT OBITh JCHIEBIEC XUMHYECKHX
npenapaTos B 2—2,5 paza [1, 2].

B noneBoM ormbiTe B 10KHOH JiecocTenHOoi 30He OMCKOI 061acTu OBUIO MCCIEI0BAHO BIUSHHE
6uonpenapatoB Muzopun (Arthrobacter mysorens 7) u ®@naBobakrepun (Flavobacterium sp. L-
30.) (mpomzBoacteo BHUUCXM, r. Cankt-IlerepOypr, IlymkuH) Ha MHKpOOHBIA II€HO3
pu3ochepsl HOBBIX COPTOB CEIBbCKOXO3SHCTBEHHBIX KYJIBTYpP OMCKOM CENEeKIMH SYMEHS — COPT
Owmckuii 101, oBca — copt Cubupckuii ['epkynec.

WNHokynsauuioo ceMsiH MPOBOAMIN B JAeHb moceB. [lmomans ognoit nemstaku — 13,5 M2(15%0,9),
IpeauIecTBEHHUK — nap. [IoBropHOCTH BapuaHTOB 4-X kpartHas. [lnomans nog onsitom — 942 m2.

MusopuH (Arthrobacter mysorens 7) — GakTepualibHbIN NpenapaT i HOBBILICHHUS YPOKAaHHOCTH
U yJydiieHus kauecTBa npoaykuuu. Hopma Buecenus 0,3 kr (;1)/rext. Hopmy cemsiH (1,5 kr Ha 1
T CEMSH).

®naBobakrepun (Flavobacterium sp. L-30) — Ouomectuimn, npemapar a3oT(PHUKCHPYIOLIUX
OakTepuii  (QPYHTULIUAHO-CTUMYJIHPYIOIIETO JCUCTBUS, PEKOMEHIYETCS M MpPearnoCeBHOU
00pabOTKH CEMEHHOTO MaTepuana 3epHOBBIX KynbTyp. Hopma BHecenus 0,3 Kr (J1)/TeKT. HOpMY
cemsiH (1,5 kr Ha | T cemsiH).

[IpenmecTBeHHUK — uncThli nap. IloceB KynbTyp BeinoiHeH cesikol CCOK-7,0 B onTuManbHble
CPOKH C IPOBEICHUEM KOMIUIEKCA BECEHHE-TIOJIEBBIX Pa0OT pEeKOMEHJOBAHHOW HOPMOH BBICEBA.
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Cxema ormblTa Tpearnoyiaraja M3ydeHUE CIEIYyIOIMX BapUaHTOB: arpokynbrypa (hakrop A);
OakTepHanIbHBIN TpenapaT A MHOKyIAuuu cemsH (¢akrop B) — Oe3 mpemapara, Musopus,
dnaBoOaKTEpUH.

VY4eT 4MCIeHHOCTH MUKPOOPTraHU3MOB IIPOBOAMIIN Ha TBEPABIX MUTATENbHBIX cpenax [3].

HaGmtonenuss 3a M3MEHEHMEM YHCICHHOCTH OJUTOHUTPO(MIbHON M (ocharmodunmsyromeit
TPYMITBl IPU IPUMEHEHNH OaKTepHU3aluu CEMSH M0Ka3aJi0 CHIDKEHHE B yI0OPEHHBIX BapHaHTaX
ombITa, onuronutpodunoB a0 36% (oBec), docharmodbunmsyrommx a0 50% (sumens). B
puzochepe OBca, CHMXKANACh TaKXkKe YHMCICHHOCTb OJMTOHUTpomiIoB Ha 18% B BapuaHTe
Musopun, Ha 36% B Bapuante PnaBoOakTepuH. ITO MOXET OBITH CBSI3aHO C TEM, UYTO IpPH
MHTPOIYKIIMM B TOYBY IOMAJAIOT MHKPOOPTraHU3MBbI, CIOCOOHBIE OKa3bIBATh ONpPEACIEHHOE
BO3/ICHCTBUE, B TOM YHUCIIC U OTpUIATEIbHOE, Ha abopureHHyo Mukpoouory [4]. Tenaenuuio
pocTta oMUroHUTPOUIBHBIX OakTepuil B BapuanTe Mu3opuH Habaroaamu Ha ssumene, 10 14% k
KOHTpOJTIO (Taldr.).

B nenom 3a mepumon Bereraruu, oOmas (YCIOBHO) YHCIECHHOCTh PU30C(HEPHON MHUKPOOHOTHI
SYMEHS M OBCa IPU NMPUMEHEHHM IPEANOCEBHOM OaKkTepH3aluu CeMsiH MMela TEHICHLUIO K
cHIDKeHHIO (10 16%), 3a cUeT yMEHBIICHUS KOJIMYeCTBA HauOoJIbIIee MHOTOYMCICHHBIX TPYIIII -
onuroHuTpowiIbHOH U Qocharmodbmnuzyromeit. OgHAKO, CTOUT OTMETHUTh, YTO JaHHAas
TEH/ICHI ObljIa B Mpe/eiaX OMMOKH OTbITA.

Taxum o6pasom, B puzochepe 3epHOPYPaKHBIX KyJIbTYp MPOCISKUBAIACH TEHACHIUS CHUKCHUS
OT H3y4aeMOoro arpornpuemMa Haubojee MHOTOUMCIECHHBIX TPYIN OJUTOHUTPOMWIBHBIX U
dbocharmobmByOMUX OaKkTepwii, W, Kak CleacTBUe, o0mas (yCIOBHO) YHCICHHOCTh
puzochepHOil MUKPOOHOTHI SUMEHS M OBCa NMpPU HMPUMEHEHUHU IPEANOCEBHON OakTepu3aIiu
CeMsH CHIKanach 10 16% k koHTpomto. OHAKO CHIDKEHHE B MpesesiaX OMIMOKH ONpeieieHus
(20%), B TO¥ CBA3M MOXKHO KOHCTaTUPOBATh, YTO IKOJIOTUUECKASI CUTYyallUsl B IOUBE CIIOKOWHAS.

Crnincok nureparypsl:

D¢ (heKkTUBHOCTH 3alIUTHI SPOBOM MIIEHUIBI OHompenapataMu ¥ (yHTHIMIAMH B JIECOCTENH
[Tpuo6ss: II. OcobenHocTH ASHCTBUS B yCIoBHUAX HepocTaTka Biaru / Bnacenko H.I'., IaBmromma
B.A., TemmsikoBa O.U., Kynarun O.B., Mopozos [[.O. / Bectauk 3ammutsl pacrenuit. 2022. T.
105, Ne 4. C. 181-192. https://doi.org/10.31993/2308-6459-2022-105-4-15357

buonornueckass akTMBHOCTh MOYBBI pu3ocdepsl oBca noceBHoro (Hordeum vulgare L.) mpu
MHOKYJISLIMY CEMSH acCOIMaTUBHBIMU auazoTpodamu / A. A. boxko, H. A. TTononsyxuna, O. ©.
Xamosa [u ap.] // IIpobnemsl arpoxumun u skojorun. — 2019. — Ne 2. — C. 60-64. — DOI
10.26178/AE.2019.15.54.010.

Tenmep E.3., lunsaukoBa B.K. IIpakTukym nmo Mukpobuonoruu yuebHoe nocobue st By30B /
nox pen. B. K. lluneaukoBoii. Mocksa: [poda, 2004. 256 c.

AHanM3 COCTOSIHUS TIOYBEHHOTO MHUKPOOHOTO COOOINECTBA IMPHU JIUTEIHHON aHTPONOTCHHOM
narpyske / H.P. Omep, H.B. Koctuna, A.11. Hetpycos, 1.C. XKebpaxk, I1.A. Koxesun / Becthuk
Mockosckoro ynusepcurera. Cepust 17. IlousoBenenue. 2019. Ne 4. C. 56-62.
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BJIUAHUE ITOYBEHHBIX MUKPOOPI'AHU3MOB B
COBMECTHOM ITPUMEHEHHUH C KOJXUIIUHOCOM HA POCT U

YPOKAMHOCTD CEJIbCKOXO3SUCTBEHHBIX KYJILTYP
Taiinues JI.A.!, I'pumuna O.M.2
1 - ®I'bOY BO "Poccuiickuii I'ocyoapcmeennstii I'eonozopazeedounsiii
Yuueepcumem umenu Cepzo Oposrwconuxkuosze” (®I'bOY BO PI'TPY), Mockea 11799; E-

mail: economist3dbum@yandex.ru
2-T'bOY HlIkona 1302, Mockea 123181; E-mail: olga_grishina9669@mail.ru

CoBpeMEHHOE CEeJIbCKOE XO3SUCTBO HYXKIAETCS B TEXHOJIOTHSX, COUYETAIOIIMX IOBBILICHUE
YPOKaHOCTH C 3KOJOTUYECKON 0e30MmacHOCThIO0. VConb30BaHne TOYBEHHOM MUKPOOHUOTHI KaK
€CTECTBEHHOI'0 PETYJATOPa POCTAa M 3ALUUTHI PACTEHUM MPEACTABISIET OAHO U3 MEPCIEKTHUBHBIX
HampaBlIeHWH Ouonoru3anuu 3emieneiaus. MUKpOOpraHU3Mbl yIy4INAIOT MMUTAHUE PACTCHHIA,
MOBBIMIAIOT (POTOCUHTETUYECKYIO aKTUBHOCTh U yCTOMYHMBOCTH K CTPECCaM.

B 10 ke BpeMs METOJ XUMHUYECKOT0 MyTareHe3a ¢ MpUMEHEHHEM KOJIXHUIIMHA OCTAETCs BaXKHBIM
MHCTPYMEHTOM B  celeKuud. KONXUIMH HMHIyuupyeT MOJUIUIOMIUIO, CHOCOOCTBYS
(dbopMHpOBaHUIO paCTEHHIA ¢ O0JIee KPYITHBIMH OpraHaMU, BEICOKO OMOMAcCOi M yIIyUIlIeHHBIMU
arpOHOMHUYECKMMHU ToKazaTensiMu. OJHAKO dYpe3MepHble [103bl KOJXHUIIMHA BBI3BIBAIOT
OKCHJATHUBHBIN CTPEcC, yTHETCHHE MUTO3a U HapylleHne Metabonusma [5].

CoBpeMEHHBIE  UCCIIEIOBaHMs  YKa3blBalOT, 4YTO IPUMEHEHHWE aKTHBHBIX IIOYBEHHBIX
MHKPOOPIraHU3MOB MOXET KOMIICHCUPOBAaTh CTPECC, BBI3BAHHBIM [EHUCTBUEM MYTarcHOB,
aKTUBHPYS aHTUOKCHUJAHTHBIE MEXaHU3MBI pacTeHus [6]. Takum o0pazom, akTyalbHOU SBISETCS
OLICHKA COBMECTHOTO BIHUSHHS MHUKPOOHBIX KOHCOPLMYMOB M KOJXHUIIMHA Ha pPa3BUTHE
CENBbCKOXO35IMCTBEHHBIX KYJIBTYP.

Lenb paGoThI - M3YYHUTDH BIUSHHE MOYBEHHBIX MUKPOOPTaHU3MOB B COYETAHUH C KOJIXULIUHOCOM
Ha POCT, PU3HOIOTUYECKYIO YCTOHUYHNBOCTD U MMPOYKTUBHOCTU FOPOXa MOCEBHOTO (Pisum sativum
L.).

3amaun Brmouanu: (1) aHaiM3 COBPEMEHHBIX TMPEICTABICHUH O JCWCTBUUM MHUKPOOHBIX
KOHCOpPLIMYMOB U KOJXMIIMHA; (2) MPOBEAECHNE SKCIIEPUMEHTAILHOTO UCCIEA0BAHNS C YETBIPbMS
BapuaHtamu 00paboTku; (3) ompeneneHue cuHepreTudeckoro 3¢d@dekTa COBMECTHOTO
MPUMEHEHUS OMOJIOTUYECKUX U XUMHUUYECKUX (PAKTOPOB.

B psne uccnenoBanuii [1; 2; 3] orMeuaeTcs, 4TO MOYBEHHbIE MUKPOOPTaHM3MBI MOBBIILIAIOT
JTOCTYITHOCTB 3JIEMEHTOB TUTAHUS, YCHIINBAIOT (DOTOCHHTETHUECKYIO aKTUBHOCTD  CTUMYJIHPYIOT
AQHTUOKCHJIAHTHBIE MEXaHU3MBl pPACTCHMHA. ABTOpHl TNOJUYEPKUBAIOT POJIb MHUKPOOHBIX
KOHCOPLIMYMOB B CHM)KEHUU YPOBHS CTPECCOBBIX PEaKIMi M MOAJNEPKaHUU HOPMaJIbHOIO
MeTabonu3Ma KyJIbTyp.

OtnenvHO cTouT BIAEIUTH paboTy H.A. EropoBoii [1], B KOTOpoil moapoOHO OmMKcaHo AelCcTBHE
KOJIXUIIMHA KaK WHIYIIEHTa TOJUTUIONINH U TIOKa3aHbl €T0 BO3MOXHBIC HETaTUBHBIE d(PQEKTHI,
BKJIIOYAsl yTHETEHUE MUTO3a U PAa3BUTHE OKCUAATUBHOTO CTPECca MPU BHICOKUX JTO3UPOBKaX.
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B wuccnenosanusax Kysneunosoit A.B., Uepnoa WN.1O. [3; 4] nomguépkuBaercsi, 4YTO BBEACHUE
aKTHUBHBIX MHKPOOHBIX KOMIUIEKCOB CMSAT4aeT TOKCHYHOCTh XUMHUECKUX CTHMYJISTOPOB,
yckopsier penapauuio IHK u HOpManu3yeT pemokc-Ipouecchl B KIETKaX, YTO CIIOCOOCTBYET
Jy4lled aganTaluy paCTeHUM.

PaboThl 3apyOexHBIX aBTOpOB [5; 6], Takke MOATBEPKIAIOT BO3MOXKHOCTH OMOJIOTHYECKOM
KOMIICHCAIlUM MYTareHHOro CTpecca: MHKpPOOMOTa YCHJIMBAE€T AaKTUBHOCTb KaTaja3bl,
NEPOKCHUIA3bl U JPYTUX 3AIIUTHBIX ()EPMEHTOB, MOBBIIIAS YCTOWYMBOCTh PACTEHUN K IEHCTBUIO
KOJIXMIIMHA M JPYTUM MyTareHHbIM (pakTOpaM.

OpHako MoAYEpPKUBAETCS, YTO OTEYECTBEHHBIX MCCIEAOBAHUMN, PACCMAaTPUBAIOLINX COBMECTHOE
PUMEHEHHE MUKPOOHBIX MPEnapaToB M KOJXHUIIMHA HA OJHOW MOJAEIH KYJIbTYPBhl, TPAKTUYECKH
HET, YTO ONpEACAeT HayYHYI0 HOBU3HY M aKTyaJlbHOCTh JaHHOH paboTHI.

Konxunun - ankanoun, OJOKUpYIOIUN 0O0pa3oBaHWE MHKPOTPYOOUYEK BepeTeHa JAEJICHHUS, UTO
BBI3BIBAET YJBOCHHE XPOMOCOMHOTO Habopa © 00pa3oBaHHE NOJIMIUIOWAHBIX KIJIETOK.
[Tonmunmongable GOPMBI XapaKTEPU3YIOTCS YCHICHHBIM METab0JIM3MOM, MOBBIIIEHHONW MacCou
CeMsIH, TUIOJIOB M LIBETOB, a TAK)KE YCTOWYMBOCTHIO K a0MOTHYECKUM CTpEccaM, B CPAaBHEHHH C
JTUTUIOUTHBIMU poauTensmu [1].

Takum 00pazoM, CHHEPreTHYECKOe MCIIONb30BaHUE KOJXUIIMHOCA U MHUKPOOHBIX IpernapaToB
NPEJCTABISET TEPCIEKTUBHOE HalpaBlieHHEe OWOTEXHOJIIOTHUH, IO3BOJISIONEEe OO0BEIUHHUTD
IPEeUMYIIECTBAa MyTareHe3a 1 OMOCTUMYJISIIIUH IPU MUHUMU3AIUH (PUTOTOKCHYECKOTO IEHCTBHSL.

MarepuaJjbl 1 METOABI
OOBeKT ucciaenoBaHus: TOPOX moceBHo (Pisum sativum L.).

HpCILMeT HUCCICAOBAHUA: BJIUAHHUC KOJIXHMIMHA H aKTUBHOM TOYBEHHOM MI/IKpOGI/IOTBI Ha
BCXOXKCCTh, POCT, (1)I/I3I/IOJIOFI/I‘-IGCKI/IG IMMOKAa34aTCJIn U KOHCUYHYTO NTPOAYKTHUBHOCTL IrOpoXxa.

OmnbIT OBLT MPOBEAEH B YETHIPEX BapUaHTAX:

1. KOHTPOJIb 0e3 00paboToK;
2. obpaboTka pactBopoM KonxunuHa (0,1%);
3. 00paboTka YalHBIM KOMIIOCTOM BOJHBIM HAacTOEM OPraHHYECKOro KOMIIOCTa,

CONlepKallM  aKTHBHYIO Mukpoduopy (Bacillus  subtilis, Azotobacter chroococcum,
AKTHHOMHUIICThI, MUKOPU3HBIC TPHOBI);

4. KoMOMHHpoBaHHas 00padoTka: komxumuH (0,1 %) + yaiiHBI KOMIIOCT.

B xoze uccienoBanus OICHUBAIKCH CIICAYIONINE TOKA3aTeIIH:

BCcx0kecTh (%) u sHeprus npopactanus (%);

MopoMeTpUYecKHe apaMeTphl: BHICOTa odera u KopHs (CMm);

MPUPOCT OMOMACCHI: ChIpast U cyxas macca (T);

conepskanue xjaopodumia (SPAD-equHUIBI WK MT/T);

aKTUBHOCTH (epMeHTOB aHTHOKcuaHTHOW cuctemsl: CAT, POD, SOD (exm./mr
Oenka/MHH);

° MPOAYKTUBHOCTH pacTeHUI Macca C()OPMHUPOBAHHBIX CEMSH U J0JI BBDKUBIINUX PACTEHHUH
(%).
broxumuueckue mokazaTesu onpeaesisiIich METOAOM CIIEKTPO()OTOMETPHUH.
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Cratuctuueckass o0pabOTKa  OCYIIECTBISUIACH C  HCIOJB30BAHHMEM  OAHO(AKTOPHOTO
nucnepcuonHoro anannza ANOVA mpu ypoBHe 3Haunmoctu p < 0,05.

OnbIT IPOBOAMIICS B OJIMHAKOBBIX YCIOBUSAX BJIAXXHOCTHU, OCBELEHUS U TeMIiepaTypsl (22-24°C),
pacTeHus BHIPALIMBAINCH B YHUBEPCAILHOM MOYBEHHOM CyOcTpaTe B cocyaax oosémom 0,5 1.

Pe3yabTaThl U 00Cy:KIeHUE

[TonmyyeHHbIe TaHHBIC TIOKA3aJIH BBIPAKEHHBIC PA3IMUuus MEXIy BaprHaHTamu omnbita. OOpaboTka
YaiiHBIM KOMIOCTOM oOecmeumsia HanOoJjiee BBICOKHM CTapT Pa3BUTHS: SHEPIUs MPOPACTaHHS
ObL1a BhITIIE KOHTPOJIsI mpuMepHo Ha 20%, a BcxoxecTh Ha 10-12%. CpenHsis BpIcOTa TOOETOB Ha
pPaHHUX CTaausAX MpEeBbILIANa KOHTpoib Ha 12-15%, a ceipas O6uomacca pactenuit Ha 18%.
Conepxxanue xjopopuiia Takke YBEIHMUMBAIOCH HpuMepHo Ha 20-25 % OTHOCHTEIBHO
KOHTPOJIBHOTO BapuaHrta. [Ipm 3ToM HTOroBas NpPOAYKTHBHOCTb PACTEHMH A3TOrO BapHaHTa
ocTaBajlaCh yMEpPEHHOM u cocraBisiaa okojlo 30% OT MakCUMalbHOM BO3MOXKHOHM, 4YTO
CBUJETEIBCTBYET O XOpPOLIEW paHHEH [MHAMUKE pOCTa, HO OrPAaHUYEHHOM IOTEHIMAIe
(bopMHpOBaHNUs T€HEPATUBHBIX OPTaHOB.

O06paboTKa KOJIXUIIMHOM, HAIPOTUB, COMPOBOXK/1ATACh CHIKECHUEM SHEPruM rnpopacranus Ha 10-
15 %, a BeIcOTa MOOETOB B Hauane pa3Butus Obina Ha 15-20 % Huxe, yem B KOHTpoJie. buomacca
Ha paHHMX dTanax CHMXKajgach B cpeaHeM Ha 15%, 4To MoATBEp)KIAaeT yrHeTarollee AeHCTBHE
KOJIXUIMHA B HadajgbHble CpOoKU. OJHAKO HAa MO3JHUX CTaAUAX PACTEHMs AEMOHCTPHUPOBAIIU
HaunOoJiee BHICOKUN MPOTYKTUBHBIM OTKIMK: Macca CPOPMUPOBAHHBIX CEMSH ObLIIa IPUMEPHO B 2
pasza BbIIIE, YeM B KOHTPOJIE, a OTHEJbHBIC NapaMeTpbl OMOMACChl MPEBBIMIANINA KOHTPOJIbHbIC
3HavyeHus Ha 70-90%. DT naHHbIE OTPAXKAIOT TUIMMYHYIO ISl HOJIUITIOUIHBIX (POPM TEHICHIIUIO
K YBEJIMYEHUIO pa3MEpPOB OPTaHOB U YCUJICHUIO METa00IM3Ma.

MaxkcuManbHBIN TOJ0XKHUTEIbHBIN 3(pdeKT ObT OTMEUEH MpH KOMOMHUPOBAHHOM NPHUMEHEHHUH
KOJIXUIMHA W 4YalHOro KommocTa. PacTeHus 3TOro BapuaHTa COXpaHsUIM TEMIIBl pOCTa,
COIIOCTaBUMBIE C KOHTpOJeM (pa3HHIIa B BbICOTE IMO0OEroB He mpeBblmana 5%), HO
JIEMOHCTPHPOBAIIM 3HAYUTEIBHO OoJiee BBICOKYIO ycToiumBocTh. CopepikaHue XJIopoQuiuia
IPEeBbIIIANI0 KOHTPOJb Ha 25-30%, a aktuBHOCTH (hepmenToB CAT, POD n SOD Obina Bhile Ha
20-35%, uyTO yKa3bIBa€T Ha YCWJIEHHE AHTMOKCHJAHTHOM 3alUTHl. BBDKMBAEMOCTh pacTeHUN
npesbiiasia 85%, YTO 3HAUMUTENBHO BBIIIE II0KA3aTeleil BapHaHTAa C YHUCTHIM KOJIXUIMHOM.
[TpoayKTUBHOCTH pacTEHH B 3TOM BapuaHTe Obljla caMOi BHICOKOH B 2-2,3 pasa BbIIIE KOHTPOJI,
4TO JlenaeT ero Hanbosnee 3(h(HEeKTUBHBIM IO COBOKYITHOCTH ApaMETPOB.

Pe3ynbTaThl OMbITa HOKA3BIBAIOT, YTO MUKPOOHBIE COOOIIECTBA CIIOCOOHBI CYIIIECTBEHHO CHUXATh
CTPECCOBOE JICHCTBHE KOJXHUIIMHA M OOECIeyrBaTh CHHEpreTHdeckuii 3¢(exT: HopMallbHbIE
TEMIIBl POCTA COYETAIOTCS C MAKCHUMAaJIbHON MPOIYyKTHBHOCTHIO. KoMOMHMpOBaHHAs 0OpaboTka
JIEMOHCTPUPYET YCTOWYMBBHIA (U3UOJOTHUECKUII OTBET, MOBBIIEHHYI0 AHTHOKCHIAHTHYIO
aKTUBHOCTH U HAMJIyYIlIHe TIOKa3aTen OMOMAacChl, U MPOYKTUBHOCTb.

BuiBOaBI

IIpoBenénHoOE Mccaea0BaHNeE M0Ka3al0, YTO OUYBEHHBIE MUKPOOPTaHU3MbI M KOJIXULIUH BIUSIOT
Ha pacTEHHUs I0-pa3HOMY, HO B psJie CIIy4acB MX JIEHWCTBUE B3aUMHO yCWIMBaeTcCs. YailHbIN
KOMIIOCT YCKOPSJI PaHHHE 3Talbl POCTa TOpOXa — IMOBBIIIAT YHEPIHIO IPOPACTAHUs, YIydllall
(dopmupoBaHrEe OMOMACCHI U YBEITMYMBAJ COIEPKaHUE XJIOpOHILIA, OJHAKO 00eCreunBal JHUIIb
CPEIHIOI NPOAYKTUBHOCTh. KONXWIMH, HAmpoTHB, 3aMeUlsul HauyajlbHOE pa3BUTHE, HO
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¢dbopMupoBan 0Oojee MPOAYKTUBHBIE PACTEHUS HA MO3AHHUX CTAJAHUSX: MPOIYKTHBHOCTH ObLIa
MPUMEPHO B [Ba pa3a BbIIIE KOHTPOJBHBIX 3HAYEHUN, YTO OTPAXKaeT TUIUYHBIC IS
MOJIUTUIOUIHBIX (POPM yCHIIEHHBIE METaOOIMYECKHE TPOIIECCHl M YBEIIMYEHUE Pa3MEPOB OPTaHOB.

Haunbonee 3HaYMMBI TOJIOXKHUTENBHBIN PQPEKT ObUI BBISABICH NPU COUYETAHWU KOJIXHUIMHA H
yaifHOro KommocTta. PacTeHHs COXpaHSJIM HOPMAlbHBIE TEMIIBI POCTA, JAEMOHCTPUPOBAIH
MOBBIIIEHHYIO YCTOMYMBOCTh U UMENTN MaKCUMAaJIbHbIE 3HAUE€HUSI OMOMACCHI M TPOAYKTUBHOCTH B
2-2,3 paza BbIIE KOHTPOJIA. OTO YKa3blBa€T HAa BBIPAKCHHBIH CHHEpPreTHueckuil 3¢ddext:
MHUKpPOOHMOTa CHIJKAJa CTPECC, BHI3BAHHBIA KOJXWUIIMHOM, CTaOMIM3upoBaja oOMEH BEIIECTB H
yCHJIMBAJIa 3alllUTHbIE CHUCTEMBI pacTeHHs. TakuMm o0pa3oM, KOMOMHHPOBAHHOE MPHMEHEHHE
MHUKpPOOHBIX TpenapaToB M KOJIXMIMHA MOXET OBITh TEPCIEKTUBHBIM HAaIlpaBlIeHUEM
OMOTEXHOJIOTUH, TIO3BOJIAIONIUM  OJHOBPEMEHHO  CTHMYJHMPOBAaTh TMPOIYKTHBHOCTb U
MOJICP>KUBATH (PU3UOJIOTMUYECKYIO YCTOMUMBOCTD KYJIBTYD.
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COPTOBHUAOBASA PEAKIIUA HUT'EJIJIBI (NIGELLA L.) HA

NHOKYJALINIO MUKPOBHBIM ITPEITAPATOM
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«HHHCX Kpvimay), 2. Cumghepononn, 295043, E-mail:alexand-golubev9S8@mail.ru

BBenenne MUKpPOOHBIX MpENaparoB B COBPEMEHHBIE TEXHOJOTHHM BBIPAIIMBAHUS
CEeNIbCKOXO3SIMICTBEHHBIX ~ KYJIBTYp SABISETCS OJHHUM M3 OSKOJIOTHYECKH O€30MacHBIX U
pecypcocOeperaromux 31eMeHTOB (PYHKIIMOHUPOBAHHS U YCTOHUMBOTO Pa3BUTHUS arpOdIKOCUCTEM
[1]. IpuHIMD nedcTBUS yIOOPUTENBHBIX MUKPOOHBIX IPENapaToB OCHOBAaH HA €CTECTBEHHBIX
ABIICHUAX a30T(ukcauuu U GpochaTMOOMIN3AINH, CYILIECTBYIOUINX B MPHPOJE U XapaKTEPHBIX
i SNUQGUTHBIX M TOYBEHHBIX MHKpoopranu3smMoB [2, 3]. Ocobas ponp NPHHAIICKHUT
KOMIUIEKCHBIM ~TOJTH(DPYHKIIMOHAIBHBIM MUKPOOHBIM TIperapaTaM, CO3JaHHBIM Ha OCHOBE
CUMOMOTHYECKHX, aCCOIIMATUBHBIX a30TPHUKCUPYIOMUX U hocharMoOmnmsyronmx Oakrepuit [4,
5]. B mocnenHee BpeMs NOBBICHUIICS HMHTEPEC K HCIOJIB30BAHUIO U BO3JEIBIBAHMIO HOBBIX
JICKapCTBEHHBIX, (PUPOMACIUYHBIX U TPSHO-aPOMATUYECKHX DPACTCHUH, OJHUM H3 KOTOPBIX
spisiercs Hurenna (Nigella L.) [6]. B ®I'BYH «HUMUCX Kpbima» co3naHbl 1Ba COPTa HUTEILIBL:
Anurta (2017) u Kpeimuanka (2019). OqHako A0 HACTOSIIIETO BPEMEHU HEAOCTATOYHO M3YUYEHBI
BOIMPOCHI MOBBIIICHUS Y3PPEKTUBHOCTH MPOU3BOACTBA MPOLYKIIMH HUTEIUIBI 32 CYET IPUMEHEHHS
MHUKpPOOHBIX IpernapaTroB. YYHUTHIBas BBIIIECKa3aHHOE, MNeJb HAIIMX HCCJIeA0BaAHUM
3aKJII0Yanach B U3YYCHUU BIUSHHS KOMIUIEKCHOIO MUKpOOHOTO mpenaparta [5] Ha coxepkaHue
(OTOCUHTE3UPYIOMINUX NMUTMEHTOB B JIUCTBAX HUTEIUIBI, €€ MOpP(POMETpUUYEeCKHEe MOKa3aTeln U
IIPOJYKTUBHOCTB B YCIIOBHSX II0JIEBOTO OIBITA.

IToneBbie 3kcniepuMenTH! IpoBeaeHbl Ha onbITHOM ydyacTke PI'BYH «HUNCX Kpeimay
(CuMdepononbCKuil p-H), MIOMAAb ASISHOK SM?, MOBTOPHOCTH 3-KpaTHas. IlouBa ydvacTka
YepHO3eM I0XKHBII KapOOHATHBIM CPEJHECYTJIMHUCTBIN, arpOXMMHUECKasi XapakTepucTuka: 6,3
Mmr/100 T murepanbpHOrO azora, 18,4 mr/100r P20Os, 73,0 mr/100r K>O, conepxxanue rymyca 5%;
pH mouBenHoro pactopa 7,8; B ombiTe MCHONb30BaHBl JBa BUAa HUTEIsl — N. damascena
(SAnurta) u N. sativa (Kpbimuanka). s mpeamoceBHONW MHOKYJSIMM CEMSH M 00pabOTKU
pacTeHuil Mo BereTanuy NPUMEHSIM KOMIUIEKCHBIM MHMKpOOHBIA mpemapar [5] Ha OCHOBe
Rhizobium radiobacter 204, Lelliottia nimipressuralis CCM 32-3, Paenibacillus polymyxa 11
(paszBenenue 1:100). [ToneBsie OMBITH IPOBEIEHBI IO 00MIETPUHATHIM MeToAaM (Jlocnexos b.A.),
B onbITHBIX Bapuantax (M — wuHOKymsimms cemsiH, M+ — coueTaHne WHOKYJIALUU CEMSH C
00pabOTKOM pacTeHMII MO BETeTallK) MPUMEHSITA KOMIUIEKCHBIM MUKpOOHEIH npenapat (KMIT),
B KOHTpOJIE — CEMEHa YBJIAXHSUIM BoAod. OTOOp pacTeHHil A aHAIM30B MPOBOIWIN B (ha3bl
KYIIEHUS W LBETEHHs, SKCTPaKUHs (OTOCHHTE3UPYIOIIMX IUTMEHTOB M OIpENEeNeHUuEe UuX
KosmdecTBa nposeaeHsl no Metoauke (Nayek S. et al., 2014), mopdomeTpuyeckie uccae10BaHU
NPOBOJWIIM HA YYETHBIX JEIAHKAX IUIOMAnbio 1M? B 3-i MOBTOPHOCTH COIJIACHO METOMMKH,
yTBepxkaAcHHOM ['ockoMuccueil PO 1o nucnplTaHuIo 1 0XpaHe CeNeKIUOHHBIX AocTrxkeHu (2020).
Cratuctuueckas 00pabOTKa pe3yIbTaTOB MPOBEACHA C IOMOIIBIO CIIEUATBHBIX KOMITBIOTEPHBIX
nporpamm Excel 2016 u Statistica 10.

Pe3ynbpTaThl HalMX OIBITOB CBUAETEIBCTBYIOT O NOJoKuTenbHOM BinsHun KMII Ha
cozepkanrue (OTOCUHTE3UPYIOMIUX MUTMEHTOB B JUCTBAX HHUrelUlbl B a3y KymieHus. Tak,
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OTMEYEHO JIOCTOBEPHOE YBEIMYCHUE COJIEPKAHHSI CYMMBI XJIOPOPHIUIOB (a+b) M KapOTHHOUIO0B
B OMNBITHBIX BapUaHTax [0 CPAaBHEHMIO C KOHTPOJIEM y 00OMX COpPTOB HMreiuibl. HakomieHue
XJIOpOGUIIOB B TUCThsIX pacteHuit cocrasisuio 0,81 u 0,63 mr/r (H), 0,61 u 0,65 mr/r (U+) ans
coptoB Kpeimuanka u fnura mo cpaBHeHuto ¢ koHTposeM (0,54 u 0,52 Mr/r) COOTBETCTBEHHO.
Copep:xaHre KapoOTUHOUIOB B MUCThsX gocturano 0,29 u 0,26 mr/r (M), 0,22 u 0,24 mr/r (U+)
st coptoB KpeiMuanka u Slnuta coorBercTBeHHO npoTuB 0,50 Mr/T B KOHTpOse. B a3y uBerenus
HE BBISBJICHO JIOCTOBEPHBIX PAa3IMYUil 10 HAKOIUIEHUIO (POTOCHHTE3UPYIOIIUX MUTMEHTOB B
JUCTBSAX PACTCHUN ONBITHBIX BAPUAHTOB CPABHUTEIIBHO C KOHTPOJIEM /17151 000MX COPTOB HUTEILIBI.
Taxoke He BbIBIEHO JocToBepHOro BiausHus KMII Ha Mmopdomerprudeckue mokasaTenu (BbICOTa,
cyxas macca) 00OMX COPTOB HUTEJUIBI, CIEAYeT OTMETHThH JIMIIb TEHICHIHUIO K BO3PACTaHUIO
BBICOTHI pacTeHuil y copra fimta. OgHako HEOOXOAMMO OTMETUTh, UTO Ui copTa KpbriMuaHka
MIOJIyYEeHbI JOCTOBEPHBIC CTATHCTUYECKU 3HAUMMBble M3MEHEeHUs1 Ha ypoBHe p<0,05: yBenuueHue
KOJH4YecTBa OOKOBBIX 1MOOEroB W Macchl cemsiH B tiogax (M), (M+); yBenwmueHue KOIMYECTBA
wionoB (M+), uTo crmocobcTBOBaAIO BO3pACTaHUIO OMOJNIOTHYECKON ypoxaiiHoCcTH ceMsH 1o 1,4
() u 1,64 (U+) r/pactenue (0,52 r/pacreHue B KOHTPOIIE).

Taxum 00pa3oM, pe3yabTaThl HAIIUX HUCCIIEIOBAHUI CBUAETENBCTBYIOT O COPTOBUIOBBIX
Pa3NUYMSIX PeaKLUMU HUTeJUTH HA HHOKYJISIIIMIO KOMIUIEKCHBIM MUKPOOHBIM npernapatoM. OIBIThI
OyAyT MPOJOJKEHBI B TaIbHEHIIIEM.
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O EHKA BJIMAHUA CIIEKTPAJIBHOI'O COCTABA CBETA HA
HNPOAYKTUBHOCTDb U HAKOIIVIEHUE BTOPUYHbIX

METABOJIMTOB ITAJI®ESA JTEKAPCTBEHHOI'O
Topuna A. A.!, Maxunosa E. 10.?

1, 2 - @edepanvuoe zocyoapcmeennoe 0100xcemuoe oopazosamenvhoe yupexcoenue
evicuiezo oopazosanusa «Poccuiickuii 2ocyoapcmeennulil azpapustit ynueepcumem — MCXA
umenu K. A. Tumupsaszeea» (OI'bOY BO PI'AY-MCXA umenu K. A. Tumupazesa), 127434, 2.
Mockea, yn. Tumupaszeeckasn, 49, E-mail: info@rgau-msha.ru

[landeit (Salvia) — MHOTrOJETHEE M OAHOJIETHEE TPABSIHUCTOE PACTEHHE U KYCTapHHK
ceMelcTBa ICHOTKOBBIE (MU ry0ouBeTHbIE). Ero TUCThs CylpOTHBHBIE, LIEIbHBIE WIN TIEPUCTHIE,
IIBETKU COOpaHbI B JIOXKHBIE MyTOBKH, 00pa3yIolirie MeTeIbuaThle MM KOJIOCOBUIHBIEC COLBETHSI.
Yameuyka 1BeTKa IBYryOasi, BEHUMK MOXXET OBITh Pa3HBIX LIBETOB: O€JbIH, KENTHIN, CcHUHe-
($1ONEeTOBBIN, PO3OBBINA, MATMHOBBIN, KPACHBIM WM TEMHO-KPACHBIH, BEpXHAA Ty0a mpsmasi Win
LHUIEMOBHUIHAS, HIKHASA — TpéxpasgenbHas. Ha 1Beronoxke pacrosioKEHO [BE THIYMHKU C
OpUTMHAJIBHBIM PBIYaKHBIM YCTPOMCTBOM I OIBUICHHWS HaceKoMbIMU. Ilmox cocrout us
YeThIPEX OPEIIKOBUAHBIX J0sIell. MHOTHE BUBI — 3(UPHO-MACIUYHbIE PACTECHHS.

[To Bcemy Mupy pacrpoctpaHeHsl okoio 986 BunoB maindes. B Poccun nannoe pactenue
BcTpeuaercs: B EBponeiickoii uactu, Ha KaBkase u Ha rore CuOupu — B Jiecax, CTENsAX U Jyrax, 1o
oeperam pek. Ilandeit ucmonb3oBanu emeé B APEBHOCTH, CUUTas HauOoliee MPAKTUYHBIM W
IIOJIE3HBIM JIeKapcTBOM. Ero ucnonp3oBain u [ MNmokpar — 3HaMEHUTBIN JPEBHEIPEYECKUM Bpay.

Cerogns mandeil MCHONB3YIOT B pa3HbIX cdepax XKU3HM: B MenuiuHe (mandei
nexapcTBeHHbI — Salvia officinalis), xynunapuu (wandeit myckatHbslii - Salvia sclarea),
KocMmeTosioruu (mangei JeKapcTBeHHbI M mandeil MyCKaTHBIH) M Jaxe KakK JeKOPaTHBHOE
pactenue (1asndeii JekapcTBEHHbIN 1 mandeii 3enéuplii - Salvia viridis). B HaponHo# MenuiuHe
CUMTAeTCs, uTo Iandei ykperisier Bce Teo.

[landeit akTHBHO MCTIOIB30BAIM U MCTIOJIB3YIOT MPH 3a00JIeBaHUAX MHOTHX YacTel Terna:
nErkue, MOYKH, JKEIyA0K, OJOCTh pra. Takke JaHHOE pacTeHUe YNOTPeOISIOT ISl OAaBICHHS
JAKTAallMU Y SKEHIIUH U MpH Oecrioquu. EMUHCTBEHHOE MPOTUBONOKA3aHNUE €r0 MPUMEHEHHS —
o6epemennocts. Illandeit Hamén mmpokoe NpUMEHEHHWE B KadecTBE apomarepanud U B
napdroMepHu.

dapMmarieBTHYECKUEe CBOWCTBa Imandess JEKapCTBEHHOTO OOYCIAaBIMBAIOTCS — €r0
XUMHYECKUM COCTaBOM. DQHUPHOE Maclio B COCTaBE PACTCHUS COJIEPKUT THHEH, CAJIbBEH,
OopHeon,  IHWHEON,  TyHoH, Kamdapy ©  IeApeH,  OoONajarole  BKYIIUMH,
MIPOTUBOBOCIIATUTEIILHBIMY, Je3HHPUIUPYIOIMUMHA, (DUTOHIIUIAHBIMU U MPOTUBOTPUOKOBBIMU
cBoiicTBamu. B KHIKOM »dKcTpakTe iucTheB HaigeHo 10 cBoOomHbix u 11 cBsi3aHHBIX
AMUHOKHCIIOT, U3 KOTOPBIX JOMUHHUPYIOIIMMHU SIBISIIOTCS TUPO3HUH, CEPUH, TJIIOTAMUHOBAas U
acraparuHoBass KucioTbl. Llandeil nekapcTBeHHBIM TaKXe OKa3blBa€T AHTUMYTareHHOE
JNEUCTBUE, TMPENOXPAHSIET TEHETUYECKUH  amnmapar OT  IOBPEXKIAKOLIEr0  JIEWCTBUS
TeTpaxiopMmerana. JIIOTEONHH-7-TIOKO3U ] mandes JIeKapcTBEHHOro 007ajaeT 3aMeTHBIMH
XEMONPEBEHTUBHbIMU  cBoiicTBamu, 3ammmas JHK or mnoBpexpatomiero Bo3aeicTBUA
cBOOOAHOTO KHCIOpoAa. IloMMMO mMepedncIeHHBIX CBOMCTB 3TO JICKAPCTBEHHOE pPACTCHUE
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obnazaer OOJICYTOJNISIONIMM, OTXAPKUBAIOIIMM, MOYETOHHBIM, BETPOTOHHBIM, 3CTPOTCHHBIM WU
NPOTHUBOTHUJIOCTHBIM JeiicTBueM. Kpome 3¢pupHOro macia B IUCThsIX mandes JIeKapcTBEHHOTO
HAKaIUIMBAIOTCS AyOUJIbHBIC BEIIECTBA, KOTOPBIE TAKXKe BIUSAIOT Ha (hapMalleBTHUECKUE CBOUCTBA.

Paznuunble (akTophl, TakMe KaK CBET, TEMIIEpaTypa, OaBJICHUE, BIAXKHOCTh MOTYT
BO3/CHCTBOBATh HE TOJHKO HA PAa3BUTUE CaMOr'0 PACTEHHs, HO U Ha HAKOIJICHHE METAa0OJIMTOB.
CoOOTBETCTBEHHO, U3yUEHUE BIUSHUS OKPYXAIOUIEH Cpelpl Ha MPOAYKTUBHOCTh U HAKOIUIEHHE
BTOPUYHBIX METAOOIUTOB OYE€HB BaXKHO.

B oTHomenun mandes JIEKapCTBEHHOTO BIMSHHUE CIEKTPaJIbHOIO COCTaBa CBETa Ha
MPOAYKTUBHOCTh M HAKOIUICHWE BTOPHUUYHBIX META0OJIUTOB - Majon3ydeHHas Tema. Ho mpu sTom
B OTHOLICHHUHU JIPYTMX PAcCTEHUI B3aMMOCBS3b CBETAa M HAKAIUIMBAEMBIX B HHUX BEIIECTB ObLIA
BBISIBJICHA U U3Y4aeTCs 1O CHUX IIOP.

B nanbHeiimeM IUTaHUpYETCS TPOBEACHHE SKCIIEPUMEHTOB Ha 0Oa3e jabopaTtopuu
MCKYCCTBEHHOT'O KJIMMAaTa, TJI€ Mbl U3yYUM, KaK CIIEKTPaJIbHbII COCTAaB CBETa MOXKET BIUATH HA
NPOAYKTUBHOCTh M OMOXMMHUYECKHH COCTaB MeTabonuToB Imandes lekapcTBeHHoro (Salvia

officinalis L.)

Cnucox HUCMOJb3yEMbIX HCTOYHHKOB

1. xomumberoB O. H., AmanbOaesa H. M., CanueBa H. A. «JleueOHbIe CBOMCTBA
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2021. Ne 6 (58). C. 296-298.

2. JlxabpaunoB 0. M. «JlekapcTBeHHBIE PAacTeHHS: BIHMSHHUE (PAKTOPOB BHEIIHEH
cCpelsl Ha COJAEp)KaHHE BTOPUYHBIX METa0OIUTOB» // BecTHHK KypcKoi
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KPEMHUI N 3AIIUTA 3EPHOBBIX KYJIBTYP
Hoarymun UM, Tuaszos MLIO.., Jlykmanos A.A.2
1 - ®I'bOY BO «Kazauckuii 2ocyoapcmeennutii azpaphutii ynueepcumemy (OI'60Y BO
Kazanuckuii I'AY), 420015, P®, Pecnyonuxa Tamapcman, 2. Kazanw, yn. K.Mapkca, 65, E-
mail: kandidatagrotat@gmail.com
2 — Tamapckuu punuan @®I'BY «PocAzpoxumcaysycoar, 420059, PO, Pecnyoauka
Tamapcman, 2. Kazanw, ya. Opendypeckuit mpakm, 0. 120

3epHOBBIC (B MEPBYIO OYepeib MIICHUIIA) SBISIOTCS HauOoliee BOCTPEOOBAHHBIMH U3
CEJIbCKOXO3SIICTBEHHBIX KYJIBTYpP, UX BBIPAIIMBAHUIO M AKCIOPTY NPUIAETCS TOCYNapCTBEHHOE
3Hauenue [1]. Kak mpaBwiio, nis uX KyJbTUBUPOBaHUS OTHAIOT JYUIIME 3€MJIM U BBIACISAIOT
JY4lIyIO0 TEXHUKY. BceM N3BECTHO BBIpaKEHUE, UTO «KYKypy3a — LApHILa M0JIEH», XOTs 10 IIpaBy
3TOro 3BaHUs OOJIbIIe JOCTOWHA MIeHWIA. BakHOCTh B 00ECHEYeHMH MPOJAOBOILCTBEHHOM
0€30MacHOCTH MOAYEPKUBACT U TOT (PAKT, YTO IIOMHUMO SPOBBIX BO3AEIBIBAIOT U O3UMBIE (POPMBI
3€pHOBBIX KyJbTyp. BHUMaHuE y4eHBIX COCPEIOTOYEHO HAa BBIBEIEHUU HOBBIX IEPCHEKTUBHBIX
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COPTOB TILIEHHIIBI, AANTUPOBAHHBIX K YCIOBUAM MECTHOCTH, M M3YYEHUH UX MPOTYKTUBHOCTU
[2].

Jis mosmy4eHust MaKCUMaJIbHBIX YPO’KaeB M0/1 3¢PHOBBIC AKTUBHO BHOCAT MUHEPAJIbHBIE U
OpraHuyYeckre ya00peHHus W Ipu HEOOXOAMMOCTH NMPOBOAAT M3BECTKOBAHUE KUCIHBIX IOYB, Ha
KOTOPBIX IUIAHUPYETCS UX BhIpalIuBaHue [3].

OpHako Mayno MocaauTh ceMeHa M yIOoOpHUThH MOYBY, HAJO €IIe 3aLIUTUTh PACTEHHS OT
MHOTOYHCIICHHBIX BpEIHUTENICH M HEOIaronpusATHBIX (aKTOPOB OKpY’KaloIIel cpenibl, KOTOpbIe
MOTyT IIOMELIaTh JOCTUYb 3aIJIAHUPOBAHHOW YPOXKAMHOCTH. [l 3THX LEened IPUMEHSIOT
NECTULUABI — CPEJICTBA 3AIIUTHl PACTEHUI XUMHUUECKOH mpupoabl. OJHAKO UX HCIIOJIB30BAaHHUE
MO>KET HAaHECTH BpEJ] OKpY’Kalollel cpee, a MpU NONAAaHUU B OPraHU3M MIICKONUTAIOMINUX —
BbI3BaTh oTpasiieHue [4]. Iloatromy tpebyercs 3¢ddekTnBHOE M 3KOHOMHYHOE IMPHMEHEHHE
NECTULUAOB C TOYHO PACCUYMTAHHOMN J03UPOBKOM 11 MUHUMHU3ALIUH yiiepoa sxocucteme [5].

AJNBTEpHATUBOW MECTHLHIAM MOTYT CIYXKUTh CPEJICTBA 3aIllUThl PAaCTEHUH Ha OCHOBE
KPEMHHUS, KOTOpbIe 0€30MacHbI JUIsl )KUBBIX CYIIECTB M HE 3arps3HSIOT OKPYKAIOLIYyI0 cpedy. Si
SBIISICTCS €IMHCTBEHHBIM 3JIEMEHT NMUTaHMs, KOTOPBIN HE HAPYIIAET COCTOSTHUE PACTCHUH IIPH €T0
manumke. [lo3ToMy MOXKHO TpPUMEHSTh KpeMHHUHCOAepXkalie mpenapatsl 0e3 pucka
NEePeO3UPOBKH.

KpemHuuii cioco0eH 3alUTUTh 3€pHOBBIE KYJIBTYPBI OT BPEAUTENEH U CBA3aHHBIX C HUMU
6one3neil. PazButuio 3a0o0neBaHus MPEAMIECTBYET MPOHUKHOBEHHE MATOT€HA B PACTHTEIbHYIO
KJIETKY 4epe3 MEepBYIO JMHUIO 000POHBI (BOCK, KYTHKYJIY M KJIETOYHBIE CTCHKH). KpeMHMEBBbIiH
KUCJIOTHl ~ TOJIMMEPU3YIOTCSI B SIUAECPMAIbHBIX  TKaHAX  pacTeHuss U 00pasyioT
KPEMHELEIUIIONO3HbI KyTUKYJISIPHBIA CJIOM, KOTOPBIM IOBBIIIAET MEXAaHUYECKYIO IPOYHOCTH
KOpHEH U HaJI3eMHOW YacTH, CTAHOBSICh MPETSTCTBUEM JIJIs1 HACEKOMBIX-BpeIUTENEH. S1y4yacTByeT
B (popMupoBaHUM MOP(OIOTUYECKHX 3IIEMEHTOB (BOJOCKOB, COCOYKOB, TPUXOM, ILIETHHOK),
KOTOPBIE SBJIAIOTCS JOMOJHUTEIBHBIM OaphepoM Ha MyTH MmaToreHa. Eciu ske BpeauTenu Bee xe
NPOHUKJIA BHYTPb, TO NPH YYaCTUM KPEMHHUS 33JCUCTBYETCS OMOXMMHUYECKUH MEXaHH3M H
SKCHPECCUPYIOTCA TEHBI, KOAUpylomue 3amuTHbie hepMmeHTsl [6]. OTMmeueHo Takxke, 4Tto Si
CHIDKAeT YCBOSIEMOCTb M BKYCOBBIE KaueCTBA JIMCTHEB, YMEHbIIAsI UX MOENAHUE BPEIUTEISIMH.
Taxum 00pa3om, KpeMHUI 00ecIIeYnBaeT MEXaHUYECKYIO0, (PU3HOIOTUIECKYIO M OMOXUMUYECKYIO
3aIlUTy OT MAaTOreHoB [7].

[ToMrMo OMOTHYECKHMX, KPEMHUIH OOECIeYMBAET 3aIUTY U OT a0MOTUYECKUX CTPECCOB:
neguuuTa MUHEPAIBHOTO THTAHMS, 3aCyXM, 3aCOJICHUS, BBICOKMX M HH3KHX TeMIepaTyp,
yIbTPa(UOJIETOBBIX JIyuei, TSKEIbIX METAIJIOB U T.J. B pacTeHUsX NpPOMCXOIUT aKTUBHOE
nepepactpeesneHiue Si ¢ MepeHocoM B TKaHU, KOTOPble B HAaUOOJIBIICH CTENEHH IOABEPIKECHBI
CTPECCOBOMY BO3AeHCTBHIO [8]. Posib KpeMHMS B OpraHu3Me MOKHO B HEKOTOPOIl MEpE CPaBHUTh
CO CHENMoApa3AeeHuEeM, KOTOPbIM 3aThIKAIOT HauOoJiee OMacHble YYaCTKH, €CIU BPaXKECKOe
BTOP>KEHHUE MPOPBAJIO BHICTPOCHHYIO JTMHUIO O0OPOHBI.

Si Takke MOBBIIIAET AKTUBHOCTH (POTOCHHTE3a U YPOIKAHHOCTH SIPOBOM MILIECHHIIBI 32 CYET
yIy4IIEHUS] YCBOCHMS MUTATEIbHBIX BELIECTB M3 IMOYBHL. KpeMHUiicopepikaime mpenaparsl
MOKHO CYMTaTh JKOJOIMYECKH O€30MacHOW albTepPHATUBOW MECTHLUAAM U HPUMEHSTH IpH
BBIpAIIMBAaHUH 3€PHOBBIX KYJBTYpP, 0COOCHHO B HEOJIArONPHUITHBIX YCIOBUSX.

Cnucok JiuTeparTypsbl:

1. Qaderi, H. Kazakhstan grain market infrastructure and export development prospects /
H. Qaderi / Ctynenueckast HayKa - arpapHOMY IPOH3BOJICTBY : MaTepuaiisl 78-0 cTy1eHUECKOM

®rbHY BHUUCB, 2025 . 89



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

(pernonanbHOI) Hay4uHOH KOH(epeHuuu, Kazanp, 11-12 despans 2020 rona. Vol. 4. — Kazans:
Kasanckuii rocyjapcTBeHHbIHN arpapHblil yausepcureT, 2020. — P. 225-231. — EDN BSVHTM.

2. IIpoayKTHBHOCTh NMEPCHEKTUBHBIX COPTOB O3MMOW NIIEHHULBI IIPU BHIPALIMBAHUU Ha
IUTAHUPYEMYIO YPOKaifHOCTh B ycloBHsX opouieHus Tepcko-Cynakckoit moanposuniuu / M. P.
A. Kasues, H. P. Maromenos, JI. }O. Kapaesa, H. H. Maromenos // [Ipo6nemsr pazsutust AIIK
peruona. — 2024. — Ne 3(59). — C. 39-44. — DOI 10.52671/20790996 2024 3 39. — EDN
EDULUN.

3. PaB3yraunoB, A. P. Bnusnue ynoOpeHuil, M3BECTH M MEXaHHMUYECKOW 0OpabOTKH
HedTe3arpsi3HEHHOM Ccepoil JIECHOM MOYBBI HAa YpPOXKAaHHOCTH sipoBOM mmeHunbsl / A. P.
PaB3ytnunos, M. 1O. I'nnsizoB // Arpoxumukatel B XX Beke: Teopus U IPpaKTUKA MPUMEHEHHS :
MaTepHaibl MeXIyHAPOJHON HayYHO-TIpaKTHUecKoi koHpepenun, Huwxuuit Hosropon, 31 mas
— 02 2017 roma. — Hwxuuii Hosropon: ®enepanbHoe TrocyJapCTBEHHOE OFOIKETHOE
0o0pa3oBaTeNbHOE YUPEkKACHUE BBICHIETO MpodeccrHoHalbHOro obpazoBanus "Hmxkeroponckas
rocyJapcTBeHHas ceabCcKoxo3sicTBeHHas akagemus', 2017. — C. 266-269. — EDN YPFBRR.

4. Tanuynnuna, 3. Y. CpaBHuUTENnbHAs TepaneBTu4eckas 3(h(heKTUBHOCTD JEUSHHUS KOPOB
npu otpasieHun nectuuugamu / 3. V. Ianuynnuna // MonoaexHsle pa3pab0oTKi 1 MHHOBAIMH B
pemeHnu npuoputeTHhIX 3a1a4 AIIK : marepuansl MexayHapoIHOW Hay4HOH KOH(EpeHINH
CTYJCHTOB, AaCIUPAHTOB M YyYalleHCs MOJIOJIEKH, TMOCBsIEeHHOH 90-netuto oOpa3oBaHus
Ka3aHCKOHM 300TeXHHUYECKOW MIKOJBI ((PaKkyabTeT BeTepUHAPHON MenuiuHbl), Kazane, 26 maprta
2020 roga / Coset Momnobix yueHbix u cnernpanuctos ®I'bOY BO Kazauckoit TABM. Towm 1. —
Kasans: Kazanckas rocyjapcTBeHHas akajeMus BeTepuHapHoi meauunsbl nMenu H.O. baymana,
2020. - C. 28-31. — EDN KFLLNB.

5. 3amaneTauHOB, A. A. AHAIN3 TEXHOJOTUHN 3alIUThl PACTCHUIN B CEIHCKOM XO3AHUCTBE /
A. A. 3amaneraunos, P. P. Hyprasuos // PazButue AIIK u cenbckux TEppUTOpU B YCIOBUSX
MOJCpHM3ALMU HKOHOMUKM : Marepuanel IV MexayHapoaHoW Hay4HO-IIPAKTHYECKOU
KOH(epeHIINH, OCBAIICHHON MaMATH JJOKTOpa YKOHOMHUYECKUX HayK, mpodeccopa H.C. KaTtkosa,
Kazanp, 16—17 deBpans 2023 roga. Tom 1. — Kazans: Kazanckuii rocyiapcTBeHHBIH arpapHbIi
yausepcutetT, 2023. — C. 100-106. —- EDN BKHPPT.

6. The controversies of silicon's role in plant biology / D. Coskun, R. Deshmukh, H. Sonah,
et al. // New Phytologist. 2019. Vol. 221. No. 1. Pp. 67-85. DOI: 10.1111/nph.15343.

7. CamconoBa, H. E. MexaHnu3mbl OTJIOMEHUS KPEMHUS U €70 COJIEPKaHUE B PACTEHMSIX
/ H. E. CamconoBa // Hayunoe obecnieueHre WHHOBAITMOHHOTO Pa3BUTHUS arpONpOMBIIIJICHHOTO
KOMILIeKca peruoHoB P® : MaTepualibl MeXIyHapOIHOW HAYYHO-TIPAKTUYECKON KOH(PEPEHINH,
JlecuukoBo, 06 ¢eBpans 2018 roma. — JlecuukoBo: Kypranckas rocynapcTBeHHas
cellbcKoxo3sicTBeHHas akafgemus uMm. T.C. Manbnesa, 2018. — C. 635-640. — EDN VYHDNJ.

8. Ma J.F., Yamaji N. Silicon uptake and accumulation in higher plants // Trends Plant Sci.
2006. Aug. 11 (8). P. 392-397.

YPOKAHHOCTDb TOMATA B 3AIIUIIIEHHOM I'PYHTE IIPH

HNPUMEHEHHUMU PET'YJIATOPOB POCTA

Xaycos B.H., I'onuapos A.B.
DI'b0Y BO Munucmepcmea cenvckozo xo3aucmea Poccuiickoit @edepayuu «Poccuiickuii
20Cy0apcmeeHHblil yHugepcumem Hapoonozo xozaiucmea umenu B.U. Bepuaockozo»
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Jns peanuzanu OMOJIOTHYECKOTO MOTEHIMATA CEIbCKOXO3SIMCTBEHHBIX PAacTeHUN Bce
Oosbliee 3HAYCHHE MPHOOPETAIOT PEryNsATOpPBl pocTa. Peryistopbl pocta MCHONB3YIOTCS IS
MIOBBIIICHUS! BCXOXKECTH M SHEPIHM MPOPACTAHHUS CEMSH, YIyUIICHHS pabOThl M CTUMYJISIUH
KOPHEBOM CHCTEMBbI, CTUMYJMPOBAHUS Pa3BUTHUsS BETETATUBHOW MacCchl M (DOTOCHHTETHUECKOM
aKTUBHOCTH, CTUMYJHMPOBAHUIO €CTECTBEHHOTO HMMMYHHTETa pPACTCHHMH, MOBBIIICHUIO
YCTOMYMBOCTH PACTEHUH K CTPECCOBBIM (haKTOpaM pazIMYHOW NPUPOABI M KaK CJIEICTBHE
MOBBIIICHUIO YPOKaHHOCTH M KauyecTBY MpONyKUuHu. lcrmonb3oBaHUE pETYISTOPOB pocTa
OCYIIECTBJISIETCS B MaJIbIX KOJIMYECTBAX, UMEIOT YacCTO NMPUPOAHOE IIPOUCXOXKAECHUE, B CBSI3U C
YeM CYHMTAIOTCS HKOJIOTHUECKH YUCTBIMHU, YTO OYE€Hb BaXKHO B MOCJIEIHUE T'OJIbI, KOT1a OOJIBIIYIO
MOMYJIIPHOCTh NPUOOpETaeT 310pOBOE MUTAHME. ODKOJOTH3AIMA CeNbCKOTr0 XO3iHCTBa B
HacTosiee Bpems mpuodperaeT Bce Oojiee MIMPOKOE paclpOCTpaHEHHE Kak OCHOBa
opranudeckoro 3emsenenus. [IpoBeeHHBIE OTCUYECTBEHHBIMH M 3apyOCKHBIMU YUEHBIMU
UCCIICZIOBAHMSI, CBUJETEIBCTBYIOT O BBICOKOM 3((EKTUBHOCTH NEHCTBUS PErYISITOPOB Ha
pa3BUTHE, YPOKANHOCTh U KauecTBO npoaykuuu [1-19].

W3ydanu BIMSHUE PETyJIATOPOB POCTa HA YPOKaWHOCTh M KayecTBO IJIOJIOB TOMAaTa
rubpunga Pozapumo F1 (2020-2021 rr.). OOpabotka mnpenaparom Hapruce (0,4 r/m) B
criocobcTBoBana (HOPMUPOBAHHUIO OOJBIIETO KOJIWYECTBA JIMCTHEB, COOTBETCTBEHHO, OONbBINIEH
wiomaan GOoTOCUHTETUYECKON MOoBepXHOCTH. [Iporiecc co3peBaHus MII0I0B TOMATa JOCTATOYHO
PacTSHYT, B CBSI3H C 3TUM CBhEM IIJIOJIOB C pACTEHUI IPOBOAMUIIN B IEPUOJ TEXHUUYECKOM CIIEIOCTH.
TexHuueckas 3peiaocTh IJI0I0B TOMaTa B KOHTPOJIBHOM BapHaHTe oTMedanach y 36,5% pacteHui,
B ONBITHBIX BapuaHTax —y 47,6 % (Hapmucc, 0,4 r/n) u 42,5% (Hupxos, (0,1 r/m) pacTeHuii.
[IpumeHeHHne mpenapaToB MPHUBEIO K YBEIMYCHHIO HAa MOMEHT cOopa dMCiIa pacTeHHH,
BCTYIUBIIMX B IUIOJOHOIICHHE, W KOJMYECTBA IUIOJOB C PACTCHHMs, a TAKXKE MOBIMIO Ha
¢dopMHpOBaHHE TUIONOB, YTO HECOMHEHHO CKa3aJloCh Ha TOBBIIICHUHA YPOXKAHHOCTH.
Cratuctuueckass o0OpabOTKa pe3ysbTaTOB HCCIEIOBAaHMNA BIMSHUS PETYJIATOPOB pocTa Ha
YPOKallHOCTh M KayecTBO IUIOJOB TOMaTa B YCIOBHSX TEIUIMYHOW KyJIbTYphl IOKa3aia
JOCTOBEPHYIO pa3HUIy B ypo’kae MEXKIy BapHaHTaMH. Y POXKAMHOCTb TOMaTa B KOHTPOJBHOM
BapuaHte (0e3 o0OpaboTku) B o0a roma wuccienoBaHuii Obuta Ha ypoBHe 24,5-24,6 kr/m?, B
M3y4aeMbIX BapuaHTax - Haprucce (27,4 kr/m?-28,2 xr/m?, Llupkon (25,9-26,6 kr/m?).

Cnucok JuTeparTypsbl:

1. Jonuapo A.B., Axkumosa C.B., [lanoBa M.b. : yuebHOe mocoOue. ajammxa:
®I'bOY BO PI'A3Y.I'onuapoB A.B. : monorpadus. .. ®I'bOY BO PI'A3Y..I'onuapos A.B.,
I'acnapsin 1.H.

JlenpkoBa M.A., XnycoB B.H., I'onuapos A.B. ..:Crapsix I'.A., ['onuapos A.B. : Hoe .
Cyposa H.C., XimrycoB B.H., 'onuapos A.B. ..Ymakos O.B., Koctenko M.IO., 3akabynuna E.H.,
I'onuapoB A.B. : Xangaes M.T., Xnycos B.H. A.
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UCKYCCTBEHHBIN UHTEJJIEKT, TEHETUYECKOE
PEJAKTUPOBAHUE U AJI/IMTUBHBIE TEXHOJIOI'MU: HOBBII

UHCTPYMEHTAPUMN ATPOBUOTEXHOJIOTUM
Kupniios B.A., Ky3smun A.A., Kosomencknii JI.C.

A6moHOMHAA HEKOMMePUECKaAA 00PA306amenbHaAA OPZAHUZAUUSA BbICULE20 00PA306AHUA
«CKonkoeckuit uncmumym Hayku u mexnonozuiin, Mockea 121205; E-mail:
Bogdan.Kirillovskoltech.ru

CoBpeMeHHass arpoOMOTEXHOJIOTHS NepeXuBaeT (PyHIaMEHTaIbHYIO TpaHchopMaIuio,
BBI3BAaHHYIO KOHBEpreHIMEH HU(PPOBBIX M OMOJIOTMYECKUX HayK. TpagullMOHHBIC IOIXOJBI,
OCHOBAHHBIE Ha JUTUTENFHON CEJIEKIIMU U KIACCUYECKUX METO/IaX TeHHON MH)KEHEpUH, BCE Yallle
OKa3bIBAIOTCS  HEJOCTAaTOYHO OS((EKTUBHBIMU S pEIIeHUs TJI00aJbHBIX  BHI30BOB
MIPOIOBOJILCTBEHHOM 0€301aCHOCTH M MPOMBIIIUIEHHOT'O TPOM3BOICTBA. OTBETOM Ha 3TH BBHI3OBBI
CTaHOBHUTCA (HOPMUPOBAHHE MPUHLIUIHAIBLHO HOBOTO HMHCTPYMEHTapHs, OCHOBAaHHOTO Ha
CHHEPTMU TpeX KIIOUEBBIX TEXHOJIOTUH: MCKYCCTBEHHOTO HWHTEIUIEKTa, TI'€HETUYECKOTrO
pelaKTUPOBAHMS M aJJUTUBHBIX TexHoJorui [1]. IMeHHO 3Ta Tpuaga OTKPBHIBAET BO3MOXKHOCTb
CO3JIaHMsI 3aMKHYTOI'O ITMKJIA «IW3alH-CO3JaHUe-BAIMAALUSD) Uil OHOJIOTMYECKHX OOBEKTOB
arpoINpOMBIIIICHHOTO KOMIUIEKCA.

JlnutenbHble IUKIBI CEJIEKIUU U TPYJOEMKHE IIPOLECCH! BAIMIALUKA HOBBIX IIPU3HAKOB
CTAaHOBATCA y3KMM MECTOM. MBI IpemyiaraeM pelIeHue, KOTOPOE I03BOJIAET COKPAaTUTh 3TOT
BPEMEHHOW IMKJI — IuiaTdopMy ananTuBHOM 3D-OuomneuaTH, ympaBiseMylO alroOpUTMaMH
HCKYCCTBEHHOI'O HMHTEJUIEKTA. [J1aBHOE NPEUMYIIECTBO, KOTOPOE MBI IIpeUlaraéM HAay4YHOMY
cOOOIIECTBY, — 3TO BO3MOXXHOCTb OBICTPOM M TOYHOM MaTepHaau3alMd HUAeH I HX
MIOCJIEIYIOLEr0 TECTUPOBAHUS.

KntoueBbIM 3nemMeHTOM Hamiel IuiaTdopMbl SBISETCS cUcTeMa ananTuBHOM 3D-
OuoneuaTy, ynpasisieMas HCKYCCTBEHHBIM HHTEJUIEKTOM mo mpuHIminy Human-in-the-Loop
Active Learning [2]. B aTolf cucTteme alropuTMbl MAalIMHHOTO OOy4eHHS HE paboTaroT
aBTOHOMHO, a aKTHUBHO B3aMMOJEHCTBYIOT C HcclenoBarenemM-3kcrneproM. Monens WU
IIEJICHATPABJICHHO BBIOMpaeT Ui NedaTd Haubojee WH(OPMATHBHBIE WM HEONpEAETICHHbIC
napaMeTpbl KOHCTPYKIUH, Pe3yJIbTaThl SKCHEPUMEHTAJIBHON BalMIAlMM KOTOPBIX OIEpaTop
BHOCHUT O0OpaTHO B CHCTEMY. DTOT UTEPATUBHBIN IIUKJI C OOPATHOM CBSI3bI0 TO3BOJISIET AITOPUTMY
IIEJICHATPABJICHHO U OBICTPO 00ydYaThCsl, HAKAIUIUBATh HSKCHEPTHBIC 3HAHUS JUISI ONTUMHU3AINH
OMOJIOTUYECKUX CBOMCTB CO3aBa€MBIX TKAaHEBBIX KOHCTPYKTOB. Takoil MOIX0J MUHUMH3HPYET
KOJINYECTBO HEOOXOAUMBIX HKCIEPUMEHTOB U MOBBIIIAET TOYHOCTh BOCIIPOU3BEACHHUS CIIOXKHBIX
Ouosiornueckux cTpykryp. OgHako ucTuHHas 3(pPEeKTUBHOCTD ATOM MIaTGOPMBI pacKpbIBaeTCs
IIPU €€ UHTETPallii C METOJaMH T€HETUYECKOT0 PeIlaKTUPOBAHMUS.

Jns nu3aiiHa SKCMEPUMEHTOB MO T€HETHYECKOMY PEJaKTHUPOBAHUIO Mbl MPUMEHSIEM
paHee pa3paOOTaHHBIN YICHAMU HAllleld KOMAaHIIbI METOJl MHTEPIPETUPYEMOTO METO/a MOUCKa
ontuManbHbIX THA0BEIX PHK ¢ momoiisio mammuaHOTO 00y4eHwus [3]. OH mo3BONIIET HE TOIBKO
npenckaseiBath  dpdextuBHOCTH THAOBEIX PHK, HO # KONMYECTBEHHO OIICHUBATH
HEONPENENEHHOCTh 3TUX MPEACKa3aHHUi, 4TO MHUHHUMHU3UPYET PHUCKU HEILEJIEBBIX MyTalud U
obecrnieunBaeT OeCIpeleICHTHYI0 TOYHOCTh PelakTUpoBaHus. MHTerpalus 3TOro mpoBEPEHHOTO
METO/Ia B HAIIy IJIaTGOPMY CO3/1aeT HAJE)KHYIO HHTEIUICKTYaIbHYI0 OCHOBY JJISI CO3/IaHUSI HOBBIX
AKCIIEPUMEHTAIIbHBIX arpOKYJIbTYD.
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WNHrerpanuss IE€HETUYECKOTO  pPENAKTUPOBAHUSA,  AJJUTUBHBIX  TEXHOJIOTUH H
MCKYCCTBEHHOTO HHTEJUIEKTa II03BOJIUT CO3/aBaTh (UTOOPraHOMIbl [4] — MHHHATIOPHBIC
(YHKIMOHATBHBIE MOJENM  PACTUTEIbHBIX TKAaHEH I  YCKOPEHHOTO  TECTHPOBAHUS
OTPEJaKTUPOBAHHBIX JIMHUMA HAa yCTOMYMBOCTH K IATON€HaM WU cTpeccam. Takue moxenu, B
TEOPHUH, PAJUKAIBHO COKPAILAIOT BPEMS BaIUJALUU 110 CPABHEHUIO C TIOJIEBBIMU UCIIBITAHUSMH.

B nepcnexkTtuBe pa3BUTHE 3TOrO HAIPABJICHUS CBSA3aHO C CO3/IaHHEM aBTOHOMHBIX
6ro(habpuk, CIOCOOHBIX OCYIIECTBIATH MOJHBIN MUK (0T KOMIBIOTEPHOT'O MOJCTHUPOBAHUS JI0
CO3JIaHMsI TOTOBBIX OHOTEXHOJOTHYECKUX PEIICHWH) NPOM3BOJACTBA IICHHBIX BTOPUYHBIX
MeTa0OJIUTOB PACTEHUI MU )KUBOTHBIX O€3 BBIpAIIMBAHUS CAMHMX PACTCHUN WM KUBOTHBIX [5].
Msl pa3pabareiBaeM I1aThopMy IS CO3AAHUS TPEXMEPHBIX TKaHEMOJOOHBIX KOHCTPYKIMNA U3
KJIETOK, TJI€ C MIOMOIIBIO T€HETUYECKOTO PEJAKTUPOBAHUS U ONTUMAJIBHOIO MPOCTPAHCTBEHHOIO
pa3MelIeHMsl pa3HbIX TUIIOB KJIETOK BOCCO3AAETCA MUKPOOKPYKEHHE, HE00X0JUMOE ISl 3aIycKa
IIEJIEBBIX OMOCHHTETHYECKHX MyTed. [IpencTaBieHHbI HHCTPYMEHTApUi HE MPOCTO PACIIMPSIET
BO3MOYKHOCTH arpoOMOTEXHOJIOTUH, a (OpMHpPYeT HOBYIO MapajiurMy — Mapagurmy
POTPaMMUPYEMOTO CO3JaHHsI OHMOJIOTMYECKHX CHUCTEM C 3aJaHHBIMH CBOMCTBaMHU Ui
YCTOHYMBOTO Pa3BUTHUS arpONPOMBIIUIEHHOTO KOMILIEKCA.
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O BUOXUMHUYECKOM COCTABE I1J1IOJOB U CEMSH ThIKBbI

KPYITHOILJIOTHOM

KoxoeBa M.A., I'onuapos A.B.

DI'b0Y BO Munucmepcmea cenvckozo xozaiucmea Poccuiickoit @edepayuu «Poccuiickuii
20Cy0apcmeeHHblil YHugepcumem Hapoonozo xozaicmea umenu B.U. Bepuaockozo»
(OPI'6OY BO MCX P® PI'YHX umenu B.U. Bepnaockozo), banawuxa 143907, E-mail:
tikva2008@mail.ru

TrikBa KpYIHOIUIOAHAS (Cucurbita maxima) OJIHOJIETHEE KYyJbTypHOE
pactenue cemeiictBa ToikBenHble (Cucurbitaceae). 1110AbI THIKBBI KPYTHOIUIOTHON SIBIISIFOTCS
camble KpPYIHBIMM B pacTuTenpHoM Mupe. B 2025 rony B Poccum BbIpallieH IUIOA THIKBBI
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KPYITHOIIOJHOM Maccoit 969 kr, pexop npuHaanexxuT Anekcanapy YycoBy, KOTOPBIH ObLI
YCTaHOBJICH HA KOHTPOJILHOM B3BEIIMBAHUU B OoTaHMUecKOoM caxy MI'Y «Anrtekapckuii oropomy.
B HacTosiiee BpeMs THIKBa KpPYIHOIUIOJIHAS BBIPAIUBAETCS MO BCEMY MHUpPY, HO OCOOEHHO B
HOxnoit Amepuke, EBponie, CIIA, Unaun, nHa @ununnubax u B FOxuol Adpuke. CymiecTByer

psAA TOABUAOB (IPYNIIBI COPTOB) THIKBBI KPYNMHOIUIOAHOW: Banana (yUIMHEHHBIE IUIOABI,
3a0CTpEHHbIE HAa KOHLAX, Oenast KoXypa U KOpuuHeBble ceMeHa); Delicious (TropbanomnonoOHbIe
wiosl, Oenbie cemena); Hubbard (oBanpHbIe mimonbl, Oenblie ceMeHa); Marrow (dopma mionaa
KpyIJiasi WM TpylieoOpa3Hasi, CyKaromascs K KpasM M K OCHOBaHHIO, Oernble cemena); Kabocha
(oKpyTiBIe WK TIOPOAHOBUIHBIC 1016, Show (00MbIIIE, OpaHKEBBIC IJIOBI ¢ OEIION KOKULIEH
u 6ensiMu cemeHami)); Turban (Trop6aHonogo6HbIe oabl). B Poccuu BeipantuBaetcs 6onee 100
COPTOB W THUOPHUIOB THIKBBI KpymHomuonHou (Bomxckas cepas 92, KpynHoruomnas 1,
CrodynroBas, ['puboBckas 3umusisa, Crnacutensuuna, Kpomka, KycroBas 3omortas, YneiOka). B
HacTosIIee BpeMs KyJdbTypa THIKBBI IPEACTaBIsET OONBIION MHTEpeC Kak MPOIYKT
(YHKIMOHATBHOTO TUTAHUS, /IS UCTIOJIb30BAaHUS B CEIEKIIMU U UHTpoaAyKuH [1-19].

W3ydanu OGMOXMMHUYECKUN cOCTaB, MOp(OMETpUUYECKHIE MOKa3aTeIH IJI0J0B U ceMsiH 40
COPTOOOPA31I0B THIKBBI KPYITHOIIIIOJHOM PAa3IMYHOTO KOJIOT0-Teorpadudeckoro mporucxXoxKaeHus
OTEYECTBEHHON W MHOCTPAHHOM CelleKIMHU B ycioBusAX MockoBckoi obsactu B 2025 rr. Ilpu
MIPOBE/ICHUH HCCIICOBAHUH BBIIEIEHBI COPTOOOPA3LIbI THIKBBI KPYITHOIUIOAHON, OTINYAIOIIHECS
maccoit ona (0,7-11 kr), popmoii mona - yATHHEHHAs!, OKpyTast, CIUTIOLICHHAs, YaIMOBUIHAS;
OKpacKOM IJI0/1a - KpacHasi, OpaH)KeBasi, sSIPKO->KeJITas, )KeTas, cepas, 3eJeHas, cu3as ¢ OenpIMu
nojiIockaMu. V3y4yeHHble cOpTOOOpa3Ibl THIKBBl KPYMHOIUIOAHONH OTJIMYAIUCh BBICOKHM
CoJIepKaHUEM B IUI0JIaX PACTBOPUMBIX CyXHUX BemecTB (8-12 %), kapotuna (6-10,5 mr%), caxapos
(3,5-7,0 %); MsIKOTB 11012 BAPbpOBAJIACH 110 OKPACKE - CBETIIO-)KENTAas, IPKO-KEJITas, OpaHKEBA,
OpaH)KEBO-KPACHOBAsl; IO KOHCHCTEHIMU - TUIOTHAsl CyXasl, IUIOTHAs BJIaXKHAsl, C HACHIIIEHHBIM
WK cnaboHACHIILIEHHBIM apoMaToOM; CEMEHHOE THE3/I0 B IUIOJaX OTJINYAJIOCh HauOOIbIINMH
napaMeTpamMH y copTooOpasIoB ¢ OKpyTiaoi (popmMoil; TommuHa MIKOTH Kosiebanach ot 2,9 1o 4,8
cM. CeMeHa cOpTOOOPa3LIOB THIKBBI BRIICISIIMCH 110 OKpacke - Oeasi, KOpU4HeBas, 1o pa3Mepy -
Menkue (y TI010B Maccoil 2,5-4 kr), cpeanue, KpynHsle (y mio1oB Maccoi 6-11 kr), mo ¢opme -
OKpYTJIble, YJUIMHEHHBIE, OBAJIbHBIC; COIEpP)KaHUEe Maclla B CEMEHAaX BapbUpPOBAJIOCH B Mpeaeax
33,6-47,5 %.
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BUOIIPEITAPATBHI U KOPHEBASA CUCTEMA INHIEHUIIBI

SIPOBOM

Kopuarnna U.A.
®PI'BHY «Omcknii arpapHbiii Hay4Hblii neHTp» (PI'BHY Omcknii AHII),
Omck, 644012; e-mail: korchagina@anc55.ru

Pabota BeImoHEeHa pU PUHAHCOBOI noanepxke Munoopuayku PO
noruckoBoro ucciuenoanus (tema: FNUN 2024-0004).

CenbCKOX03MCTBEHHBIE KYJIbTYPBl MHUTAIOTCS 4Ye€pe3 KOPHM U JIUCThs, TaK KaK OHHU
O0OUTAaIOT OHOBPEMEHHO B JIBYX Cpeax: KOPHHU B TIOYBE, CTEOJIN U TUCThA — B BO3AyXe. B IHCThsIX
U KOpHSX MPOTEKaOT MHOTOYHCJIEHHBIE CHUHTETHMUYECKHUE IIPOLIECCHI, MPOAYKTaMU KOTOPBIX
HETpPEepbIBHO OOMEHMUBAIOTCS HAI3€MHBIE M MTOJI3€MHBIE OPTaHbl PACTECHHS MIIEHHIIBI sIpoBOi [1].

[Tpu pemieHnn psga arpoTEXHHYECKUX BOMPOCOB HEOOXOIUMO YUUTHIBATH OCOOCHHOCTH
pacnpeneneHus KopHel B nouse. KopHeBasi cuctema KyJIbTYpPHBIX PAaCTEHHMH paclioyiaraercs B
(opMe OMPOKMHYTOrO KOHYCa ¢ OCHOBAaHHMEM B ITaXOTHOM CJIO€, TJI€ COCPEAOTOYeHO OKoyio 70-
90% maccsl kopHel u okoiio 50-60% mo gune [2].

Ieab uccsie0BaHUM - U3y4UTh PA3BUTUE KOPHEBOM CUCTEMBI IIIEHULIBI MSTKOU U TBEPAOM
B HA4YaJIbHBIM IEPUOJ] UX PA3BUTHSL.

YcaoBusi m meroauka. VccrnenoBanust nposeneHbl B 2025 romy Ha OINBITHBIX IOJISIX
Omckoro AHII. IloromHele ycnoBHS TEKYyLIETO TOAAa XapaKTEpU30BAJIUCh JIOCTAaTOYHBIM
yBrnaxunenuem (290 mm) nipu I'TK 1,35. B mae temnepatypa Bo3ayxa Oblila HA YpOBHE HOPMBI
(13,8°C), cymma ocaikoB Bbliie HOpMBI Ha 178% ¢ MakCHMalIbHBIM 3HA9E€HHEM BO BTOPOM JEKaIE.
OTHOCHTENBHO XapKuii (pesbinieHne HopMbl Ha 2,4°C) U cyxoi HIOHB (0CaIKOB MeHbIIE Ha 53%)
CIOCOOCTBOBAJIM PA3BUTHUIO KOPHEBOM CUCTEMBI MIIICHUIIBI SIPOBO.

[louBa ONBITHOrO y4acTKa - JIyTOBO-UEPHO3EMHAs TSDKEIOCYTJIMHHUCTAsl C COJEpIKaHUEM
rymyca 7-8%. CeBoOOOpOT YeThIpEXIIONBHBIN 3epHONapoBoid. COpT MIIEHUIIBI MATKOH SPOBOM
Omckast 42, TieHuIsl TBEPAOH spoBoit — OMckwuii s1azypur. [liomans aensuku coctapuia 20 m2,
MIOBTOPHOCTb — YETBIPEXKpATHASI.

OO6paboTka ceMsiH HpoBeAEHA Iepea MoceBoM. M3ywanu Ouosiorndyeckue (GyHTHUIHUIIBL:
[IceBnobakrepun 3 (kuBBIe KiIeTKH mTamma Pseudomonas aureofaciens BKM B-2391 ),
Opramuka © (kouuauu Trichoderma asperellum BKIIM F-1323) u Opramuka C (ciopst Bacillus
amyloliquefaciens BKIIM B-12464).

OT100p pacTeHuil MIICHUIIBI IPOBON MPOBECH B IByX HECMEKHBIX ITOBTOPEHUAX B MOJIEBBIX
yCIIOBUSIX Ha 3-5 CyTKH (3apOoJblllIEBbIE KOPHU - IIEpBUYHAs KOpHEBas cucreMa) U Ha 8-10 cyTku
(y3710Bble KOpPHM - BTOpPUYHAs KOpPHEBas CHCTEMA) IIOCIE BCXOAOB, W3MEPEHHE OPraHoOB
MPOPOCTKOB (JTMHA M KOJIMYECTBO KOPEMKOB) - B Jaboparopuun nmo meroauke H0.C. Jlapnonosa
(1992).

PesyabTaTsl nccienoanmii. Kak y 00JbIIMHCTBA 3J1aKOBBIX KyJIBTYP KOPHEBAsl CUCTEMA
TIICHUIIB MATKOW M TBEPAOH HMEET MOYKOBATYIO (POPMY, PACIIONarasch B TAXOTHOM CJIOE€ TTOYBHI.

OCHOBHOH pPOJIBI0 KOPHEBOW CHUCTEMBI SIBISETCS MOIVIOIIEHHWE BOABI M MHMHEPAJIbHBIX
BEIIECTB U3 NOYBHL. JpyrumMu QyHKIUSIMHU SBISIOTCS: YKPEIJICHUE PACTEHHSI, CHHTE3 Pa3IMYHbIX
CJIO’KHBIX BELIECTB, MpoLecc Abixanus. [Iporiecc noriomeHus MuTaTeIbHbIX MPOIYKTOB OepeT Ha
ceOst BCS1 KOPHEBAst CUCTEMA PACTEHUH, COCTOSINAS U3 3apOIBIIIEBHIX KOJICONTUIBHBIX U Y3JIOBBIX
KOpHEH, KOTOpble MPOHHUKAIOT B MOYBY Ha Iiiyouny 1o 1,5 merpoB. 3apojslimieBas KOpHEBas
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crcTeMa MpeCTaBIseT COOOM TIaBHBIN KOPEHB U OT JIBYX JI0 IIECTH NMPUIATOYHBIX, BBIPACTACT U3
3a4aTKOB KOpPHEH, NMEIOLIUXCS B 3apOJbIIIE 3peoro ceMeHu. Bekope, mociie Havana KyIieHus,
Ha/l MECTOM IPUKPEIUICHUS MEPBOTo JIMCTA y TIIAaBHOTO Iobera obpa3yeTcs nmeppasi mapa y3JI0BbIX
KOpHEH. Y SpoBOii MIIEHHUIIB 00BIYHO pa3BUBAETCS TPU-UYETHIPE Spyca Y3JIOBBIX KOPHEH U BCE OHH
B LI€JIOM COCTaBJISIIOT BTOPUYHYIO KOPHEBYIO CCTEMY. B HauanbHbIN NIEpuo pa3BUTHUS PACTEHUS
OCHOBHYIO pOJIb B TOIVIOIIEHHWU BOJABI UIPAET NEpBUYHAs KOPHEBas CHUCTEMA, a C Iepuoja
LBETeHUs — BTopuyuHas [1,4].

HaunOonee 3HauMMBIM yBENWMYEHUEM JUIMHBI KOpPHEH OTMEYEHO Ha BapHaHTax
[TceBnobakrepun 3 u Opramuka C Ha 1,5-6,8 mm (2,1-6,8%) y nimeHuts! Msarkoi u Ha 1,9-8,9 mm
(2,8-10,8%) - TBEp1O1 KaK NEPBUUYHBIX, TAK U BTOPUUYHBIX.

B yBnaxxuensnom 2025 roxy mmeHuna cpopMmupoBaia JBa BHAA KOPHEW, HO 0COOBIX
pasnuuuii y MITKOH U TBEPIOM HE BBIABIEHO: JUIMHA KOpHEH 69,4-76,7 MM U UX KOJIMYECTBO 3,5-
4,0 .

Taxum 00pa3oM, 10CTaTOYHOE KOJMUYECTBO BJIArM B MAaXOTHOM CJIO€ IO3BOJIMIO Pa3BUTh
KOPOTKOKOPEILIKOBBIE PAaCTEHHUsI CO CpPEIHEH YHCIECHHOCTbIO KOpHEW. MHOKyisanus ceMsH
ouonpenapatamu IlceBnoOaktepun 3 u Oprammka C crmocoOcTBOBana OJIaronpusITHOMY
BO3JICHCTBUIO Ha pusocdepy pacTeHui, odecnieunB npudasBky 3epHa 0,19 T/ra (5%) mmeHUIBI
msirkoit u 0,08-0,27 1/ra (4-11%) nieHuIsr TBEpAoi.
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Metoa KynbTypbl M30JIMPOBAHHBIX MHUKPOCIIOP in Vitro SBISETCS OJHUM M3 HaumbOoee
3G PEKTUBHBIX TMOAXOJ0B B TEXHOJOTHH YJBOCHHBIX TaIUIOMIOB, MO3BOJSIOMIMN MOTyYaThb

®rbHY BHUUCB, 2025 . 97



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

MOJIHOCTHIO TOMO3UTOTHBIE PAacTeHUs 32 OAHO MokojeHue [1]. s MOpPKOBU CTOJIOBOM JAaHHBIN
METOJ] MPEANOYTUTENbHEE aJbTePHATUB (TaKUX KaK KyJbTypa NBUIBHUKOB MM HEONBUICHHBIX
CEMSTIOUEK in Vitro), MOCKOJBKY MO3BOJIIET M30€kKaTh TEXHUUECKHUX CIIOXKHOCTEH, CBSI3aHHBIX C
MaJbIMM pa3MepaMH IIBETKa, ¥ MHUHHMH3HPYET PHCK COMAaTHYECKOrO SMOpHOIreHe3a, YTO
rapaHTUpyeT raMeTopUTHOE MPOUCXOXKACHUE perenepantoB. OnHako 3¢(deKTHBHOCTH MeTo/Aa
MOJKET OBITh HCKAXKEHA M3-3a SIBJICHUS BTOPUYHOTO SMOPHOTEHE3a, TPUBOJISIIETO K KIIOHATBHOMY
Pa3MHOKEHUIO IEPBUYHBIX IMOPHOHUIOB, YTO TPEOYET TIIATEILHOTO U3yUYEHUS] U KOHTPOJISL.

Ilenbro TaHHOTO MCCIENOBAHUS SBIISJIOCH KOMILJIEKCHOE M3YUYEHHE BIIMSHHUSA COCTaBa U
kucinoTHocTH (pH) muTarenbHOM cpeapl Ha MPOIECC BTOPHUYHOTO 3MOpHOreHe3a B KYJIbTYype
M30JIMPOBaHHBIX MUKPOCIIOP MOPKOBH CTOJIOBOM.

JUis u3ydeHuss BIUSHHUS COCTaBa NHUTATENbHOM CpeAbl M €€ KHUCIOTHOCTH ObuIH
MCTOJIb30BaHbl 3MOPHUOMIBI MOPKOBHM CTOJIOBOW cOpTOB AunTaiickas jakoMka, Jlo6bepuxep u
Munop. Lluronorudeckue HabmoaeHus TpoBoawn Ha 1, 3, 7, 14, 28 u 60 1HH KyJIbTUBUPOBAHHS
C HCHOJb30BaHHWEM HHBepTOpHOro Mukpockomna Primo Vert (Carl Zeiss Microscopy GmbH,
Germany) ¢ kamepoit AxioCam ERc5s u crepeomuxpockornom Stemi 508 ¢ kamepoii Axiocam 305
color (Carl Zeiss Microscopy GmbH, Germany). OMOpron sl KyJIbTUBHPOBAIM Ha cpegax MSm
[2] c Bapuanueit caxapo3ssl (2% u 13%) u perymnsropo pocra (0,2 mr/n kunetuna; 1 mr/n 2,4-J1 c
1 mr/n HYK; 6e3ropmonanbhas). B mporecce skciepuMeHTa UCIoIb30BaNIach KakK KUAKHE, TaK U
arapu30BaHHbIC TUTATENIbHBIE Cpeibl (C J00aBIeHneM 7 /1 arapa). @akTop KUCIOTHOCTU CPEJIbI
ObUT M3y4YeH Ha XHUAKOH cpene MSm ¢ 2% caxapo3oii u 0,2 Mr/n KMHETHHA NPH Pa3IUYHBIX
ypoBHsix pH: 5,3; 5,8 (koHTpOINB); 6,3. KOnMndecTBO BTOPUYHBIX IMOPUOUIOB TIOJCYUTHIBAIH C
nomMoIpio nporpamMmel  ScopePhoto. CrartucTuueckuii aHaim3 W BHU3YyaIM3alUIO JTaHHBIX
MIPOBOJIMIIA C MCIIOJIb30BaHUEM MporpaMMHoro obecredenus Statistica 7.0 u Microsoft Excel.
JlaHHble TOABEpPrajd AMCIEPCUOHHOMY aHAJINW3Y C IOCIEAYIOIIUM CpPaBHEHHEM TI'PYINIIOBBIX
cpenHux (Tect MHOXKecTBeHHOTO paja Jynkana (MRT)) npu yposHe BepositHocTr P<0,05.

[{uTtonornyeckuii aHajaM3 yYCTAaHOBHJ, 4YTO HAOIIOZaeMO€ YBEIMUYEHHE KOJIMYECTBA
sMOprou0B nocie 30 gHel KyJIbTUBUPOBAHMS CBA3aHO HE C HEOJHOBPEMEHHBIM Pa3BUTHEM, a C
aKTHUBHBIM IIPOLIECCOM BTOPUYHOTO SMOPHOTeHE3a, HHULUUPYEMbIM Ha MTOBEPXHOCTH EPBUYHBIX
SMOPHOUIOB, HauyMHasg C THOOyisApHOM craauu. KommuecTBo 00pasyeMbIX BTOPUYHBIX
SMOPHOUIOB (KJIOHAIBHO MACHTHYHBIX NEPBUYHOMY) BapbHpoBaiio oT 15 mo 500 mTyk Ha oquH
UCXONIHBIA 3MOpuons K 60 IHIO KyJIbTUBHPOBAHMSA M 3aBUCENO0 OT TCHOTHIIA U YCIIOBHM
KYJIbTUBUPOBAHMUS.

@dakTop NHUTATENbHON Cpelbl OKa3blBaJl AOMUHUpYMolee BiusHue (74%) Ha BBIXOX
BTOPUYHBIX 3MOpHoOUIOB, mpeBocxoas BiuusHue reHotuna (10%). JoOaBieHune KUHETHHA
JOCTOBEPHO CTHUMYJIMPOBAJIO TIPOLECC BTOPUYHOro »sMOpuoreHesa. HaumOonpmmii BBIXOA
JOCTUTHYT Ha XuIkod cpege MSm c¢ 2% caxaposoit u 0,2 mr/n kunetuna (27,67 — 61,77
sMOprouI0B/3KCIIaHT K 30 nHIO KynbTuBupoBaHus). Ilpu 3Tom uHayKIMoHHBIE cpenbl ¢ 13%
caxapo3oil MOAABISUIM  MpPOIECC BTOPUYHOTO HIMOpHOTeHe3a BHE 3aBHUCUMOCTH  OT
IIPUCYTCTBYIOIIUX PErYJISTOPOB POCTA.

[ToBrimenue pH onTuManbHON JUIst BTOPHYHOTO SMOpHOreHe3a MUTaTeabHol cpeasl MSm
10 6,3 okazaJio CTAaTHCTUYECKH 3HAYUMOE CTHMYJIHpYIollee JeiicTBue Ha 3MOpUOreHe3 y
sMOpHrou10B 00pas3iia MuHOp 1 He 3HaYUMoe y S3MOpron10B oopasua JIoooepuxep. locToBepHBIX
paznuuuii Mexay cpeaamu ¢ pH 5,3 u 5,8 (KOHTpOJb) A1 U3YUYEHHBIX TEHOTUIIOB HE BBISBIICHO.
Bb110 MOATBEPKAEHO, UTO TEHOTHIT U MOP(OIIOTHS IEPBUYHOTO SMOPHOUAA SBISETCS KIIOUEBbIM
(akTOpOM, ONPEENAIONIMM OTBET HAa M3MEHEHUE KHCIOTHOCTH U MOP(OIOrMYECKYI0O HOPMY
Pa3BUBAIOIINXCSI BTOPUYHBIX SMOPHUOHIOB.
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HccnenoBanre BTOPUYHOTO HMOpHOTeHe3a Ha arapu3oBaHHOW NHUTATENbHON cpene
M0Ka3aJio, 4TO OH MPOTEKaJ MEHee MHTEHCHBHO, YacTO MPUBOJAS K OOpa30BaHMIO CPOILEHHBIX
«IOMMAMOPHUOHNIOBY U Kayutyca. Mcrmonp30BaHue KHUIKUX Cpell 0Ka3aJioCh MPEINOYTHTEIbHBIM,
TaK KaK MCKIIOYaJO MOBPEXKICHHE KOPHEBOM CHUCTEeMBI IIpU IIepecajke ¢ arapa, 4ro
CIOCOOCTBOBAJIO B MOCIIEAYIOIIEM PEereHepaluu )KU3HECIOCOOHBIX paCTEHUI.

[To pesynbTaTaM HCCIEIOBAHUHN Ui TOCTOBEPHOI'O ydeTa MEPBUYHBIX 3MOpPHUOMIIOB B
KyJIbType H30JIMPOBAHHBIX MHUKPOCIIOP M COXPAaHEHHsS TE€HETHYECKOro pa3sHooOpa3us B
CEJIEKIIMOHHBIX MPOTpaMMax HEOOXOIUMO MX WHAMBHUIYaJIbHOE MEpEeMEIeHNe C HHIAYKIIMOHHON
Cpezbl Ha pereHepaluoHHyI0, KaK TOJIBKO 3MOPHUOHT IOCTUTAET IIIOOYIIIPHON CTaJUU Pa3BUTHS U
OyzeT BU/IEH HEBOOPYKEHHBIM IJ1a30M (He no3aHee 30-ro JHs KyJIbTUBUPOBAHMUS).

JUis  1ieneHanpaBieHHOTO KJIOHAJIBHOTO MHUKPOPa3MHOXKEHUS 3MOPHOTEHHBIX JHMHUN
peKOMeHIoBaHa kuakas cpena MSm ¢ 2% caxapo3soit, 0,2 mr/n kuHetnHa u pH B auamnasone 5,8-
6,3. Konkpetnslif ontumyMm pH cregyer moadupars ¢ y4eToMm reHotuna. J{jist oqHIUX FeHOTHIIOB
noBbIieHue pH MoxeT ObITh A3PPEKTUBHBIM MPUEMOM CTUMYJISIIUH, B TO BPEMS KaK Ui JPyTuX
3TO HE SIBJIETCS JUMUTHpYIOIUM (akropom. Ctporuii oT60p Mopdonorndeckn HOpMaIbHBIX
NEPBUYHBIX AIMOPHOHUIOB SBISETCS 00S3aTENbHBIM YCIOBHEM JUISl MOJYYCHHS KaueCTBEHHBIX
SMOPHOUIOB /711 TOCIEAYIONIEH pereHepalnu MOJTHOIICHHBIX PaCTCHUH.

B pesynbrare mpoBeaeHHBIX HCCIEIOBaHMN ObUIa pa3paboTaHa yCOBEPLICHCTBOBAHHAS
cXeMa YIMpaBJICHUS SMOPHOTEHE30M B KYyJIbType MHUKPOCIHOpP MOPKOBH, KOTOpas IO3BOJISET
KOHTPOJMPOBATh NPOIECC s IOJyYeHHs T'eHETHYECKH pa3HooOpasHeix DH-nmuuuit wmm,
HanpoTuB, 3((HEKTUBHO KIOHHPOBATH LIEHHBIE dMOpPHOreHHbIe JMHUHM. KynbTypa BTOpHUYHBIX
SMOPHOUIOB MOPKOBH MOXKET IMPEJCTAaBIATh NEPCHEKTHBHYIO MOJENb JUIsl TMPOBEACHHS
NPEIBApUTEIIFHOTO CKPUHHHIAa TOKCHYHOCTH M HCCIENOBaHUS crneuuduyeckux 3PQeKToB
OMOJIOTHYECKH aKTUBHBIX COCTUHEHUH.
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1. Segui-Simarro J.M., Moreno J.B., Fernandez M.G. et al. Species with haploid or doubled
haploid protocols. In: Segui-Simarro J.M., editor. Doubled haploid technology: Volume 1: General
Topics, Alliaceae, Cereals. Methods in molecular biology. / Humana Press. 2021 Vol. 2287 P. 41-
103 http://doi/10.1007/978-1-0716-1315-3 3

2.Masuda K., Kikuta Y., Okazawa Y. A revision of the medium for somatic embryogenesis
in carrot suspension culture. // J. Fac. Agr. Hokkaido Univ. 1981. Vol. 60. P. 183-193.

HOBBINIEHUE YCTOMYUBOCTU PACTEHUH MIIEHUIIBI K

ME/U C IOMOUIBIO BACILLUS SUBTILIS
Kypammmuna 3. M., Pespanos B. M.

Cmepaumamaxckuii punuan Ygpumckozo ynueepcumema nayku u mexnono2uii (C@O
YYHHUT), o. Cmepaumamax 453103, E-mail: z.m.kuramshina@struust.ru

Menp (Cu) siBisieTcss BaKHBIM MHUKPODJIEMEHTOM, KOTOPBI HEOOXOIUM B CIEAOBBIX
KOJIMYECTBAX Ui BaXHBIX (DU3MOJIOTHUECKON (YHKIMHA pacTeHMH, TakuX Kak (poTocuHTes,
MeTaboIM3M yriepoaa U a3oTa, CHHTe3a KJIETOYHOW CTEHKH, JUIS 3alIUTHl OT OKUCIUTEIHHOTO
cTpecca u Ap. Kpome Toro, B 3aBUCHMOCTH OT CTENEHU OKHUCIICHUS, MEIb MOXET BHICTYIaTh B
KaueCTBE BOCCTAHOBHTEISI MIIM OKHCIUTENS B PA3IMYHBIX OMOXUMUYECKUX peakiusx. Jledumur
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Me/I1, 0OBIYHO OIpEeIIEMBbIN KaK KOHIICHTPALXs HUXKeE 5 MI/KT OT CyXOro Beca pacTeHUs, MOXKET
Cephe3HO YXYAUIMTh POCT pacTeHui. CHUMITOMBI MEPBOHAYAIBHO MPOSBISIOTCS B MOJIOJBIX
JUCTBAX W PENpPOAYKTHUBHBIX OpraHax W BKJIIOYAIOT HM3MEHEHHE KOPHEBOH apXUTEKTYpBHI,
negopManuio JHUCTHEB, XJOPO3 M HEKpo3. Jlepuuut meam Takke CBs3aH CO CHIDKEHHEM
coJiepkaHus Xjopoduiuia u HapymeHrneM (OTOCUHTE3a, CHUKEHHE aKTUBHOCTH Pa3HOOOPA3HbIX
bepmenTos [1, 2].

Menp B BBICOKMX KOHIIEHTPAIIUSAX CTAHOBUTCS TOKCUYHOM U BBI3BIBAET HEOIArONPUATHBIC
Mopdosoruueckue, (GU3NOIOTHUECKUE U MOJIEKYJIApHBIE 3 (EKThI Ha TPOTIXKEHUH BCETO POCTA U
pa3BUTHS pacTeHUN. B MHOTOYMCIEHHBIX MCCIEIOBAHUAX COOOIAIOCh O CHIYKEHUH BCXOXKECTH
CeMsIH MPH BO3JICHCTBUU MEH, XOTS CTETEHb 3TOro 3P peKTa 3HAaUNTEILHO BAPbUPYET Y Pa3HbIX
BUJIOB, UTO YKa3bIBA€T HA Pa3HbIE YPOBHU TOJEPAHTHOCTH [ 1, 2]. BeICOKMI ypOBEHb MEIN TAKKE
HETaTUBHO BIMAET Ha MOPQOJOTHIO pAcTeHUH, yMEHbIIas JIUHY KOpHEH u crebielt u
OrpaHUYMBasl paCIIUPEHUE JHUCThEB, YTO B KOHEYHOM MTOT€ CHWXKaeT Ouomaccy u
POAYKTUBHOCTB. KpoMe Toro, n30hITOK MEIM MOXKET MPEIATCTBOBATH YCBOCHUIO M HAKOTIJICHUIO
IPYyTruX HEOOXOAWMBIX MHMHEPAJIbHBIX MUTATEIbHBIX BEIIECTB. DT TOKCHUYECKHE 3((HEKThI
3aBUCST OT BUJIa PACTEHUs, KOHIIEHTPALUU MEH, IPOJAOJKUTENBHOCTH BO3AEHCTBHUS U YCIOBUMN
npouspactanus [1, 2].

[Tmenuua (7riticum aestivum L.) ABII€TCS OCHOBHOMN CEIbCKOXO03SIICTBEHHOMN KYJIBTYPOH,
LIIMPOKO KYyJBTUBHPYEMOHl BO BceM MHpe. Upe3MepHOE COAEpKaHUE MENU B 3arpsi3HEHHBIX
IIOYBAX MOXET MPHUBECTHU K 3HAYUTEIBHBIM IOTEPSAM ypOsKaHOCTH mHiieHuusl [1, 2]. OxHoil u3
CTpaTeruil JUisi CHUKEHUS TOKCHMYHOCTb MEIW AJIs PACTEHUH, BKIIOYas IILEHUIy, SBISETCS
MCTIOJIb30BAaHNE MUKPOOPTaHU3MOB. M3BeCTHO, YTO GaKTepuu, CIOCOOCTBYIOLINE POCTY PAaCTEHHMA
(PGPB), MoryT HCHoib3yloTCs B KauecTBe OMOMHOKYJSIHTOB Uil TOBBIIICHHUS TOJEPAHTHOCTU
pacteHuit k metasiam [1, 2, 3].

Hamu Obmu mpoBezieHbl UCCieoBaHus 1o BIusiHUIO Bacillus subtilis wt. 26]] ra poct
pactenuii mmenuna copra Kazaxcranckas 10 B ycloBHAX BO3JCHCTBUS HOHOB MEIM.
WHoKynupoBaHHBIE M KOHTPOJbHbIE CEeMEHa BhIpamuBanu B vamkax Ilerpu (d=120 mm). B
sKcrepuMenTax ucrnonb3oBanu CuSO4 B koHmeHtpamnusx 1, 10, 20, 40, 60, 80, 100, 140, 200 mr/n
(B mepecuere Ha MOHBI MeTaju1a). V3MepeHus ATUHBI TOOErOB M KOPHEH MPOBOJMIN HA ISATHIC
CYTKH pocCTa.

B pesynbpTrare npoBeCHHBIX HKCIIEPUMEHTOB HaMH OBLJIO MOKA3aHO, YTO MPU OTCYTCTBUU
cTpecc-(hakropa JIMHA MOOEroB PacTeHUH MIIEHUIbI, CEMEHAa KOTOPBIX ObLTH MHOKYJIHUPOBAHBI
kinetkamu Oakrepuit B. subtilis 26]], Obuta Oomblle, 4YeM y KOHTPOJBHBIX (HE0OpaOOTaHHBIX
Oakrepusimu) pacteHuid Ha 12.3%. Bce uccnenoBaHHble KOHIEHTPAIMK MEIN MOJABIISIIN POCT
pacTeHuil, TOKCHMYHOCTh MeETajjla TOBBIIIANIACH C POCTOM €ro KOHIIGHTpPALlMM B Cpeie
BbIpalivBaHus. B ycnoBusax neiicTBUA Mena y pacTeHUN MIIECHHUIIBI, 00pa00TaHHBIX OaKTEPHUSIMH
B. subtilis, nnmunaa noGeros ObL1a OoJIbINE, YeM y HeoOpaboTaHHBIX pacTeHuit. Hanbosee 3amMeTHbIE
pasnuyus B JJIMHE NMOOETrOB HAOMIOJANU MPH  BBICOKMX KOHLEHTpAIMsIX MeTamia. Tak mpu
KoHIeHTpanusax menu 60, 100, 140, 200 wmr/n, mmmHa ToOEroB pacTeHui, 0O0pabOTaHHBIX
OakTepusMu Obuia Oonble, 4emM Yy HeoOpaboranHeix Ha 47.1, 79.8, 103.1, 25.2%,
COOTBETCTBEHHO.

WNHokynsauus cemMsiH OakTepUsMU MOJOXKHUTEIbHO CKa3blBaJllaCh M Ha KOJIMYECTBE U
[IOKa3aTeNsIX JJIMHBI KOpPHEH MCCIEIOBAaHHBIX pacTeHui. [Ipu oTCyTrcTBMM HMOHOB MEIHU B
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pacTBope BBIpALIMBAHMUA JJIMHA KOPHEH pACTEHHW TIIEHWIBI, CEeMEHa KOTOPBIX OBbLIH
MHOKYJIMPOBaHbl KJeTkamMu Oaktepuil B. subtilis, Obuta Oonblie, 4eM Yy KOHTPOJBHBIX
(HeoOpaboTranHbIX OakTepusiMu) pacteHuil Ha 9.2%. Y oOpaboTtaHHbIX Oaktepusmu B. subtilis
pacTeHuil MIeHuIbl JJInHa KopHel npu KoHueHTpaus 60, 80, 100, 200 mr/n 6bu1a 60b1IE, YeM
y HeoOpaboranHbix Ha 7.8, 34.2, 48.2, 27.2%, coorBercTBeHHO. KonmmdecTBo KopHEH mpu
MCCIICIOBAaHHBIX KOHIICHTPALUAX Y 00pabOTaHHBIX OaKTepUsMHU PACTCHUH MIIEHUIIBI ObUIO B /1Ba
pasa OobIle, YeM Y HEMHOKYJIHMPOBAHHBIX.

B mpoBeeHHBIX HCCIeI0BaHUAX HAMU OBUIO TIOKA3aHO, YTO KOPHEBasi CUCTEMa PacTeHUN
MIIEHUIIB! Obli1a 0oJiee YyBCTBUTEIBHOM K JeHCTBUIO Menu, yeM nmoderu. M3BecTHO, 4TO Kor/a
pacTeHus MOABEPraroTCs ACUCTBUIO MEIU CBEPX IOIYCTUMBIX IIPEIEIOB, UX KOPHEBas CHUCTEMA
MOBPEXKJIACTCSA B MEPBYIO OUYEpEelb U YXYALIAETCS MX BOJOIOIIIOIIAONIAast COCOOHOCTh, M3-32
Yero CIie/1yeT BhICBIXaHUE PACTEHUs, CKPYUHBAaHHUE JIUCTHEB, @ TAKXKE PE3KOE CHIKEHHE OMOMACCHI

[1,2,3].

B ycnoBusx AEHCTBHS TSKENBIX METAUIOB MeTaboIMyeckass aKTUBHOCTb SHAO(PHUTHBIX
OaKTepHii MO3BOJIAIOT UM OKa3bIBATh JOMOIHUTEIBHOE OJAarOTBOPHOE BIMSHUE HA POCT PACTECHHIA.
OHAODUTH CTUMYJIHMPYIOT BBIPAOOTKY HE3aMEHHMBIX PACTHTEIbHBIX TOPMOHOB, BKJIIOYas
MHJIOJIKCYCHYIO KHCJIOTY, UMTOKMHUH U THOOEPENTHHOBYIO KHCJIOTY, KOTOpPbIE CTUMYJIHPYIOT
poct pacrenuii [2, 3, 4]. B ycnoBusx crpecca 3HAOPHUTH CHOCOOCTBYIOT TAaKXKE CEKpEIHH
OpPraHMYECKHUX MOJIEKYJ M BHEKJIETOYHBIX MOJIMMEPOB U3 KOPHEBOW CHCTEMBI Ul CBS3bIBAHUS
TSDKENBIX METAJUIOB M OTPAHMUYEHUS IIPUTOKA TSDKEJIBIX METAIIOB B KieTKH. [lonucaxapuaHele
KOMIIOHEHTbI B KJIETOUYHOM CTEHKE SBISIOTCS MECTAMM CBSA3BIBAHUS TSKENBIX METAJIOB U
agcopOuuu [2, 3]..

TakuM 00pa3oM, OUYEBHIHO, YTO B3aUMOJACHCTBHE TINECHUIBI M OaKTEpUH MOXKET
o0ecneunTh MHOTOOOCTIAIONTUH MOAX0I K CHIKEHUIO (PUTOTOKCUYHOCTH TSKEJIBIX METAIIOB, B
YaCTHOCTU MOHOB MEIU.

Cnucok JuTeparypsbl:
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2. Yue Z., ChenY., Chen C.,Ma K., Tian E., Wang Y., Liu H., Sun Z. Endophytic
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BJIUAHHUE CHEKTPAJIBHOI'O COCTABA CBETA HA
HAKOIUIEHUE ®EHOJIbHBIX COEIUMHEHUN BOJABIPHUKOM

AT'OJHBIM B YCJIOBUAX CBETOKYJIbTYPbBI

MaxunoBa E.JO.!, Anucumon A.A.2, ABakymos A.JI.3
1, 2, 3 - ®I'BOY BO «Poccuiickuii 2ocyoapcmeennulil azpapuulit ynusepcumem — MCXA
umenu K.A. Tumupsazeear, 127434, 2. Mockea, yn. Tumupazeeckas, 49,
E-mail: info@rgau-msha.ru

[IpombIIIEHHOE MOTy4YeHHE MHOTUX HEOOXOIMMBIX B (hapMaleBTHKE COSAWHEHHI, B TOM
yrcae (GUTOIKAUCTEPOUIOB, CEPACUHBIX TIMKO3HMIOB, (pJIABOHOMIOB, KyMapuHOB M 3(PUPHBIX
Macell BO3MOYKHO PEAIN30BaTh TOJIBKO IIYTEM BBIIEICHUS UX U3 JIEKAPCTBEHHOI'O PACTUTEIBHOIO
CBIpPBS.

B mpencraBneHHON paboTe MPOBEACHO MCCIEAOBAHHE BIUSHHS CIEKTPAJIHHOIO COCTaBa
cBeTa Ha MOP(HOPHU3MOIOIMYECKHE PEaKIH JIEKAPCTBEHHOT'O PACcTEHUsS BOJABIPHUKA ATOJHOTO
Cucubdlus baccifer L. B ycnoBusix nabopatopun uckycctBeHHOro kiumara PIAY-MCXA umenun
K.A. TumupsizeBa. B onbiTe M3y4anuch pacTeHUs, KOTOPHIE BBIPALIMBAIN 10 TEXHOJIOTHUECKOM
CIIEJIOCTH, U LIeCTh MCTOYHUKOB OcBelleHMs. M3ydanu poct u paszButue pacreHuit Cucubdlus
baccifer L., BbIpalieHHBIX MPU Pa3HOM CIEKTPATLHOM COCTaBe cBeTa. Ompenersiii moKa3aTenu
HAKOIJICHUS CBIPOM M CyXOdW OMOMacchl, IUIOUIa/b JIMCTOBOM MOBEPXHOCTH, COJEp)KAaHHE
(OTOCUHTETHYECKMX MUTMEHTOB, AHTOLIMAHOB U T.H. BBUIM M3ydeHbl yCIOBHUS MaKCUMalbHOU
peanu3zaiuu 6ronoruyeckoro noreHnuaiza pacrenuit Cucubalus baccifer L. mpu BbipamuBanum B
YCIIOBUAX UCKYCCTBEHHBIX arpOCHCTEM.

OneHeHa MEPCHEKTUBHOCTh  HCIOJIB30BAaHUS  CBETOAMOJHOTO  OCBEIICHUS IS
BeIpamuBanus Cucubdlus baccifer L. B MCKyCCTBEHHBIX yCIOBHSX.

Bonneipauk sirogueiii (Cucubalus baccifer L.) — Bua, oTHOCsIIMiACS K CEMEHCTBY
I'Bozauunsie (Caryophyllaceae). B coBpemeHHOI cucTeMaTHKe 4arie paccMaTpUBaeTCs B COCTaBe
pona Silene mox Ha3zBanueM Silene baccifera (L.) Roth. OnHako B oTeuecTBEeHHONW OOTaHUYECKOM
JUTEpaType HEPEeIKo coxXpaHsercs TpaaulroHHoe HazBanue Cucubalus baccifer, oTpaxaromiee
MOp(OJIOTHUECKHUE OCOOCHHOCTH PAcTEHUS U €ro MCTOpUYecKylo kiaccudukammio.Cucubalus
baccifer cogepXuUT LeNbIil psil LEHHBIX BTOPHYHBIX METa00IUTOB. OCOOCHHO MpHUMEYaTeNbHBI
HOP-CECKBUTEPIICHBI, PEIKHE TPUTEPIECHBI U HECKOJIBKO THUIIOB SKIUCTEPOUIOB, COJAEp)KaHHE
KOTOPBIX COINOCTaBUMO C MPHU3HAHHBIMU JIGKAPCTBEHHBIMU BUAAMHU. OTO JENAeT pacTeHHE
NEPCIEKTUBHBIM JJIs1 JalbHEUIIEr0 XMMHUKO-(PapMaleBTUYECKOro H3y4YeHHs, B TOM YHCIE C
EJIBIO BBIJICIICHUS! HOBBIX COCIMHEHHN U OLICHKH UX OMOJOTHYECKOW aKTUBHOCTH.

HccnenoBanue BIUSHHUS CIEKTPAJIbHOTO COCTaBa cBeTa Ha MOP(HOPHU3NOIOrHYECKHE
peaKIy BOJIABIPHUKA SITOJHOTO MTPOBOJIMIIM B YCIOBUSAX Ja00pAaTOPUH UCKYCCTBEHHOTO KJIMMaTa
u Ha Kadenpe ¢usnonorun pacreHnii PTAY-MCXA umenu K.A. Tumwupszesa. IloceBHoii
MaTepuan — ceMeHa BoJabipHHKa sirogHoro Cucubdlus baccifer L. crparudunupoBanuce B
XO0JI0/ie, B pacTBOpe ru00epeIinHa, Ha MPOTSHKEHUH JTHEH.

OnpITHBIE pPacTEHHs BBIPAIMBAINCH B KOHTPOJUPYEMBIX YCIOBHAX, HAa BETE€TAllMOHHBIX
CTOJIaX CO CBETOAMOAHBIMU CBETWIIBHUKAMU. Temneparypa B nomeuienuu 22-24 °C.
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doronepuos B BapuaHTax 18 yacos.

B omnbITe HCMONB30BANIMCH IIECTh PA3HBIX MO CIEKTPAILHOMY COCTAaBY CBETOIMOIHBIX
o0yJaTens:

CrnekTpaibHbIl pexuM BapuaHTa | MmiIoTHOCTH moToka ¢oroHoB PPFD=118 mkmonb/mM2/c;
K/3/C- 50/25/25; CnexTpaiabHbIil pexXHM BapuaHTa 2 INIOTHOCTH 1MoToka (otoHOB PPFD= 217
MkMoins/M2/c;  K/3/C — 37/26/37; CnexktpanbHblii pexuM BapuaHTa 4 (IOJHBIH CIEKTD,
NpUOJIMKEH K €CTECTBEHHOMY) INIOTHOCTH oToKa oronoB PPFD=168,4 Mmxkmons/m2/c; K/3/C —
63/16/21; CnexkTpanbHbIii pEeXUM BapuaHTa S5 IUIOTHOCTH NoToka (otoHoB PPFD= 136
MkMoinb/M2/c; K/3/C — 40/30/23; CnektpalibHBIA peXUM BapHaHTa 6 (MOHOXPOMHBIN CHHUIN)
IIOTHOCTH MOTOKa (poToHOB PPFD=60,85 MxMonb/M2/c; niuwHa BonmHbl 460 HM.; CieKTpaibHBINH
pexxuM BapuaHTa 7 (MOHOXPOMHBIH KpacHbIH), IUIOTHOCTh moToka (ortonoB PPFD=120,6
MKMOJIb/M2/C; MJIHA BOIHBI 660 HM.

KonnyectBenHoe omnpeneneHne (EHOMBHBIX COEAMHEHHH NPOBOAMIOCH IO METOAMKE
npaktukyma 3a aBTopctBoM O.b. IlommuBanoBoit u M.IO. Yepeauuuenko (2020 r.) Anamnus
Ha4yMHAETCs ¢ BblAeNeHus skcrpakTa. Okoso 0,5 T pacTUTENBHOrO MaTepuana U3MENbUUThH B
cTynke ¢ 2 mi 96% nogorperoro 10 50 °C cnupra ¥ nepeTupaTh B TEUEHNE 5 MUHYT IIPU IIOMOILU
MIECTUKA M CTYNKH, J0AuTh 20Mil cnMpra. ODKCTPAKLHUI0 TOMOTE€HU3MPOBAHHOTO MaTepHualla
IIPOBOAMTH IIPU KOMHATHOW Temmeparype B TeueHWe 48 dYacoB, 3aTeéM OYHUCTHUTH
neHrpudyrupoanueM rnpu 13 000 o60poTax B MUHYTY B TeUEHHE 5 MUHYT. DKCTPAKT MEPEHECTH
B YHCThIE IPOOUPKH.

Jlanee SKCTpakT NOJArOTaBIMBAETCS K aHaiu3y. B mycTyro mpoOupKy HamuBaeTcs 3 Ml
TUCTHJUTHPOBAHHOW BOJIBI, 3aTeM ao0Oasisiercs 0,25 mi skerpakra u 0,25 M peaktuBa DonnHa-
Henuca. Criyctst 3 MUHYTHI B TpoOupKy npuiuBaercs 0,5 M1 HACBIIIIEHHOTO pacTBOpa coabl, | Mit
JUCTUJUIMPOBAHHON BOJBI U BBIIEPKUBAETCS B TEUEHHUE 2 4acOB. 3aT€M M3MEPHUTh ONTHYECKYIO
IUIOTHOCTh Ha CHEKTPO(OTOMETpe MpH JJTMHE BOJIHBI 725 HM B KBapLEBOH KIOBETE C TOJIIMHOM
cinos 10 mm. B kauecTBe pacTBOpa CpaBHEHMS MCIOJB3YETCSl CTAHAAPTHBINA pacTBOp rajljIOBOM
KHCIIOTBI.

[locne momyueHHst M pacdyeTra BCEX 3alUIAHMPOBAHHBIX JaHHBIX HX MaTeMaTHUECKYIO
00paboTKy MNPOBOJIWJIA IO CTaHIAPTHBIM METOAWKAM C HCIIOJIb30BAaHUEM CTATUCTHYECKUX
¢yukuuit npunoxenust Microsoft Office Excel. B Tabnunax u Ha rpadukax npuBeneHbl CpeaHue
Y CTaHJapPTHbIE OTKIIOHECHUSI.

AHanmu3 Ha conxep)kaHue (EHONBHBIX COSAMHEHHWN B PACTEHUU — OJUH U3 OCHOBHBIX
aHAJIM30B, KOTOPBIM TIMO3BOJMT HaM CHAENaTh BBIBOJILI 00 ONTUMAJIBHOM OCBEIICHUU IS
MOBBIIICHUS JICKAPCTBEHHOUN MPOIYKTUBHOCTU pacTeHwusl. MI3MepeHust IpOBOAUIUCH C MIOMOIIBIO
cunektpodoromerpa Ha 90 neHp Bereranuu. [loydeHHBIE MAaHHBIE BBHITISAST CIEAYIOIIAM
obpazom( 1uppoBOil MHAECKC-BapUAHT OCBelIeHUs, yepe3 neduc-konneHtpanus OC pacreHus
MI/T )

1-1,78; 2-1,64; 4-1,83; 5-2,02; 6 —3,6; 7-1,85

Conepxanne (eHOIBHBIX COSTMHEHUH B BOJIBIPHUKE, BEIPOCIIEM B MOHOXPOMHOM CHHEM
(6) BapuanTe ocBerieHus Bbliie Ha 50% 4eM B KOHTPOIBHOM (4).
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AHAJIN3 MOP®OMETPUYECKHUX U BUOXUMHNYECKHUX
MAPAMETPOB BBICHINX PACTEHUI B YCJIOBUSIX

ABUOTHYECKOI'O CTPECCA

Mamuprosa M.M., I'nagkesuu B.O.
Yupescoenue oopazoseanun «Hayuonanvnotii 0oemckuit mexnonapk» (H/TII), 220076,
2. Munck, yn. @panyucka Cxkopunwl, 25 k.3, technopark@nditp.by

[ToBbllieHHEe YCTOWYMBOCTH CEIBbCKOXO3SWCTBEHHBIX pPACTEHHH K aOMOTHYECKUM
CTpeccaM, TaKUM KakK 3aCOJICHHE M 3arpsi3HEHHE TSKEIBIMU METaJlJIaMHU, SIBJSIETCS aKTyalbHOU
3ajaueil B YCJIOBUSX INI00ATBHOrO M3MEHEHHs Kiaumara. Llenpio paboTsl Oblia cpaBHUTEIbHAS
XapaKTepUCTHKa  MOpPQOMETpUYECKHX M  OMOXMMHUYECKUX  ToKazareneil Arabidopsis
thaliana (oxomuaust WS-0), Pisum arvense (copt Apmeen) u Triticum aestivum (CopT Dinerusi) B
ycnoBusix crpecca, uaayiuposannoro NaCl (50-200 mM) u NiCl: (0,1-3 MM).

HccnenoBanue BKIIIOYAJIO POCTOBBIE TECTHI in Vitro, METOIUKY 3aMEHbl MHUTATEIbHOU
cpeabl Ha 5-€¢ CYTKH KyJIbTHUBUPOBAHUS, (DIyOpECHeHTHBIA UMHUKUHT IS JETEKIUU aKTHUBHBIX
¢dopm kucnopona (APK) ¢ 30HAOM JUTHAPOSITHUAUYM, CIEKTPOPOTOMETPHUUECKUI aHAIU3
(OTOCHUHTETHYECKUX TUTMEHTOB M OIICHKY TeHOTOKCHUHOCTH MeToioM JIHK-komer.

VYcranoBneHo, yTo 00a crpecc-pakTopa JA0303aBUCHMO MOJABISIIM POCT KOPHEBOU
CHCTEMBI BCEX MCCIEIyeMbIX BUAOB. HanOomblnyo 4yBCTBUTEIBHOCTH NposiBuia A. thaliana:
JUIMHA KOpHeH cHmxkanack B 122 u 175 pa3 npu Bosaeiictuu 200 MM NaCl u 3 MM NiCl.
COOTBETCTBEHHO. [IpH MCIOIB30BAHUN METOAMKH 3aMEHBI CPEbl HETaTUBHOE BIUSHHE HA POCT
ObUIO MEHEe BBIPAKEHHBIM, YTO YKa3bIBAE€T HA KPUTHUECKYIO POJIb PAaHHUX CTaJuil pa3BUTHUS B
(OpMHPOBAHUU CTPECCOYCTOUIMBOCTH.

®nyopecuentnslid ananu3 mokazan, yTto NaCl m NiCl: MHAYIUPYIOT OKHCIUTEIbHBIN
ctpecc, yBennunas reHepanuio ADK B kinerkax xopHs 4. thaliana. Ilpu stom NaCl B Oonbrieit
crerneHu akTuBupoBai cuHre3 ADK B anukanbHOM MepucTeme (30Ha aenenus), a NiCl: — B 30He
pacTsbkeHus (30Ha BcachiBaHUs). MakcuMalbHOE yBelnHueHUE (HIyopecleHIInH Ha0r01aao0ch
npu BozaercTBun 200 MM NaCl (B 4,6 pa3a B KOHUMKaX KOPHEW U B 6 pa3 B 30HE BCACHIBAHMUS).

CnexTpooTOMETpUYECKHI aHaIU3 JUCThEB P. arvense BBISBUI CHIDKECHHE COACPIKAHUS
xnopoduiia a ¢ poctom koHueHTpauuu NiClz (10 60% npu 3 MM), B TO BpeMs Kak coziep>KaHHe
xsopoduiia b octaBasioch OTHOCUTENBHO cTabWiIbHBIM. [Ipy HU3KUX ypoBHAX cTpecca (50 MM
NaCl u 0,1 MM NiCl2) orMeueHO yBenuueHHEe KOHIEHTpauuu kapotuHouzoB Ha 20% u 40%
COOTBETCTBEHHO, YTO MOXET CBUIETEIICTBOBATH 00 MX YYaCTUU B aHTHOKCUIAHTHOMN 3aIlIMTE.
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O06a uccnenyeMbIx areHTa MpoOSBIsUIM reHoTokcuyeckuit addexr. Merox JIHK-xomer
nmokaszan Jo3o3aBucumoe yBenuuenue (parmentaunu JIHK B knerkax kopHs A. thaliana.
MaxkcumanbHBIH YpOBeHb MOBpexAeHUH 3adukcupoBan npu Bosneiictun 200 MM NaCl (34%
JIHK B xBocTe komeThl), Torna kak 3 MM NiClz Be3bIiBanu yBenuuenue 10 24%.

Taxum 00pa3oM, CHUKEHHE POCTOBBIX MOKa3aTeeH, MHIYKIMS OKUCIUTEILHOTIO CTpecca,
U3MEHEHHE coJepXaHus (OTOCHHTETHUECKUX NUTMeHTOB W moBpexaenue JHK sBisroTcs
HaJIe)KHBIMU MapKepaMu JJIs OLIEHKU BO3JCHCTBUS 3aCOJICHHS U HUKEJIEBOIO CTPECCa Ha BBICIIHE
pactenus. [lonmydyeHHbIe JaHHBIE MOTYT OBITh MCIIOJIB30BAHbI Il CKDUHHHTA YCTOWYHMBBIX (GOpM
CEIbCKOXO35IMCTBEHHBIX KYJIBTYP.
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OCOBEHHOCTHU METABOJIU3MA MUKPOBOJIOPOCJIEN
CEMEMCTBA SYMBIODINIACEAE Y TIEPCIIEKTUBBI UX
HNCITOJIB3OBAHUSA B AJAIITUBHOM 3EMJVIEJAEJINU

Muponosa B. B.!, ABakymos A. JI.!

1 - ®I'bOY BO «Pocccuiickuit 2ocyoapcmeennstit azpapustii ynueepcumem —MCXA umenu
K. A. Tumupsaszeea (DI'BOY BO PI'AY — MCXA um. K. A. Tumupsaszeea), 127737, 2. Mockea,
ya. Tmupazesckan, 49; E-mail:mironovaviktorial 605@gmail.com

CoBpeMEHHOE CEIbCKOE XO3SMCTBO CTAJKMBAETCS C BBI30BAMH, CBA3aHHBIMU C
W3MEHEHUEM KJIMMaTa, 4To TpedyeT pa3pa0OTKH WHHOBAIIMOHHBIX TOJXOJOB ISl MOBBIMICHUS
yCTOWYMBOCTA KynbTyp. OXHMM W3 TEPCIEKTHBHBIX HAIMPABICHUN SBISETCS TMOMCK HOBBIX
pelIeHni cpear MOPCKHX MHKPOOPTaHW3MOB, OOJAMAOIINX YHHKATBHBIMU aJanTalisiMH K
HKCTPEMaJIbHBIM YCIIOBHSIM — OJHOKJIETOYHBIX BOJOpocieil cemelictBa Symbiodiniaceae. OHO
coctouT U3 7 ponoB [1] u mpencraBisieT co60i IHIOCUMOUOHTOB OECTIO3BOHOYHBIX (KOPAJUIOB,
aHEMOHOB, TyOOK, MeIy3, MOJUTFOCKOB, TUNIOCKUX YepBel u ap.) [2].

buorexHomornueckuii  MOTEHIMAN  JAHHOTO  CEMEWcTBa  OOYCIOBIIEH  BBICOKOM
3G PEKTUBHOCTHIO (POTOCHHTE3a B YCIOBHAX KpaHE OrpaHMYCHHON OCBEIEHHOCTH: B TKaHSIX
X03siMHa 1 Ha Tiryoune 1o 150 metpos [3]. B mpornecce sBontorun Symbiodiniaceae BeipaboTanu
HECKOJIbKO aJalTallMOHHBIX MEXaHH3MOB Ul BBDKUBAHUS B YCJIOBUSAX HHM3KOW OCBEIICHHOCTH:
UCTIOJIb30BaHUE YHUKAIBHBIX cBeTocoOupatomux komiuiekcoB PCP (Peridinin-Chlorophyll-a-
Binding Proteins) KoTopble HCKIIOYUTENBHO 3()()EKTUBHO yIIaBIMBAIOT CUHHMIA U 3€JIEHBINA CBET,
npeoOnanatomuii Ha rayOune [4], [5]. Takxke mist Symbiodiniaceae XapakTepeH MeXaHU3M
JTUHAMHYECKOTO U3MeHeHus: porocuHTeTnueckoi enuuuisl (PSU): mpu HU3KOM OCBEIIEHHOCTH B
KJIETKaX YBEIMYMBACTCS KOJMUECTBO U pa3Mep POTOCHHTETUUECKUX EMHHULI, a BCIEACTBUE 3TOTO
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MIPOU3BOIUTCS OOJIbIIIE CBETOCOOUPAIOIINX ITUTMEHTOB M PEKPEAIMOHHBIX LIEHTPOB HA KIETKY, T.
e. co3maércs «OoJbllasi aHTEHHa» Ui YJIAaBIUBAHHUS Ka)XIOro JOCTYMHOro (OTOHA, 4YTO
MaKCUMU3HUPYET UCIOJIb30BAaHUE CKYJHOTO CBETOBOIO MOTOKa [6]. B momonHeHue K 3TUM JIByM
MexaHu3Mam, Symbiodiniaceae ciocOOHBI U3MEHSITh COOTHOIIICHHE TUTMEHTOB IS ONITUMHU3AIIAN
MIOTJIOIEHUS] UMEHHO TOTO CIIEKTpa CBETa, KOTOPBIA TOCTYNEH B MX KOHKPETHOH MHUKpOCpere
obutanust [7]. MomnekynspHble MEXaHU3MBI, JIeXKAallMe B OCHOBE O3TOM A(PPEKTUBHOCTH,
OTKPBIBAIOT IyTh K OHOMH)KEHEPUH CEeIbCKOXO3AWCTBEHHBIX KyNbTyp. [lepeHoc reHoB,
KOIAUPYIOLIMX KIItoueBble KOMIOHEHTH PCP-koMIekcoB mim perynaropsl pasmepa PSU, moxer
MO3BOJIMTh CO3/1aTh COpPTA, YCTOHWYMBBIE K Je(pHUIMTY CBETa, YTO TO3BOJMUT CHHU3HUTH
SHepreTudeckre 1 (PHAHCOBBIC 3aTPAThl HA JOCBEYHBAHHUE.

JpyruM BaKHBIM M AaKTyaJbHbIM AacCHEKTOM SIBJISIETCS YCTOMUMBOCTb PACTEHMH OT
TEIUIOBOTO cTpecca. TemnoBoil cTpecc HapymiaeT (OTOCHHTE3 M PENPOSYKTHUBHBIE (YHKILHUH,
YCHJIMBAeT TPAHCIHPALMIO M BO3ICHCTBUE JpPYTrUX CTPECCOBBIX (akropoB [8]. MHorue
npencrasurenu  Symbiodiniaceae TpoayIUPYIOT MHKPOCIOPUH-TIOAOOHBIE aMHUHOKHCIOTHI
(MAA) — coenunenust ¢ Y®-nornomarnmmMl 1 aHTUOKCUJAHTHBIMU CBOMCTBaMHU, KOTOpbIE
o0ecreynBaroT yCTOWYMBOCTh CUMOMO032a B YCIOBUSX MOBBIIICHHBIX TEMIEPATyp U HHCOMALUH [9],
[10]. Takum oOpa3oM, MeTa0OIMTHI JAHHBIX BOJOPOCICH SBISAIOTCA MEPCIECKTUBHBIMHU
MCTOYHHUKAMU JUIS CO3JaHHMs HOBBIX PETYJSTOPOB POCTA, COCOOHBIX MOBBICHTH YCTOHYHMBOCTD
KyJIbTYp K abuoTH4YecKHM cTpeccaM. bonee Toro, cymecTByeT yCHEUIHbIH OMbIT JIa00paTOpHOTO
UX KyJbTUBUPOBAHHS VIS 1ieneil peabunuranuu KopamioBsix pudos [11]. D1u ke TexHOIOTHH
MOTYT OBITh aJalTUPOBAHBI JJIS1 IPOMBILIUIEHHOTO BBIPALIUBAaHUS Bogopocien Symbiodiniaceae u
MOJyYeHUs UX  MeTa0OoJMTOB, eciu Oyaer JgokazaHa uX  A(PQPEKTUBHOCTh  JUIA
CENIbCKOXO3SMCTBEHHBIX  HyXaA. Taxke y  Symbiodiniaceae  cymecTByeT MeXaHU3M
Hedoroxummuueckoro TymeHust (NPQ), kotopslii paccenBaeT U30BITOUHYIO JHEPTUIO CBETA B BUJIC
teruia [ 12] u Tak:ke MOKET OBITh HCIOIB30BaH B OMOTEXHOIOTHSIX.

[TpoBen€nHbIii aHAINU3 MOKa3bIBAET, YTO MUKPOBOJIOPOCIH ceMmeiicTBa Symbiodiniaceae
NPEJCTABISAIOT OO0 LEHHBIN U YK€ TOCTaTOYHO XOPOIIO U3yUYEHHBIN pecypce Ais pa3paboTKu
HOBBIX arpoOHOTEXHOJOTHH B cepe amanTUBHOrO 3emiieAenus. J[Ba OCHOBHBIX BEKTOpa HUX
NPUMEHEHHUS — 3aMMCTBOBAaHUE MEXaHU3MOB 3((EKTUBHOTO (POTOCHHTE3A AJIsi OMOUHIKEHEPUU H
UCroNib30BaHne WX MeTtabonutoB (MAA) B Ka4ecTBE OCHOBBI JUISI HOBBIX OMOCTHMYJISITOPOB.
Taxum 006pa3zoMm, CIOKHUBIIUICS HAYYHBIH (PyHIaMEHT MO3BOJISET IEJICHANPABICHHO MEPEUTH OT
TEOPETUYECKOT0 U3YUEHUS K IPUKIIAIHBIM pa3paboTKaM, Co3/1aBasi HHOBAIIMOHHBIE PEILICHUS JIS
MOBBIIIEHUS TPOAYKTUBHOCTH M YCTOMUMBOCTH PAaCTEHUEBOJICTBA B YCJIOBUSAX M3MEHSIOLIETOCS
KJIIMAaTa.
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CriuaOpuaIuHT — 3TO OJIMH U3 MEPCIIEKTUBHBIX METOJOB YCKOPEHHOT'O CO3AaHUS YUCThIX
OCHOBAHHBIM HA HCIOJB30BAaHUM MOJOOPAHHBIX YCJIOBHHM  BBIpAIMBAHUS,
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MHULMHUPYIOUIMX OBICTPBIM NEPEeXo]l K TEHEPaTUBHOM CTaAUM pa3BUTHS y pacTeHUd. OHUMU
U3 BAXHEMIIMX MapaMeTpoB CHHIOPUAMHIA SIBIAIOTCS TeMIeparypa, (OTONepHo/,
CIEKTPAJIBHBIM COCTaB M MHTEHCUBHOCTH CBETA, MMHEpAJIbHOE NMHUTaHUWE U Ap. B cBsA3u ¢
HE/IaBHUM TOSIBIICHUEM JaHHOTO METO0/1a, OTpabOTaHHBIE POTOKOJIBI CIIMIOPUANHTA UMEIOTCS
y OTPaHUYEHHOT0 KOJUYECTBE KYJbTYpP, CPEIU KOTOPBIX MArKas M TBepAas MUICHWIA, COf,
SYMEHb, HYT, TopoxX u Ap [1]. OgHako 10 cuX MOp HET BHICOKOA(()EKTHBHOTO MPOTOKOJIA
cnuadpuauHra nonconnednuka (Helianthus annuus L.) — 0HON M3 BaXKHEUITNX MAaCIAYHBIX
KyJbTYp HE TOJIBKO B Poccun, HO 1 BO BCEM MHUpeE.

B nanHblii MOMEHT HaMu Bea€rcsi paboTa 1o pa3paboTke W ampoOaluy MPOTOKOJIA
CUAOPHUANHTA TOCOTHEYHUKA [2]. OTHUM U3 ITAIOB, TO3BOJISFOIINUX 3HAYUTEIIEHO COKPATUTh
NIEPUOJT CO3PEBAHMS U MPEOIOJIETh MOCICYOOPOUHBIN MMOKOM CeMSH CPOKH — HCIIOJIb30BaHHE
SMOPHOKYJIBTYpBL. B X0/€ 9KCIIEpUMEHTOB, a TaK)KEe ONMUPAsACh HA MMEIOUIYIOCS JIUTEPATYPY
[3], onTUManbHBIM A7 cOOpa CEMSIHOK IO/ICOJTHEUHUKA OKazajcst CpoK B 14-15 cyTok mocie
omnblieHHs. Pacmyckanue OyTOHOB B IpeziesiaX OJJHOH KOP3UHKU aCHHXPOHHOE, IIBETEHHE UAET
OT niepudepuu K IEHTPY, IO3TOMY JJIsl SMOPUOKYIBTYPhI HCIIOIB30BAIN CEMSHKU M3 KPAeBbIX
psankoB cousetus. Ilpu cOope CeMSHOK MpPEANOYTeHHE OTIABAIM BBIMOJIHEHHBIM, C
MOTEMHEBIIUM TnepukaprnueM. COOp CeMsSHOK M3 KOP3UHKH NMPOBOAMIM C HCIIOJIb30BaHHUEM
MUHIIETOB, OTOOPaHHbIE CEMSHKH ITOMELIalU B UHANBHU Yy aIbHbIe yamky [letpu. anpHelmme
MaHUIYJISLUU IPOBOJAWIN B aCENTUUYECKUX ycI0BUAX. CEMSHKU MOABEPrad IOBEPXHOCTHON
crepunuzaiun B 50% pacTtBOope KoMMepueckoro cpexactBa «bemusHay ¢ jpoGaBieHHEM
HecKkoNbkux Kanenb «Tween 20» B TeueHue 15 munyT. CrakaHbl, coAep Kallue pacTBOP
benusHbl ¢ ceMAHKaMU MOJCOJIHEYHHMKA Ul yBeIMYeHHUS 3((EKTUBHOCTH CTEPHIU3ANH
[IOMELJIM  Ha Bpamawoomuics umeiikep. Ilpu HCNONB30BaHMM  MEHBIIEIO BPEMEHU
crepunu3ai (10 15 MuHYT), B KyJnbType in vitro HaOmronanach KoHTamuHaius. Ilpu
skcno3uiuu 20 MUHYT, HaOMIOJANOCh HETaTMBHOE BIMSHUE HA TOCIEAYIOUIUH pPOCT
3apoplieil. [1o ncTeueHnyn ONMCaHHOTO BPEMEHHM CEMSHKH MPOMBIBAIN 3 pa3a CTEpUIIbHOMN
JUCTUUIMPOBAHHOM BOJOM 110 5 MUHYT. 13 MpOCTEpMIIM30BaHHBIX CEMSHOK, ITyTEM pa3pe3aHus
NEpPUKApPIINS U CHATHS 3HIOCIIEpMA, U3BJIEKAIN 3apOJBIII U IOMelain ero B yamku Ierpu,
cojiepkale 0e3ropMOHAIBHYIO arapu30BaHHYI0 cpeay 1o mponucu Murashige and Skoog.
3apobIIK MOMEIIAIN 3a4aTOYHBIM KOPEIIKOM B ITUTATENBHYIO CPey, 3ariyOIsiid 3apo b1
B cpeay Ha 1/3. [Ipu uzonupoBaHuy 3apobIlIeii HEOOX0IUMO MUHUMHU3UPOBAThH MOBPEXKICHHE
CEMSI0JIEN U 3a4aTOTr0 KOPEIIKa, TOCKOJIbKY 3TO HEFaTUBHO BIIMSAET HA MOCIEAYIOLIUI pOCT B
KYJIbType in vitro. I30nupoBaHue 3apoblllIe peKOMEHAYETCs IPOBOAUTH B yamikax Iletpu ¢
HEOONBIIMM  J100aBIEHUEM CTEPWJIBHOM JUCTWIIMPOBAHHON Boabl. PocT 3apossimieit
Habmroacs y)ke Ha 2-3 CyTKH ¢ Hayasa KyJbTUBHPOBAHUS, CIyCTS OKOJIO 14 CyTOK pacTeHHs
UMEIOT XOpOoIIo c(hOPMUPOBAHHBIE CEMSIONH, MEPBYIO Mapy JIMCTHEB, Pa3BUTHIE CTEOENb U
KOpHU. B fanHBIi TepuoJ BO3MOXKHO B AaCENTHUECKUX YCIOBHAX OTOMpaTh OT
c(OpPMHPOBABIINXCS PACTEHUN YacTh TUCThEB Juis Belnenenus JJHK, mocnemyroniero ananmza
C UCHOJb30BAHUEM MOJICKYJSPHBIX MapKEpOB M OTOOpa TE€HOTHUIOB C HWHTEPECYIOIIUM
aJIeNnbHBIM cocTaBoM reHoB. Ha 10 cyTku ¢ MOMEHTa BBEEHUS 3apOJbIIEH B KyJIbTYpY in
Vitro, pacTeHHs TOTOBBI K BbICaJKe B TOpd. AJanTaluio pacTEHHH OCYIIECTBISEM B
KIMMAaTHYECKUX KaMepax C HHTEHCUBHOCTBIO cBeTa He Oonee 300 Mrmoin/m%/c,
¢doroneprogom 16 u neHn/8 4 HOUb, Temreparype 25° u BiaxHocTH Bo3ayxa 60%. Bce
pacTeHusi, UMEIOIINE XOPOILO Pa3BUTYI0 KOPHEBYIO CUCTEMY M C(pOPMHUPOBABIIMECS JIUCThS,
Obutn ananTupoBaHbl ¢ yactoroi 100%.
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HccnenoBanue BBIMOJIHEHO NpU (UHAHCOBOW TMOAJEpKKE MMHUCTEpCTBA HAyKH U

BbIcIiero oOpaszoBanust Poccuiickoii ®dexepanuu B paMKax TOCYJapCTBEHHOTO 3aJaHHA
FGUM-2024-0002.
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CUCTEMATHU3ALIUA MHOI'OKJIETOYHBIX CTPYKTYP,
®OPMUPYIOIIUXCS BO ®JIOTUPYIOUIEN KYJbTYPE
HBIVIBHUKOB TPUTHUKAJIE U OLIEHKA UX
MOP®OI'EHETUYECKOI'O ITIOTEHIITUAJIA

Haramosa B.M.!, bBuzsakuna /1.0.!, ®egoposa T.A.2, Ta0yiika A.A.%, [Tanuyenko B.B.4,
Baunkos A.O.!, Tusamyk M.T'.!

1 - ®I'BHY «Bcepoccuiickuit HaAyYHO- UCC1€008AMENbCKUIL UHCIUMYM
cenvckoxossaiicmeennon ouomexuonozuuy (PI'bHY BHUUCE), Mockeéa 127550
2 — Mockoeckuii 2ocyoapcmeennwtii ynugepcumem umenu M.B. Jlomonocoea (MI'Y um. M.B.
Jlomonocosa), Mockea 119991
3 — Mockoeéckuit nonumexnuueckuii ynugepcumem, Mockea 107023
4 — ®I'BHY Hayuonanovnwit yenmp 3epua umenu I1. I1. Jlykoanenko, Kpacnooap 350012

Meton ¢rmoTpyromieil KyJIbTypbl OCYIIECTBISCTCS HU30JIUPOBAHUEM iM Vitro W TIOCATAKOU
IIBUIBHUKOB HAa JKUIKYH IUTATEIbHYI Cpely, B IOCIEIACTBHUM PACTPECKUBAHUS IBUIBHUKOB
MIPOMCXOIUT BBICBOOOXKIEHHE MHUKPOCIOpP B Cpelay M HX JalbHEiIiee KyJIbTHBUPOBAaHUE.
W3BecTHO, 4TO K (hakTOpam, CIOCOOCTBYIOIIMM IOJyYEHHIO BBICOKOTO MPOLEHTA pereHepaIiu
3€JI€HBIX PACTEeHUM TpUTHUKaJle, NOJIYYEHHBIX KYJIbTUBUPOBAHUEM IBUIBHUKOB, OTHOCSATCS
YCIIOBUS BBIpPAILMBAaHUs JTOHOPHBIX PACTEHMH, CTagusi MUKPOCIIOP BO BpeMsl CPE3KH KOJOCHEB,
cTpeccoBasi mpenoOpaboTka KOJOCKOB, MUTATEIbHBIE CpEelbl U YCIOBUS KYJIbTUBUPOBAHMA.
OpnHako paHee HE OBUIO ONMUCAHO PA3IUYUS B MOP(OIIOTUN MHOTOKJIIETOUHBIX CTPYKTYD, a TaKKe
HE MPOU3BOAMIICS aHAINU3 MOP(HOTreHEeTUYECKOT0 OTEHIIMAA JaHHBIX CTPYKTYp [1].

B cBsa3u ¢ 3TUM yenvro naHHOW PabOTHl CTAlIO MPOBECTH CPABHUTEIBHYIO OIICHKY
3G HEKTUBHOCTH KYJIbTUBUPOBAHUS PA3TUUYHBIX TUIIOB MHOTOKJIETOUHBIX CTPYKTYP TPUTHKAJIE U
IIOJIyY€HUS 3€JIEHBIX PACTECHUM.

B nanHoM uccnenoBaHUM JOHOPHBIMH PacTEHUsIMH ObUIH TIEpCIIEKTUBHBIE copTa OpJieH U
SBOp M3 KoJUIEKIMH sIpoBOM TpuTHKane HamuoHnanbsHOro nenrpa 3epHa umenu 1. JIykbsHeHko.
Konockn 0060uxX TeHOTHUIIOB mojaBepranu crepuwinzauuud 50% pacTBOPOM KOMMEPUYECKOTO
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npenapata «bennsHa» B TeueHwe 15 MUHYT ¢ NOCIEQyIOIIEH TPEXKPAaTHOW MATHUMHUHYTHOMN
IIPOMBIBKOM CTEPUIILHOM IHUCTUIUIMPOBAHHON BOAOW. BO Bpems crepwin3anuu ¥ TpEX JTaIoB
MPOMBIBKHA KOJIOBI C KOJIOCKaMHU TIOMEIIald Ha Mieiikep. B kauecTBe HHIyKIIMOHHOW Cpeibl
UCTOJIb30BaJIM HearapusupoBaHHyto 190-2 ¢ nodasnenuem 100 r/n puxomnna (monucaxaposst 400).
Bcero 6puto mepecaxkeHo B xuaKyro cpexy 3600 meutbHuKOB: 60 uwamek ¢ 30 mbUIBHUKAMU
Kaxaoro renoruna. Yamku [lerpu momemany B KIMMaTHYECKUH IIKad, OTperyiupyemblii B
nepBbIe Tpoe CyTOK KylbTuBUpoBaHus Ha 32°C, nanee Ha 28°C. Uepes 30 nHeil KyIbTUBUPOBAHUS
Obul TIpoM3BEAEH YYET KOJIMYECTBA COHOPMHUPOBABIIUXCS 3apOIBIIICH, MOIMIMOPUOUIOB,
3apOJIBIIIETIONOOHBIX CTPYKTYp M KaJTyca MpHU IMOMOLIM OMHOKYJISPHOTO MHKPOCKOIA. 3aTeM
MHOTOKJIETOYHbIE CTPYKTYpPhI OBLIM NMOCAKEHBI Ha arapu3MpOBAHHYIO Cpeldy AJS pereHepariu
190-2, cogepxamtyto 1-nadramunykcycnyto kucnory (HYK) u xunerun B konuentpauuu 0,5
MT/11. 3apO/BIIIH, TTOJIUIMPUOUIBI U 3apPOABIIIECIIONO0HBIE CTPYKTYPhI Ca)KaJld IIUTKOM BHM3, TaK
4TOOBI BCA €ro IJIOMIAAh Kacajach MUTATENbHOM cpensl. KyabTHBHpOBaHHME MHOTOKJIETOYHBIX
CTPYKTYp MPOM3BOAMIIN MOJ HENPEPHIBHBIM OCBEILIEHUEM CBETOBOII KOMHATBI IIPU TEMIIEPAType
24+1°C. Tlony4yeHHble 3€lEHBIE PACTECHUS-PErCHEPAHTHl OTMBIBAIM OT arapa M BBICAKUBAJIHU B
ruponoHuky c pactBopoM KNOP. IInomaHOCT NOJYyYEHHBIX pPACTEHUN NPOBEPSUIM C
ucrnonb3oBanueM Tnporounoro murodmoopumerpa (CyFlow Space Sysmex, Germany).
[ariouaHble pacTeHust mojBeprayii 00paOOTKe pacTBOPOM KOJIXHMIIMHA, 3aTEM BBICAKHUBAJIH
BMECTE CO CIIOHTAaHHO YJBOGHHBIMHU PACTCHUSMHU TPUTUKAJIE B TOPO.

braronapsi mpoBeeHUIO CKaHUPYIOLIEW SJIEKTPOHHOM MUKpockonuu yamiek Ilerpu ¢
KyJIbTUBUPYEMBIMH  TBUIbHUKAMH  OBUIM  BBIABICHBI  pa3iMyHble  (OPMHUPYIOLIHECS
MHOT'OKJIETOYHbIE CTPYKTYpPBI, KOTOPbIE MbI pa3fesiuiau Ha 4 Tuma: 1) MCTUHHBIE 3apOJbIILIN
MIOJIHOCTbIO HAIIOMUHAIOT 110 CBOEMY CTPOEHHUIO 3UIOTUYECKUE 3apOAbIIIM, Yy HUX YETKO
BBIPQ)KEHBI KOJICONTHJIb, KOJCOPH3a M IIUTOK; 2) MOJIMAIMOPHOUIBI — 3aPOJBIIIHN, Y KOTOPBIX
Habmomaercst 2 wnu 0ojee KOJNEONTW s, 3) 3apOAbIEHOA00HbIE CTPYKTYphl — 00pa3oBaHMs,
uMeromye MOpQOreHHbIE CTPYKTYpbl, HO C TPYAHOPA3IMYUMBIMH oOpraHamu; 4) Karyc
npeacTaBiseT co0oii 6echopMeHHbBIE MHOTOKJIETOYHBIE CTPYKTYPHI.

B xoneyHom wutore, 6bUTI0 MOJTYYEHO B cpeAHeM Ha yamiky [letpu 6,9 u 7,4 3apossiiiet,
1,5 u 2 monmmamOpuounos, 10,6 u 11 3apoasimenoqo0HbIX CTPYKTYP, a Takke 10,8 u 5,8 kamnycoB
coptoB fBop u OppaeH, COOTBETCTBEHHO. Perenepanus 3en€HbIX pacTeHuid cocrasisia 3,7% u
23,4% w3 3apoapreid, 1,2% u 14,4% u3 monmamMOprounos, 0,78% u 6,4% 13 3apoasiienoo0HbIX
CTPYKTYp Uil copToB SIBop M OpneH, cOOTBETCTBEHHO. lIpu KyJIbTHBHMPOBAaHHMU KaJlIyCOB,
c(OpMHPOBAHHBIX U3 MBIILHUKOB copTa SIBop, He ObLIO MmosyueHo 3enéHbIX pactenuil. Opaex
TaK)Ke NI0Ka3aJl HE3HAUUTENBHBIN NPOLIEHT PEreHepaluy U3 Kajuutyca, oH cocTtasiisii 0,8%.

Takum oOpa3zoMm, u3 HaOIIOAAEMBIX MHOTOKJIETOYHBIX CTPYKTYp HauOoJbIIeH
Pe3yJIbTATUBHOCTHIO B TIONYYEHUH 3€NEHBIX PACTEHUH-pEreHepaHTOB O0JIaAadl HCTHHHBIC
3apoabimy. OJHAKO dalle BCEro MHOTOKJIETOYHBIE CTPYKTYpbI, (OPMHUPYIOIIUECS MpH
KyJIbTUBUPOBAaHUM  TBUIBHUKOB,  Pa3BUBAIOTCS  KAaK  3apOJBIIICTIONOOHBIE  CTPYKTYPBI.
Haunmenpmmii MOpgoreHeTHUYeCKnil MOTeHIual HaOmoancs y Kamryca Ha o0OUX T'€HOTHIIAX,
NPOIEHT KakK 3€JEHBIX pacTeHUil, Tak aJbOMHOCOB OBLI 3HAYMTEIHHO MEHBIIE, YeM BO BCEX
OCTaJbHBIX BapHUaHTaX.

Jannass paboTa BBINOJHEHA TNpPU TMOAJEPKKE MMHUCTEPCTBA HAYKH W BBICIIETO
obpazoBanus Poccuiickoit @enepanuu (DeaepaibHas HAyYHO-TEXHUYECKast IPOrpaMMa pa3BUTHUS
remetTudeckux TexHojorui Ha 2019-2030 roasl, cornamenue Ne 075-15-2025-528 ot 29 mas 2025
rojaa).

Cnucok JiuTeparTypsbl:
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1. Ma J. et al. Effects of the duration of a low-temperature pretreatment and hormone
concentrations on anther cultures and the regeneration of awnless triticale. — 2024.
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EVALUATION OF IN VITRO PHOSPHATE SOLUBILIZATION BY THE

ENDOPHYTIC BACTERIAL STRAIN Bacillus subtilis CrEw1018
M.T.Norboyev*, Z.F.Ismailov
Biochemistry institute, Samarkand State University named Sharof Rashidov, 140104,
Samarkand, Uzbekistan. e-mail: mukhammad.n97@mail.ru

Abstract. Phosphorus is one of the essential nutrients for plant growth. Most of the
phosphorus in the soil is present in the form of phosphate, and the solubilization of inorganic
phosphate is an important process by plant-associated bacteria and fungi to stimulate plant growth.
Endophytic bacteria live inside the plant and help provide nutrients to the plant. In this study, we
evaluated the phosphate-degrading ability of a collection of endophytic bacterial strains. This
revealed that the plant, treated with bacterial suspensions in vegetative and field experiments,
could participate in the assimilation of organic and inorganic phosphorus in the soil. These
investigations indicate the important role of endophytes in the assimilation of phosphorus by the
plant.

Key words. Endophytic bacteria, phosphorus, pikovskaya nutrient (PVK), plant.

Introduction. Phosphorus (P) is an essential macronutrient, and depending on its
availability, P limits plant growth due to its structural, functional, and metabolic properties. It
occurs in soils in both organic and inorganic forms [1]. Despite the large reserves of phosphorus
in agricultural lands, its availability to plants is strongly influenced by various biogeochemical
processes that affect this element [2]. Due to the importance and cost of phosphorus for plants,
the search for alternative methods to optimize its production is a priority in agricultural systems.
In recent years, the use of endophytic microorganisms in agriculture has increased. Such microbes
promote plant growth and facilitate the control of biological pests and phytopathogens, as well as
the production of metabolites that are important for pharmaceuticals [3]. Several soil
microorganisms, including bacteria and fungi, mineralize organic phosphates and solubilize
inorganic phosphates. Phosphate solubility can be achieved by several mechanisms, such as
hydrolysis or processes involving enzymes such as phosphatases. Phosphatases produce organic
and inorganic acids by lowering pH, producing carbon dioxide, and enzymatic reduction of metals
[4]. In order to promote sustainable agriculture, research has been conducted to select bacteria that
can solubilize and mineralize soil phosphorus. This is a global trend that seeks to reduce the use
of chemical fertilizers and contribute to the development of an ecologically balanced agricultural
environment. The choice of microorganisms as phosphorus solubilizers depends on both the soil
of origin and the intended use. Our biological and chemical understanding of this nutrient in the
soil indicates which phosphate sources should be tested simultaneously to determine the potential
of microorganisms to make phosphorus available in the soil.

Materiallar va usullar
2.1. Sample collection. In this study, the endophytic bacterial strain Bacillus subtilis CtEw1018,
which is stored in the collection of the Laboratory of Molecular Biotechnology of Samarkand State
University named after Sharof Rashidov, was used.
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2.2 To assess the phosphate degradation ability of the endophytic bacterial strain Bacillus subtilis
CrEw1018, Pikovskaya (PVK) agar medium was used in vitro.

Composition of Pikovskaya (PVK) solid nutrient medium: Glucose - 12.0 g; Calcium phosphate
(Ca3(POa)2) - 5.0 g; Ammonium sulfate ((NH4)2SOs4) - 0.5 g; Magnesium sulfate (MgSOa4-7H20) -
0.3 g; Manganese sulfate (MnSOa) - 0.03 g; Ferrous sulfate (FeSO4-7H20) - 0.03 g; Agar - 15.0 g;
Distilled water - 1 liter; pH 7.0. The nutrient medium was sterilized in an autoclave at 121°C for
15 minutes [6].

Results. In the conducted research, the endophytic bacterial strain Bacillus subtilis
CrEw1018 was inoculated onto a solid medium containing PVK agar and incubated at 28-30°C
for 10 days.

5 - v ",

day 5 day 10
Pic 1. Phosphate degradation by the endophytic bacterial strain Bacillus subtilis CrEw1018

day 2

As can be seen in Pic 1, the endophytic bacterial strain Bacillus subtilis CrEw1018 showed a high
phosphate degradation rate between the first 2 days and the last 10 days. The phosphate
degradation index was 11.28+0.34 on the 2nd day, 24.66+1.79 on the 5th day, and 33.96+1.31 on
the 10th day, respectively. It can be seen that the endophytic bacterial strain Pseudomonas putida
KoPr129 has a high phosphate degradation rate. In vegetative and field experiments, we can see
that the treatment of plants with a suspension of the endophytic bacterial strain Bacillus subtilis
CrEw1018 has practical significance in the plant's absorption of phosphate in the soil.

Conclusion. Nowadays, the use of many chemical preparations leads to the deterioration
of the soil structure, making it difficult for plants to absorb phosphorus. In this regard, we have
found that the Bacillus subtilis CrEw1018 strain is highly effective in the absorption of phosphorus
in the soil by endophytic bacteria for plants. The use of this strain will be of great importance in
future work.
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BJIUSTHUE YCJOBUH DKCTPAKIIMA HA AHTUOKCUJAHTHYIO

AKTUBHOCTDb CALENDULA OFFICINALIS L.
Owmknn I.A.!, Xomsixos 10.B.2, T'yposa T.A.!2
1 - ®Ir'A0Y BO «Canxkm-Ilemepoypzckuii nonumexnuueckuil ynueepcumem Ilempa
Benuxozo» (CIIoIlY), 195251, Poccusa, 2. Cankm-Ilemepoype, yn. Ilonumexuuueckas, 0.29;
E-mail: oshkin.da@edu.spbstu.ru
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CoBpeMeHHBIE HCCIeIOBaHUS IMMOKA3bIBAIOT, YTO AHTUOKCHJAHTHI OKa3bIBAIOT OOJBIIOE
3HAYCHHWE B NPEIOTBPALICHUH TAaKUX YEJOBEUECKUX IATOJIOTHH, KaK CepAeYHO-COCYIHUCThIC
Oone3nu, pak, aAuabeT ¥ HeWpoJereHepaTHUBHBIE paccTpoiictBa [1]. D10 00BsCHsAETCS
CIOCOOHOCTBIO ~ aHTHOKCHUIAHTOB  PETYJIMPOBATh  OKUCIMTENbHBIM  CTpecc, BBI3BAHHBIN
M30BITOYHBIM HAKOIUICHHEM CBOOOIHBIX PAJMKaJIOB B OpraHM3ME B Ipollecce MeTabonm3ma, a
TaKXe B pe3yJIbTaTe BO3JEHCTBUS BHEIIHUX (DAaKTOPOB HA YEIOBEKA.

Otmeuaercs, 4YTO TPUPOAHBIE AHTHOKCHIAHTHI Ooyiee APQPEKTHBHBI 3a CUET
CHHEPTrUYeCKOT0 B3aUMOJICHCTBUS PaCTUTEIbHBIX KOMIOHEHTOB [2]. Tak Calendula officinalis L.
SBIISICTCS XOPOIIO M3YyYEHHBIM HCTOYHUKOM TaKUX OHOJOTMYECKH AKTHBHBIX COCTUHEHUH C
BBICOKOW aHTHOKCHJAHTHOW akTUBHOCTBIO (AOA), Kak KapOTHHOWIBI, (PIaBOHOUIBI,
TPUTEPIICHOBHIE CAITOHUHBI, (PEHOIBHBIE KUCIOTHI U .

bnaromaps cBoemy Ooraromy (HUTOXHUMHYECKOMY COCTaBY SKCTPAaKThl IIBETKOB
C. officinalis HamIM MWHUPOKOE TNPUMEHEHHE B TNHUIIEBOW MPOMBIIUICHHOCTH B KauyeCTBE
OMOJIOTMYECKH AaKTUBHBIX J00aBOK. Takke M3BECTHO HCIOJb30BAHUE HKCTPAKTOB Kak
KOMIIOHEHTOB KOCMETHYECKMX M JIeKapcTBEHHBIX cpeAcTB [3]. OcoOblii MHTEpeC BBI3BIBACT
NEPCIEKTHBA WCIOJIb30BAHUS PACTUTEIBHOTO CBHIPhs,, OOraToro aHTHOKCHAAHTAaMH, B KauecCTBE
HATYpaJbHBIX KOHCEPBAHTOB TOTOBBIX MPOAYKTOB U monydadpukatoB [4]. AKTHBHOE
UCTIOJIb30BAHUE PACTUTENBHBIX IKCTPAKTOB B MPOMBIIUIEHHOCTH OOYCIOBHIIO HEOOXOAMMOCTD
W3yYeHUs] W CTaHJIAPTU3alMM METOJOB KOJIMYECTBEHHOW OIEHKHM UX AaHTHOKCHJAHTHOM
aKTUBHOCTH.

W3BecTHO, 4TO OT crocoda SKCTPAKIIMU 3aBHCUT HE TOJBKO KOHLEHTPAIHS U3BICUEHHBIX
BELIECTB, HO M CTENEHb MX COXPAHHOCTU. bBOJIBIIMHCTBO CYLIECTBYIOIIMX MCCIEAOBaHUN
COCPENOTOUYEHO HA CIMPTOBBIX U CIUPTOBO-BOJHBIX IKCTPAKTaX, B TO BpeMs kak AOA BOIHBIX
HKCTPAKTOB U3yueHa HEJOCTATOYHO. IIpr 3TOM BOAHAS SKCTPAKINSA IPEUMYILECTBEHHO N3BIICKACT
rUIpOGUIbHBIE aHTHOKCHJIAHTHI, KOTOPBIE 00J1a1al0T MHBIM aHTHOKCHIAaHTHBIM ITOTEHIIHAIOM IO
CPaBHEHHIO C JIUMTOPHUILHBIMU KOMIIOHEHTAMH CITUPTOBBIX U3BJICUCHHIA.

Takum 00pa3oM LeNbl0 JAaHHOW pabOTHl SABISETCS HCCIENIOBaHME BIUSHUS crocola
HKCTPAKLMU Ha aHTUOKCUIAHTHYIO aKTUBHOCTH IBETKOB C. officinalis.
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ITpoBoauin KOJIMYECTBEHHOE olpeneiaeHrue cymMmapHod AQOA BOJHBIX 3KCTPAaKTOB
uBeTkoB C. officinalis, momy4eHHBIX U3 ABYX BHJOB CBHIPbS: allTEUHbIH 00pa3zer] n3MeabuEHHBIX
I[BETKOB U U3MEJIbYEHHBIC [IBETKM HOTOTKOB, BBIPAILIEHHBIX Ha ceBepe JIeHHHTpaacKoit 06acTu.

JUis IpUTOTOBJICHUST BOJHBIX SKCTPAaKTOB 0,2 I BHICYIICHHBIX M M3MEIbYEHHBIX IIBETKOB
MOMENIATN B KOHUYECKYIO KOJIOY, 106aBisiii 10 cM> GUANCTHIIMPOBAHHOMN BOJIBI, BBIIEPKUBAIIH
IIPU OJTMHAKOBOM TeMmepaType U NepeMelInBaHiN B TeUCHHE Pa3HbIX IEPUOIOB BpeMeHH: 1, 3, 5
u 10 MunyT. [TonydeHHbIE 3KCTPAKTHI pa30aBIIsiIN B COOTHOIIEHUH 1:3 u neHTpudyrupoBaim.

YcTaHoBieHO, YTO Hanbojee MEePCIEeKTUBHBIMU M KOHKYPEHTHOCIIOCOOHBIMU SIBIISIOTCS
3JIEKTPOXUMUYECKHE METO/IbI, B YaCTHOCTH aMIIEPOMETPUIECKHIA, YTO 00YCIIaBIMBAETCS BEICOKOM
CKOPOCTBIO aHANIN3a, CEJICKTUBHOCTHIO M BOBMOKHOCTBIO TPUMEHEHHS KaK JIJIsl TOMOT€HHBIX, TaK
U JI7Isl TeTeporeHHbIX cucteM [5]. U3mepenune AOA 3KCTpakTOB MPOBOIMIN Ha 0a3e aHaIM3aTopa
AHTUOKCUJIAHTHOM akTUBHOCTH «Masctpo Kommakt 04». I'pagyupoBky mnpubopa u o6paboTKy
pe3ysIbTaToOB U3MEPEHUH ocymiecTBisIn B coorBeTcTBUU ¢ 'OCT P 54047-2010.

[To momy4eHHBIM pe3yJIbTaTaM COJACPKAaHUS AaHTUOKCHUIAHTOB B NepecyEéTe Ha KBEpLETUH
paccuuTHIBAIA CyMMapHOE cofiepkaHue aHTHOKCUAAHTOB (CA) B mpobax ¢ yu€ToM pa3zdaBieHUs
U Macchl HaBeCKU. M3MepeHHs TPOBOJAMIM B TPEX MOBTOPEHHSIX, 3HAYCHUS NPHUBEACHBI Kak
CpelHHe + CTaHJIaPTHOE OTKJIOHEHHE. Tak, MaKCUMaIbHOE COJIEpKAHUE AaHTUOKCUIAHTOB 3,24 +
0,23 mr/aM® uIs 9KCTpakTa, MOJYYEHHOrO U3 (hapMaleBTUYECKOro 00pasia, COOTBETCTBYET
MaKCHUMaJIbHOMY BPEMEHHM BBbIIEPKKH, T.€. 10 MuHyTam. OfgHaKo Uil SKCTPaKTOB U3 BTOPOIO
chIpbst HauOoJbinee 3Hauenre CA 1,63 £ 0,11 mr/am> HaGomaeTcs Ipu 3 MUHYTax BBIIEPKKH.
Otmeuaercst, uTo CA 3KCTpakTOB (papManieBTUUYECKOTO ChIPhS B CPEAHEM MPEBOCXOIUT BBITSKKU
Ipyroro o0pasia Ha MPUMEPHO B 2 pasa, 9TO MOXKET OBITh 00YCIOBICHO arpOKIMMATHYECKUMU
YCIOBUAMHU U OCOOCHHOCTSMHU XPaHEHHsI CBHIPbs. Y CTaHOBJIEHO, YTO pa3HOCTh 3HaueHHi CA B
o0pasiax pa3Horo BpeMeHH 3KCTpakuuu He npesbimaer 0,22 mr/am?® u 0,13 mr/om?® ast nepsoro
U BTOPOTO CHIPbsI COOTBETCTBEHHO.

B cnenyromem stane paboThbl ObIIIN MPOBECHBI HCCIEIOBAHUS BIMSAHUS TEMIIEPATyphl HA
CA TOJy4eHHBIX 3KCTPAKTOB. DKCTPAKIMIO LIBETKOB alTEYHOTO 00paslia MpOBOJMIN BOJHOU
BBITSDKKOW B TeueHue 10 muHyT npu temneparypax 90, 60 u 25 °C. IIpu 3ToM MakcuManbHOE
snagenne CA 2,98 + 0,21 mr/amm® coorserctByer 90 °C, muammanbHoe 2,02 + 0,14 mr/am?
OTMEYEHO NpU HauMeHblel temnepartype 25 °C. Takum oOpa3om, HaOIIOAAETCS YBEIUYCHUE
JMana3oHa 3HaueHHH, YTO MOXKET CBUIETEILCTBOBATh O BO3PACTAHUU BIIMSHUS TEMIIEpPaTyphl HA
CA, ogHaKo npearnooxkeHue TpedyeT CTaTUCTUIECKOM IPOBEPKHU.

Takum o0pazoMm, MOXXHO caenaTh BbBOHA, 4yTo AOA BomHbIX 3KcTpakToB Calendula
officinalis L. 3aBUCHT OT YCIIOBHHM S3KCTpPaKIMM, B YaCTHOCTH OT BPEMEHU U TEMIIEPATypHI
nporecca. Bkiman temmepaTypbl uMmeeT Oosnbliee BiusHHEe B 3HaueHHe CA B CpaBHEHHH C
BpeMEHEM BBITSOKKH. [loBblmieHHe Temmeparypbl skcTpakiuu 10 90 °C  crocoOcTByeT
YBEIUYEHUIO aHTHOKCUAAHTHONW aKTUBHOCTH, 4TO CBSI3aHO ¢ Ooiiee 3(pPEKTUBHBIM M3BICUCHUEM
TUAPOQWIBHBIX ~ aHTHOKCHUIAHTOB.  AMIIEpOMETPUYECKH  METOA  MOKa3al  BBICOKYIO
qyBCTBUTEIHHOCTH U BOCIIPOU3BOIUMOCTE PE3yJIbTAaTOB, MOJATBEPKAAS €T0 MEPCIIEKTUBHOCTD JIS
HKCIPECCHOM OIEHKH aHTUOKCUAHTHOTO MOTEHIMAaJa PACTUTEIBHBIX 3KCTPAKTOB.
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OLEHKA CIIOCOBHOCTH U30JIATOB, IIOJTYYEHHBIX U3
PA3JIMYHbBIX OPI'’TAHOB BOPHIEBUKA COCHOBCKOI'O,

CHUHTE3UPOBATDH UYK

IInaronos A.B., Paccoxuna U.H., Cyxapesa JI.B., Eperuna C.B.
DI'BYH «Bonozoockuii nayunstii yenmp Poccuiickoit akaoemuu nayk» (OI'bYH BonHI[
PAH), Poccusa, 160014, 2. Bonozoa, yn. I'opbkozo, 0. 56a, common@yolnc.ru

KnroueBoil myTh NOBBILIEHMSI NPOAYKTUBHOCTH CEJIbCKOXO3AMCTBEHHBIX KYJIbTYp —
BHEApEHHE MONU(YHKIIMOHAIBHBIX KOHCOPLHUYMOB MHUKpPOOpPraHu3MoB [1]. MuKpoopraHusMsl
CMOCOOHBI 3HAYMTENBHO BIMATH HA POCTOBBIE MPOIECCH M NMPOAYKTHBHOCTb pacTeHuil [2].
OnHako NpakTUYECKOe MPUMEHEHNE MUKPOOHBIX MTPENapaToB B 0TEYECTBEHHOM PACTEHHEBOICTBE
OTPaHUYEHO, B TOM YHUCJE M3-32 UX HU3KOIO aCCOPTHUMEHTA, YTO MOATBEPXKAAET aKTyalbHOCTh
HAy4YHBIX HMCCIeOoBaHMN B daHHOU cdepe [3]. B mepByro odepenp MOBBIMIATE ACCOPTHUMEHT
MHUKPOOHBIX MpenapaToB HEOOXOIMMO Ul PErHOHOB, I/I€ CEIBCKOE XO3SHCTBO ABISETCS OJHUM
13 IPUOPUTETHBIX HAMPABICHUH JEATEIBHOCTH, OJJHAKO UMEET OIIpEIeTICHHbIE TPYIHOCTH. Tak, B
Bosnorozckoit 00:1acTé MOJIOUHOE CKOTOBOZCTBO SABISIETCS OJHUM M3 BaKHEHIUX HAIrpaBlICHHUH
NESITEIbHOCTH pPEruoHa, OJHAKO IIPU BEJIEHUU CEJIbCKOXO3SMCTBEHHOIO IPOMU3BOJCTBA
HEOOXO/IMMO YYHTBHIBaTh MajloONaronpUaATHBIE NPHPOTHO-KIMMATHYECKUE U HEMOCTOSHHBIC
IIOTO/IHBIE YCIIOBUS.

OaHUM U3 UPOKO PacTIpOCTPAHEHHBIX BUAOB C BBICOKOM AKOJIOTMUYECKOH INIACTUYHOCTBIO
Ha Tepputopun Heueprnosemnoii 30u61 Poccuu siBnsiercst Heracleum sosnowskyi Manden. imenHO
MHUKpPOOMOM JTaHHOTO BHUJa ObUI BBIOpPAH JAJISl TMOMCKA MEPCIEKTUBHBIX JUIsl arpONpOU3BOICTBA
U30JISITOB.

B 2025 rongy B pamkax peanu3aluy MpoeKTa ObUTM OCYIIECTBICHBI BbIE3/bl B OTIMYHBIC
cooOmiecTBa C MacCOBBIM pacHpocTpaHeHueM OopieBuka COCHOBCKOTO: OKPECTHOCTH .
Myxunoit (YepenoBenkuii paiion, Bomoroackas o0iacTh) M OKpeCTHOCTH 1. BacuibeBckoe
(Bonoroackwuii okpyr, Bonoroackas o6nacts). PesynbratoM BoaeneHus OakTepuil u3 oopasios,
COOpaHHBIX B paMKaX JIByX 3Kkcrnenuiui, ctano 190 uzonsara: 96 snudutHeIX U 94 SHTOPHUTHEIX.
JUisl OYMCTH PacTUTENIBHBIX 00pa31oB OT 3Mu(pUTHON MUKpodIopsl puMeHs 70% 3TUIOBBIHA
criupT U 18,5% mnepexucs Bopopona. KyiapTuBupoBaHue BBIIEICHHBIX OAaKTEpUl OCYIIECTBISIIN
Ha nutaTenbHoi cpene LB mo Miller.

KnroueBbIM acnekToM (DHU3MOIOTHYECKOTO BO3CHCTBUS MUKPOOOB-CUMOMOHTOB Ha
BBICIIIME PACTEHHUS BHICTYIIAET UX CIOCOOHOCTH K OMOCHHTE3Y IIUPOKOTO CHEKTPa (PUTOTOPMOHOB,
BKJIIOYasi ayKCHHBI, THOOEpEITIMHbI U UMTOKMHUHBI [4]. Haubonee n3y4eHHBIM MEXaHU3MOM B
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JAHHOM KOHTEKCTE SBJIAETCA CHUHTE3 MHJI0J-3-ykcycHOM kucnorel (MUYK). E€ sk3orenHas
CeKpelusi MUKpPOOpraHM3MaMu B pu3oc(epy OKa3blBaeT MHOTOIJIAHOBOE CTHMYJIMpYIOIIEe
JeiicTBUE Ha KOPHEBYIO CHUCTEMY pacTeHHs-xo3siuHa. [lomanas B 30Hy KopHs, MukpoOHas MYK
MHAYIHUPYET TMPOLECCHl PACTSIKEHUS KIETOK, YTO HEMOCPEACTBEHHO YCKOPSET POCTOBBIC
nporeccel. Kpome TOro, moxa e€ BIMSHUEM MPOUCXOIUT MHTEHCUBHOE 00Opa3oBaHHE OOKOBBIX
KOpPHEH W KOPHEBBIX BOJOCKOB, YTO NPUBOJUT K 3HAUYUTEIBHOMY YBEIUYEHHUIO O0OIIei
MIOTJIOTUTENIBHOM TOBEPXHOCTH KOPHEBOM CHCTEMBI. OTO, B CBOIO O4Yepelb, IOBBIIIACT
3¢ (EKTUBHOCTh YCBOEHHUS PACTEHHUEM BOBI M IJIEMEHTOB NHUTaHUS M3 MouBbl [5]. MIMeHHO
MIO3TOMY OLIEHKA CIOCOOHOCTH BBIJICIIEHHBIX M30JTOB cuHTe3upoBath MYK sBisercs oqHol u3
BaXHBIX  3agay  mpoekra.  Omnpenenenne — cogepxkanus  MYK  ocymecTBisiach
CHEKTPO(POTOMETPUUECKUM  METOJIOM C  HCMOJNb30BaHHMEM  peakTuBa  CalbKOBCKOTO.
CycreH3MOHHYIO KYJIbTYpY AJIS aHaJIM3a MMOJIydaid Ha TpUunTodaHcoaepKallel cpeae B TeUeHUN
3-X CYTOK.

Cpenu UW305IATOB, BBIICICHHBIX B paMKax HcciefnoBaHus, 86% oOHapy>KuBaIu
CIOCOOHOCTh CHHTE3UPOBATh MHJIOJIBL, TP 3TOM 42% CIIOCOOHBI K X CHHTE3y B KosnuecTBe 20
Mr/11 u Beiie, 35% — B konuuectse 30 Mr/i u Beiie, 28% — B konuuectse 50 mr/i u Beie, 14%
— B KoimyecTBe Boime 100 mr/i.

B uenom, nambonbmmii cunte3 MUYK Obin oOHapykeH y SHIOPHUTHBIX Oaktepuii (B
cpeaneM 43 Mr/i), B KyJIbTYpajJbHOH >KHUIKOCTH OTAEIBHBIX H30JATOB coxaepkanne MYK
nocturano 3HayeHnii 10 130-161 mr/n. Cpeau opranos 6opieBuka 6akTepuu, co CIOCOOHOCTHIO
cuaresupoBath UYK B HanbonblieM KOTUYECTBE, ObUTH BBIIEICHBI U3 TUIOA0B (Y SMUGHUTHBIX
OaKTepHii KOJIUYECTBO TOCTUTANO 0 143 Mr/i, B cpeiHeM coCTaBisio 48 Mr/i, y SHIO(PHUTHBIX —
1o 161 mr/n, cpennee — 66 mr/m) u mucTheB (Y aMUGUTHBIX U SHIOPUTHBIX — 10 152 Mr/i1, cpenHee
— 50 mr/n 1 40 MIr/1 COOTBETCTBEHHO). DNU(UTHBIE OaKTEPUN KOPHEBOM CUCTEMBI OBUIH CITIOCOOHBI
k cunte3y MYK B konmuectse 10 108 mr/mn (B cpennem 15 mr/m), snudurHeie 0akTepuu u3 credmuei
— 110 98 mr/i (B cpearem 22 mr/i), suaodutHeie — 10 119 mr/n (B cpeqnem 35 mr/m) u 129 mr/n (B
cpenHeM 44 Mr/i) COOTBETCTBEHHO.

C Ttouku 3peHus crocoOHOcTH Oakrepuit cuHTe3npoBath YK B HacTosAmmii MOMEHT
HanOosiee WMHTEPECHBIMH Ul arpolpoM3BOJCTBA ObUIM MpHU3HAaHBI 19 mTamMMoB (CHUHTE3 B
konndectBe 50 mMr/n u Beiie). JlanpHemii BeKTop uccieaoBanus OyIeT HalpaBieH Ha MOUCK
CpeAM JaHHBIX IITaMMOB TeX, KOTOpble CHocoOHbl Haubosiee 53(PQEeKTUBHO ycBaUBATh
MOJICKYJISIPHBIM a30T W TpaHcPopMupoBaTh (GocdaTbl KalbLUs B JOCTYNHYIO JUIS PAacTEHHUM
dbopmy.

HccnenoBaHue BHIIOJIHEHO TP MOAJIEpKKe rpanTa Poccuiickoro Hayunoro ¢onga Ne 25-
26-00204 «buorexHonorunyeckre noTeHIan Mukpoouoma Heracleum sosnowskyi Manden s
arpornpounsBojcTBa HeuepHozemnuoii 3061 Poccum» (https://rscf.ru/project/25-26-00204/).

Jlutreparypa

1. Maitra S., Brestic M., Bhadra P., Shankar T., Praharaj S., Palai J.B., Rahman Shah M.M.,
Barek V., Ondrisik P., Skalicky M., Hossain A. Bioinoculants-natural biological resources for
sustainable  plant  production.  Microorganisms. 2022. Vol. 10(1), 51. DOLI:
10.3390/microorganisms10010051

2. Makcumos M.B., Cunrx B.II., Yepenanosa E.A., bypxanosa I'.®., Xaiipynnun P.M.
[lepcrieKTHBBI TPUMEHEHUS OaKTEPU—TPOAYIIEHTOB JUMONENTUAOB JUIS 3allUThl PACTCHUMN
(0630p). puknannas Ouoxumus u Mmukpobuomorus. 2020. T. 56. Ne. 1. C. 19-34. DOLI:
10.31857/80555109920010134

®rbHY BHUUCB, 2025 . 117



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

3. WBanoB B.A. Crparerus pasButus cenbckoro xossiictBa EBpomneiickoro Cesepa
Poccun: monorpacgus. 2023. 140 c.

4. Gupta R., Anand G., Bar M. Developmental phytohormones: key players in host-
microbe interactions. Journal of Plant Growth Regulation. 2023. Vol. 42. Ne. 12. pp. 7330-7351.
DOI: 10.1007/s00344-023-11030-y

5. Etesami H., Glick B.R. Bacterial indole-3-acetic acid: A key regulator for plant growth,
plant-microbe interactions, and agricultural adaptive resilience. Microbiological Research. 2024.
Vol. 281. pp. 127602. DOI: 10.1016/j.micres.2024.127602

NMMMYHOIAETEKIIUA B UCCIIEJOBAHUAX: TPYTHOCTU U IIYTHU
X NPEOJOJIEHMUA.

10.B. ITonosa'2, H.A. Kyapsisuesa', J.LU. Xpycraiesa'-?

1 - ®I'BHY “Bcepoccuiickuit Hayuno-Hccneoosamenwvckuit Hucmumym
Cenvckoxossaiicmeennoit buomexnonozuu” (OI'bHY BHUHCH), Mockea 127550; E-mail:
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2 - Henmp Monexynapunou buomexnonocuu, PI'AY-MCXA um. K.A. Tumupazeea, Mockea
127550; E-mail: khrustaleva@rgau-msha.ru

MeTtox WMMYHOIETEKIIMM OENKOB IIUPOKO MPHUMEHSETCS B LUTOICHETHYECKUX U
MOJICKYJISIPHO-OMOJIOTMYECKUX HCCIIEAOBAHUAX, TPU 3TOM YACTO BO3HHKAIOT TEXHUYECKHE
CJIO’KHOCTH, 3aTPYJHSIOIIUE MOyYeHHEe KaueCTBEHHOM BHU3yallM3alluy LIEJEBBIX OENKOB. Ycmex
MMMYHOJACTEKLIUHA B LUTOICHETUYECKUX HUCCICNOBAHUAX B 3HAYUTEIIBLHOW CTEIEHHU 3aBUCUT OT
TIIATEIbHOM ONTHMHU3AIMKM BCEX ITAlOB MPOTOKOJA K KOHKPETHBIM OOBEKTaM HCCIICIOBAHUSL.
Cnalplii cWrHam WM €ro OTCYTCTBHE, BBICOKOE (DOHOBOE CBEUYCHME, Hecmenuduueckoe
CBSI3bIBAHME QHTUTEI U ApyTUe GaKkTOPbI CO3JAI0T TPYAHOCTH IPU TTOCTAHOBKE SKCIIEPUMEHTOB U
UX aHAJIA3E.

NMMyHOETeKIIMS TO3BOJIICT BU3YaJTM3UpPOBATh pa3iuyHble O€NKU in  situ Ha
OMOJIOTMYECKUX TpernapaTax ¢ HOMOIIBIO0 aHTHTEN K U3y4aeMbIM OeJIKaM U KOHBIOTHPOBAHHBIMU
c HUMHU ¢uyopoxpomaMu. HecMoTpst Ha MIMPOKYIO JAOCTYHHOCTh KOMMEPYECKHX aHTUTEIN, MX
IpPUMEHEHHE HepelnKko TpeOyeT WHAMBHUAYaJIbHON aJanTald MPOTOKOJOB JJIS IMONYYCHHS
crieun(pUIYHBIX U BOCIPOU3BOJUMBIX PE3YIHTaTOB HMMYHHOICTEKIIHH.

Llenpto  maHHOM  paboOTHI  sBIsieTCST  pa3pabOTKa MPOTOKOJIA  MMMYHOJCTEKIIUU
MO3BOJISIOIIETO 00ECIEUUTh JOCTYN KOMMEPUYECKHX AHTHUTEN K IIeJICBBIM OelKaM M YCIEIIHOM
BU3yaJIM3allul MEHOTHYECKUX OEJIKOB Ha Ipernaparax.

PaboTa Oblia BBIOJIHEHA Ha MAaXUTEHHBIX XpOMOCOMax Jiyka pemuatoro (Allium. cepa).
Jis ummyHonetekiuun ZYP1 Oenka — HEHTpaIbHOTO 3JIEMEHTa CUHANTOHEMHOTO KOMILIEKCA,
UCTOJNB30BaJIM KOMMepyeckne aHTurena k ZYPl Oenky apabuporicuca. BripaBHUBaHHE
MIOCTIeIOBATEIbHOCTH M MPEJCKa3aHHOM TpexMepHoW cTpykTypbl ZYP1 apabunoncuca u iyka
pernyaToro BBISIBHJIO BBICOKYIO CTETNEHb WICHTUYHOCTH B obnactu snutona. [Ipumenenue 60%
YKCYCHOHM KHCJIOTHI C ITOJAOIPEBOM Ha TepMoOCTONMKE pu 60° B TeueHne 1 MUHYTHI IO3BOJIUIIO
MOJIYYUTh MAaXUTEHHBIE XPOMOCOMBI C XOPOIIUM Pa30pOCOM M MpO3pavyHON HUTOIUIa3Moi. s
Jy4ieil AOCTYIMHOCTH aHTUTEN K IeJIEBOMY O€NKy CTEKJa ¢ MaXUTEHHBIMH XPOMOCOMAaMH B
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UTpAaTHOM Oydepe Mmomemain B MUKPOBOJIHOBYIO I€Ub, YTO MPUBEJIO K JIydlIeMy IOCTYITY
AHTUIE€HHBIX 3MUTONOB ZYP1 115 aHTUTEN U MOBBICUIIO UX CBSI3bIBAHUE.

Pa3pa0OoTanHblif HAMHU TPOTOKOJI PUTOTOBJICHUS MIPETIAPATOB MEHOTHUYECKUX XPOMOCOM U
MoCJeyIoIeil UMMYHOIETEKIIMHM O0eCTIeYIIT YCTICITHYIO BU3yaIH3alMio OEJIKOB Ha IMpernaparax
MaXUTEHHBIX XPOMOCOM JIyKa pernyaroro. JJaHHbIH MPOTOKOJI MOKET OBITh MMPUMEHEH HE TOJBKO
1151 OEJIKOB CHHANITOHEMHOT'O KOMILIEKCA, HO U JJISl IPYTHX IIEJIeBBIX OCNKOB.

HccnenoBanust BEIOIHEHBI Tpu puHaHcoBor noznepkke PH® mpoekra Ne 24-76-10037.
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CoBpeMeHHBIE JKOJOTMYECKHE M arpOTEXHOJIOTHYECKHE BBI30BBI TPEOYIOT TITyOOKOro
[IOHUMAaHUs MOJIEKYJIIPHBIX MEXaHU3MOB, JICKAIlUX B OCHOBE aJanTallid pPAaCTeHUM K
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crpeccoBbIM (hakTopam. Cpean Takux (HakTopoB 0co00€ BHUMAHHE BBI3BIBAIOT MOHU3UPYIOIIEE
U3JIYYCHUE U TsDKeNble MeTaylibl, B yacTHOocTU cBuHel (Pb). O0a arenta cnocoOHBI BBI3BIBATH
OKHCIIMTEJBHBII CTpecc, HapylmaTh KJIETOYHBIM T'OMEOCTa3 M BIHUATh HA SKCIPECCHUIO TEHOB,
PEryJIUpYyIOMUX POCT, PA3BUTHE U 3AIMUTHBIC PEaKIIUH PACTEHUI.

SAamens (Hordeum vulgare 1..) — ofHa U3 KITIOYEBBIX 3€PHOBBIX KYIBTYp, 00Iagaroias
BBICOKOM YYyBCTBUTEIBHOCTHIO K BHEIIHMM CTpeccaM, YTO JIENaeT €ro YJOOHOW MOJAEBIO IS
M3yYEHUS] MOJICKYJIIPHBIX OTBETOB Ha MOBPEXKAAIONINE (PAKTOPHI.

JUJ1sl OLIEHKHU SKCIPECCHU TEHOB, cpa3y Mmocje 00aydYeHHs CEMEeHa pacIoiaraiy B pyJIoHax
u3 (QWIBTPOBAIBHOM OyMaru M MOJMATUICHOBOW TuieHKHM Mo 100 ceMsH B KaXIOM pYyJIOHE
cormacHo [['OCT 12038-84] u pexomennanusm [babasH, 1981]. Pynonsl cBopadnBany, CTaBUIN
B CTaKaHbl C TUCTWILIUPOBAHHOW BOmoW ¢ goOamienuem Pb(NO3): mwnm 06e3 u momemand B
tepmoctat MIR-254 (Sanyo, AAnonus) npu remmneparype 20 °C £ 0,5 °C 6e3 ocenieHns. O0pa3ibl
KOpHEH 1 M0OeroB OTOMPAaIN Ha CTaJNH 7-CyTOUYHBIX MPOPOCTKOB, TOMEIIATIHN B KPHOIIPOOUPKH U
(buKCUpoOBalK B )KUAKOM a30Te /10 aHanu3a. Bee nccnenoBanue npoBOAWIN OTACIBHO B KOPHSAX U
noOerax.

Pacturensubiii marepuan maccod 70-90 Mr romMoreHuM3MpoBalM B JKUIKOM a30T€ C
no6aBieHreM onuBUHUITHPponuaoHa (Sigma-Aldrich, CIHA). Beigenenne PHK Boimonssmm ¢
nomortipio ExtractRNA (Esporen, Poccus), ¢ mocnenyromum cuaresom k/JJHK (MMLV RT kit
(EBporen, Poccust) corniacHo mpoTOKOIy MPOU3BOIUTENS.

I'ensr uHTEpECca B paboTe - OTBEUAIOIME 32 META00IM3M U CUTHAJIMHT (PUTOTOPMOHOB U
T'€HBI, MOTEHIIHAIFHO BOBJICYCHHbIE B OTBET PACTCHUN Ha Y-00JIy4eHHE U TOKCUYECKOE JICHCTBHE
ceuHna (HvAAOI; HvILRI; HvIAAl; HvLOG3; HvABAS'OH-2; HYNCED1; HvPCS; HvHMT3;
HvHMT4; AtPDRS8-like; GSTT3-like; Hvu-ADP (PedepeHcHbIil ren).

et Obutn  mOHOOpaHBl HAa OCHOBE aHAIW3a JIUTEPATYPHBIX HCTOYHHUKOB U
TPAHCKPUIITOMHOTO MCCIIEJOBAHUSI TPOPOCTKOB sUMEHs mocie y-oOmyueHust [Prazyan et al.,
2024]. B xadyectBe pedepeHCHOTO MCMOIb30BaIH TeH (akropa pubosmnupoBanus AP (Hvu-
ADP). IlpaiimMepsl K KaHIUAATHBIM IeHaM ObUIM B3SATHI M3 JHUTEPATYPHBIX MCTOYHHUKOB WIIH, B
cllyuac BBIOpDAaHHBIX Ha OCHOBE TPAHCKPUIITOMHOTO aHaiW3a, ObUTM pa3paboTaHbl ¢
ucrnonb3oBanueM uHcTpyMeHTta Primer BLAST wu 6a3pr ganneix National Center for
Biotechnology Information (NCBI)

[IIIP B peampHOM BpemeHu mnpoBoamiu Ha a”anuzarope T-96 (JJHK-rexnomnorwus,
Poccust) mpu cienyrommx yciaoBUsSX TEPMOLMKINPOBAHMS: HavajdbHAs ACHATYpalus 5 MUH MpH
95 °C, 40 uukioB neHatypanuu/omxkura/snonramuu (95 °C B teuenue 15 ¢, 61 °C B Teuenue 30 c,
70 °C B teuenue 30 c). O0ObeM peaklIMOHHON CMeCH ISl OAHOM peakuuu cocTaBisul 20 MK,
Bkitovast 4 mxa matpuusl kKJIHK, 2 mxn 10 MkM cMecu npsiMmoro 1 06paTHOTO NpaiMepoB, 4 MKIT
peakimonHoit cmecu qPCRmix-HS SYBR (EBporen, Poccust), 10 mMxin Boasl, CBOOOJHOW OT
Hykiea3. Bee peaknuu IILP nmpoBoawin B IBYX TEXHUYECKUX IMOBTOPHOCTAX. [[ns Kaxmoro
HKCHEPUMEHTAIBHOTO BapHAHTA aHATM3UPOBAIN 4 OUOJIOTUYECKUX TOBTOPHOCTH.

st pacuera OTHOCUTENBHBIX U3MEHEHUH JKcnpeccur reHoB (RQ) ucnonb3oBanu MoJienb
AACp [Pfaffl, 2001]. 3HauuUTENbHBIM U3MEHEHHUEM OHKCIPECCHH TE€HOB CUUTAIH JIBYKpaTHOE
YBEIUYEHUE UM YMEHBIICHUE OTHOCUTEIILHON SKCIPECCHU IO CPABHEHHIO C KOHTPOJIEM.

Pe3yibTaThl.

B moGerax M KOpHSX NPOPOCTKOB, IOCIE Pa3JeNbHOIO M COYETAaHHOTO JCUCTBUS Y-
u3Iy4deHus U Pb BbIsIBIEHO MOBBINICHHE TPAHCKPUTIIIMOHHON aKTUBHOCTH T'eHOB OnocunTe3a YK
Kak de novo (HvAAQOI), Tak ¥ TOCPEICTBOM THIPOIHN3a KOHBbIOratoB (HVILRI). B KopHsX mocie
pa3AeIbHOTo U COYETAaHHOTO JCHCTBUS Y-U3TyUEeHHUS U oderax rnocie aectBus Toibko Pb takxe
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ObUI OTMEYEH POCT JKCIPECCUM T'€Ha PAaHHEro OTBeTa Ha aykcuH HvIAAI. Dxcrpeccus reHa
OouocuHTe3a uUTOKMHUHA (HVLOG3) pocna, OIHAKO B KOPHSAX HAONIONANIOCH CHUKCHHE
skcrpeccun. Jkcnpeccust reHoB Metabonmm3ama ABK (HvNCEDI) yka3biBaeT Ha YBEITUYCHUE
noreHiuana ounocunreza ABK B pesynbraTe pazensHOro U COUETaHHOTO ACHCTBHS (PaKTOPOB MPH
TOM, 4TO 3Kcnpeccusi reHa HvABAS8'OH-2, xonupyromero §'-rufjpokcuiazy, OTBEYAIOIIYIO 3a
OKHCIHUTENbHYIO aerpafauuio ABK pociaa ToOmpko B KOpPHSX HpU COYETAaHHOM JACWCTBUH Y-
U3Iy4YeHUs M CBHUHLA. TpaHCKpUIIMOHHAs AaKTUBHOCTh reHa MHvPCS, yuwacTBylOIIEro B
JETOKCUKAIIMM TSDKENBIX METAJIOB, pocia B Mo0Oerax MpHU pa3felibHOM JEHCTBHM 000uX
¢dakTOopoB, a B KOpHAX HpU JCHCTBUM CBUHIIA KaK OTJENbHO, TaK W B COUYETAHHUU C
IpeBapUTENILHBIM Y-00ay4ueHneM. Pe3ybprarel aHanu3a auddepeHnnanbHOM SKCIPECCHH TaKKe
JIEMOHCTPHUPYIOT, YTO B OTBET Ha HCCIEAyeMble (aKTOPHI BOBICUEHBI CHEHHPHUUECKUE OCNKH
tpancnoptepsl HVAMT3, HvHMT4, AtPDRS-like. TpancKpUNIIMOHHAsI aKTUBHOCTH reHa GST73-
like, cBsi3aHHOTO C (hEPMEHTOM aHTUOKCHJIAHTHOM CUCTEMBI TTyTaTHOH-S-Tpanchepassl T3 pocia
B mo0erax B pe3ysbTaTe pa3fAeIbHOr0 U COUYSTAHHOTO JACHCTBUS Y-U3TYUCHUS U CBUHIIA, B KOPHSX
pOCT OBLIT OTMEUEH TOJIBKO MOCIIE Y-00Ty4eHUsI CEMSIH.

Takum o00pa3oM, pe3yibTaThl HAIIEro MCCIENOBaHHUA IOJYEPKUBAIOT CIIOKHBIC
B3aMMOCBSI3U B PEryJISLIMU T€HOB, OTBEUYAIOIINX 32 PEaKIUi PACTEHUH Ha JeHCTBUE Y-U3TyUCHHS
U CBUHIA. DTH JaHHBIE MOTYT OBITh TIOJE3HBI Ul aHAIM3a MEXaHU3MOB aJlalTallii PacTeHUH K
HEOJIaronpUsATHBIM YCIOBHSM U pa3pabOTKH CTPATETUil MOBBIICHUS UX YCTOMYUBOCTH.
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B Heuepnosemuoi 301e Poccuniickoit denepanuu packpbIiTUe TEHETUYECKOT0 ITOTEHIaa
CEeNIbCKOXO3SMICTBEHHBIX ~ KYJIBTYp JIMMUTHPYETCS HECTaOWJIBbHBIMHU  arpOKIMMAaTHYECKHUMU
ycnoBusiMu [1]. C 11enpto MOBBIIEHUS TPOYKTUBHOCTH M YCTOWYMBOCTH PACTEHUI B MIPAKTHKE
pPacTEeHMEBOJCTBA IIHPOKO MPUMEHSIOTCS pPA3IM4YHblE XUMHUYEcKHe cpeacTtBa. (OaHako,
OTHOCHUTEIIFHO HU3KUN YPOBEHb YCBOCHUS MUTATEIBHBIX JIEMEHTOB PACTCHUSAMHU M HETaTUBHOE
BO3/ICHCTBUE HA OKPYIKAIOIIYIO CPEly BBI3BIBAIOT HEOOXOIUMOCTh KOPPEKTUPOBKU JEHCTBYIOIIEH
JECATHIICTUSIMU CHCTEMBI 3emuienenus [2—3]. ANbTepHaTHBHBIM M SKOJOTHYECKH O€30MacHBIM
pemieHreM BbICTynaeT wucrnoib3oBanue PGPR-MukpoopraHn3MoB, MO3UTHUBHO BIUSIOMIMX Ha
MPOIYKTHBHOCTh arpoleHO30B W KadyecTBO NpoaykKuuu [4]. MHKpOOpPraHW3MBI CIIOCOOHBI
3HAYUTENIBHO BIMATH HA POCTOBBIE MPOLIECCHI U TPOTYKTUBHOCTh PacTeHUH [5].

AHanu3 JUTEepaTyphl IMO3BOJSET TOBOPUTH, YTO HauOoJiee IMEpCIEeKTUBHBIMHU, CpEau
cBoOOoHO xuBymuXx PGPR-6aktepuii, st arporipon3BOICTBA SBISIOTCS MPEICTABUTENN POIOB
Bacillus u  Pseudomonas, koTopsle CcHOCOOHBI ~ OKa3blBaTh Ha  PAacTEeHHS  Kak
POCTOCTUMYJIMPYIOLIUH, TaK U IPOTEKTOPHBINH 3((HEKThI, YTO B KOHEYHOM CUETE CKa3bIBAETCS Ha
IIPOAYKTUBHOCTH KYJIBTYp [6].

B mepuox 2019-2022 rr. B maboparopuu OMO’KOHOMHMKH M YCTOHYHMBOTO DPa3BHTHUS
u3ydJanoch naeiicteue npenaparoB «Hatypoct» (ocHoBa Bacillus subtilis Ne111) u «Hatypoct-M»
(Bacillus megaterium B-4801) Ha pocTOBBIE M IPOJYKTUBHBIE ITOKa3aTenu ssuMeHs copta CoHeT,
oBca coprta JleB u mmenunsl copra [lapes, B nepuon 2020-2024 rr. — neilcTBUE CycneH3UU
mramma Pseudomonas sp. GEOT18. Cepun MeIKOIENSHOYHBIX IOJEBBIX 3KCIIEPUMEHTOB
nocTasiieHbl Ha onbITHOM nose C3HUMMIITIX.

B pamkax onpITOB, B TCUEHUH BET€TaIMH, OCYIIECTBIIIIACH OLIEHKA POCTOBBIX MAPaMETPOB
KyJIbTYp (ACCHMUIIALIMOHHAS MTOBEPXHOCTh, BECOBBIC MOKA3aTENN), a TAK)KE OILICHKA CTPYKTYPHI
ypo’Kasi ¥ 3¢pHOBOM HMPOJYKTUBHOCTH B KOHIIE BereTanuu. CTaTUCTHUECKYI0 00pabOTKy TaHHBIX
OCYWIECTBIISUIM IO CTAaHAAPTHBIM METOJUKAM C HCIIOIb30BAaHMEM IIaKeTa aHalW3a JaHHbIX
nporpammbl MS Excel’2019.

Pe3ynbTaThl MO3BOJISIOT FTOBOPUTH, YTO UCIIOIB30BAHUE CYCIIEH3UHU ITaMMa Pseudomonas
sp. GEOT18 yBennuuBano acCHMUIALIMOHHAS MIOBEPXHOCTH STUMEHS B (pa3y kojouieHus Ha 21—
60%, y oBca — Ha 7-23%, y nmenuusl — Ha 39—64%, cyxas macca Bo3pacTtaia — Ha 29-64%, 34—
38% u 28-70% COOTBETCTBEHHO U OTHOCUTEJIBHO KOHTposs. Ilpm ucnonb3oBaHuun
HKCIEPUMEHTAIBHBIX MpPEnapaToB, OCHOBA KOTOPBIX B. subtilis Nel11 u B. megaterium B-4801,
HabJI01aIach CX0XKas KapTUHA: YBEITMUEHHE ACCUMIIIILIMOHHON TOBEPXHOCTH 3€PHOBBIX KYJIBTYD
CIOCOOCTBOBAIO 00Jiee MHTEHCUBHOMY HAKOIUICHHIO CYXOI'O BEIECTBA ONBITHBIMU BapUaHTAMU
OTHOCUTENIbHO KOHTpoiis. Tak, cyxas macca pacTeHHH suMeHs B (pa3y KOJIOIIEHUS, KOTOphIE
MIOJIBEPraJIuCh AeUcTBUIO OakTepuil B. subtilis Nel11, npeBocxouia KOHTpob Ha 73—144%, oBca
— Ha 3-59% wu mmennnbl — Ha 21-53%, a mpu geiictBuu Oaktepuit B. megaterium B-4801
pasnuyus Mo AaHHOMY Tokazarento gocturanu 73—144% y sumens, 3—59% y oBca u 21-53% y
MIICHUIIBI.

AKTHBaIMs POCTOBBIX MPOLIECCOB MOJIOKUTEIBHO CKa3a1ach HA U3MEHEHUH YPOKallHOCTH
KyJbTYp. 3€pHOBasi MPOAYKTUBHOCTb siuMeHsl copTa COHET mpu AEUCTBUM IIpenapara, OCHOBA
KoToporo B. subtilis Nel11, mpeBocxoauna koHTpoiab Ha 10-20%, oBca — Ha 2—29%, NIIEHUIIBI —
Ha 4%, npu AecTBUM IIpenapaTa, OCHOBa KOoToporo B. megaterium B-4801, paznuuus nocturanu
7-46%, 15-31% u 5-11%, a B BapuanTe, T]i¢ UCIOIH30BAIACH CYCIICH3UH MTamMma Pseudomonas
sp. GEOT18, npeBocxoactso nocturaino — 16-40%, 21-24% u 5-14% cooTBETCTBEHHO.

Takum oOpaszom, wuccrenoBanue ponoB Bacillus u Pseudomonas peiicTBUTEIHHO
NPEJCTABIsCT WHTEpPEC Ui arponpoM3BOJCTBA, M MX TMPEICTABUTEIM CHOCOOHBI OKa3aTb
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OLLLYTUMOE JCHCTBUE HA POCTOBBIC U MPOAYKTUBHBIE IIOKA3aTEIIA 3€PHOBBIX KYJIbTYP B YCIOBUAX
HeuepnosemHuoi 30161 Poccun.
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Psizanosa C.M.!, Maxunosa E.JO.!

1 - @eoepanvroe zocyoapcmeennoe 0100)cemuoe 00paz0eamenbHoe yuperHcoeHue eblcuieco

oopazoseanusa «Poccuiickuii 2ocyoapcmeennutii azpapnutii ynusepcumem — MCXA umenu K.

A. Tumupsazeea» (OI'bOY BO PIAY-MCXA umenu K. A. Tumupsazeea), 127434, 2. Mockea,
yi. Tumupaszeeckasn, 49, E-mail: info@rgau-msha.ru

B nocneanue necarunerus npodiemMa UCTOLEHHUS PUPOIHBIX PECYpPCOB CTala OJAHOM U3 CaMbIX
aKTyaJbHbIX B Hay4HOM cooOiectBe. OcoOblii MHTEpeC MpPEeICTaBIseT CBETOKYJIbTypa M e
HauOOJbIIas ONTHUMAJIBHOCTh JJISi HCIOJB30BAHUS YelOBEeKOM. HecMoOTpst Ha 3HAUYMTENbHOE
KOJIMYECTBO HCCIIEIOBAaHUN, BOMPOC O HEOOXOJUMOM U ONTHUMAIBHOM CIIEKTPax CBETa I
MOJTyYeHHs HauOOJbIIeH POyKTHBHOCTH BhIPAIIMBAHUS OCTACTCS IUCKYCCHUOHHBIM.

Msita nepeunast (Mentha piperita L.) - iICKyCCTBEHHO BBIBEICHHBINA THOPUT MSATHI BOASHOM U MATHI
KOJIOCOBOM, M B JHMKOM BHJE B IIpUpPOJE HE BCTpedaeTcs. ['€HeTMYeCKMH IMOTEHLHANl €e
MAaKCUMaJIbHO PACKPBIBACTCS TOJIBKO B ONTUMU3UPOBAHHBIX, KOHTPOJIIUPYEMBIX YCIOBHSX.
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Ilepexox Ha BBIpALIMBaHHWE MSTHI B PaMKaX CBETOKYJbTYpPBI, MO3BOJSET PE3KO COKPATHTH
MCTOJIb30BaHUE MPUPOIHBIX PECYPCOB: MAaXOTHBIX 3€Mellb, BOJBI U ya00peHuil. Kak nmokaspiBarot
UCCIICIOBAHUsI HA JPYTUX KyJNbTypaX, CBETOAMONHOE OOJlyueHHE TO3BOJSET CHHU3HUTH
SHEpro3aTpaTsl B CPAaBHEHMHM C TPAJWIMOHHBIMH HATPUEBBIMU JIAMIIAMH, OJHOBPEMEHHO
obecrieunBast Hy>KHbIe MOP(PO(DU3NOIOTHIECKHE TTapaMETPhl PaCTCHUH.

MsTa mnepeyHas - BaXXHOE CbIpbe s (HapMaKOJIOTHH, KOCMETOJIOTUM M  MHILEBOH
IPOMBIIIICHHOCTH, Ybs IICHHOCTb OIPENENIeTCs COAEpP)KaHUEM BTOPHUYHBIX METa0OIMTOB.
KitoueBoii mpobGiiemMoli siBiseTCs HECTaOMIIBHOCTh COCTaBa ChIPhs, MOJYYEHHOTO B TOJIEBBIX
YCIOBUAX. YIIPaBICHHUE CIIEKTPAIBHBIM COCTABOM CBETA OTKPHIBACT MyTh K IIEJICHANPABICHHOMY
MOJIYYCHHUIO CBIPbsI C TPEACKAa3yeMO BBICOKHUM COJIEpXKAaHHEM IIeJIeBBIX BEHIECTB (MEHTOJA,
¢maBoHOMAOB, 3(hUpHOTO Macia), 4TO KpaiHe BOCTPEOOBAHO MPOMBILIUIEHHOCTBIO.

KommnekcHas 3raunmocTts Mentha piperita L. kak 1eHHOT0O UCTOYHHKA OMOJIOTUYECKH aKTUBHBIX
BEIIIECTB, C OJTHOW CTOPOHBI, U MOTEHIMAJ KOHTPOJIUPYEMON CBETOKYJIbTYPHI KaK MHCTPYMEHTA
yIpaBiIeHUS METa0OTU3MOM PACTEHUH - C PYTOi, ONPEAEIIAIOT HE0OX0AUMOCTh CUCTEMATH3AIIH
HAKOIIJICHHBIX HAYYHBIX JaHHBIX.

Ilepcnexmugbl OanbHeuux UCCi1e008aHUlL.

YVenybnennoe usyuenue cunepeemuueckux 3gpgexmos. HeodXonuMbl IeTanbHBIE UCCIEIOBAHUS
[0 ONTHUMU3AIMK COOTHOIICHUS KPAaCHOI'O, CHHETo, a TaKKe JAPYTrHX KOMIIOHCHTOB CIIEKTpa
(HampuMep, JalbHUM KpacHBINA) IUIs OJHOBPEMEHHOTO MaKCHMH3AIMK ypokas OMOMacchl U
I[EJIEBBIX METa0OIUTOB.

Hunamuueckue ceemosvie pedxcumul. ViccnenoBanue BIMSHUS HE CTATUYHOTO, @ U3MEHSIOIET0Cs
B TEUCHHME CYTOK HWJIM OHTOI€HE3a CIIEKTPAJbHOIO COCTaBa Ha METa0ONU3M pacTeHUs Ui
pa3paboTtku Hanbosee 3(P(PEeKTUBHBIX U HIHEPTOCOEPEraroIuX PEKUMOB OCBEIICHHUS.

Peanuzanust 3TUX HampaBlIeHHH MO3BOJUT HEPEHTH OT 3MIIMPUYECKOrO Moadopa YCIOBHH K
CO3JIaHHIO HayYHO 00OCHOBAHHBIX, MPEIIM3UOHHBIX TEXHOJIOTUI CBETOKYILTYpbI Mentha piperita
L., obecrieynBaomux CTaOWIBHOE MOMYyYCHHE BBICOKOKAUYECTBEHHOTO ChIPbs C 3aJaHHBIMHU
CBOMCTBaMH.

Cnucok JimreparTypbl:

1. neikuaa M.C., Manaakuna E.J1., Tapakanos N.I". Oco6eHHOCTH BO3IEHCTBUS CIIEKTPAIILHOTO

COCTaBa CBETa Ha coJiepXKaHHe 3(PUPHOro Macia M aHATOMHYECKOE CTPOEHHUE MSTHI IEepeyHOU
(Mentha X Piperita L.). Crpanuusr: 47-53. 2020r. 581.19:633.2

2. Mansmmesa A. I'. , [llenenoBa O. B. , Oxun C . M . Tpancdopmarusi KOMIIOHEHTHOT'O COCTaBa
3(UPHOTO Maclia U JICTyYUX BBIACICHUN PAaCTCHUI TOJ] BIUSHUEM HCKYCCTBEHHOTO OCBEIICHUS.
['uruena u canurapus. 2019; 98(11): 1228-1234

3. KougpareeBa B.B., IlenenoBa O.B., BopoukoBa T.B., Enuna O.JI., OnexnoBuu
JI.C.®u3monoro-0MoOXMMHUYECKUE aCTIeKThl BIUSHUS CBETA PA3IMYHOTO CIIEKTPATBHOTO COCTaBa
Ha pacteHus MAThl. 2012r. Crpanunst: 94-97
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PUTOIPDEKT INTPU COJIEBOM CTPECCE OBCA
Cageasnena 10.B., Epémun /I.1.

Hayuno-uccnedosamensckuili uncmumym cenpckozo xosaiicmea Cegepnozo 3aypanva
(HUHCX C3) — gunuan Tromenckozo nayunozo yenmpa Cubupckozo omoenenus
Poccuiickon akademuu nayx (TromHI] CO PAH), Tiomens 625501

AKTyalmbHOCTh NPOOJIEMBI 3aCOJICHHS arpolEHO30B TOCTOSHHO BO3PACTaeT B CBS3U C
IIpoLecCaMi BTOPUYHOTO 3aCOJIEHUS, BbI3BAHHBIMU HEPALMOHAJIBHBIMA METOJIAMHU OPOLIEHUS, a
TaKXke TI00aTbHBIMU KJIMMAaTHYECKUMU W3MEHEHUSAMHU. BBICOKHME KOHIIEHTPALUU PACTBOPUMBIX
cozeii, npeumymiectBeHHO NaCl, B MOYBEHHOM pacTBOpE CO3AAI0T KOMIUIEKCHBIA CTpecc s
pacTeHui, BKJIIOYAONIMNA OCMOTHYECKMA M HOHOTOKCHYECKUH KOMIIOHEHTBI, a TaKxke
MHAYIHUPYIONUI OKUCIUTENBHBIN cTpecce [1]. B 3TUX ycnoBHAX MOKMCK KyJIbTYp, CIIOCOOHBIX HE
TOJIKO BBDKHMBATh, HO U ()OPMHUPOBATH XO3AWCTBEHHO IIEHHYIO OMOMAaccy, a TakXe U3yueHHe
MEXaHM3MOB HX aJlallTalluy, IPEACTABIAIOT IEPBOCTENIEHHYIO Ba)KHOCTD.

OBec noceBHOU (Avena sativa L.) TpaIULIHOHHO OTHOCUTCS K KyJbTypaM C yMEPEHHOMU
CONIEYCTOMYMBOCTRIO. Ero OTBEeT Ha CONEBOM CTpecc MpencTaBisieT co0Oi HE MPOCTO
COBOKYITHOCTb 3allIUTHBIX PEaKIHi, a CIOXKHBIA (EeHOMEH, ornpenensieMblii Kak GpuTodp ekt —
3HaYMMOE Ka4yeCTBEHHOE M KOJIMYECTBEHHOE M3MEHEHHe MeTadonu3Ma, NpUBOAAILIee K
HAKOIUICHUIO crenuduiecknx Ouonornyeckn akTuBHBIX coeaunenuit (BAC) [2]. [lannbrit
(deHOMEH uMeeT He TOJbKO (YHIAMEHTAJIbHOE 3HAYEHUE Ui TMOHHUMAaHUS MEXaHHW3MOB
YCTOMYMBOCTH pacTEHUIl, HO M MPHUKIAAHOE — JUIS CO3JAHHs MPOAYKTOB (DYHKIIMOHAIEHOTO
MTUTAHUS.

Lesab uccaer0BaHus — MPOBECTH aHAIN3 NposiBiIeHUH puTosddexra y oBca MOCEBHOTO
IIPU BO3JEHCTBUU COJIEBOTO CTpeEcca.

Pe3yabTaThl. JlanHble npencTaBisfioT coboil uaMepenue ¢putosddexra y cemMu COpToB
OBCa, BBIPAKEHHOI'O B IMPOLIEHTaX M3MEHEHMS JJIMHBl KOPHEW 110 CPaBHEHHIO C KOHTPOJIbHOMN
rpynmoii (0%), mpu Bo3aeicTBUM pa3iuyHbIX KOHLIEeHTpaui xiaopuna Hatpus (NaCl): ot 1 /1 no
10 r/m.

Huskuii ypoBeHb cTpecca HabmogaeTcss Ha KOHUEHTpanusx | u 3 r/1, peakuust coOpToB
HEOJJHOPOAHA. Y HEKOTOPBIX YK€ HaOI0JaeTcs MOIaBICHUE POCTa (OTpUIaTeIbHbIC 3HAUCHUS),
B TO BpeMs KaK JIpyrue MpOsIBISIOT YCTOWYMBOCTD MJIM HE3HAUNUTENIBHYIO CTUMYJISALUIO.
"Tanmucman", "®oma", "Cupuyc" NOKa3bIBAIOT CTAOMIIBHBIA POCT UM €r0 CTUMYJISAIIUIO JlakKe Ha
3 v/ (+13%, +39%, +25% cOOTBETCTBEHHO). DTO yKa3bIBAET HAa UX BBICOKYIO TOJEPAHTHOCTH Ha
paHHUX cTaauax crpecca. "Meruon" u "ToOosK" HAPOTUB, CHIILHO YTHETAIOTCA yike npu 1 r/n
(-29% u -21%), uT0 rOBOPUT 00 MX BHICOKON YyBCTBUTEIBHOCTH [3].

Cpennuii ypoBeHb crpecca (5 1/1). DTa KOHLUEHTpAIHs SBIsIeTCs "KPUTHIECKOH TOUKOM"
WIK "TIOPOTOM TOJIEPAHTHOCTH" AJisi OOJNBUIMHCTBA COPTOB. 37€Ch HAUMHAET SAPKO MPOSBIATHCS
MOJIOKUTENBHBIN GUTOdPPeKT kak ananTuBHas peakuus. [lomansroniee OOIBIIMHCTBO COPTOB
JEMOHCTPHUPYIOT CTUMYJISIIIUIO ~ POCTa  KOPHEH OTHOCUTENHHO  KOHTposs.  HambGonbimid
MOJIOKUTENbHBIN  purodddexr Habmomaercs y "Tobomsaka" (+52%), "Pamgyxuoro" (+46%)
u "Cupunyca" (+47%). OT0 KiacCUUECKHH IpPUMEp rOpMe3Nca — CTUMYJIUPYIOUIETO IEHCTBUS
YMEPEHHOI'0 CTpecca, KOIla pacCTeHUE, AKTUBUPYS 3alLlUTHBIE CHCTEMBI, HE IPOCTO KOMIIEHCUPYET
yep0, HO ¥ BPEMEHHO YCHUIIMBAET POCTOBBIE MPOLIECCHI.

Bricokuit ypoBens ctpecca (7 /a1 u 10 1/im). Ha 3THX KOHIEHTpaIUsIX CTPECC CTAHOBHUTCS
TOKCHYHBIM 1 OOJBIIMHCTBA cOpTOB. OHAKO MMEHHO 37IeCh Hambosiee sSipKO BUIHA pa3HUIIA
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MEX/1y HEYCTOMUMBBIMU M BBICOKOYCTONMUMBBIMU copTamu. "PanyxHpii" u "®oma" nposBisior
BBIJIAIONIYIOCS YCTOWYMBOCTbD, JAOCTUrasi MAaKCUMAJIbHOW CTHMYJISLIMM POCTa HA 3TUX BBICOKUX
koHUeHTpauusax (+79% u +63%). "Tamucman", "Otpaga", "Cupuyc" Takke MOKa3bIBAIOT
MIOJIOKUTETBHBIN GUTOAIPGEKT, XOTA U MeHee BhIpaKeHHBIN. "MernoH" Ha 3THX KOHIICHTPALUIX
MOKa3bIBAET HE3HAYUTEIBHBIN POCT MM BHOBB BIAJIACT B JEMPECCHIO, TOATBEPIK/Iasi CBOU CTATyC
CaMOT0 YyBCTBUTEIBHOTO copTa [4].

BoiBoa. IlpencraBieHHble JNaHHBIE HATJSAHO WILTIOCTPUPYIOT, 4TO (GUTOA(PGEKT IpH
COJIEBOM CTPECCE HOCUT HEJIMHEWHBINA XapaKTep:

1. Huskume xoHueHTpamuu (5 TI/11) BBICTYNAIOT B POJIM 3ycTpecca (TMOJIE3HOTO CTpecca),
3amyckasl aJanTHBHBIE MEXaHW3Mbl M TPHUBOAS K CTUMYJSIUM pPOCTa KOpPHEH y
OOJBIIMHCTBA COPTOB. OTO TOJOXKHUTENbHBIM  (QUTOAIPPEKT, KOTOPBHIA MOKHO
UCTIOJIB30BATh B arpOTEXHOJIOTHSX.

2. Beicokue kouneHTpauuu (7-10 /1) ABISIOTCS TUCTPECCOM, KOTOPBIA MOMABISET POCT
YyBCTBUTEIBHBIX COPTOB, HO IMPH 3TOM BBISBISET YCTOWYMBBIC T'€HOTHUIIBI, TAaKUE KaK
"Panyxusiii" u "doma".

Cnmcok aurepartypsl:
1. Shabala S., Bose J., Hedrich R. Salt bladders: do they matter? // Trends in Plant Science. — 2014.
— Vol. 19(10). — P. 687-691.
2.Yang L. et al. Induced plant defense mechanisms: The phytochemical effect // Journal of
Agricultural and Food Chemistry. —2018. — Vol. 66(12). — P. 3310-3320.
3.'onuapoBa 3.A., Anexnosa O.B., Jlynenko E.C. Bausiaue 3aconeHust Ha pocT U coJepsKaHue
OCMOTHYECKH aKTHBHBIX BEIIECTB y MPOPOCTKOB OBca NoceBHOro (Avena sativa L.) // ArpapHbiit
BecTHHUK Ypana. —2020. — Ne 05 (196). — C. 2-10.
4. Slukayckac T.B., XKypasneBa E.FO., HoBokpemenoBa A.B. IlepcrnekTuBbl HCIOIB30BAHUSA
¢uTorpdexTa A MOBHIMICHUS KaueCcTBAa PACTUTENBbHOM mNpomykuuu // VI3BecTHs BBICIIMX
yueOHbIX 3aBefeHuid. [Tumesas rexnomorus. — 2022, — Ne 2-3 (386-387). — C. 10-14.

N3YYEHUE BJIUAHUA TAXKEJBIX METAJIJIOB HA YPOBEHDb A®K
U ME3OCTPYKTYPY KOPHEW SUMEHSA

Cagenko E.M.!, Kononenxo H.B.2, Boroyraunosa JI.P.2, Bapanosa E.H.?

1 - ®I'bOY BO «Poccuiickuii 2ocyoapcmeennslit acpapusiit ynueepcumem — MCXA umenu
K.A. Tumupazeea» (PI'EOY BO PI'AY-MCXA umenu K.A. Tumupazeea), Mockea 127550;
E-mail: agroeng@rgau-msha.ru

2 — @I'BHY «Bcepoccuiickuii Hay4Ho-uccied08amenbCKuil WHCmUumym
cenbvckoxosaiicmeennon ouomexnonozuuy (PI'bHY BHUHUCE), Mockea 127550; E-mail:
biotech@iab.ac.ru

3epHO SYMEHS IIUPOKO UCIIONIB3YIOT AJIsl IPOJAOBOJILCTBEHHBIX, TEXHUYECKMX U KOPMOBBIX
1IeJIeH, B TOM UUCIIE€ B TMBOBapEHHO MpoMblieHHocTH ([loHnoBa, 2016). SJumens, HecMOTps Ha
CBOI0O MPUCMOCOOJIEHHOCTh K Pa3MUYHBIM YCJOBUSM BBIDAIIMBAHMSA, BKJIIOYas IOYBBI
ITonMOCKOBBS, TOABEPIKEH PUCKY HAKOIUIEHHUS TSDKEIIBIX METAJJIOB BCJIEACTBHE OBBILIEHHOTIO X
COJIepKaHUs B TPYHTE, 0COOCHHO XapaKTepHOTO IJIsi TEPPUTOPHH PSIOM C IPOMBIIIJICHHOCTHIO U
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KPYITHBIMU FOPOJCKUMH ariomMepanusiMu. [Ipu Bo3ienbIBaHUM sSTUMEHS CYIIIECTBEHHBIM (DaKTOpOM
ABIISICTCS YUET UCXOIHOTO (POHA TSKENBIX METAIJIOB, CPEIN KOTOPHIX 0CO00€ BHUMAHUE YICISIIOT
CBHUHILy, KaJIMUI0O W MBIIIbSAKY. HakomieHHe BBICOKMX KOHLEHTPALU TDKENBIX METaIoB
HapymaeT (U3NOJIOTHYECKUE MPOLECCH B PACTCHUAX, CHIDKACT APPEKTUBHOCTH (HOTOCHHTE3a U
BBI3BIBACT HAKOIUICHHE TOKCHHOB, OMACHBIX ISl 310poBbs uenoBeka (IlyOoBuk, 2023). Jlns
IIPEIOTBPALLEHUS] HETaTUBHBIX IOCIEACTBUNA Ba)KHO NMPOBOJUTH MOHUTOPUHI COCTOSIHUS IIOYB
(I'opaymkuna, 2018) 1 npUMEHATH arpOTEXHUYECKUE MEPHI, HAIIPAaBJIEHHbIE HA CHUYKEHUE YPOBHS
3arps3HEHUS TSKEIBIMUA METaJIaMHU.

Llenbto maHHOM pabOTHI OBLIO JETaTbHOE U3yUCHHE BIUSHHUS CTPECCOBBIX (PAKTOPOB, TAKUX
KaKk BBICOKOE COJEp)KaHHWEe Menu, KaaMmus ¢ JKeje3a Ha KIIIOYEBbIe IOKa3aTelH
KHU3HEJEATSILHOCTH JIBYX COPTOB PACTCHUH SUMEHs, BKJIIOYas BBIPAOOTKY aKTUBHBIX (GOpM
kuciopona (ADPK), ocoOEHHOCTH CTPOEHHUS KIETOYHOH CTPYKTYpbl TKaHEH MapeHXHUMBI,
HEHTPAJILHOTO IMJINHIPA, KOPHEBOT'O YEXJIMKA, @ TAKXKE TOJIMHY KOPHEH.

Pactenus sumens copra TCXA 14 u TCXA 15 BelpamuBanu B NUTATENbHON cpene
Xornanga ¢ jgoOaBieHweM coiied Tsokenbix MeTamuioB Cu, Cd um Fe. Kammwuii, coriacHo
roCyJapCTBEHHOMY CTaHJApTy, OTHOCUTCA K TIIE€PBOMY KJIAcCy ONACHOCTH XHWMHUYECKHUX
3arpsi3HSIONIMX BElIecTB, a Meab kKo BTopomy (CanlluH 2.1.7.1287-03). XKene3o oTtHOCAT K
MHUKPO3JIEMEHTY MOJE3HOMY ISl PACTEHUM, HO N30BITOK JaHHOTO 3JIEMEHTa TOKCUYHO BIIUSET HA
pacTeHus.

Metonamu cBeTOBOH U (PITyOpecleHTHOW MMKPOCKOIUHM yCTAHOBJICHO, YTO y PacTCHUH
SYMEHS O] IeHCTBHEM OOJIBIION KOHIEHTPAIMU TSDKEJIBIX METAJUIOB MPH OKPALTMBAHUN KOPHEH
sumens coptoB TCXA 14 u TCXA 15 mapkepom ADK Carboxy-H2DFF nabmionaercst pazHoe
KonudyectBo mpoaykuumun  ADK, ompexpensieMoe 1O  MHTEHCHUBHOCTH  (DIyOpECICHIIUH.
WutencuBHocts Quyopecuenimn ADK B Gombmeit crenenn noseimaercs y TCXA 14 moa
neiicreuem Cu, Fe (B 1,4 u 2 paza) u cHmxkaercs B 1,8 pasza o aeiictuem Cd 1o cpaBHEHUIO ¢
coproM TCXA 15. ITosmyueHHbIe TaHHBIE IOKA3bIBAIOT, YTO IPU BIUSHUYU BBICOKMX KOHLEHTpaLU
TSDKEIBIX METAJIOB HanOosee nHTeHcuBHOE okparmBanne ADK nabmonaercs B 30HaX JAeNCHUS
Y 3JIOHTALIUH, YTO IPUBOJIUT K TUOETH KIETOK.

Jlnmuna xopus non neticteueM Fe, Cu, Cd camxkaercs 6onbiie y copra TCXA 14 (B 1,7-2,5
pa3) mo cpaBHeHHIO ¢ KoHTposeM. ¥ copra TCXA 15 — B 1,3-2,1 pasza. Beicota noGera mnox
neiicteueM Fe, Cu, Cd taxxe B OomnbIieii crenenu cHmkaercs y copra TCXA 14, mpuyem cuiibHee
BCETO MOJ ACHCTBUEM XKee3a.

Jliis mpoBeeHNs CBETOBOM MHKPOCKOITMH MPOBOIMIN (PUKCALNIO (PparMEHTOB KOpHEH B
2,5%-H0M pacTtBOpe TriayTapoBoro anpiaeruga Ha 0,1 M ¢docharnom Oydepe (pH 7,2) ¢
nob6asnenueM 1.5%-Hoii caxapo3sl B TedeHue 24 4. u gopukcupoBaiu 1%-upmm pactBopom OsOs.
BriocnenctBum 00pasibl 00€3BOKUBAIN U 3aKIIOYANIN B CMECh SMIOH-apaIUTHBIX cModl. [lmomans
KJIETOK OIIpEeIeNIsTN ¢ OMOIIBI0 IporpaMMHoro obecneuenus Cell A.

Ha monyTOHKMX TpOAOJIBHBIX cpe3ax Obula M3y4yeHa ME30CTPYKTypa KOpHEH sSUMEeHs
coptoB TCXA 14 u TCXA 15 B yciioBUSIX NOBBIIIEHHOTO COJAEPKAHUS TSKEIBIX METaJIOB. B
XOZIe MCCIIeIOBAaHMs OBbLIM IMOKa3aHbl M3MEHEHUS IUIOL[a[M KJIETOK pa3jIM4YHBIX TUIIOB TKaHEH
KOpHEBOM cuCTeMBbl. Tak, y pacTeHUH, BBIPAIICHHBIX HA Cpele C TSKEIBIMA METaJUIaMU
oOHapy>keHa OoJblnas IUIOMAAb KieTok. Ilmomanp kinetoxk mapeHxumbl y copra TCXA 14
yBenMuuBaeTcs Oounbie Bcero moj neiicteuem Cu (B 5,8 pasza) mo cpaBHEHHIO C KOHTpoJeM. Y
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copra TCXA 15 ux mmomans yBennuuBaercs noj aeiictsuem Cd (B 1,8 pasz). [Inomanp kieTok
LEHTPAIILHOTO LWJIMHIAPAa 0O0OUX COPTOB B CpeAax C TsDKEJIBIMH METAJIJIaMU BbIIIE KOHTPOJIS, a
camble BbICOKME NoKa3aTenu Iuomanu B cpeae ¢ Cu —y copra TCXA 14 ysenuuuBaercs B 1,8
pa3, a y copra TCXA 15 B 1,2 paza. Onpenensiemas tommuunHa kopHeii TCXA 14 Gonee
yyBcTBUTENbHA K Cu (B 2,2 pa3a), u B MeHblIed creneHn k Fe (B 2 pasa), U mouTu He
yyBcTBUTENbHA K Cd. ¥ copra TCXA 15 tonmmna kopHeit He uzmensiercs nox aevicrsuem Cd u
Fe, Ho wuyBctBuTenmpna k Cu (B 1,4 pa3za). Takum o0pazom, U3 BCEX HCCIEAYEMBIX
MOpP(HOMETPUYECKUX U HUTOJIOTMYECKUX MTOKa3aTeNei, MOKHO CHIeaTh BBIBOJ, YTO COPT SUMEHS

TCXA 14 6onee 4yBCTBUTEJCH K JCHCTBUIO TSHKENIBIX METAJUIOB 110 cpaBHEHUIO ¢ copTroM TCXA
15.
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JANHAMUKA AJVIEJIOITATUYECKOI'O PEXKUMA B JIECHBIX

BUOT'EOLEHO3AX
Cemxo E.K!, ABakymos A/,

1 — @I'BOY BO «Poccuiickuii 2ocyoapcmeennulii azpapuutii ynusepcumem — MCXA

umenu K.A. Tumupsaszeea» (OI'BOY BO PI'AY-MCXA um. K.A. Tumupazesa), 127434, 2.
Mockea, yn. Tumupaszeeckasn, 49, daiantaralle@yandex.ru

B npouecce 3Bomonuy A5 aganTalyy K YCIOBHUSM MecTa IIPOU3PACTaHUSl PACTEHUS, B
TOM YHUCII€ JPEBECHBbIC BUbI, BHIPAOOTAIM LEIBIA PsIi MEXaHW3MOB, TMO3BOJISIONIUX AKTUBHO
BJIMATh Ha OKpy»karouryto cpeay [1]. B ycrnoBusix necHOro OmoreoreHosa >KH3HEHHO Ba)KHBIM
MPUCTIOCOOUTENIEHBIM MEXaHU3MOM PACTEHHUN SBJSIETCS CIOCOOHOCTh YCHEIIHO KOHKYPHPOBATh
3a pecypchl M HEOCBOCHHOE MPOCTpPaHCTBO [2]. OAHMM W3 TaKMX MEXaHU3MOB SIBISETCA
aJyIeIonaTHs.

Annenonatusi — 3TO OMOXMMHMYECKOE B3aUMOJCHCTBUE MEXIy opranmsMamu. Kaxnmas
0co0b OMOLIEHO3a, BBIACTAS BO BHEIIHIOI Cpeay MPOAYKTHl META00IM3Ma, CO3AaeT BOKPYT cels
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crienn(UIecKyIo cpeny, KoTopas Uil pSIoM MPOU3PACTAIOUINX PACTEHUH, PaCTHUTEIbHOSIHBIX
HACEKOMBIX, MUKPOOPTaHHU3MOB MOKET ObITh TOKCUYHOW OnaronpuaTHol min uHAn(QepeHTHOM
[3]. PacTenus, Haxonsmuecss B COCTOSHUU CTPECCa, AKTUBHEE CHHTE3UPYIOT M BBIICISAIOT
ajuienoxumuyeckue coeaunenus [7]. [TockonabKy Bce 0coOu OMOIIEHO03a B3aUMOCBSI3aHbI, MOXKHO
paccMaTpuBaTh BCIO COBOKYIHOCTH aJUICJIONATUYECKH AKTUBHBIX BEIECTB B (DPUTOIEHO3E KaK
COCTaBHYIO YacTh CpPebl, Kak 0CcOOBIi, ajuienonaTiuueckuii pakrop. Tak Kak anienonaTn4eckun
(akTop mpeacTaBiIsieT cOOOW CI0XKHBIN, N3MEHSIEMBIN BO BPDEMEHHU 0 KaU€CTBEHHOMY COCTaBy U
KOJIMYECTBEHHBIM COOTHOILIEHUSM KOMIUIEKC aJIEJIONaTUYECKH AaKTHBHBIX BEIECTB, MOXHO
TOBOPUTH 00 aJUIENIONAaTUYECKOM pPEKUME, AHAJOTHYHO TEIJIOBOMY BOJAHOMY H JIPYTHM
HKOJIOTHYECKUM PEeKUMaM. DTOT PEKUM, IOMUMO BUJOBOH CIEIM(UIHOCTH KaXKJ0r0 OMOLIeH03a,
B OIpPENEICHHOW CTENEeHU 3aBUCUT OT BHEUIHMX (aKTOpOB. BhIABIEHa CBA3b C CE30HHBIMH
WU3MEHEHHUSIMHU TEMIIEPATypPbl, OCAJIKOB, a TAK)KE C AHTPOIIOI'€HHBIM BIUSHUEM B PEKpEAIMOHHBIX
necax [4].

ANnenonaTuyeckuii  peXUM B ©CTECTBEHHBIX JIECHBIX OMOTeoleHO3aX HMEET
JUHAMMYECKUN XapaKTep U MOABEP)KEH N3MEHEHUSIM KaK BHYTPUCE30HHBIM, TaK U TOJUYHBIM [5].
B wuccienoBaHHBIX THUINax Jieca ajjlesioNaTHYecKas HANpPsDKEHHOCTb, TO €CTh KOJIMYECTBO
aJIJIETIONATHYECKU aKTUBHBIX BEILECTB, BO3PACTACT OT BECHBI K OCEHH, a JETOM B OOJIBIINHCTBE
CJly4aeB HECKOJIBKO CHM)KAETCs. Y JHCTOMATHBIX IPEBECHBIX BUAOB, Hanpumep, Castanea sativa,
B JIETHUH NEPUOJ AJUIETIONATUYECKUE B3aUMOAEHUCTBUS HOCIT CTUMYJIMPYIOLIUN XapakTep, B TO
BpeMsl Kak OCeHbIO HabmogaeTcst uHruoupyromee aevicreue [4]. OmHAKO Ce30HHBIC U3MEHEHUS
MEHSAIOTCA OT T0/1a K TOAY B 3aBUCUMOCTU OT TEMIIEPATypHBIX YCIOBUH M ocaigkoB. Tak, mpu
HE3HAYUTEIbHOM KOJIMYECTBE OCAAKOB ajlIeoNnaTu4ecKas HallpsHKEHHOCTh PE3KO YBEIMUNBAETCS
OT BECHBl K OCEHHM, B TO BpeMs KaK INpPH aKTHBHOM YBIQ)KHEHHH IIOYBHI H3-3a OOJIBIIOTO
KOJINYECTBA OCAJKOB HANpPSHKEHHOCTh Oblla caMOi HHU3KOW. DTO OOBSCHSAETCS BBHIMBIBAHHEM
AJJIETIONIATHYECKUX BEIECTB M3 MOYBBI MPH OOJIBIIEM KOJUYECTBE OCaIKOB. Takke JUHAMUKA
aJIJIEIONAaTUYECKOr0 pPEKMMa HampsMyl0 CBs3aHa ¢ TemmepaTypoil cpenbl. MccnenoBanus
[I0KAa3aJi, YTO MpHU MOBBIIIEHUN TEMIIEpATyphl NOBBIIIAETCA U AJUIEJIONATUYECKAs aKTUBHOCTD
TOYBHI. [6]

B pexkpeauMoHHBIX JiecaX BbIBIEHA IpsiMas 3aBUCHMOCTb  aJUIEJIONATUYECKOU
HAIpPsDKEHHOCTH OT PEKPEallMOHHON Harpy3ku. BennunHa Harpy3ku BBIPa)KaeTCsl OTHOLIEHUEM
KOJINYECTBA YEJIOBEK, MOCEINAIONINX OMOIEHO3, K TeKTapy ero miomanay. [4]. [Ipu stom B Takux
9KOCUCTEMAX, B 3aBUCUMOCTH OT JIOMUHHMPYIOIIETO JPEBOCTOSl, BEJIWYMHBI PAa30BOM
PEKpealMOHHOW Harpy3Ku W BpEeMEHH ajuiesionatudyeckue 3(PQeKTsl MOTYT MpOsBIATH Kak
CTUMYJIUPOBAHKE, TAK U MHTHOMPOBAHUE POCTOBBIX MPOIIECCOB [4].

JluHaMuKa ajuieonaTu4eckoro pekuMa B JIECHBIX OMOTeo1eH03aX 3aBUCUT OT MHOXKECTBA
(akTOpOB, B TOM YHUCIIE U HE YNOMSHYTHIX. JlanmbHelillee U3y4eHHE AAHHOW TEMBI MMOMOXKET
CIPOTHO3MPOBAThH AIJIENIONATHYECKYIO PEaKIU0 OMOTeoleH030B Ha OyAyIine KIMMaTH4YeCKHue
U3MEHEHHMS, a TAKXKe CIIOCOOHOCTh PearupoBaTh Ha aHTPOIIOT€HHYIO HATPY3Ky U MHBA3HIO BUJIOB,
HE BXOJSIIMX B U3HAYAJIBHBIN OMOTeOLeHO3.
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BJINAHUE COCTABA IUTATEJIBHBIX CPE/l HA DOPEKTUBHOCTD

KJIIOHAJIBHOI'O MUKPOPA3SMHOKEHUSA ULMUS PUMILA L.
Hla6anoBa E.A.
DI'BY «BcepoccuiicKuil HAyYHO-UCC1€006AMENbCKUIL UHCIUMYM J1IeCHOI 2eHEeMUKU,
cenexyuu u ouomexnonocuwy (OI'bY « BHUH/II' UCouomex»), 2. Boponeorc,
yi. Jlomonocosa, 105; E-mail: katy-green2009@yandex.ru

Bs3z  mpmzemucteiit  wim  MenkonuctHeiid  (Ulmus  pumila  L.) oTHOcuTCS K
3aCyXOyCTOMYUBBIM U COJIEYCTOMUYMBBIM JIPEBECHBIM MOpOJAaM. MexaHU3Mbl YCTOWYHUBOCTH Bsi3a
OCTalOTCSA B HACTOSIIIMA MOMEHT HEJOCTAaTOYHO u3y4YeHHbIMU. OTOOp, CcoXpaHeHHE U
pPa3MHOXKEHHE TMEPCIEKTUBHBIX TEHOTHIIOB BSi3a MOXKET CIIOCOOCTBOBATH BOCCTAHOBIICHUIO H
CO3/JaHUIO HOBBIX JIPEBECHBIX HACAKECHUN B apUIHBIX YCIOBUSX.

MopenupoBaHue yCIOBUM B KyJBType TKAHEM IO3BOJSET YCKOPUTH AUATHOCTUKY M
MPOBOANTH CENEKINIO in Vitro MO LeJeBbM npusHakam [1, 2]. Jlns mpoBeneHus MOg00HBIX
UCCIIEIOBAaHUM HEOOXOAMM KOJUICKIIMOHHBIA MaTepHual pa3jIMdyHOTO MPOUCXOXKICHHUS, B TOM
quclie OTOOpPAHHBIM HEMOCPEACTBEHHO Ha TEPPUTOPUSIX C XPOHUYECKUM BO3JICHCTBHUEM
CTpeccoBBIX (PakTOpoB. POPMUPOBAHUIO KOJUICKIIUH i1 Vitro IIEHHBIX TEHOTUIIOB TPE/IIECTBYIOT
dTambl  Pa3pabOTKM TEXHOJOTUH KJIOHAIBHOTO MHUKPOPA3MHOKCHHSI BHJIOB, a Takke

®rbHY BHUUCB, 2025 . 130



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

YCOBEPILICHCTBOBAHUS MOAXO0JIOB Il TUPAKUPOBAHUS U XPAHEHHUS in Vifro OTIENbHBIX THOPUIOB,
¢dopm, copToB pactenwii [3].

PaboThl 10 KIIOHATTLHOMY MHUKPOPa3MHOKEHHUIO Pa3IMYHbIX BUIOB Bsi3a Ha4yathl emie B 80-
x rogax XX Beka. OlHaKo NpuU KyJIbTUBUPOBAHUH in Vitro BBISIBISIFOTCS CYIIECTBEHHBIE Pa3INuus
B OCOOCHHOCTSIX PEreHepaluy U YKOPEHEHUs] MUKPOIIOOETOB Y JIePEBHEB PA3HBIX ICHOTHIIOB [4].
B cBA3M C 3TMM aKTyaJbHBIM BOIIPOCOM SIBIISIETCS ONTUMM3ALMs OTAEIBHBIX 3JIEMEHTOB
TEXHOJOTMM MHMKPOPA3MHOKEHUS, BKJIIOYasi COCTaB IMUTATEIbHBIX CPEl, C LENbIO IOBBIIICHUS
3G HEKTUBHOCTH TUPAKUPOBAHMS CEIEKIIMOHHOTO MOCAJ04YHOr0 Marepuana. KynbTypsl in vitro
TaKkXe MOTYT OBbITb BOCTpPEeOOBaHBI Il pa3pabOTKH T'€HHO-MH)KEHEPHBIX METOJOB B CEJICKIUH
BA3a.

OObexkTaMH HCCIENOBaHMUS TOCIYKWJIM B3POCIBIE JIEPEeBbS Bsi3a IPHU3EMHUCTOTO,
oroOpaHHble B JnucTUHCKOM JsecHuuecTBe PecnyOmuku Kanmmbikus B 2023-2024 r1r. s
BBEJICHUSA B KYJIbTYPY HCIIOJIB30BAIUCH OJHOJIETHHE TTOOETH, N30JIMPOBAHHBIE B CPOK C alpests 1o
aBryct. TectupoBanuce nurarensHble cpenbl Jpaiisepa u Kynutoku (DKW), Mypacure — Ckyra
(MS), Woody Plant Medium (WPM), nomonHeHHBIE peryisiTopamMud pocra  6-
oemsmiamunonypuoM (6-BAIl), tummazyponom (T/13), rubGepemnosoit kucnoroir (I'K),
uHa0auI-3-MacsHol kucinoroi (MMK).

BHe 3aBuCMMOCTH OT MHUHEpPAJIbHOIO COCTaBa CpPEXbl, NPU HCIOJb30BAHUU HU3KHUX
KoHIeHTpanuii TuTokuHUHOB 6-BAIT u T/[3 (0,1-0,5 Mr/i1) B OCHOBaHMY NMEPBUYHBIX IKCIIJIAHTOB
IIPOUCXOJWJI MHTEHCUBHBIA KaJUIyCOT€HE3, 4YTO, IO-BUANMOMY, ObUIO BBI3BAHO BBICOKOM
KOHIIGHTPALMEH SHAOTEHHBIX ayKCHMHOB. OOpa30BBIBABIIUIICS KauTyC OBLI BOASHUCTHIM H B
TeueHue 2-3 Hemenb HeKpoTusupoBaics. Ilpu mepecagke Ha cpenbl ¢ 0ojee BBICOKUMH
KOHIIEHTpausIMHU HUTOKWHUHA (1-2 Mr/n 6-BAIl) B KaJulyCHBIX KyJIbTYpax OTACIbHBIX T€HOTUIIOB
pa3BUBANKCH MOYKH U toderu anmuHoi 110 0,5-1 cM. [lanHbie moGeru ObLTH STHOIUPOBAHBI, HMEIH
HU3KYIO XH3HECTIOCOOHOCTh M ObUTM HE CHOCOOHBI K yKOpeHeHHto. Jlydiine pe3ylbTaThl MO
no0eroodpazoBaHmIo ObLTH MOITy4eHbI MpH ucnosb3oBanuu cper DKW u MS ¢ no6asnenuem 1-
2 mr/n BAII u 0,2 mr/a I'K. D¢ dexkruBHOCTE MOOGETO0Opa30BaHNs HA PA3TUYHBIX MUTATEIBHBIX
cpenax BappupoBaia ot 16,5 10 52,9%.

[TepBryHbIC Ma3yUIHbIE U BEPXYIICYHBIE MUKPONIOOETH Bs3a MPU3EMHUCTOTO YKOPEHSIINCH
Ha NMUTATEIbHBIX Cpelax C MOJOBHMHHBIM COCTAaBOM MAaKpORJIEMEHTOB Y2 MS M CHUXEHHBIM
conepxkanueM caxapossl (20 r/m), nomomnenHsix UMK B konmentparusax 0,01 u 0,1 mr/m.
YKOpEHSIeMOCTh CYIIECTBEHHO 3aBUCENla OT TEHOTUNA MU (PU3UOJOTHUYECKOTO COCTOSHHSA
M30JIMPOBAaHHBIX OOETOB, (hopMUpoOBaHHE KOpHEH HauMHAaI0Ch Ha 7-10 cyTKu.

3HauynTeNbHAS YacTh MEPBHYHBIX MUKPOIIOOETOB 1 MUKPOUYEPEHKOB YKOPEHSJIACh TOJIBKO
c obOpa3oBanueM kajuryca. llosiBIeHHe KajluTyca, MEIIAIOIEr0 HOPMaJbHOMY YKOPEHEHHUIO U B
eJioM  cOaJlaHCMPOBAHHOMY — PA3BUTHIO  MHKPOPAaCTeHHMH, OTMEUYaloch  TakXke  Ha
0e3ropMOHAIBHBIX Cpellax C MOJHBIM cocTaBoM Makpocosneid MS, WPM, DKW u crannaptHsiM
comgepkanneM caxapo3bl 30 r/n1. B jmanpHeHIIMX AKCHEPUMEHTaX  HCIOJIb30BAINCH
MOJIU(UIIMPOBAHHBIE 0€3rOPMOHAIBHBIE CPE/IBI C COKPALCHHBIM COJCPKAHUEM MAaKpO3JIEMEHTOB
U Ccaxapo3sbl.

TectupoBanuck OesropmoHansHbie cpeabl 2 MS, 2 DKW, % DKW c¢ coxep:xanuem
caxapossl 20 1/1. I[IpoueHT yKOpeHHUBHIMXCS MUKpouepeHKoB coctaBun 40-80% nnst pa3HbIX
BapuaHTOB onblTa. Jlyumme pe3ynbrarsl noayueHsl Ha cpefax 4 DKW. Cpennee uncino kopHei
B 3aBUCHUMOCTH OT I'€HOTHIIA BapbupoBano oT 1,3 mo 2,2. Cpennsisi AJuHA OCHOBHOTO KOPHS
nocturana 2,5-4,0 cm 3a 1,5-MecauHblil UK KyJIbTUBUPOBAHUSI.
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JloGaBnieHne B muTateibHbIE Cpelbl Y B KOHIEHTpauusx 5 u 10 r/m crmocobcTByeT
3G PEKTUBHOMY YKOPEHEHHIO MUKPOUYEPEHKOB Bsi3a 0€3 KaTycoOOpa3oBaHUs U BEPXYILICUHOTO
Hekpo3a, 40-90% B 3aBUCHMOCTM OT TE€HOTHMIIA M BapuaHTa onblta. Jlydmme pe3yiabTaTsl
II0JIy4€Hbl Ha NUTaTenbHbIX cpenax 2 DKW + akr. yrons 1%, ¥4 DKW + akr. yrons 0,5%.

OTMeueHbl TeHOTUIIMUECKUE pa3inyusl B OCOOCHHOCTAX pocTa KJIOHOB. 3a 1,5 mecsua
KyJIbTUBUpPOBaHMA Ha cpee 4 DKW + 5 1/ ak THBUPOBAHHOTO YTJIsl B CpeiHEM (pOPMHUPOBAIIHCH
MUKPOPACTEHHS ¢ moderamMmu BeICOTOH 2,3-3,8 cM. JIydiiuM pocToM OTIIMYATNCh MUKPOPACTEHHS,
MIOJTyYCHHBIE U3 AlIMKAJIbHBIX MUKPOUYEPEHKOB.

[Tonmy4yeHHbIE MUKPOPACTEHHSI BsSI3a UCIIOIB30BAIIUCH JUIS AANTAIlH K YCIOBHUAM ex Vitro.
PaboTa BBINIOJHEHAa B paMKax TOCYJapCTBEHHOTO 3aaaHusi denepanbHOTO areHTCTBA JIECHOTO
xo3stiictBa. Per. Noe HUOKTP 123070400038-0.
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smirnova.vika261104@yandex.ru

Ha naHHBIII MOMEHT BO BCEM MHpPE OCTPO CTOMT BOIPOC O COXPAHEHUHU UHCIECHHOCTH
UCYE3al0UIMX BHMJOB. BHIbl MOTIYT OKa3bIBaThCSi HAa I'PaHU HCYE3HOBEHMSI M3-3a pa3IMUYHBIX
(akTOpOB BO3AEHCTBHS OKpY’KAIOLIEH Cpeabl, YeJOBEeKa WM H3-32 CIIOKHOCTH IIpolecca
pa3MHOXeHHUA. [IpuMeHsI0TCS paziauyHblE METOIbl AJIi BOCCTAHOBIIEHUS BHJOB, HO HE BCE
MOKa3bIBAIOT XOpOILIyI0 3(PQPEeKTHBHOCTh B JaHHOM Bompoce. lloaTomMy wHcCHoNb30BaHHE
MUKPOKJIOHAJIBHOT'O Pa3MHOKEHHSI HCUE3AIOLINX BUAOB KaK HUKOI'/Ia aKTyaJlbHO B Halle BpeMs. B
OCHOBE MHUKPOKJIOHMPOBAaHUS JIGKUT YHUKaJbHasg CHOCOOHOCTh PACTHUTEIBHON KIIETKU
peanu30BBIBaTh MPHUCYIIYI0 € TeHETHYEeCKYyI0 HH(POPMALHUI0 — TOTUIOTEHTHOCTb, TO €CTh
CIOCOOHOCTh KJIETKM TOJ BIMSHMEM SK30T'€HHBIX BO3JCHCTBUN [aBaTh HAyalo LEIOMY
pacTUTeNbHOMY OpraHu3My. MUKpOKJIOHUpOBaHHE Haubosee 1esnecoodpa3Ho UCIOIb30BaTh [T
Pa3sMHOXKEHHUSI UCUE3AOUINX BUAOB PACTCHUN TaK KaK OHM HauHYT 00JagaTh YCTOHYMBOCTBIO K
BpEIUTENSIM 1 OOJIE3HIM MM BBIIAIOIIMMUCS TTOKa3aTeNIsIMU CKOPOCTH pocTa [1].

®rbHY BHUUCB, 2025 . 132



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

JlacroBenb nactoukuH (Vincetoxicum hirundinaria Medicus) - MHOTOJIETHEE TPABSIHUCTOE
pacTeHue. SnoBUTOE pacTeHHE, UMEIOIIEE IPUMEHEHUE B HAPOAHON MEIULIMHE U BETEPUHAPHH.
OOnamaer HM3KOW SKOJIOTMYECKON IUIAaCTUYHOCTBIO, IMOATOMY CTpajaeT MpH H3MEHEHHsX
CTPYKTYpbI (pUTOLIEHO3a KaK €CTECTBEHHOT'0, TAK M aHTPOIIOTeHHOro Xapakrepa [2]. B kpacHoi
kaure umeer cratyT Kareropusi 3 (Penkuii Bum) [2]. CreOenb HEBETBALIUICS MPSMOCTOSUHIA,
CJIeTKa Bblolieecs pacTeHue BoicoTol 10 120 cM. JIuctes kpynHsble, 10 10 cM B UIMHY, SHLEBUIHO-
JaHIIETHBIE, JUIMHHO3a0CTPEHHBIC, Cla00 omylieHHble, depemkoBeie [3]. LBetku mo 1 cm B
auaMeTpe, Oenble MATUWICHHBIE, B MA3yIIHBIX MaJIOIBETKOBBIX 30HTHKax. L[Berer ¢ mas mo
aBTYCT, IJIOJIOHOCHUT C MIOHS 1O CEHTSIOPS [3].

HccnenoBanne 1Mo KJIOHAaJbHOMY MHUKpOpa3MHOKeHHE JIacTOBHSA  J1aCTOUYKMHOIO
(Vincetoxicum hirundinaria Medicus) BeIHCh C HCIIONB30BAaHHEM KaK BETE€TaTUBHOIO, TaK M
CEMEHHOI'0 MaTepHala.

[TepBast mocaka BereTaTMBHOro Marepuaia Obuta ocymectsieHa 11 urons 2024 roga 21
skcmianta Ha cpeay MS 1.0 BAIT 0.1 HYK u 7 skcrinanToB Ha cpeny MS. Ha 8 nenb (18.07.2024)
uccrenoBanus O6bun 3adukcupoBanbl 10 crepunbHbIX MOpdoreHHbIX (48%), 8 HecTepUIBHBIX
MopdoreHsbix (38%), 3 HectepuinbHbIX HeMopdoreHHbIX (14%) pactenus Ha cpene MS 1.0 BAII
0.1 HYK u 6 crepunbabix Mopdorernsix (86%), 1 HecrepunbpHoe Mopdorennoe (14%) pacrenus
Ha cpene MS. UYepes 15 mmeit (02.08.2024) nma cpege MS 1.0 BAIT 0.1 HYK 6w 17
HeCTepuJIbHBIX HeMopdoreHHBIX (94%), 1 crepunbHOe HemopdorenHoe (6%) pacTeHus, a Ha
cpene MS 4 crepunpHbix MOpdoreHHBIX (57%), 1 HecrepunbHOoe Mopdorennoe (14%), 2
HECTepUJIbHBIX HeMopdoreHHbIX (29%) pactenus. Ha 40 nenn (19.08.2024) ombiTa ocTanuch
TOJILKO pacTeHUs Ha cpenae MS, KoTopblie ObUIH MpeNCTaBlIeHbl 4 CTEPHIIBHBIMU MOP(OTEeHHBIMH
(80%) u 1 necrepunbHbiM MopdorennbM (20%) pactenusmu. Ha 118 mens (05.11.2024)
MCCIIEIOBAHMSI OCTAJIMCh TOJBKO 2 HeCTepMIIbHBIX MopdorenHsix (100%)pacTeHus.

[Tapanmnensno stomy 13 centsOps 2024 roma Obuta coBeplieHa BTOpas IMOCAIKa
BEreTaTUBHOro Martepuana 2 pacrenuil Ha cpeny MS 1.0 BAIT 0.1 HVYK, kortopas Obuia
npencrasieHa 6 okcriantamMu. Ha 29 nenp wuccnenoBanust Obmu  3adpukcupoBanbsl 4
HECTepUIIbHBIX HeMOp(hoTeHHbIX (67%) u 2 HecTepmbHBIX MopdoreHHbIX (33%) pacTenus. A
54 muro (05.11.2024) ombiTa ObuUIM OOHapyXeHbl 6 HecTepwiIbHBIX HemopdoreHHsx (100%)
pacTeHui.

B wutore Opuio momyuyeHo 2 Mop¢OreHHbIX pacTteHus Ha cpene MS. M3 3Toro MoxHO
clienaTh BBIBOJ, YTO METOJ MHUKPOKJIOHAJIBHOTO pasMHOXeHUs Uit V. hirundinaria Medicus Ha
nutatenbHbix cpenax MS 1.0 BAIT 0.1 HYK u MS He addektuBeH.

I[TepBas mocaaka ceMeHHOTO MaTepHuaia Obuta ocymiectsieHa 19 urons 2024 rona Ha cpeny
MS 1.0 BAII 0.1 HYK u cocrosina u3 9 cemsin. Ha moment 2 aBrycra 2024 rona Bce ceMeHa
OCTaBAJIMCh CTEPWIBHBIMH, HO He IpopocMu. Yepes 70 nuent (11.10.2024), To ectb Ha 85 neHb
C HayajJa 3aJ]0XeHWs onblTa, 5 ceMmsaH npopocian (56%), 2 ocTaBaluCh CTEPUIbHBIMU
MopdorenneiMu  (22%), 1 wHectepunbHbli Mopdorennsii (11%) u 1 HecTepunbHOE
Hemopdorennoe (11%). Ha 110 nens (05.11.2024) 7 cemsiH ObUTH CTEPUIIBHBIMU MOP(OTEHHBIMU
(87%) u3 xotopeix 5 mpopocio (72%), 1 nectepunsHOoe HeMophorennoe (13%).

Bropas nocaaka 17 cemsiH Ha cpeny MS Obuta npousBeaena 13 centsiops 2024 roxa. Ha
29 nenp (11.10.2024) uccnenoBanusi ObUIM 3aUKCHPOBAHBI 9 HECTEPUIBHBIX MOP(HOTrEeHHBIX
(53%) He mpopociux, 8§ cTepuIbHBIX MophoreHHbIX (47%) He nmpopocmux cemsH. M Toapko Ha
54 nensb (05.11.2024) 1 cems mpopocio (6%).
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B urore mb1 nonyunnu 5 mopdorennsix pacrenuit Ha cpene MS 1.0 BAIT 0.1 HYK u 1
Mop¢oreHHoe pacTenue Ha cpeae MS.

[Tocne mpoBeAEHHOrO HAMM OIBITa MOXHO CJHENaTh BBIBOJ, YTO MHKPOKJIOHAIBHOE
pa3sMHOXKEHHE BEreTaTUBHBIX yacTtel V. hirundinaria Medicus na cpegax MS 1.0 BAIT 0.1 HYK
u MS He 3 dexTuBHO MO CpaBHEHUIO C pasMHOXKeHUeM V. hirundinaria Medicus ¢ moMoIbIo
CeMsH B KyJbType in vitro. Ho MOXHO 3aMeTUTh HamOosee JIydlIylo >KU3HECHOCOOHOCTh
HKCIUIAHTOB U3 BETE€TaTUBHBIX YacTel V. hirundinaria Medicus B3sTbIX 13 IPUPOIHBIX YCIOBHH B
MOMEHT €ro LBETEHHs U MOCaXEeHHBIX Ha cpeny MS. Kak u npu pa3smMHOXeHHHM ceMeHamu V.
hirundinaria Medicus B KynbType in vitro, Ty4lIyI0 BCXOXECTh MOKA3ald CEMEHa, B3SAThIC U3
IIPUPOJIHBIX YCIOBUN B MOMEHT LIBETEHMsI paCTEHUs, HO ITocaykeHHble Ha cpeny MS 1.0 BAII 0.1
HVK.
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CBA3b UMMYHO-BUOXUMHNYECKOI'O CTATYCA C
HNPOAOJIKUTEJBHOCTBIO NIPOAYKTUBHOI'O ITIEPHOJA Y KYP-
HECYHIEK

Heiiapipeiv E.A.12, ®uiunnosa B.A.'2, CokosnoBa K.A.2, Wabuna JILA.'2,
Jlanres I'.JO.!
1 — Obwecmeo c ocpanuuennoit omeemcmeennocmoio «bHOTPO D+
(000 «bBHOTPO®+»), Cankm-Ilemepoypz 192284, E-mail: kseniya.k.a@biotrof.ru
2 — @I'bOY BO «Cankm-Ilemepoypzckuii 20cyoapcmeeHHblil azpapHulil yHUGEPCUNENn)
(DPI'EOY BO CIIoI'AY), Canxkm-Ilemepoype, Ilywikun 196601

Obecnieuenue cTabUIBLHO BBICOKOW SHIICHOCKOCTH HA MPOTSHKEHUH BCETO MPOTYKTHBHOTO
NeproJIa MPEICTABISAET COOON OIHY U3 HanboJIee 3HAYUMBIX 3371a4 B COBPEMEHHOM NTUIIEBO/ICTBE
[1]. Tak coctaB KpoBHM OOBEKTHBHO OTpa)kaeéT YpPOBEHb OOMEHa BEIIECTB U o00Iee
byHKIIMOHAaTBEHOE cocTosiHWe opranm3Mma [2]. ITlosTomy mnro0ble W3MEHEHHUsS KIFOUYEBBIX
OMOXMMHUYECKUX M MMMYHHBIX ITapaMeTpoOB CIyXaT LIEHHBIM TUarHOCTUYECKUM IMpHU3HAKoM. B
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3TON CBSI3U 0COOYIO MPAKTHUECKYIO LIEHHOCTh MPUOOpPETaeT MACHTU(UKAIMS CIEeIUPUUIECKUX
UMMYHO-METa0OTMYECKUX MAapKEepOB, CBS3aHHBIX C PEMPOIYKTHBHBIM IOTEHIHAIOM, YTO
OTKPBIBAET BO3MOXHOCTH JUISl NPOTHO3UPOBAHUS NPOAYKTUBHOIO JIOJITOJIETHS] HECYIIEK U
CBOEBPEMEHHOT'O BBISIBIICHUSI PUCKOB CHIKEHHS MX MTPOU3BOAUTENBHOCTH [3-5].

Martepunansl U Metoabl. [l IpoBEACHNUST HAyYHO-IIPOU3BOJICTBEHHOIO IKCIIEPUMEHTA
ObuTH 0TOOpAHBI 2 TPYIIIBI Kyp-HEeCyIIeK Mopo bl Xaicekc bpayH, ¢ mpearnonaraeMbIM BHICOKUM
MPOAYKTUBHBIM jojdroieTueM (n=60) W ¢ HHU3KUM HPOIYKTUBHBIM JosrosnerneMm (n=60),
coJieprKalliecs B yCIOBUAX HaydHO-onbITHOrO Xo3siictBa OO0 « BUOTPO®D+».

Ot6op m1poOd KpoBH Ml HKCCIECNOBAHUS WMMYHO-OMOXMMHYECKHUX IMOKa3aTelneu
OCYIIECTBIISUIM y NTHUI] 00euX rpymn (1o 3 TOoJOBBI U3 TPYIIbl). 3a00p KPOBU MPOU3BOIWIN U3
MOJIKPBUIBLIOBOM BEHBI B BaKyyMHble ipooupku ¢ DATA nns reMaToaorn4eckux Mcciaea0BaHnun
U B IPOOMPKHU C aKTUBATOPOM CBEPTBHIBAHUS JJISI TIOJTyUYEHUS CHIBOPOTKU KPOBHU.

Cratuctuueckas o0paboTKa MAaHHBIX NPOBOJWIACH C HCIOJB30BAHUEM t-KpUTEpUs
CreronenTa. Pe3ynbraThl pecTaBiIeHbl B BUJIE cpeiHero apupmernyeckoro (M) + cranaapTHas
ommuOKa cpenHero (m). Paznuuus cuutanuch craTucTudecku 3HaunMbiMu 1ipu p<0,05. CpaBHeHUe
CpeIHMX 3HAa4eHUH npoBoaAniIH ¢ nomolnkio kpurepus Teroku (Honestly Significant Difference,
HSD), peanuzoBannoro ¢pynknueit TukeyHSD B makete R Stats Package (CILA).

Pe3yabTaThl. B pesynbraTe nmpoBeaeHus aHaau3a ObUTO BBIIBICHO, YTO TPYIIA ¢ HU3KUM
PENPOIYKTUBHBIM JOJTOJETHEM XapaKTePH30Bajach HANPSKEHHOCTHIO UMMYHHON CHCTEMBI H
M3MEHEHHBIM METa0O0JIMYEeCKUM CTaTyCcOM. Y NTHUIl JAaHHOM IpymIibl Obla JOCTOBEPHO MOBBILICHA
OaKkTepHLUIHAS aKTUBHOCTH CBIBOPOTKH KpoBH Ha 11,1% — 70,67+1,44% B cpaBHEeHUU ¢ TPYIIION
c BbIcOKUM ponroietueM — 63,60+£1,60% (p < 0,05) u oTmeueHa TEHIEHUUS K POCTY
KOHI[eHTpaluu uMMmyHornooynuHa G Ha 23,0% — 12,61+0,56 r/n npotus 10,2540,96 1/1, uTO
MOJKET CBUIETEIbCTBOBATH O KOMIICHCATOPHON peaKui Ha XPOHUUECKUH UIMMYHHBIH BBI30B WIIH
CYOKITMHUYECKOE COCTOSTHUE.

HauOonee 3HaunMMmble pa3nnyus BBIIBICHBI B OHOXMMHYECKUX IIOKazaTelsax. Y
HU3KOIPOIYKTHBHBIX HECYIIEK 3a()UKCUPOBAaH CTATHCTUYECKU 0ojiee BBICOKHI YpOBEHb OOIIETo
Oernka B CBIBOPOTKE KpOBU — 69,7+0,69 r/71 MpOTUB IPYIIIBI C BBICOKUM Aoiroseruem — 52,0+1,16
r/n (p < 0,05), uro mpexacraBisier coboil ysenmuenue Ha 34,0% © MOXeET yKa3plBaTh Ha
BOCTIAJIUTEIbHbIE IPOIIECCH WIIN YCHIICHHBIN CHHTE3 OeNTKOB OCTpoi (as3bl. Takxke y 3TOH IpymIibl
Obula TOBBIIIEHA AKTMBHOCTH wienoyHoi ¢ocdarazer Ha 30,7% (385,99+27,01 ME mnportus
295,26+£19,88 ME, p < 0,05), uto oTpakaeT BO3MOXXHOE HAIMPSHKECHHUE METa0OTUIESCKIX
MPOLECCOB, CBA3AaHHBIX C UTHTEHCUBHOMW SAMIIEKIIAJIKOM.

3akarouyenue. [lomydeHHble naHHBIE JAEMOHCTPUPYIOT, YTO HMMMYHOJOTHYECKHE H
OMOXMMHUYECKHE TTapaMeTpbl KPOBH SIBJISIOTCS OCHOBHBIMH KPUTEPUSAMHU JJISI IPOTHO3HPOBAHUS
PENPOAYKTUBHOIO NOTEHLIMANA Kyp-HECYIIEK.

Hccneoosanue vinonneno npu gunancosou noooepaicke Poccuiickoeo nayunozo ¢gomnoa,
epanm Ne22-16-00128-11
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N3MEHEHUSA ®PU3UKO-XUMHNYECKHUX ITAPAMETPOB
KYJbTUBAIIMOHHOM CPEJIbI B IPOLIECCE MOP®OI'EHE3A

TARAXACUM KOK-SAGHYZ R. B YCJIIOBUSAX IN VITRO

Crauenxo E. A.!, Maprupocsn JLIO'2 Maprupocsu FO.I1. 12
1 - ®I'BHY «Bcepoccuiickuit HayYHO-UCC1€008amMenbCKUIl UHCHUNLYM
cenbckoxosaiicmeennon ouomexnonozuuy (PI'bHY BHUHHCE), Mockea 127550;
E-mail: statsenko.b6@gmail.com
2-OI'bYH Hucmumym ouoxumuyeckou gpuzuxu um. HM. Imanyina PAH,
(UBX® PAH) 119334 Poccusa, 2. Mockea, ya. Kocvleuna, 4, levon-agro@mail.ru

KoHTpo:is u ontuMuzanus ycioBuil KyJIbTUBUPOBAHUS SIBJISIIOTCS KIIFOUEBBIMU ACTIEKTAMHU
YCIEITHOTO MUKPOPA3MHOKEHHUsSI U OMOTEXHOJOTUU pacTeHuid in vitro [1]. IlutatensHas cpena
NPEJCTaBIsAET COOOH TUHAMHUYHYIO CHUCTEMY, (U3MKO-XUMHUECKHE MapaMeTpbl KOTOPOM
3HAYUTENILHO U3MEHSIOTCS B PE3yJIbTaTe KU3HEAEATENbHOCTH dKcmuaHToB [2]. Ilokasarenu pH,
ynenbHol anekTponpoBoanoctH (Ec), ocmorndeckoro nasnenus (O/]) u onTudeckoi IIOTHOCTH
(OII) cpenpl cayxaT BaXHBIMH WHTETPATBHBIMH MHIMKATOPAMHU (PU3UOJIOTHYECKOTO COCTOSHUS
KYJIbTYpBI U IPOTEKAIOUINX B HEH OMOXUMHUECKUX mporieccoB [1].

B xone Mopdorenesa pacTeHHs aKTUBHO HOTJIOMIAIOT UOHBI XUMHUYECKUX COCAMHEHUH U
JpyTrHue NUTaTeIbHbIE BEIIECTBA, a TAKXKE BBIICIAIOT B Cpelly MOHBI Bogopoaa (H*), oprannueckue
KHCJIOTHI, BTOPUYHBIE METa0O0IUTHI, PUTOrOPMOHBI U 3K30TI0JIMCAXAPUIBI, UTO HANPSMYIO BIHSET
Ha (usuKo-xuMHuueckuii cratyc cpeasl [3]. Tak, mogkucnenue cpeanl (cHmxkenue pH) uacto
cBa3aHo ¢ mnoryonieHueM katuoHoB (NHa*, K*, Ca**, Mg*") u Bbeimenenuem H'-nonoB nmst
NOJIep>KaHUsl HOHHOTO OajaHca, YTO MOXKET BIHATH Ha JIOCTYIHOCTb MUTATEIbHBIX BEIIECTB H
akTUBHOCTH (pepmenToB [3]. CHmkenue Ec sBisercs mpsMbIM CBUAETEIBCTBOM MOTPEOICHUS
MUHEpAJIbHBIX JJIEMEHTOB, B TO BpeMsl KaK KOJEOaHUS OCMOTHYECKOTO JABJICHUS OTPAXKaroT
JTMHAMUKY OajnaHca pacTBOPEHHBIX BEIIECTB, BKJIIOYAsl KaK MOTPEOICHHbIE caxapa U HOHBI, TaK U
BbIJIeIeHHbIe MeTa0omuToB [4]. [ToBbIIEHNEe ONTHYECKOW MIOTHOCTH CpPEelbl, B CBOIO O4Yepenb,
MOXET CIy’)KHTh MapKepoOM HAaKOIUIEHUS NPOAYKTOB BTOPUYHOTO MeTaboiu3Ma WM
9K30I10JINCAXapUIOB.

Llenbto Hacrosimieil pabOThI SABJSUIOCH UCCIEIOBAaHUE JAWHAMHUKN W3MEHEHHS KIIFOUEBBIX
¢dusuko-xuMuueckux mapameTpoB (pH, Ec, ocMoTH4eckoro qaBieHus U ONTUYECKOM TIIOTHOCTH)
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KYJIbTUBAIIMOHHON CpeJibl B Ipoliecce KyJIbTUBUpOBaHUS araxacum kok-saghyz R. B xuakoi
MUTATENbHOM cpefe MS. AHanu3 KOppessIuU MEXIy XapakTepoM MopdoreHnesa u U3MEeHEHHEM
nokaszaresel KyJbTypaJbHOH CpeIbl MO3BOJUT JIyylle MOHATH (PU3HOIOTO-OMOXMMUYECKHE
OCHOBBI POCTOBBIX IPOIIECCOB in VItro U MOXXET JIeYb B OCHOBY pa3paboTku 3(PQEeKTUBHBIX
IIPOTOKOJIOB KYJIbTUBUPOBAHMSI LIEHHBIX BUJOB pacTeHUH [S].

Okcrmnantel Taraxacum kok-saghyz R. KyabTUBHpOBalIM B ycioBusix in vitro B 100 mu
mUTaTeNbHOM cpenbl 1/2 MS. B ombiTe MCHONB30BAIM Cpely ¢ MCXOJHBIM 3HAYEHHEM, IMOCIe
aBTOKJaBupoBaHus, pH- 6,8. B cpeny n06aBnsiin BUTAaMUHHBIN KOMILIEKC 0 Tponucu byTeHko
1 aHTHONOTHK 1leoTakcum B KoHUeHTparmu 1000 mr/i. [TpogomKuTeTbHOCTD KyJIbTUBUPOBAHHS
cocraBuna 16 cyrok. KynbTuBupoBaHHe NPOBOAWIN B TEPMOCTATUPYEMOM IOMEIIEHUU NpU
temneparype 26+1°C Ha opOuTambHOM mIelikepe co ckopocTbio 80 06/MHUH mpu ¢oTomnepHrozae
16/8 u. Jlns KOHTpOJNA W3MEHEHHs (UBUKO-XUMHUYECKUX MapaMeTpoB B TEUEHHE BPEMEHHU
IIPOBEJIEHUS HKCIIEPUMEHTOB HCII0JIb30BAIN aHAJIOTUYHYIO CPEly, HE COIEpPIKAIYy0 SKCIIJIaHTOB
Taraxacum kok-saghyz R.

B Teuenume Bcero mepuoaa KyJbTUBHUPOBAHMS €XKECYTOUHO MPOBOJIWIA OTOOp MHpod
MUTATEeNILHON cpebl, 00beMoM 4 MJI, JUIsl aHaIu3a JUHAMUKH M3MeHeHwus mokaszareneit pH, Ec,
O u OIl. AHanu3 MOJYYEHHBIX JaHHBIX BBIABWI CJIEAYIOUIYIO AWHAMHUKY H3y4aeMbIX
IIapamMeTpoB:

-3JIEKTPOIIPOBOAHOCTD IEMOHCTPUPOBAJIA YCTOMYMBYIO TEHACHLHUIO K CHUXEHHIO ¢ 2,79
MCMm/cm 10 1,9 MCm/cM K 3aBEpLICHHIO SKCHEPUMEHTA, YTO CBUACTEIBCTBYET O AKTHBHOM
noTpeOJICHNU MUHEPATIBHBIX JIEMEHTOB PACTHUTEIbHBIMH SKCIUIAHTAMU;

-OCMOTMYECKOE  [ABJICHUE IIUTATEIbHOM CPEAbl  XapaKTEepU30BAJIOCh  HEIUHEHHOMN
JTMHAMHKOM C 4epeoBaHrneM (a3 CHUKESHHsI U MTOBBIIIEHUS MoKkasarens. HauanbHoe 3nauenue O/]
coctaBisiio 148 MOcwm/kr, koHeuHoe 164 MOCM/KT, YTO OTpaskaeT CIIOKHBIA OallaHC MEXIy
noTpeOJICHUEM  NUTATENbHBIX BEUIECTB M BBIJCIICHHMEM METa0OJIMTOB B  IpoLEcce
KyJIbTUBUPOBAHUS;

-nokaszarenb pH nuTatenbHON cpebl B BApUAHTE ¢ UCXOIHBIM 3HaUYEHUEM 6,8 TOCTENIEHHO
camkaicst 10 pH - 4,6, mocine yero cTabMiIM3HpOBAIIC U COXPAHSIICS HA TJOCTUTHYTOM YPOBHE J0
OKOHYaHUS 3KCIIEPUMEHTA;

-OITHYECKas MJIOTHOCTh CPEABI PErMCTPUPOBAa Iporpeccupytollee yseiauuenue ¢ 0 1o
165 ycCnOBHBIX €IMHHUIl, YTO MOMKET YyKa3blBaTh HA AKKYMYJLSILIMIO B CpPENE BTOPUUYHBIX
METa0OJIUTOB, SK30IOJIUCAXAPOB U MIPOAYKTOB JETPaallii PACTUTEIbHBIX TKaHEH.

[IpoBeneHHbIE HCCIENOBAaHUSA JEMOHCTPUPYIOT, YTO B IPOLECCE KYyJIbTUBUPOBAHUS
9KCIUIaHTOB Taraxacum kok-saghyz R. in vitro poucxoasT CyleCTBEHHbIE U3MEHEHHs (U3UKO-
XMMHUYECKUX NapaMeTpOB MHTATEIbHON CPElbl, UTO SIBISIETCS OTPAKEHHUEM HX POCTOBBIX U
METa0OMMYECKUX TIPOLIECCOB. Y CTAaHOBJCHHBIE 3aKOHOMEPHOCTH JMHAMUKM HW3MEHEHHS
KJIFOUEBBIX NIOKa3aTeNel KyIbTUBALIMOHHON CPeZibl CBUIETENBCTBYIOT O KOMIIJIEKCHOM XapaKTepe
B3aUMOJICHCTBHS MEXIY PACTUTEJBbHBIM SKCIUIAHTOM W MUTaTeNbHOI cpenoil. Habmomaemoe
yCTOHYMBOE CHIKeHHE Ec M 3Ha4nMMoe MOJIKHUCICHHE Cpelnbl 0 cTadmibHOTO ypoBHS pH 4,6
yKa3bIBA€T Ha aKTHUBHYIO POJIb SKCIIAHTOB B TpaHChOpMalUy MUTaTenbHou cpeabl. [lomyyennbie
JaHHbIE MMEIOT MPAKTUYECKYI0 3HAYUMOCTh JJIsl Pa3padOTKU ONTUMHU3UPOBAHHBIX MPOTOKOJIOB
KYJIbTUBUPOBAHMS PA3IMYHBIX 3KCIUIAHTOB C IIENBIO MOBBIMICHUS 3(P(PEKTUBHOCTH MPOLIECCOB
MHUKPOPa3MHOXKEHUSI W HAKOIUIEHUS OHOMacchl y JaHHOTO BHAA. YCTAHOBJIEGHO, YTO
KYJIbTUBUPOBAHHE 3KCIUIAHTOB Taraxacum kok-saghyz R. BbI3bIBaeT 3HAaUMMbIE U3MEHEHUS BCEX
U3y4aeMbIX (PU3UKO-XUMHUECKUX MapaMeTpoB MUTATENbHOHN cpensl 1/2 MS, uTo moarBepkaaer
aKTUBHBIN XapakTep uxX MeTabou3Ma in vitro.
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Takum 00pa3oMm, KOHTPOJIb M YIpaBieHHE (DU3MKO-XUMUYECKUMH TapaMeTpaMu
MUTATENLHON Cpenbl sBiseTCs d()(PEKTUBHBIM HHCTPYMEHTOM ISl OIEHKH (DU3HOJIOTHIECKOTO
COCTOSTHUS KYJIbTUBUPYEMBIX IKCIUTAHTOB Taraxacum kok-saghyz R. u MOXeT OBITH UCTIONB30BaH
JUTSL ONTHMH3AINH YCIOBUN UX KYJIBTUBUPOBAHUS in Vitro.
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BJIUAHHUE CHEKTPAJIBHOI'O COCTABA CBETA HA
MOP®OBHNOJJIOI'MYECKHUE XAPAKTEPUCTUKHN COPTOB COAN

(GLYCINE MAX L.) B YCJOBUAX NHCKYCCTBEHHOI'O KIIMMATA

CBucrynona H.10., MunskoBa 51.B., Pomamkuna C.U., Kanynaukosa B.1O.,
KouemkoBa A.A., IluBamyk M.T.
Deodepanvroe 2ocyoapcmeennoe 0100xcemnoe HayyHoe yupexcoenue «Bceepoccuiickuii
HAYYHO-UCCNIe006AMENbCKUIL UHCHIUNLYHL CeNbCKOX03AlcmeeHHou ouomexuonozuu» (OI'bHY
BHUHUCBE) yn. Tumupaszeeckan 42, Mockea, e-mail: svistunova2020@yandex.ru

Cos, KaKk 0/1HA U3 BOKHEHIINX CETbCKOXO3SIMCTBEHHBIX KYJIbTYp, TpeOyeT ONTUMH3ANN
YCIOBUH BBIpAIIMBAaHUS, OCOOEHHO B YCJIOBUSX YCKOPEHHOH cenekuuu (cnuaOpuauHra),
MO3BOJISIIONIEH TOJIydaTh HECKOJIbKO TMOKoieHui B rox [1]. B coBpeMeHHBIX yCIOBHSIX
MHTCHCU(UKAIIMH  CEIbCKOXO03AWCTBEHHOTO IPOM3BOJCTBA 0OCO0O€ 3HAUYEHHUE TNPUOOpeTaeT
UCCIICZIOBAaHUE BIIMSHUS PA3MUYHBIX (PAaKTOPOB HA MPOSYKTUBHOCTH KYJIBTYpP, B YACTHOCTU COH
(Glycine max L.). AKTyalnbHOCTh TE€MBl OOYCIIOBJICHA HEOOXOJUMOCTHIO TOBBIMICHUS
3¢ HEKTUBHOCTH CEIEKIIMOHHOTO MPOIECCa B PACTCHUEBO/ICTBE.

OcHoBHas 1enb paboTHl 3aKIIIOYACTCS B M3YUCHHUH BIUSHHS PA3TUYHBIX CHEKTPaIbHbBIX
XapaKTepUCTUK HCKYCCTBEHHOTO OCBEIICHHs Ha MopgoreHes, (EHOJIOTHYECKOe pa3BUTHE H
IIPOAYKTUBHOCTb PACTEHUM COM B YCJIOBMSX KOHTPOJIMPYEMOIO BhIpallliBaHus. B skcnepuMenTe
U3y4aJloCh BIIMSHUE TPEX CHEKTPOB CBETAa — CHHET0, KPACHOT'O U JAJIBHETO KPaCHOTO — Ha POCT
U II0Ka3aTeIu MPOIYKTUBHOCTH COPTOB COU. M3BECTHO, 4TO KpAaCHBIA MU CUHUH CIEKTPHI CBETA
OKa3bIBAIOT HauOoJblllee BIMSHUE Ha MOP(OreHe3 M MPOIYKTHBHOCTb pacTeHui. JlanpbHuit
KpacHbli criekTp (710-800 HM) cTUMYIHMpYET yJUIMHEHUE cTeOJIel U [IBETeHUE, TOTJa KaK CHHHMA
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crektp (400-500 HM) crtocoOCTBYET pa3BUTUIO KOPHEBOW CHCTEMBI M (POPMUPOBAHUIO JTUCTHEB.
Kpome Toro, oT CrieKTpajibHOTO COCTaBa CBETa CYLIECTBEHHO 3aBUCHT €Ille (JOTOCHHTETHYECKAs
aKTUBHOCTH pacTeHuidl. DoTopenentopsl pacTeHUH, TaKue Kak (UTOXPOMBI U (DOTOTPONHHBL,
00ecTeYnBalOT BOCIIPUATUE PA3TUYHBIX JJIMH BOJH U PETYIUPYIOT (PU3NOIOIMUYECKHE TPOLIECCHI
[2]. CoBpeMeHHBIE UCCIETOBAHUS MMOKA3ald, YTO KOMOMHAIIUS PA3IUYHBIX CIIEKTPOB MO3BOJISIET
ONITUMH3UPOBATH POCT PACTEHUI B YCIOBUAX CIUAOPHUIUHTA.

MeTtoauka nccie1oBaHus BKIIIOYala KOMIUIEKCHBIM MOAXO0/ K OLIEHKE BIMSIHHSI CBETOBBIX
pPeKUMOB Ha (eHorornyeckrue 1 MophoOHOIOTHYECKUE XapaKTepUCTUKU copToB cou. Ocoboe
BHUMaHHE OBUIO YIENCHO M3YYCHUIO JMHAMHMKH TNPOXOXKICHUS (PEeHONOrndYeckux a3z u
IoKazarene NpoAyKTUBHOCTH. (CeMeHa COM BBICEBAIUCh B OTACIbHBIE KOHTEHHEPHI C
MUTATENbHBIM CyOCTpPAaTOM TIOCHE IPEIBAPUTENBHOTO MPOTpaBiIuBaHUs mHpenapatoM CHHKIED
(ABryct, Poccus) B koHuenTpanuu 2 mi npenapata Ha 100 M Boasl, s3xcno3unust 60 MunyT. Jlns
BBIpAIIMBAaHUS UCIIOIB30BAH IJIACTUKOBBIE TOPIIOUKH pazMepoM 9x9x10 cm u 06bEMom 500 M.
B xauectBe cyOcTpaTa HUCHONB30BaIM TOP(PSHONH MNUTATENbHBIM TPYHT «Arpodant-C» ¢
peryJsipHbIM BHECEHHEM BOJOPACTBOPUMOTO MUHEPATIBHOTO Y100peHNs AKBApUH KaXK/ble 3 THSI.
[lepBbie 2-3 aHA MOCEBbI OBLIN HAKPBITHI IUICHKOH 10 MOMEHTA Hayaia MpopacTaHus CeMsH, MpH
KpPYIJIOCYyTOYHOM OCBEUIEHUM JJIs TPEAOTBpAIlEHUs BBITATMBAHUS BCXOJOB. Y CIIOBUSA
BBIpAIIMBaHUs: KOPOTKUH poTonepron 8 4 nenp u 16 4 HOub, TeMnepatypa +28°C nuem u +25°C
HOYBI0, BIIAYKHOCTh BO3ayXa 35-45%, MHTEHCUBHOCTH OCBEIIEHUs cocTaBisuia 650 MKMOIb/M2/c.
JJ1 OLIEHKY BJIMSIHMSI CIIEKTPAIbHOIO COCTaBa CBETA, PACTEHUS BbIpALIMBAJIN IIPH 3-X BapuaHTax
OCBEUICHUS: J00aBIE€HHE JOJIM JAJIbHEro KpacHOro, KpPacHOTO M CHUHETrO0 CIIEKTPOB.
PaccmaTpuBanuce cienyromme noka3aTreian: KOJINYeCTBO JHEHM 10 IIBETEHMsI, BBICOTA PaCTEHHUS,
CpeHEE KOJIMYECTBO IIJI0JI0B C PACTEHMSI, CPETHEE KOJIMUECTBO CEMSIH C PACTEHUS, CPEAHSISI Macca
ceMsH ¢ pacteHus U macca 1000 cemsH.

Cpoku HacTyIJIeHHs [[BETCHHUsI BapuaHTe C JOOaBJIEHUEM JalbHEr0 KPacHOTO CHEKTpa y
BCEX COPTOB CHUJIBHO 3aJ€PKUBAINCH 10 CPABHEHUIO C KPACHBIM U CUHMM CIEKTPaMH B COCTaBe
cBeta. B cpeanem mo copram 1BeTeHHe HacTymaio uepe3 40,6 mHel mocie moceBa, Hambolee
MPOJIOJKUTENIbHOE OTMeUanoch y copta Burta (55 aneit). [Ipu Bo3aeiicTBUU CHHETO U KPAaCHOTO
CIIEKTpa LBeTeHHE HacTynayio B cpeaHeMm Ha 31,7 nenb. Haubonee pannee nperenue (27 maHei)
Habmroanock y copra JIaHIeTHas: B YCIOBUSAX CHHETO CBETA.

PacTeHust mo BBICOTE NPU CHHEM CBETE XapaKTepU30BAIUCH KaK 0ojiee KOMIIAKTHBIE, C
YKOPOYCHHBIMH MEXKOY3/IHUIMHU, MEHBIIUM JUAMETPOM CTeOJIsI Y OCHOBaHHUS M 0ojee HHU3KOM
BBICOTOM pacTeHuii: ot 47,5 cM y copra Jloka 1o 74,2 cm — [Ipunsate. KpacHblil cBeT nokassiBaer
MIPOMEKYTOYHBIE 3HAUEHUS M0 BBICOTE M MPOIYKTUBHOCTH, HO C 3aMETHO OOJIBIINM JAUAMETPOM
cTebyis MO CpaBHEHHIO C CHHMM CBeTOM. JlambHHI KpacHbI CHOCOOCTBYET BBITATHBAHUIO
pacTeHMii, OHU XapaKTEPU3YIOTCS yIIMHEHHBIMU MEXA0Y3IUSAMH U YTOJIEHHBIM OCHOBAaHHEM
crebna. B atux ycnoBusix BbicoTa pacteHuit nocruraer 116,1 cm (copr [lpunsare), a nnuna
MEX10Yy3/IHUi 0T 8 10 11 cM. AHaNIOrMYHOE BIMSHUE OKA3bIBAECT CIIEKTPAJIBHBIN COCTaB CBETA U Ha
BBICOTY NpPUKpEIUICHHUsI HIKHEero 0o0a: Ha CHMHEM M KpacHOM cmekTtpax okosio 30-35 cm, Ha
JaJIbHEM KpacHOM — B cpefHeM 51 cM.

OTME4EeHO CTUMYJIMPYIOLIEe BO3AEUCTBUE CUHETO CBETA HA NIOKA3aTENH MPOyKTUBHOCTH
COpPTOB COM, TAKHE KaK KOJMYECTBO IUIO0B, CEMSIH U Macca ceMsiH ¢ | pactenus. Pazmepsl ceMsiH
COU BapbUPYIOT OT oueHb Menkux ¢ Maccoit 1000 cemsn 60-100 r, 1o oyens kpymnHbIX (6omee 310
r) ¢ npeoOaganreM ceMsiH cpenHero pasmepa — 150-200 r. B Hamem onbiTe Haubosiee KpymHble
cemeHa ¢ maccoii 140-160 r Obtu cobpansl ¢ coproB Cubupuana-20, Apanra, ApTuka, AKapaus
u Jloka, BIpallleHHBIE MO/ CHHUM M KpacHbIM cBeToM. CemeHa, coOpaHHbBIE C PAacTeHUH IOA
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JAIbHUM KPacHBIM CBETOM, OTJIMYATIUCh HauMeHblel maccoil (Ha 30-40%), He mpeBbIlIaoIei
100 r, 3a uckmouenuem copra Cubupuana-20 (140,7 r). B menom, KoTu4ecTBO CEMSIH, COOpaHHBIX
c 1 pacTeHus B yCIIOBHSIX CHHEro cBeTa, ObuI0 Ha 46% BHIIIE, a B YCIOBUAX KpacHOro — Ha 67%
BBIIIE TI0 CPaBHEHUIO C JalbHUM KpacHbIM. Haumboiiee OTHOPOIHBIMH IO TOKa3aTeNsIM
IIPOJYKTUBHOCTU CEMSIH BHE 3aBHMCHMOCTH OT YCJIOBMH OCBEILEHHUS OKa3aluch copra ApTHKa,
Cubupnana-20 u ®@aBop, y KOTOPBIX pa3iIvyus MO 3TUM NOKaszareiasiM He npebimanu 10-15%,
ofHako y copta PaBop ceMeHa ObLIIM OIMHAKOBO MEJIKHE BO BCEX BapUaHTAaX OIIBITA.

Pe3ynbraThl Hamux HaOMIOAEHUI MOKa3alu, YTO CHEKTP CBETA OKa3bIBaJl CTATUCTUYECKU
3HAaYUMOE BJIMSHUE Ha CPOKM HACTYIUIEHMsI LIBETEHHUS, BBICOTY pACTEHUH, Maccy CEMSH.
ITosydyeHHbIE JaHHBIE IOATBEPKAAIOT, YTO PETYJIINPOBAHUE CIIEKTPAILHOTO COCTaBa CBETA MOYKET
CIy’)KUTh MHCTPYMEHTOM ONTHUMU3AIMH (DOTONEPUOTUUECKUX PEAKIMA U MPOJYKTHBHOCTU B
mporpaMMax YCKOPEHHOTO pasBeneHusi pacteHuil (speed breeding). OnTummszanusi CreKTpa
OCBEIICHUS MOXET cTaTh 3()()EKTUBHBIM HWHCTPYMEHTOM Uil MNOBBILEHUS 3(dexTuBHOCTH
TEXHOJIOTUI YCKOPEHHOTO BhIPAIIMBAHUS PaCTeHUH. Pe3yabTaThl MOTYT OBITH HCIIOJIB30BaHbI IIPH
co3laHu A(PPEKTUBHBIX TEXHOJOTUH BBIPAIIMBAHUS COM B 3allMIIEHHOM TIPyHTe M NpU
MIPOBEICHUH CEIEKIIMOHHON paboTHI.

PaboTa BbImonHeHa mpu (PUHAHCOBOM Mmojjepkke rocynapcrBeHHoro 3amganus FGUM-
2025-0011.
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BJIUAHUE BUOJIOTI'MYECKOI'O @ YHI' MU IA, COAEPKALIETIO
I'PUBb TRICHODERMA VIRIDE HA BUOJIOI'MYECKYIO AKTUBHOCTD
JYT'OBO-UEPHO3EMOBHUJHOM MMOYBBI

Kocunpina O.A.!, Yaraposa O.B.!, lum6an A.B.!, Cexper F0.M.2, Ky3nenosa B.A.2

'®eodepanvnoe zocyoapcmeennoe o6pazosamenvnoe yupesicoenue evicuiezo 00pazoeanus
«bnazosewenckuit 2ocyoapcmeennutii nedazocuydeckuil ynueepcumem» (OI'bOY BO «bI'TIY)»),
Fbnazosewenck, E-mail: ivanolga2005@mail.ru

240 «Amemucy, bnazosewenck

Bomnpocs! gerpaganuu nouBbl CEIbCKOX03HCTBEHHOTO Ha3HAUEHHSI CTAHOBSITCS BCe Ooee
akTyaabHbIMU. OHUM U3 yTEl pelIeH!s] BOSHUKILEH MPOOIEMBbI SBISETCS IPUMEHEHHUE CPEICTB
XMMHU3aLUU MUKpoOHoIoruyeckoro npoucxoxaenus [1]. I'pubsl pona Trichoderma B HacTos1ee
BpeMsl AaKTHBHO HCIOJB3YIOTCA B arpapHOM CEKTOpe B KadecTBe OMO(YHTHUIMIOB, T.K.
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IPOAYLHMPYIOT AHTUOMOTUYECKHE BELIECTBA W THIPOJIUTHYECKHE (DEPMEHTHI, pasiararouie
pacTUTEIbHBIE OCTAaTKH, YHUYTOXKAIOT MTOYBEHHBIE NATOreHsl [2]. buonornueckyo akTUBHOCTH
IIOYBHI Ba)KHBIN MOKAa3aTellb, MO3BOJSIOIMI CYAUTh O MPOLECCaxX, MPOTEKAOIINX C y4acTUEM
IIOYBEHHBIX MUKPOOPTIaHNW3MOB U UX aKTUBHOCTH [3, 4].

Llens wuccnemoBaHWs: W3YYCHUE BIMSHHS Ipernapata OWOJOrMYeCKUd (yHIHIUL,
cogepxauii  tpubd  Trichoderma viride Ha  OHOJOTMYECKYIO aKTHUBHOCTH JIyTOBO-
YEPHO3EMOBHUIHOM IOYBBI. 3aJaudl HWCCICIOBAaHUS: OLCHUTh WHTCHCHBHOCTH [BIXaHUS U
IEJUTIOI030Pa3pyIIAONIYI0 CIOCOOHOCTh MOYBBI; ONMPEICTUTh 00Ilee MUKPOOHOE YUCIO TPYIII
MHUKpPOOPTaHU3MOB, YYaCTBYIOIINX B KPYrOBOPOTE a30Ta.

OObexkTOM JJIs1 HWCCIEAOBAaHMs TOCTY)XHJa JIyroBo-depHo3eMoBHaHAs mouyBa KdX
«[Ipoxnagnoe», u KOX «EpmomnaeB», Amypckas oOmacte. Ilmomane ombita 10 ra.
buonorunueckuit pyHrumma B xUIKOM BUE, conepkamuii rpud Trichoderma viride B konuuecTse
ne menee 10° cnop rpudos (AO «Ametnc») B 103e 3 j/ra (pacxon padoueii sxuakoctu 300 j1/ra)
BHOCWJIM B IOYBY onpbickuBarenaeM Tyman 2M cpasy nocie yOOpKH MIIEHHIIBI C TOCIe Yo
3amamkoil Ha rIyOuHYy maxoTHoro cios (20-22 cm). OTOop MOYBEHHBIX MPOO MPOBOAMIN TIO
CTaHIapTHON MeToauKe B ceHTsiO0pe 2024-2025 rr.

Cxema onbITa: Mo4Ba, 00paboTanHast OMOPYHIHLIUAOM B KHJIKOM BUJIE, COJEpKAIIEM IPHO
Trichoderma viride B xonuuectse He Menee 10° criop TpuboB (OMBIT); MoYBa, HE OOpabOTaHHAs
OuonpenapaToM (KOHTPOJIb).

MeTtoauka nccaen0BaHus BKIOYaja ONpeAesIeHUE HEUTI0I030pa3pyIIaoieil akTUBHOCTH
MOYBBl  ANIUIMKAIIMOHHBIM ~ MeTonoM. OIeHKy OHOJIOTHYECKOM aKTUBHOCTH IIOYB IO
[EJUTIONIO30JUTHYECKONH CIIOCOOHOCTH TOYBHI OMpPENENsId MO Inkane npemioxenHon J[.I.
3BsrHHIEBBIM (% Pa3I0KUBIIETOCS MOJIOTHA): 04eHb ciabas < 10 %, cinabas — 10-30 %, cpenusis
—30-50 %, cunbHas — 50-80 %, ouenb cunbHasg > 80 % [5]. OLleHKY UHTEHCUBHOCTH JIbIXaHUS
(M) mpoBomwim mo koiuuecTBy BbiAenuBiierocss CO.. Illkama oneHkH OHOIOrHMYECKOU
aktuBHOCTH 110 1], CO> (10 r/cyTkn): I ouens cnabas 0-5; I cnabas 5-10; I cpegnsis 10-15; IV
BbIcoKast 15-25; V ouenn Bbicokas > 25 [5, 6]. BwisaBneHue azoTQUKCUPYIOUMX OaKTEepHid
NpoOBOIWIM Ha TBEPAON cpene Ombu; HUTpUPUUIUPYIOMIKMX OaKTepUl B JKUAKHX cpenax
Bunorpanckoro (mepBasi u Bropas (aza HUTPUPHUKAIMK); aMMOHH(HUKATOPOB-aHA’POOOB Ha
MITA [7]. Pe3ynbTaThl TaKCOHOMHUYECKOW MPUHAMICIKHOCTH aMMOHU(UKATOPOB U
a30T(PUKCATOPOB MOIYUUIIH C Ucmoib3oBaHueM obopynoBanus LIKII «['eHOMHBIE TeXHOIOTHH,
npoTeoMuKa U Kietounast ouonorus» ®I'BHY BHUMCXM.

JIlyroBo-4yepHO3eMOBHIHbIE ~ TMOYBa  AMypckoi  oOmacTu  sBIsieTcsl  HambOosee
NPOAYKTUBHBIMHU TOYBAMHU PErHMOHA U MHTEHCHBHO HCIIOJIB3YIOTCS B CEIbCKOM X03siiicTBe. OHH
XapaKTepu3ylTcs Claboil MUKPOOHONOTMYECKONH aKTUBHOCTBIO —BCIEACTBUE TIyOOKOTO
MpoMep3aHusi B XOJIOJHBIN MEPUOI U MEIJIEHHOTO OTTauBaHus B TEIILIN [8]. Mccnenyemast mousa
XapakTepu3yercs claboil MHTEHCHBHOCTBIO JbIXaHus. B Bapuante ¢ 00pabOTKOM MOYBHI
ouodpyurunnaom MJ{ cocraBuna 8,3 COz (10 r/cytkn), B koHTpoiabHOM 6,8 CO2 (10 r/cyTKm).
O0paboTka MOYBHI OMOTIPENapaToM, COAEpKAIINM I'prd U criopsl rpuda Trichoderma viride na 22
% TIOBBIIIIAET MHTEHCUBHOCTD JbIXaHUs MOYBHL Llemmono3onuTudeckas CiocOOHOCTh JIyTOBO-
YepHO3EMOBHU/IHOM TOYBBI OIICHMBAeTCs Kak ciabas M odeHb cnabas. OOpaboTKa MOYBHI
IpernapaToM, CojepiKaluM rpud u cnopsl rpuda Trichoderma viride na 73 % moBBIIIAET ee
LEJUTIOJIO30JIUTHYECKYIO  CIIOCOOHOCTh TI0  CPaBHEHHUIO C  KOHTPOJIbHBIM — BapUaHTOM.
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CrnenoBarenbHO, BHeceHHEe OMOdyHruimna Ha ocHoBe rpuba Trichoderma viride ymydiiaer
NPOLIECCH  PA3JIOKEHUSI TMOXHUBHBIX OCTaTKOB W KaK CICACTBHE AaKTUBU3UPYIOTCS
MHUKPOOHOJIOTUYECKUE MPOLIECCHI B TOYBE.

MukpoOrooruuecKkrii aHanu3 nokasal HaJM4ue B IOYBE aMMOHU(UKATOPOB-aHAIPOOOB,
npudeM HauOOJbIIEE MX YUCIO BBIBIEHO B onbITHOM Bapuante (7,8x10%8 KOE/T),
CJIEZIOBATENILHO, TPOLIECCHI PA3TIOKEHHSI OPTraHUYECKOT0 BEIIECTBA UAYT ObIcTpee mpu 00paboTke
MOYBHI TIPErapaToM, CoJepkammuM Tpud u cropbl Tpuda Trichoderma viride. Kononuu
c(OpMHPOBATIICH MOPUIMHUCTHIE, Oeeckie, OKpYTIoi (opMbI C POBHBIM KpaeM. B Mazke popma
KJIETOK MAaJOYKOBUAHASA, cropooOpasyroniie. Cropbl OBajJbHbIE, PAacloIaraloTcs LEHTPAIBHO,
TEPMUHAIBHO M CyOTEpMHMHAIBHO. | 'paMIonoXuTenbHbl. B 1ouBe BBISBIEHBI OakTepuu poja
Bacillus. sp. Bo Bcex BapraHTaX OIbITa BBISIBIICHBI HUTpUpHUUpYoure 6akrepun. [1pu peakuuu
¢ IM(EeHNITaAMUHOM B IPUCYTCTBUHM KOHIIEHTPUPOBAHHON CEPHOI KUCIIOTHI MTOJyYeHa HHTEHCHUBHO
CHHSsA OKpacKa (OYeHb CHIIbHAs) B BapMaHTe ¢ 00pabOTKOW mouBbl OGuOdyHruummom (2x10°
KOE/r). B KOHTpOJIbHOM BapHaHTE OKpackKa KyJIbTYPaJbHOH XKHJIKOCTH XapaKTepH30Bajach Kak
cpenHss (OKpacka KyJIbTYpalbHOM O KHIKOCTH C  Je(UHHIAMHHOM B  TNPHCYTCTBUHU
KOHLEHTPUPOBAHHON CEPHOM KHCIOTBHI — CHHSsA). B ONBITHOM M KOHTPOJBHOM BapuaHTax
BbIsIBIIEHO Hanuuue Paenibacillus sp. B mouBe, o0paboTaHHON OWOPYHTHLIUAOM (OTMBIT)
YUCIIEHHOCTh a30TguKkcatopoB cocraBuia 5x10° KOE/r, B xourponsHom 4x10% KOE/. Ha
MIOBEPXHOCTU Cpebl CHOPMUPOBAINCH OECIIBETHBIC CIM3UCTBIE BS3KHE KOJOHUU OKPYIJIOH
(opMBI ¢ POBHBIMHU KpasiMi. B Ma3kax mpUCYTCTBYIOT CIIOPOOOpa3yOIIUe TPaMIIOIOKUTEIbHBIC
MAJIOYKH.

Cnucok JuTeparTypsbl:

1. Hertsapesa E.A., Bunorpanosa K.A., Anekcanaposa A.B., ®unonenko B.A., Koxesun I1.A.
[TouBeHHBIE AKTMHOMHMIETHI KaK IMOTEHLUANbHbIe OMOQyHrummasl // BecTHUK MOCKOBCKOTO
yausepcuteta. Cepus 17. IlouBoBenenune. 2009. Ne2. C. 22-26.

2. IlpombinmenHoe npuMeHenue rpudoB poaa Trichoderma / ®.K. AnumoBa. — Kazanp
Kasanckuii rocynapctBeHHbIi yHuBepcurer uM. B.M. Vassanosa-Jlenuna, 2006. 209 c.

3. HeuaeBa E.X. [lapameTpsl o1leHKH OMOJIOrHYECKON aKTUBHOCTH MOYBHI // Dmioxa Hayku. 2015.
Ne 4. C. 495-498.

4. I'punen JI.B. CenpkoBa JI.A., Munranes C.K. buonornueckas akTHBHOCTb IOUBBI // ArpapHoe
oOpaszoBanue u Hayka. 2019. Ne 2. C. 14-17.

5. ®enopenn H.I'., Mensenea M.B. Meronuka ucciefoBaHus IMOYB ypOaHHM3UPOBAHHBIX
teppurtopuii. — Ilerpo3zaBoack : Kapensckuii Hayunslii nentp PAH, 2009. 84 c.

6. AnuxeeB B.B., Jlykomckas K.A. PykoBoacTBO K NpPaKTUUECKUM 3aHATUSAM 110
MuKpobuonoruu. — Mocksa : [Ipocemenue, 1983. 127 c.

7. YmumbOameB A.M., 3anmnoB A.X. CpaBHHUTEIbHas OLCHKAa METOAOB OIPEACTCHHS JbIXaHHs
NoYBbl. BO3MOXHOCTM HMX HCIONB30BaHMS B KIMMaTHUeckux mpoekrax // W3Bectuss CaHKT-
[TeTepOyprckoro rocyaapcTBEHHOro arpapHoro ynuBepcurera. 2022. Ne 2 (67). C. 83-90
doi:1024412/2078-1318-2022-2-83-90.

8. Cucrema 3emienenusi AMypcKoil 006JacTi: IpOU3BOICTBEHHO-TIPAKTUYECKUI CIIPaBOYHUK /
mox obm. ped. a-pa c.-x. Hayk, mpod. IL.B. Tuxomuyka. — bnarosemenck : M3a-Bo
JansaeBocTounoro I'AY, 2016. 570 c.

®rbHY BHUUCB, 2025 . 142



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

JJIMTEJIBHOE AIIITAPATHOE KYJIBbTUBUPOBAHUE KJIETOK
OPAPMAINEBTUYECKHU HEHHOI'O BUJA POLYSCIAS FILICIFOLIA
(C.MOORE EX E.FOURN.) L.H. BAILEY - ITPOAYLHEHTA
TPUTEPIIEHOBBIX I''IUKO3U 0B

Trwopuna T.M.., lIpyauuxosa O.H.!, Knbraankos O.1.12,
Meraabuukos I1.C.!, Turosa M.B.!

1 — Unecmumym ¢usuonocuu pacmenuii um. K.A. Tumupazeea PAH (U®P um. K.A.
Tumupsazeea PAH), 126276, bomanuueckan 35, Mockea, Poccusa; E-mail: ippras.ru
2 — Mockoeckuii 2ocyoapcmeennutii ynueepcumem umenu M.B. Jlomonocosa, 119991,
Jlenunckue zopwvt 1, Mockea, Poccusa

Polyscias filicifolia (C.Moore ex E.Fourn.) L.H.Bailey u3 cemeiictBa Araliaceae —
nekapcTBeHHoe pactenne FOro-BocTouHoit Asuu; 3TOT BHJA BKIIOYEH BO BbeTHaMcKylo
(apMakoneo, SKCTPaKThl MNPUMEHSIOTCS B KayecTBE TOHHM3HPYIOIIETO, aJanTOr€HHOrO,
HEHPOMPOTEKTOPHOTO, aHTHOKCHIAHTHOTO cpeacTsa [1]. boratTeiii ¢puToXuMUdeckuii mpoQpuib,
BKJIIOYAIOIIUI (PEHONbHBIE KHCIOTHI, ()IaBOHOWUIBI M TPUTEPICHOBBIC TNHUKO3UABI [2,3], H
¢dapmakosiornueckas akTuBHOCTh P. filicifolia 06ycnaBiIMBaOT MEPCIEKTUBHOCTh pa3pabOTKH Ha
€ro OCHOBE MPOMBIIUICHHBIX OMOTEXHOJIOTUH MOJIy4YeHUS LIEHHBIX LIEJIEBBIX COCIMHEHUI.

Lenbto paboOThl SIBISAJIOCH M3YYEHUE POCTA M CIOCOOHOCTH K CHUHTE3Y TPHTEPIICHOBBIX
TJIMKO3U/I0OB CYCIEH3HMOHHOM KYJbTYpbl KieTok P. filicifolia npu amutensHOM (Oonee ropna)
HETPEPHIBHOM BBIpALMBAaHUK B OapOoTakHOM Onopeakrope. LllTamMMm BbIpaluBaii B KUIKOM
nutarenbHoi cpene no Illenky u Xunpaeopauary (SH) ¢ nobGasnenuem perynsaropos pocra 2,4-
Jl u xuHeTHHa B 20-TMTPOBBIX OMOPEAKTOpaX B PEKUME «OTHEM CYCIIEH3UHU-IIOIUB CPEIbD».
ConeprxaHue TMOJIMCIIMO3UIOB B TOYKaX MAKCUMAaJIbHOI'O HAKOIUICHHs OMOMAacChl OMpeAessuin
MetosioM YIXKX-MDP-MC na xpomarorpadhe ACQUITY UPLC H-Class PLUS (Waters, CILIA)
¢ xononkoit ACQUITY UPLC BEH C18 (Waters).

B xozne MynbpTHLIMKIIA OBLIO OCYIIECTBICHO 18 HUKIOB CyOKYJIbTUBHPOBAHUS B TEUCHUE
370 cyTOK IIPU COXPAHEHMH BBHICOKHX 3HAYEHUH yeabpHoi ckopoctu pocta (0,08 = 0,01 cyr 1),
xu3HecrocooHocTH (89,3 + 4,5%) 1 MakCUMaJIBHOTO HAKOIUICHHSI CyXOW Macchl KJIETOK (8,76 £
1,38 1/1m). AHanu3 nmokasaji NpUCYTCTBHE B KJIeTKaxX 12 cOeTUHEHUH OJIeaHaHOBBIX INIMKO3UIOB U
WX M30MEpOB O0mMM cojepxkaHuem 10 21,71 mr/r cyxoro Beca. bbia BEISIBICHA TEHISHIUS K
KOJICOAHUSIM CHHTE3a MHIUBUAYAIBHBIX COSAMHEHUIN 1 HE3HAUUTEIbHOMY YMEHBIIEHUIO CYMMBI
MOJUCIMO3UI0OB € TEYeHHEM BpeMeHH. [lomydeHHBIE pe3ynbTaTbl  JEMOHCTPHPYIOT
NEPCIEKTUBHOCTh HCHONB30BaHMs Imtamma P. filicifolia nns  nanbHeimed pa3paOoTku
MIPOMBIIIICHHONH OMOTEXHOJIOTUH IMOJyYEHHsI LENEeBbIX OMOIOTHYECKH aKTHBHBIX COCIMHEHUI.
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1. The genus Polyscias (Araliaceae): A phytochemical and biological review /N. S.
Ashmawy, H. A. Gad, M. L. Ashour [et al.] / Journal of Herbal Medicine. 2020. 100377.
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2. Anti-inflammatory and Antioxidant activities of Polyscias filicifolia saponins / C.
Madhu Divakar [et al.] // Der Pharmacia Lettre. 2010. Vol. 2 (1), P. 41-47.

3. Assessment of cytotoxic and genotoxic activity of alcohol extract of Polyscias filicifolia
shoot, leaf, cell biomass of suspension culture and saponin fraction / J. Marczewska, E.
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CIIOCOB NOJYYEHUS PACTEHUI MISCANTHUS X

GIGANTEUS B KVYJIBTYPE IN VITRO
VYcaues JI.B."2, Kaqununa A.A.', Asepuna A.B.
1 - ®IrbOY BO «Hucezopoockuit 20cyoapcmeeHHblii meXHU4ecKuil yHugepcumem
um. P.E.Anexceeea», Huxcnuit Hoezopoo 603155; E-mail: nntu@nntu.ru
2 - 000 «Mepucmemar, Husxxcnuit Hoezopoo 603116; E-mail: info@merlab.ru

Miscanthus x giganteus — MEpCHEKTHMBHOE MHOTOJIETHEE KOPHEBHIIHOE TPABSIHUCTOE
pacTenue, mpuHaAexKaniee k cemeiictBy 3naku (Poaceae) u siistomieecs CTepUIbHBIM THOPUIOM
Miscanthus sinensis u Miscanthus sacchariflorus [1]. C Ononorudeckoif TOUKH 3peHUs, MUCKAHTYC
TMTAaHTCKUH XapaKTepU3yeTcsl MOIIHON KOPHEBOW CHCTEMOH, AOCTHraromei riyOouHsl 1o 4
METPOB, BBICOKOH Onomaccoii (10 40 TOHH CyXOro BeIIecTBa C TeKTapa) U MPOJOJKUTEIbHBIM
NIEPUOJIOM BEreTallud, 4YTO OOECIEYMBAET €ro BBICOKYIO MpPOAYKTUBHOCTh. bmaromaps 3Tum
ocobenHocTsiM, Miscanthus X giganteus paccMarpuBaeTcsi Kak MEpCIEKTUBHAs KyJbTypa s
pa3nuYHBIX 00JacTell MPUMEHEHHUs, 8 IMEHHO IIPU MTPOU3BOICTBE OMOTOIUINBA [3], B SHEpreTUKe
[7], ctpoutenbcTBe [2], CEMBCKOM XO3SHUCTBE [4], IEIITI0I03H0-0yMakHOH MPOMBITIIIEHHOCTH [1].
HecMmoTpss Ha MHOTOUYMCIIEHHBIE MTPEUMYILECTBA, MUPOKoe BHeapenue Miscanthus x giganteus
OTPaHUYEHO CIIOKHOCTSIMH, CBSI3aHHBIMH C €r0 pa3MHOXKEeHUEeM. [ nOpua sSBiseTcs: CTepUIIbHBIM,
[I03TOMY CEMEHHOE pa3MHOKEHHE HEBO3MOXKHO. TpaJuLMOHHBIE METOJbl BETETATUBHOIO
pPa3sMHOXKEHHUsI, TAKHE KaK JeJIeHHe KOPHEBHUI, TPeOYIOT 3HAUUTENIbHBIX 3aTpaT Py4HOro Tpy[a,
3aHUMAaIOT MHOTO BPEMEHM U NMPUBOAIT K HU3KOM CKOpPOCTU pa3sMHOXEHM [6]. B cBs3u ¢ aTUM,
pa3paboTka >(P(GEeKTUBHBIX METOJ0B MHUKPOKJIOHAIBHOTO pPa3sMHOXKEHUs (in Vitro) sBisieTcs
BOXHOHM 3a7ayeil, HampaBJICHHOW Ha MacIITaOHOE IOJIyYeHHE TE€HETHYECKH OIHOPOAHOTO H
3I0POBOTO MOcaouHOro MaTepuana Miscanthus x giganteus.

C nenbio HHTEHCU(UKAITUH TPOIIECCOB MUKPOPA3MHOKEHUS OB IPOBEICH HKCIIEPUMEHT,
B KOTOPOM M3YYaJloCh BIMSHUE PA3IMUYHBIX YCIOBHH CTEPUIM3ALNMU PACTHTEIBHOTO MaTepuaa
Ha 3Tare BBOJA B KyJbTYpY, MCCIEIOBAINCH pazINuHble KoMOMHaiuu Tuauaszypona (T/13) Ha
JTane pa3MHOXKEHHs IMOOEroB, a TaK)Ke OSTamnbl YKOPEHEHUs W ajanTtanuu. B pesynbraTe
pa3paboTaH MPOTOKOJ MUKPOKJIOHAIBHOTO PAa3MHOXKEHUS MHUCKAHTyCa, KOTOPBIA BKIIIOYAET B
ceost:

1) cTyneH4aTyo CTepHIIN3alUI0 HHTEPKATSPHBIX TOOETOB HA ATale HHULIUAIIMU KYJIbTYPbI
in vitro ¢ IpUMEHEHNEM pacTBOPOB (YHIHIIM/A, THIIOXJIOPUTA, CIIUPTA U MEPOKCHIA BOJIOPOJIA;

2)ucnonp3oBaHue MUTaTebHOM cpeanl MS [5] ¢ nobasnernem 0,05 mr/n TA3 u 3 mr/i 6-
o6ensunamunonypuna (6-BAIl) Ha sTame coOCTBEHHO MHKPOpPAa3MHOMKEHUS, C YepelOBaHHEM
naccaxei co cpenoit, ceodonnoit ot T/I3;

3)addexTuBHOE YKOpPEHEHHE C MCIOIH30BAaHUEM IMOJOBUHHON MHUTATENhHON Cpenbl MS,
JOTIOTHEHHOH uHAommmMacisiHoi kucnotoi (MMK) B kornertparuu 0,5 Mr/i, 4to oGecnednsio
95% TmpMKKUBAaEMOCTH 3KCIJIAHTOB B YCIIOBUSX €X Vitro.
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[Tonmy4yeHHbIe pe3ynbTaThl MO3BOJIAIOT ONTUMH3HPOBATH MPOLECC MHUKPOKIOHAIHLHOTO
pasmHOoxeHus: Miscanthus x giganteus, 4To SBIsSETCS BaXKHBIM IIaroM Ha IyTH K MAacIITAOHOMY
IIPOU3BOJCTBY I0CATOYHOI0 MATepUajla ITOU MEPCIEKTUBHON YHEPreTUYECKOM KYJIbTYPBI.
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HOJAB0OP CPEJIBI 1151 MUKPOKJIOHAJIBHOI'O PASMHOXEHUS
KPOBOXJIEBKHU JEKAPCTBEHHOM (SANGUISORBA OFFICINALIS L.
BaJjieeBa A.A.!

1 - ®rboY BO «Kocmpomckoit 2ocyoapcmeennstii ynugepcumemy» (KI'Y), Kocmpoma 156005; E-
mail: zarapkachy-chy@mail.ru

N3ydeHne 1 BOCCTaHOBIIEHNE KPACHOKHUKHBIX BUJIOB SIBIISIETCS OJIHUM M3 HAIPABJICHUH B
IpUpoa0oXpanHoi aestenbHocTH Poccun. Ha tepputopun Koctpomckoit obnactu Sanguisorba
officinalis L. npUHAUIEKUT K 2 KATETOPHH, T.€. ABISETCS COKPALIAIOIIMMCS B JAHHOM PETHOHE.
BrrmeynomsiHy BN Bu ObUT 0OHapykeH Ha Teppuropun KpacHocenbckoro u MakapbeBCKOTO
paifoHax, Ha moiMeHHbIX Jyrax p.Koctpomsr 6mu3 r.bys [1]. Pactenue conep ut nyOuibHbIE
BEIIIECTBA, SKCTPAKT U3 HUX 001agaeT OaKTepUIIUAHBIM JEHCTBHEM, 32 UTO IICHUTCS] B MEIUIIUHE
u ¢apmakonorud. OJHMM U3 METOJOB BOCCTAHOBJICHHS HCYE3AIOIIUX BHUIOB SBISETCS
MHUKPOKJIOHAIBHOE Pa3MHOXEHHE, KOTOPOE MO3BOJSET M3 HEOONBLIOrO AKCIUIAHTA, B TEUCHHE
HECKOJIBKMX MECSLEB, MOJY4YUTh 3HAYUTEIBHOE KOJUYECTBO KIOHOB MATEPUHCKOIO PACTEHHS.
CH0XHOCTb JAHHOTO METO/Ia 3aKJII0YaeTcs B pa3paboTKe METOIUKH, KOTOpasi IPUBeIeHa HUXKE.
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Bce uccnenoBanus mpoxoawian Ha 6aze saboparopun OmotexHonormun PI'BOY BO
«KocTpomckoro  rocynmapcTBeHHOro — yHuBepcurera». Ilpum  pa3paboTke  METOIMKH
MUKPOKJIOHAIBHOTO pa3MHOXKeHUs S. officinalis L. 1as CcTepuwiIn3aldé  SKCIUIAHTOB,
UCTOJIb30BajJach CJEIYyIomas IOCIEe0BATENbHOCTh 00pabOTKH: TNPOMBIBAHHE HCXOJIHOTO
Marepuana I0J IPOTOYHOM BOAOW C IPUMEHEHUEM XO3SAHUCTBEHHOIO MbLIA, IIOCIEAYIOLIEEe
3amaunBanue B 0,2 % pacTBope KOHTaKTHOTO QpyHruuuaa «/Iuran» B reuenue 10 MuHYT, a TaKkxKe
00paboTKy 5 % pacTBOpPOM TUIIOXJIOpUTA Kaiblus B TedeHune 10 MmunyT [2].

[Tocne yero O6putn cBapeHs! aBe cpensl Mypacure-Ckyra (MS) ¢ HONMHBIM colepKaHUEM
MHUKpPO- ¥ MaKpO3JIEMEHTOB U C MOJOBHHHBIM, HAa KOTOPBHIE B MOCIEAYIOMIEM OBLIH BBICAXKECHBI
sKcIuIaHTHI. [10710BUHHBIN cocTaB cpeabl ObUT B3ST, TaK Kak S. officinalis L. MOXeT pacTu Kak Ha
JYTOBBIX M CTEMHBIX OYBaX, TaK U Ha 000YMHAX J0POT, KaK COPHOE pacTEHHE.

B nanbuelinem Obu1a npousseneHa nocaaka 18.09.2024, nepsslii pe3ynpTaT ObUT OITYYEH
yepe3 65 aueit (22.11.2024). 13 mepuctembl Bepxywku aucta S. officinalis L. 6bU1 ToTy4YeH
Kajutyc. B mocienyromem u3 1ecsaTH 3KCIUIAaHTOB, 00pa30BaI KAJTYC TOJBKO YETHIPE, KOTOpPhIC
npou3pacTav Ha cpene MS ¢ MoMHBIM CoAepKaHUEM MHUKPO- U MakpoayieMeHTOB. OcTalbHbIe
YacTH 3aCOXJIM M HE Jaji HUKaKUX pe3ylpTaToB. Ha oIHOM M3 KajlyCOB HAa4ajoCh pa3BUTHE
IIPOPOCTKA.

10.12.2024 (ua 83 geHb OT MMOCAIKM) TPH KaJUTyca Hayalu 0Opa3oBBIBATH O J[Ba WU TPU
MPOPOCTKA, KATYC C OAHUM IPOPOCTKOM Hayasl 00pa30BbIBATH HICTUHHBIC JIUCThS.

14.01.2025 (118 nenp) onuH U3 MPOPOCTKOB 0O0pa30Ball KOPHEBYIO CHCTEMY U OBLI TOTOB
K a/lanTalliy, OCTalIbHbIE KaJTyChl ObUIH pa3/iefieHbl U IepecakeHbl Ha HOBYIO cpexy. [Tocie yero
KaJUTyC TIepecTall pa3BUBAThCA U Yy PACTEHUH Hadajla pa3BUBAThCsl KOPHEBAsl CUCTEMA.

28.03.2025(191 neHb) BBDKWIIO TONBKO pacTEeHHE, KOTOpoe ObUIO aJanTHpOBaHO,
ocTasibHble 00pa3ibl 3acoxyi. AnantupoBanHas S. officinalis L. pa3Bunack 10 BEprHHUIBHOTO
sTamna. B po3eTke HaCUNTHIBATIOCH OT MATH JI0 LIECTH JIUCTHEB.

B urore, MoxHO ckazats, uto S. officinalis L. nydie npuwxuBaeTcs Ha cpeie MS ¢ moHbIM
COJIepKaHUEM MUKPO M MAaKpPOAJIEMEHTOB. [IaHHBIHN pe3ynbTaT 0OBACHICTCA TEM, UTO JIyTa HMEIOT
JOCTaTOYHO IUIOAOPOAHYIO TOYBY, KOTOpas KpailHe HeoOXOoAuMa pAacTeHHI0O OCOOCHHO B
KopHeoOpa3oBaHuH. OIHOBPEMEHHO C 3TUM OBUIO BBISBICHO, YTO JAHHBIA BHUJ HE MEPECHOCHUT
nepecakxuBaHUs Ha HOBYIO CpeAy in Vvitro n OyJeT Jmydlle J0XKAaThCsl 00pa3oBaHHUsl OCHOBHOTO H
IIPUAATOYHBIX KOPHEH Nepel aJjalTaliel Ha [T0YBe.
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CJIABOE CTPECCOBOE BO3JEVCTBUE, HA PA3BUTHUE,
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CornacHo (¢enepaqbHOMY 3aKOHY O BHHOTpagapcTBE W BHHOIenuu B Poccuiickoit
Oeneparn Ne 468-D3 ot 27 nexabps 2019 roma, BUHOrpagapcTBO OMpEACNseTCs Kak OJHO W3
IIPUOPUTETHBIX HAIlpaBICHUH B arpapHodl noauTuku Poccuu. 3aKOHOMEpPHOE pacIIUpEHHE
IJIOIIAeH BUHOTPAIHUKOB IIPUBOJIUT K POCTY CIIPOCA HA KAYECTBEHHBIM NCXOIHBIN II0CAI0YHBIN
Marepua, 4yTo, B CBOIO OYEPEAb, NPUBOAUT K POCTY ILIOMIAZAEH MATOYHBIX HacaxaeHuu. Jlis
MOCJIEAHUX, B KaueCTBE II0CAJI0YHOIO MaTepuajla MOAXOASIT MHUHUMAIBHO 3apaXXxEéHHbIE
naToreHHsIMU MukpoopranuzmMamu pacreHus (I'OCTP 53025 - 2008), onHMM U3 OCHOBHBIX
CIOCOOOB MOJYYEHHS KOTOPBIX SBJISIETCS MUKPOKJIOHAIBbHOE pa3MHOKeHHe. OIHAKO, PacTeHHS,
MOJIyYeHHbIE TakUM OOpa3oM HUMEIOT CcHenupHUUecKue aJanTallid K YCIOBHSM in Vitro,
YBEIUYMBAIOLINE BEPOSTHOCTH TMOENIN pacTeHUH MPH MEPEBOIE UX B YCIIOBUS ex vitro [1, 2, 3, 4].
JUis MUHUMU3allUM TOTEPh pPACTEHHUs, B TEUYEHHWE INEPBBIX HENENb IOCJIE IEepeHoca B
HECTEPUJIbHBIE YCIIOBUS CO3IAIOTCS 0COOBIE YCIOBUS, IPEANOJATraI0IINE TOAIEPKAHUE BBICOKON
BJIQKHOCTH, CTAaOMJIBHOWH TeMmIepaTrypbl M peryisipHblii monuB. Moaudukanus yCIOBHMA
BBIpAIIMBAaHUS B KYJbTYpE in Vitro, BbI3bIBAIOIIAsA CIa0ble CTPECCOBBIC PEAKIMU y PACTEHHIH,
MOJKET CIIOCOOCTBOBATH MpeaJalTalui PAaCTCHUN K €CTECTBEHHBIM YCIIOBUSM €€ B KyJIbTYypE in
Vitro W COKpallleHHIO [UIMTEIIbHOCTH aJalTalud TpH TepeHoce B ex vitro. HaubGonee
pactpocTpaHEHHBIMH  BEILIECTBAMM, BBICTYMAIOIIUMH B KadeCTBE CTPECCOBBIX (DaKTOpOB,
BeicTynator: NaCl (3acomenue) u mnommdTwieHrwmkons (I[1917) (ocMmotmueckuii  crpecc).
Jlo6aBneHre 3THX BEIIECTB B COCTAB IMHUTATEIBHOM Cpeabl UCIONb3YETCs KaK CIOCO0 OICHKH
YCTOHYMBOCTH COPTOB K a0MOTUYECKUM CTpeccopaM B KyJbType in vitro [5; 6; 7]. AGcuuzoBas
kucnora (ABK) sABisercs ogHUM U3 KIHOYEBBIX PETYJIATOPOB OTBETHOM pEaKIMM PACTEHUH Ha
abuotnyeckuii crpecc [8]. Takum 006pazom, 1eNbI0 pabOThI CTAN0 U3YUYCHUE PEaKIMid pacTeHUN
BUHOTpaZia B KyJbType in Vvitro u 3((HEeKTUBHOCTH HUX aJaNnTalliil B YCIOBUAX ex Vitro mocie
cJ1abbIX CTPECCOBBIX BO3/ICHCTBHIA, CO3/1aBaeMbIX 100aBIeHNEM B uTaTenbHyto cpeny I1017, NaCl
n ABK Ha sTane ykopeHeHusl.

B kauectBe 00OBEKTa MCCleOBaHUS HCHOIb30BamM copTa KanmaBacta m Kpacnocrom
30710TOBCKUM. Ha aTane ykopeHeHHUs, SKCIIaHThl BHICA)KMBAJIN HA TBEPAYIO MUTATENbHYIO CPENY
Mypacure-Ckyra nobasienuem 0,1 mr/m UYK. BapuaHTbl NHUTaTENbHBIX Cped, CO3/AAIOLIHNE
crnaboe cTpeccoBoe BozaencTBHe, coaepxanu 0,5% MOTUITUIICHTIIMKOIIS BBICOKOMOJIEKYJIIPHOTO
(mapku I12I'-600), 10 MM xmopucroro Hatpust NaCl m 0,1 MM abcum3oBOW KHCIOTHI
IIpoaomKUTENBHOCTD KyJIBTUBUPOBAHMS PACTEHUN § HEEINb, 10 OKOHYAHUU KOTOPBIX PACTEHUS
BBIC)KMBAJI B IOYBEHHBIH cyOcTpaT. D((HhEeKTUBHOCTH aJanTalliy OLIEHUBAIIN, U3MEPSIS IPOLICHT

®rbHY BHUUCB, 2025 . 147



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

IIPUKMBAEMOCTH PAaCTEeHMM M MPUPOCT Haa3eMHoOM yactu B TeueHue 90 nueil. Kpome toro, ans
Oosee TOYHOM OLIEHKM pEaKLUWU pPACTeHUH Ha BBIOpaHHBIE JO00AaBKM ObUT W3MEPEH Pl
¢u3noNOrMUecKuX TOKa3aTenel: obmee colepkaHue (POTOCHHTETUYECKHX IUTMEHTOB,
MasioHoBOro auaibaeruaa (MJIA), pacTBOPUMBIX CaxapoB M Kpaxmaa.

Jo6asnenue 191" u ABK B cocTaB nuTaTenbHON Cpeabl MPUBEIO K CHHKEHHUIO TEMIIOB
pocra pacteHuii Ha 30% OTHOCUTENBHO KOHTPOJIS YK€ Ha 3Talle YKOPEHEHUs B KYJIbTYpE in Vitro,
torna kak po6aBneHne NaCl Ha pocT pacTeHHMi NpaKTUYECKUH He NOBIUsUI0. MToropas
NPWKUBAEMOCTh pacTeHuil Obuta B mpeaenax 90-95% Bo Bcex BapuaHTax y 00OHMX COPTOB. Y
oboux copToB K 90 THIO M3MEPEHHUI HAMIYYIINE PE3yJIbTaThl MPOJIEMOHCTPUPOBAIN PACTCHHS,
BbIpalieHHble Ha nutaTenbHbIX cpenax ¢ NaCl u ABK (anuHHa cTebms, B cpenHeM, okasaiach
0obie kKoHTpoutst Ha 15-20%, uncno muctbeB Ha 13%, a cpeansis mwiomas aucta Ha 20%).

Copneprkanne pacTBOPUMBIX CaxapoB M KpaxMaylja B pacTeHUSAX 00OMX COPTOB MpPU BCEX
BapHaHTaX J00aBOK JEMOHCTPUPOBAIO OOILYIO TEHICHILHUIO: POCT COACPIKAHUS PACTBOPUMBIX
caxapoB OTHOCHUTEIbHO KOHTpoist Ha 5-10%, OOHOBpPEMEHHO €O CHMIKEHUEM COJEp’KaHUS
kpaxmaiia Ha 18-20%. [1pu 3ToM HanGoIbIINE OTIAMYHUS OT KOHTPOJISE HAOII0JAIMCh B BAPHAHTAX
c ucnonb3oBanueM ABK. Cozpepikanue XJ0po(UIOB CHIBHO pa3inyallioch B 3aBUCUMOCTH OT
copra: y Kannasacra npu no6asnennu NaCl conepskanue xaopoduiuioB cHIKanoch Ha 39% u Ha
48% B cityuae ¢ [I91', Torna kak no6asnenne ABK npuBenu muis NpUBOIMIO K CHUKESHHUIO JIUIIIb
Ha 14%. VY copra KpacHoctonm 305I0TOBCKHIT HAa000pOT: CyMMa XJOPO(WIIIOB B JIHMCTBSIX
pacTeHuil, BhIpallleHHBIX Ha MUTATENbHOM cpeax ¢ Jo0aBKaMH, OKa3alach BbIIIE KOHTPOJISA: Ha
21% o6onpme must 10T, Ha 43% mns NaCl u va 3% mns ABK. Y oboux copToB conepikaHue
KapOTUHOUIOB TPAKTHYECKUII HE MEHSUIOCh B OTBET Ha HCCIEAyeMble TO0aBKH 3a OJHHM
UCKJIIOUeHHeM: y pacteHuil copta Kannasacra npucyrcrsue [I91 B cocTaBe nuTaTesbHOM cpebl
MIPUBEJIO K POCTY cojepkaHusi kapotuHonaoB Ha 47%. Conepxanue MJIA y pactenuil copra
Kpacnocton 3070TOBCKMIA, BbIpalleHHBIX Ha wHcciaenyeMmbix ¢ gobasienueM NaCl m ABK
conepxxanne MJIA Obu10 yBenuueHo Oosee yeM B 2 pasa. Y copra Kannasacra cogeprxanue MJIA
IIPAKTUYECKUM HE U3MEHSAJIOCh OTHOCUTEIBHO KOHTPOJIS.

Takum oOpazom MOkHO caenath BeIBOA, 4TO M NaCl u ABK monoKUTeNbHO BIHSIOT Ha
POCT ¥ aJanTalMIo paCTEHUIN BUHOTPajAa MpHU NEPEBOE U3 KyJIbTYpHI in Vitro B ex vitro, Ho ABK
BBI3BIBACT CHJIBHYIO CTPECCOBYIO PEAaKIMI0 U MOXET MNPUBOIUTH K 0Oo0jiee BBIPAKECHHOM
coprocniennpuuHoil peakuuu, nosromy NaCl sBnsercs Oosnee yHUBEPCAIbHBIM BapHaHTOM
CTUMYJIUpPYIOIIeH JO00aBKM B COCTaB NHUTATENbHEH Cpeabl A TOBBILICHHUS aJalTHBHBIX
CIOCOOHOCTEH BUHOTpaJa B KyJIbType in Vitro.
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OpHoil U3 BakHEHIINMX MPoOJIeM Kak MPH BBIPALIMBAHUMN JIIONMHA Y3KOJIUCTHOTO, TAaK U
npu J1a0opaTOpHBIX paboTax C HUM B KYJIbTYpE in Vitro SBISETCS €ro IOJBEPKEHHOCTb
3apakeHHI0 (PUTOMATOreHAMH PA3IUYHON MPUPO/IbI, CIIOCOOHBIMH TIepeIaBaThCs ¢ ceMeHaMu. B
CENIbCKOM XO3SIIICTBE MOpa)KCHHWE TPUOHBIMHU TAaTOTEHAMU CHOCOOHO KpPaTHO CHU3UTH WU
MOJTHOCTBIO YHUYTOXUTH ypoxkail [1, 2]. Ilpum sTomM B KynbType in Vitro HaToreHbl MOTYT
3axBaThIBaTh NHTATEIbHYIO CpEAy W/WIM TKAHW SKCIUIAHTA, BBI3bIBAs €ro THOENb, TaKxke
SHIO(PHUTHBIE MUKPOOPTaHU3MBI MOTYT CYIIECTBEHHO aKTUBHU3UPOBATH CBOIO JIESATEIBHOCTD U POCT
B T.4. MOJA JEHCTBUEM DETYJIATOPOB POCTAa PACTEHUH, YTO TAKXE MPUBOAUT K HAPYIIECHUIO
pereHepaoHHbIX MTPOILECCOB M K THOEIN HKCIIAHTOB.

B nmaGoparopHoii mpakTuke Uit OOpbOBI C MATOr€HaMU TPUMEHSIOT PpPas3IHyYHbIC
¢busnueckue (Ipexae Bcero, TepMuieckas 00padoTka) U XUMUIECKHe (pa3IudHbIe MTECTUIIUIBI U
AHTUOMOTHKH ) METOBI IPEANIOCEBHOM 00pabOTKH CEMSH.

Panee HaM yjajaoch YCTaHOBHUTH, 4YTO TepMHUYECKass oOpabOTKa CeMSH JIIONKHA
y3KOIMCTHOTO Ipu Temneparype 10 100°C nepen ux BBEACHUEM B KYJIbTYPY N Vitro IO3BOJISET
MOJIaBUTh YacTh (PUTOMATOTEHOB, B OCHOBHOM I'puOHBIX [2, 3]. Taxke ObLIO YCTaHOBIIEHO, YTO
CIIMIIKOM pE3Kue Mepenajbl TeMIepaTypbl TyOUTENbHbI A CeMsH, MO3TOMY ObUIO HPUHSTO
pEeLIeHNEe NEPEUTH K IOCTENIEHHOMY CTYIIEHYaTOMY HarpeBy IIpu TepMoTepanuu [3].

B pamkax nanHo# paGoThI poriecc TepMOTEpauy ObLT JOMOJTHUTEIHHO ONTUMU3UPOBAH:
IepeluIM K CTyNEeHYaToOMy HarpeBy a0 Ttemmeparypsl B 80°C wumm cpady 10 KOHEYHOMH
temneparypsl 100°C B TeueHne 1 cyToOK, a HE HECKOJIBKUX JTHEH.

Taroke ObUTH UCTIONB30BaHbl BApUAHTHI TEPMOTEpANUK ¢ poBokanuei. [Ipu 3Tom cemena
IIPEIBAPUTENIHO BBIIEpKUBaIU npu Temneparype 60°C B TedeHMe 3 CYTOK, IOCJIE YEro
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teMneparypy cHukanu 10 30°C Ha 1 CcyTkH, IOCJI€ YEro BHOBb CTYNEHYATO MOBBIMIAIN YXKE 10
KOHEYHOW TeMIiiepaTypbl. Takoil moaxoja J0JKeH ObUl MPOBOLUPOBATh MPOpPACTaHUE TPUOHBIX
n/min 6aKTepUaIbHBIX CIOP I UX AaJbHEHUIIEro YHUYTOKEHHUS B IPOLIECCe TEPMOOOPaOOTKH.

Kak coobmranocs panee [2, 3], TepMoTepanus N03BOJISET MOJAaBUTh HEKOTOPhIE CEMEHHBIE
MaToreHbl TPUOHON mpupoabl, BkiIouas rpudbl poma Colletotrichum. DT naHHBIE OBLIH
MOJATBEPXKIEHBl MUKPOOHOIOTUYECKIUMHU UCCIIEAOBAaHMAMHU. TaKk U3 CeMsiH KOHTPOJIBLHOU TPYTIIIBI,
HE TI0JIBEPraeMbIX TepMOOOPaOOTKE, OBLITU BBIICICHBI TPUOLI, BKIIOUast Alternaria alternata (Bun
orpenesn€éH IMOCPEICTBOM CEKBEHHPOBAaHUS) — BO3OYIUTENb anbTepHapHo3a. BrusHue
TEPMOOOPAOOTKM CEMSIH Ha HOMATOTeHbI OaKTEepHUaTbHOM NMPUPOIBI TPEOYeT AONOIHUTEIHHOTO
UCCIICIOBAHMS.

Jis oueHkH 3 PEKTUBHOCTH MPOLIECCOB 03/I0POBJICHUS TPEOOBAIOCH TaKXkKe 1M0100paTh
METOAMKY OOBEKTHUBHON OLIEHKM COCTOSIHUS HKCIUIAHTOB. M3BECTHO, YTO TUIHMYHBIM OTBETOM
pacTeHuil Ha cTpecc, B TOM YHMCIIE Ha 3apakeHUE MaTOTCHHBIMH MUKPOOPTaHW3MaMHU, SBISETCS
BbIJIeJIeHHE (DEHONBHBIX COCIMHEHUH, KOTOPbIEe UTPAIOT BAXXHYIO pOJb B 3aIlIUTE PACTEHUH OT
naToreHoB [4]. B Takom ciyuyae A1l OLIEHKU COCTOSTHHSI KCIUIAaHTOB B KYJIBTYPE i1 Vitro MOKHO
UCTOJIBb30BaTh JIaHHBIE O COAEP)KaHUU (PEHONIBHBIX COCIMHEHMH B TKaHAX SKCIUIAaHTA U B
MUTATEIBHOM Cpe/ie K KOHITY maccaxa.

bbu1 mpoBen€H AKCHEpUMEHT, YTOOBI OICHUTh M CPaBHUTh JUHAMUKY HaKOIUICHHUS
(EHONBHBIX COCIMHEHMH B TKAHAX OKCIUIAHTOB M MHUTATENbHOM cpeae B mpolecce
KyJbTUBUPOBAHUS Y SKCIUIAHTOB, IOJYYEHHBIX U3 O3/0POBJIEHHBIX CEMSH U U3 KOHTPOJIbHOMN
TPYMNIIBI CEMSH, HE MPOXOAMBLIMX TEPMOOOpaboTKy. CeMeHa M3 ONBITHOW TPYMIBI MPOXOANIH
TEPMOTEPANHIO C OJHOKPATHOM MPOBOKAIMEN: cEMEHa BbIIEpKUBaIU Npu Temmneparype 60°C B
Te4eHHe 3 CyTOK, IOCJE Yero Ha CyTKH Temieparypy cHmxanu 1o 30°C, a 3aTeM CTyneH4YaTo
noxHuMaiu temueparypy no 45°C, 60°C, 80°C u, B urore, 1o 100°C. JInurenpHOCTb KaXKA0ro U3
MHTEPBAJIOB MOBBIIIEHNS TEMIEPATYphl COCTAaBIIsIA 2 Yaca, IOCIEe 3TOr0 CEMEHA BbIAEPKUBAIIN
npu temneparype 100°C emé€ 1 cyrku. CemeHa M3 ONBITHOM M KOHTPOJBHOW Ipynn Hepen
BBEJICHUEM B KYJIbTYPY in Vitro 0oJBEprajil MOBEPXHOCTHOMN aceNTU3alluu IOCPEICTBOM YaCOBOM
obpabotku B pactBope (5 00. %) mnpemapara I[IMI'K «Anpun» (Anprepxum-IIpo) u
IIECTUKPATHBIM IIPOMBIBAHUEM CEMSIH CTEPUIIbHON NUCTUIIZIMPOBAHHONW BOJIOM B TEUEHHUE 5 MUH.

CeMeHa mpopalllBajiy Ha arapu30BaHHOM Cpele MO CTaHAapTHOW mponucu Mypature-
Ckyra (MS) ¢ no6aBneHuEM BUTAMHHOB TI0 MPOMUCH ByTeHKO.

W3 TONy4eHHBIX TMPOPOCTKOB OBUIM BBIIEJIEHBI AKCIUIAHTHI CJIEIYIOIIUX THIIOB!
TMIIOKOTWIIM, KOPHH, CEMSIONIbHBIC JIUCThS. BBIJENeHHbIe SKCIJIAHTHl BBICAKUBAIM Ha
arapu3oBaHHYIO cpeay 2 MS ¢ no6aBneHreM BUTaMUHOB 10 byTtenko, 2% caxapo3sbl, 2 mMr/i 6-
BAIT u 0,2 mr/n o-HYK, cobmogast 6Monoruyeckyto MOBTOPHOCTh B 5 damleK. JKCIIAHTHI
KyJIbTUBUpPOBaU B TeueHue 30 cyTok npu Temmeparype 24 + 2°C u potonepuose 18/6 .

Coycrs 15, 20, 25 u 30 cyTok mocie MOCaAKH AKCIUIAHTOB OTOMpPAIM MpoObl Cpeibl U
TKaHell SKCIUIAHTOB pa3HbIX THMOB. CojepkaHue (EHONBHBIX COCIUHEHUN OIpeaeIsiIn
KOJIOPUMETPUUECKUM METOZOM C TOMOIIbI0 peakuuu ¢ peaktuBoM DonuHa-YokanbTey, MO
MoaudummpoBanaoit metoauke u3 Hukomaesa T.H., Jlammun I1.B., 3arockuna H.B. [5].

[Tpr KyJbTUBHPOBAHMM PACTUTENBHBIX TKaHEH in Vvitro Mbl HAaOIIOJAINM MOTEMHEHUE U
HEKpO3, YTO COBMAJAET C JAaHHBIMHU JPYTHX HccienoBaresneil [4], 0o0yCciIoBICHHbBIE OKUCICHHUEM
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(EHONMBHBIX COCTUHEHUH, BBIICIIIEMBIX B TUTATENbHYIO cpey. s onpeneneHus KoIu4ecTa u
COCTaBa AHTHOKCHJIAHTOB HEOOXOAMMO OBLJIO BBIACHUTH JAWHAMHKY BBIZCICHHS (DEHOIBHBIX
COCIMHEHMI, B 3aBUCUMOCTH OT BUJOB 3KCIUIAHTA U COCTaBA KYJbTYPAJILHON CPEMBL.

Bbu1o nokazano, 4To 00pasibl B KOHTPOJIBHOW IpyMIie JeMOHCTPUPOBaiu Ooiiee ObIcTpoe
HaKoIJIeHHE (DEHOJBHBIX COCTUHEHUN U BBIPAKEHHBIC MPU3HAKU HEKPOTHUYECKUX M3MEHEHHH B
TKaHSIX JKCIUIAHTOB. B pe3ynbrare CpaBHUTENBHOIO aHAIN3a YCTaHOBJIEHO, YTO B 3KCTPAKTax,
1oJIy4eHHBIX crycTs 30 1Hel KyJIbTUBUPOBAHUS, U3 KCIUIAHTOB OMNBITHOM TPYIIIBI COEPIKaHNE
CYMMBI (DEHOJIBHBIX COCAMHEHUH (B MepecueTe Ha SKBHBAJICHT TaJlJIOBOM KUCIIOTHI) B CpPEAHEM
Hwke Ha 66% (73% runokotmiib, 67% kopeHb, 59% ceMsAOAbHBIN JUCT) MO CPAaBHEHUIO C
OKCTpPAKTaMH U3 OKCIUIAHTOB KOHTPOJBHBIX PpACTEHUM U3 CEMSH, HE IOABEpraBLIMXCS
TEepMOTEpanuu. AHAJIOTUYHO, B CIIy4ae 3KCTPAKTOB U3 MUTATEIbHBIX Cpe]] HA0II0JaeM CHIDKEHHE
comepkaHusi (peHonmpHBIX coeauHeHu Ha 8-46% (42% runoxkotunb, 8% KopeHsb, 46%
CEMS0JIbHBIE JINCThS) IO CPABHEHUIO C KOHTPOJIBHOW I'PYIION.

B nanpHeilmeM NIaHUpPYeTCs M3yUEHUE BIUSHUS DPA3NMYHBIX AHTHOKCHJIAHTOB M HX
COYeTaHUl Ha MpenoTBpalieHHe o00pa3oBaHus (EHOJBHBIX COCOUHEHUH, a Takke Ha
pereHepalnoHHbIe IPOLECCH] B KYJIbTYPE TKaHEH JIIONNHA.

Cnucok JimTeparypsbl:
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2. Samad S. et al. Insights into the Pathogenic Mechanisms and the Control Strategies of
Anthracnose in Lupins—A Comprehensive Review. —2023.

3. Krynos U.C., Maptupocss JI.M., JIsicenko I.A. u np. Tepmo- 1 XUMHOTEpANNs CEMSH B
o6oprbe ¢ puronaroreHamu Lupinus Angustifolius B mipouiecce BBEACHHS B KYJIbTYPY in Vitro.
//®utocanurtapus. Kapantun pacrenuii. — 2024. — NedSB (20C). — C. 27-28.

4. Ozyigit, I. 1. Phenolic changes during in vitro organogenesis of cotton (Gossypium
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ANHAMUKA UBSMEHEHUSA COAEPKAHUA ITIOJIMPEHOJIOB B
KEJYIAX AYBA YEPEIIYATOI'O U IYBA KPACHOI'O ITPH
INPOPACTAHHUHU B YCJIOBUAX BOJHOI'O CTPECCA

3areBa E.C., Jledenen B.I'.

Qunuan DedepanvbHo2o 20Cy0apcmEeHH020 DI00HCENMHO20 YUPesHCcOeHU HAYKU
T'ocyoapcmeennozo nayunozo yenmpa Huncmumyma o6uoopzanuiecKkoil Xumuu um.
akademukoe M.M. Illemaxkuna u F0.A. O¢uunnuxoea Poccuiickoii akademuu nayk (Quauan
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['moGanpHOE M3MEHEHHE KJIMMaTa MPUBOJUT K YBETHMUEHHUIO YaCTOThl U MHTEHCUBHOCTHU
3aCyNIUIMBBIX NIepuooB [1]. PacTenus B ycinoBusSX BOAHOTO NeUINTA, KaK MPABUIIO, TOBBIIIAIOT
KOHIICHTPaLUHU (PEHOIBHBIX COCMHEHUH, KOTOPBIE 3aLIUIAIOT UX OT MOBPEXKICHHUH, BEI3BAHHBIX
JeicTBUEM CBOOOJHBIX PaJMKAJIOB U aKTUBHBIX (hopM kuciopoaa [2]. [logoOGHble uccnenoBaHus
OOBIYHO TPOBOJAT HAa CESHLAX W Ooyiee MO3THUX CTATUSAX PA3BUTUS PACTCHHH, HO Majlo 4YTO
M3BECTHO O TUHAMUKE COAEp KaHUS (DEHOIBHBIX COSAMHEHUH B MPOLIECCEe MPOPACTAHUS CEMSH B
YCIIOBUSAX 3aCyXH.

B wuccnenoBaHMM WMCHONB30BaIM JKEIyAM [BYX BHIOB Jy0a: eBpomeickoro — .
yeperraaroro (Quercus robur L.) n ceBepoaMepuKaHCKOro — 1. kpacHoro (Q. rubra L.), koTopbie
MPOpaIIUBAIU B MEPJIIUTE IPHU YBIAKHEHUH BOJOW WK pacTBopamu nosudTuiaeHrnukoss (I11910)
paznuyHoil koHueHtpauuu (10%, 20% u 30%) 1ist UMUTALMK BOJHOTO cTpecca. JlJis MOBBIIIEHUS
JIPYKHOCTH MPOPACTAHUS Y KETYyJIeH yIasiiu OAHY TPETh MepuKapra. AHaIU3bl TPOBOJIUIN HA
YeThIPEX CTAUAX NPOPACTaHMs JKEIYyAEH: 10 yBIaXHEHUs (Cyxue), uepes 48 4 yBlIaKHEHUs, IpU
TOCTIDKEHUH JUTMHBI IPOpocTKOB 5 11 20 MM. B 00pasnax onpenensim coaepx aHue BoJIbl, 00IuX
¢deHonoB, (pIaBOHOMIOB M TAaHMHOB, a TAKXKE OICHMBAIM AHTUOKCHJIAHTHYIO AKTUBHOCTH
merogamu DPPH, ABTS u FRAP.

IIpy yBIaXHEHMM BOJOM JKEIyIW J. 4YEpeIyaToro mnpopactaiu ¢ ydactoroil 83%, a
obpabortka IIOI' mocTeneHHO CHMXKajda BCXOXeCTb, KoTopas coctaBuia 67, 36 u 20% npu
kouneHTpanuu 10, 20 u 30%, cooTBercTBeHHO. BCxokecTb kemyaedl a. KpacHoro Obuia
HECKOJIBKO BHINIE, YeM J. YepenrdyaTroro B BapuaHTax ¢ Bogoiu (91%) u 10% II9T (71%), HO
3HaunTenbHo Hike npu 20% I[I3I (19%) u 30% II3I (2%). M3HayanbHO *enyau A. KpacHOTO
conepxainu Ha 12-23% Gomnpiie o0mux (HeHoI0B U (pIaBOHOMIOB, UeM JI. ueperryaToro. Yepes 48
Y yBJIQKHEHUS BOJOM MX COJEp)KaHHWE HE M3MEHWIOCh, HO OHO BBIPOCIIO IPH HCIOJb30BaHUU
[1OI'. B panbHelimeMm coaepxaHue (EeHONIOB M (DIABOHOMIOB y JKEIyAeH M. YepenryaToro He
M3MEHSIOCh, HO BO3pacTaio y J. KpacHOro. B mporecce mpopacTtanus 10Jii TAHUHOB B OOIIUX
¢denonax y xxemyae 1. uepemnryatoro cocrasisuia 90-92%, Torna kak y a. kpacHoro — 84-88%.
AHTHOKCHIAHTHYIO aKTUBHOCTb U3MEPSIN B MKM TpoJIOKc/T cyxoro Beca u 1o merory FRAP ona
ObLTa HECKONBKO BhINIe, yeM 1o DPPH, Ho 3HauuTensHO Huxe, ueM mo ABTS. V xemyzeit n.
KPacHOTO aHTUOKCHJAHTHAs! aKTHBHOCTH ObLJIa B CPETHEM B MOJITOPA pa3a BBIIIE, YeM Y JKeTyeH
1. YEPELI4aToro.

B mnacrosimee Bpemsi mpoBOAATCS pabOThl MO HACHTU(MUKAMH WHAWBUIYATbHBIX
(EHOIBHBIX COCAMHEHUH B Kemy 11X 000MX BUIaX qy0a Ha pa3IHUHBIX CTAAUAX POPACTAHUS.

Cnucok JiuTeparypsbl:
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2. Sharma A., Shahzad B., Rehman A., Bhardwaj R., Landi M., Zheng B. Response of
phenylpropanoid pathway and the role of polyphenols in plants under abiotic stress. Molecules.
2019. 24:2452.
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OCOBEHHOCTH BJIUSHUSA KPACHOI'O U JIAJTBHET O KPACHOT O
CBETA HA NIPOJIYKIIMOHHBIN MPOIIECC PACTEHUM (HA

INPUMEPE CAJIATA-JIATYKA)
AHucuMoB A.A., ABakymoB A./l., Maxunosa E.I1O.
DI'bOY BO «Poccuiickuii 2ocyoapcmeennviii azpaphutii ynugepcumem — MCXA umenu K. A.
Tumupsazesarn, 127434, 2. Mockea, yn. Tumupazeeckas, 49,
E-mail: anisimov_a@rgau-msha.ru

CBeTOKyYJIbTYpa SIBJISIETCSI MOLTHBIM U MHTEPECHBIM MHCTPYMEHTOB B pyKax (uzuonora
pacTeHuil, Mpy MOMOIIX KOTOPOTO MOXKHO 3(P(HEKTUBHO YNPABIATH HPOAYKIIMOHHBIM MPOIIECCOM
pactenuii. [Ipy 5TOM BO3MOYKHOCTH YIIPABJIEHUS B KOHTPOJIUPYEMBIX YCIOBUAX CPENIbI B CUCTEMAX
MHTEHCUBHOTO KYJBTUBHPOBAHUS HECOM3MEPUMO BBILIE TIO CPABHEHUIO C MOJIEBBIMU YCIOBUSMU
[1].

N3yueHue BONPOCOB, CBA3AHHBIX CO CBETOKYJBTYPOM PAaCTEHHH — OJHO U3 OCHOBHBIX
HanpaBJIeHUH paboThl Ja0OpaTOPUN MCKYCCTBEHHOTO KiIMMaTta Kadeapbl (PU3MOIIOTUN pacTeHHUM
PI'AY-MCXA umenu K.A. TumupsizeBa. OnHO U3 yIOOHBIX MOJICTBHBIX PACTCHUN ISl U3yUEHUS
B YCIIOBUSIX CBETOKYJIBTYPBI M CUCTEMBI NHTEHCUBHOT'O KYJIbTUBUPOBAHUS — 3TO cajar-j1aTyk [2].

OnuH U3 MHTEPECHENIIINX aCIIEKTOB BIMSHMSI CBETAa HA PaCTEHUE — PETYJIATOpHOE. B aTOM
KJIIOUE BAXXKHEMILIMM IIOKA3aTEJeM KauecTBa CBETa SBISETCS COOTHOLIEHHE B €ro CIIEKTpe
KpacHOTO M JAIbHETO KpacHOro cBeTa [3]. B Hamieit pabore Mbl M3ydyanu BIUSHUE KPACHOTO U
JAJIBHETO KPAacHOIO CBETa Ha NPOAYKIMOHHBIM IpOIECC pPAacTEHUH canara-jaryka COpTOB
Adummon n Kapmesu.

PacTtenuss BelpamMBaiii B THJIPOIOHHOW CHUCTEME IEPUOJUYECKOTO IOATOIUICHHUS:
Temmeparypa KpyrJIoOCyTOYHO MoOJAepKuBajgack Ha ypoBHe +23°C, cyOcrtpar — KyOMKH U3
MUHepaJbHOW Bathbl. lIuTaTenpHBIH pacTBOp ¢ 100ABICHHEM MakKpO- U MHUKPORJIEMEHTOB B
MUHEpPAJIbHOM W OpraHu4Yeckod ¢opMe TOTOBHUIHM CamMoOCTOATeNbHO. CMEHY NHTaTelbHOTO
pacTBopa MPOBOAWIN €KEHEAENbHO. [lepnoinyHOCTh oAaun MUTATENBHOTO pacTBopa — | pa3 B
nBa yaca. @oronepuon — 18 uvacoB. McTouHHMKM CBeTa — Y3KOINOJIOCHBIE CBETOM3IIYyHAIOIINE
aroabl. [Ipu ycTaHOBKE CBETOBOTO peskMMa UCXOHMIIN U3 IIETH OLECHUTh ACHCTBUE T00ABICHUS K
Oemomy cBeTy KpacHoro (650 HM) U manmpHero kpacHoro csera (740 HM) Ha TPOAYKIIMOHHBIC
npollecc cajaTta-JaTyka HpU CXOAHBIX TOKa3aTelsiX IUIOTHOCTH NOTOKa (oToHOB. Pactenus
BBIPALMBAJIM O CTAAUH TOBAPHOH CIEIOCTH, KOTOpasi HACTynuiIa Ha 35 IeHb OT BCXOJIOB.

JloGaBrieHre B CHEKTp CBETa KPAaCHOTO CBETA YBEJIMYMBACT TOBAPHOCTH IOJIy4aeMOU
IIPOAYKIMY cajlaTa-JaTyKa, TaK KaK PAaCTEHUsS B YCIOBUAX OCBELICHMSI JaHHBIM BapUAaHTOM CBETa
¢dopmupoBanu 0Oojee IIIOTHYIO M KPYIHYIO PO3ETKY JHUCThEeB. lIpm 3TOM € TOUKHM 3peHus
MOpP(OJIOTHH JIMCTA 3HAYUMBIX PA3InIMi MEX/y BapUaHTaMHU BBIABICHO HE ObL10. OJJHAKO CTOUT
oTMeTHTh copT Kapmesu, BBIpallleHHBINH B yCIOBHAX J00aBICHUS B CHEKTP AalbHETO KPAaCHOTO
CBETa, Y KOTOPOTO JIMCTOBasl IUIACTUHKA XapaKTepusyeTcs 0ojee BBICOKOW BBIPaXKEHHOCTHIO
ro)pupOBaHHOCTH.

Canar copra Kapmesu, BbIpalieHHBIH MpH 100aBJICHUU B CIEKTP JAJIbHETO KPAaCHOTO
CBETa, HAKOMWJI OOoJjblllee KOJMYECTBO AHTOIMAHOB M XapaKTepU30BAIUCH Oojiee SpPKOM u
HaCBHIIIEHHOU (hroNeTOBOM OKpackoi mucTheB. CopT APHUIIMOH HE HAKAIUIMBACT AaHTOLIMAHBI ITPH
M000M U3 BApHAHTOB OCBEIICHUS. YPOXKAaHHOCTH JBYX COPTOB cajlaTa MpH BBIPAIIUBAHUM B
YCIIOBUAX JAJIbHETO KPacHOTO CBETa HE OTIMYAiIach MEXAy co0oil m mocturana yposus 3,1-3,3
Kr/M2. B ycrnoBHsX KpacHOTO CBETa ypOo)KalHOCTh 0OOMX COPTOB cajara MPEeBBICHIIA TAKOBYIO B
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YCIIOBHSIX TaJIbHEro KpacHoro ceta. [Ipu atom copt Kapmesu okazaiicst Hanbosee ypoxaiHbIM —
110 4 xr/m2.

VYcnoBust n00aBieHHsT KpPacHOTO CBETa B CHEKTP JIaMIbl  OKa3aluch Oosee
ONMarompuATHBIMM Uil peaqu3alii TNOTEHIMajda NpPOAYKTUBHOCTH cajlaTa-JaTyka o00oux
M3YyYEHHBIX COPTOB, OJIHAKO MAJIbHUI KpPacHBIH CBET CTUMYJIHMPYET HAKOIUICHHE BTOPUYHBIX
MeTa0OJUTOB — AaHTOLIMAHOB Yy copTa Kapmesu, noBkIIas TeM caMbIM OHOJIOTHYECKYIO IIEHHOCTD
MoJTy4yaeMoil GMoMacchl.
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Pa3MmHOXeEHME pacTeHUI MILIEHUIBI TyTEM ACJIEHUsS KIETOK Kajulyca B YCIOBUSX in Vitro
MPEJICTaBIsAET COO0M MePCIEKTUBHOE HAIIPABJICHNE OMOTEXHOJIOTHYECKUX UCCIIeIoBaHui. MeTon
paccMaTpuBaeTCsi KaK HMHCTPYMEHT, INO3BOJIIOIIMN IMOTEHIMAIBHO YCKOPHUTH CEJIEKIIMOHHBIE
MIPOIIECCHI U COXPAHUTh TEHETHUECKOE Pa3HOOOPa3He CebCKOXO03SHCTBEHHBIX KYIIBTYD.

Heas wucciegoBaHusi: 3aKIOYajach B OLIEHKE pEreHEPalMOHHONW CIIOCOOHOCTH
KaJUTYCHBIX KJIETOK mueHusl (1riticum aestivum L.) copta «llamsatu KoHoBasioBa» B ycia0BHsIX
in vitro.

3agayu uccjieg0BaHusA:

1. Coznpanue onTUMANBHBIX YCIOBHM ISl BBIPAIIUBAHHS KaJUTyCHBIX KJIETOK;

2. MOHUTOpPUHT Ipolecca peNpoIyKIUHU KaJlTyca;

3. Onuenka 3()()eKTUBHOCTH Pa3MHOKEHHS KaJUTyCHBIX KJIETOK.

IlepBslii 3Tan BKJIHOYAJ OATOTOBKY K IIPOBEJIEHUIO 3KcniepuMeHTa. CHavalia MpoBOIUIN
0oTOOp MCXOIHOTO MarepHaja W IMOATOTaBIMBAIM NHUTATENbHYIO cpeny. OrOupanu 310poBbIe
cemeHa nmeHunbl copra «[lamstu KonoBanoBay Ha craguu npopactanus. CemeHa u pparMeHThI
100EToB MOJIBEPray MOATAMHOW CTEPHIIN3AK 3TaHoJIoM U pacTBopoM NaOCl. [lna uzyueHus
pereHepaioHHON CIOCOOHOCTH KaJTyCHBIX KJIETOK IMIIEHUIIb BEIOpaiu 6a30BYI0 MUTATEIBHYIO
cpeny — Mypacure u Ckyra (MC).

B skcnepuMeHTaIbHBIX BapHAHTaX MPUMEHSUIN Pa3InYHble KOMOMHAIUU (PUTOTOPMOHOB!
I CTUMYJISIK 00pazoBaHus Kamnyca (2,4-11), npomudepanmu (2,4-/] +6-BAIl), pereneparu
noberoB (HYK +6-BAIl) u ykopenenus (HYK).

OKCIUIaHTBl TOMEIIAJM Ha IOBEPXHOCTh cpeabl (mo 3 wmT Ha vamky llerpu) u
MHKYyOMpOBaJIM B CBETOBOM KoMHare. TemmnepaTypa B MOMEUICHUU TOIEP>KUBAIACh Ha YPOBHE
24-26°C, WHTEHCUBHOCTH ocBemieHus: Obuta 2500 mroke, dotomepuon 16 4. 3a pa3Buruem
KaJUTyCHBIX KJIETOK BEJIU peryysipHOe HaOII0/IeHHE B TeUEHUE IBYX MecAleB. MHayKuus Kamryca
npoucxoawia Ha 14—21 neHp OT Havasa 3KCIepUMEHTA, pEreHepanys opraHoB — Ha 28—36 J1eHb.

PesyabTaTsl Hcc/ie10OBAHUSA:

Haub6onee r¢dhexruBroe kamrycoodpazoanue (100%) ormeueno Ha cpexe ¢ 1,0 mr/n 2,4-
J + 0,5 mr/n 6-BAIl. Tlomydennsnii xamtyc (3a 30 paHei) MMeNn KOMHIAKTHYIO CTPYKTYpY
’KENTOBATO-0EJIOTr0 I[BETa C IMOPUOTEHHBIMH CBOMCTBaMHU.

Yacrtora kamrycooOpazoBanust 87% Obima ormeueHa Ha cpene ¢ 2,0 mr/nm 2,4-J1
[Tomy4yeHHBIH KayuTyC UMEIN XOpoIIyio GopMy H KeaToBaTo-0emnbii 1BeT Ha 30 JeHb.

OnTuManbHble YCIOBUS pereHepanuy MoOEeroB MIICHUIBI TakKe ObLIM OOECIeYeHbl Ha
cpeae ¢ 2,0 mr/n 6-BAIl. B manHOM BapuaHTe YacToTa pereHepanuu coctaBmiaa 82% c
o0pa3oBaHMEM HOBBIX OOETOB Ha AU epeHInPOBaHHOM KaJlIyce.

HauOonee aktuBHOE KOpHEOOpa3oBaHME B CPAaBHEHUHU C JPYTMMHU BapHaHTaMH OIIBITA,
npoucxoamio Ha cpeze ¢ 1,0 mr/n HYK. D¢ddextuBHocTs B 1aHHOM cinydae 6bu1a 89%.

AnanTanysi pereHepaHTOB B FOpIIKaxX ¢ IOYBEHHOW CMECHIO ITPOXOIMIa XOPOLLO.
BreikuBaemMocTh Tociie 2 Heienb TeIUTHYHOTO coiepkanus Obita 82%.

BeiBoasbI:

DKCIepUMEHTABHO J0Ka3aHO, YTO 100aBICHNE PAa3TUYHBIX KOMOMHALUN (UTOTOPMOHOB
B TUTATEJbHYIO CpEIy CIIOCOOCTBYET MOBBIIICHUIO 3()()EKTUBHOCTH PA3MHOXKEHHUS KIIETOK
KaJuTyca B YCJIOBUSX in Vitro.

OnTtuMuzanusi cocTaBa MUTATEIBHOM Cpelbl € MOMOINBIO MPAaBUIBHOTO Tmoadopa
KOHIIGHTpalUui (UTOrOPMOHOB MOXKET TMOBBICUTH IIOKA3aTEeNIM: MHULMALMIO U OOpa3oBaHHE
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kamryca — 10 100%; gactoTy kamrycooOpa3oBanusi — 10 87%; pereHepanuio nooeroB — 1o
82%; ykopeHeHue moberos — 1o 89%.

JloGaBnenne B muTaTeNbHYIO cpeay (uroropmoHoB obecreunsio mnoiydenue 25-40
MIOJTHOLEHHBIX PACTECHUN MIIEHUIIBI C KajuTyca 3a 2—3 CyOKyJIbTYpBHI.

JlaHHasT TEXHOJNOTHS SBISAETCS TIEPCIEKTUBHBIM HHCTPYMEHTOM [UIi MacCOBOTO
KJIOHAJIBHOTO PAa3MHOXKEHHsI S3JHMTHBIX COPTOB, 4YTO MOXET CHOCOOCTBOBATH YCKOPEHHUIO
CEJICKIIMOHHBIX MPOLIECCOB U COXPAHEHUIO TeHO(OH/1a 36PHOBBIX KYJIBTYD.

Cnucok JiuTeparTypsbl:

1. ®wusznonorus pacrenuid: yueonuk / H. JI. Anexuna, 1O. B. bannokun, B. @. I'aBpunenko
[u ap.] ; mox pen. U. II. EpmakoBa. — 2-e uzn. — M. : Akagemus, 2007. — 640 c.

2. Bbyrenxo, P. I'. KynbTypa u3011poBaHHBIX TKaHel U (pu3nonorus Mopdorenesa pacTeHun
/ P.T. byreako. — M.: Hayka, 1963. — 340 c.

3. Murashige, T. A revised medium for rapid growth and bioassays with tobacco tissue
cultures / T. Murashige, F. Skoog // Physiol. Plant. — 1962. — Vol. 15. — P. 473-497.

4. HayuHble OCHOBBI COXpaHEHUS 1 YCTOWYMBOTO BOCIIPOM3BOICTBA T€HO(POHA pACTEHUH B
KynbType in vitro / O. 1. Momuanosa, O. I'. Bacunsesa, JI. H. KonoBanosa. — [b. m.],
2016. — 180 c.

5. Pierik, R. L. M. In Vitro Culture of Higher Plants / R. L. M. Pierik. — Dordrecht: Kluwer
Academic Publishers, 1997. — 508 p. — Ilep. na pyc. s3.: [Tupk, P. JI. M. Kynbrypa
BBICIINX pacTeHui in vitro / P. JI. M. TIupk. — M. : Mup, 2001. — 512 c.

PEI'YJIATOPBI POCTA PACTEHUHM U UX BJIUSIHUE HA PA3BBUTHUE

MAJIMHBI COPTA IIYHTYKCKAS
Joopenkos E. A., Mamcupos H. U.
DI'bOY BO «Maiikonckuil 20cy0apcmeeHHblil mexXHOoa02U4ecKull yHUgepCumemy
385000, Poccus, o. Maiixon, ya. Ilepeomaiickas, 191
E-mail: dobrenkov72@mail.ru; nur.urup@mail.ru

BripamuBanue arogHbIX KyJIbTyp Ha 1ore Poccuu o6maiaeT 3HaYNTEIBHBIM TOTEHIIHAIOM
Omarozapst OJAaronpusATHOMY KJIMMAaTy W IUIOJOPOIAHBIM IMOYBaM peruoHa. FOkHble perroHbI
Poccun xapakTepusyroTCs TEIUIBIM U NPOAODKUTEIBHBIM BErETAlMOHHBIM IIEPUOJOM, 4YTO
[IO3BOJISICT BBIPAILMBATL IIMPOKHUHM CIEKTP ATOAHBIX KYJBTYp, BKIIOYAs MAJIMHY, 3E€MISTHUKY
CaJI0BYI0, UEPEIIHIO, BUHOTPAJ U MHOTHE JPYTHeE.

B coBpeMeHHOM CalOBOJICTBE OCOOYIO aKTyallbHOCTh MPHOOpETaeT MPUMEHEHUE
PETYISITOPOB POCTA PACTEHUH — OMOIOTUYECKU AKTUBHBIX COCTMHEHUH, CIOCOOHBIX HAPaBIEHHO
M3MEHSATH MPOIIECCH POCTA U PAa3BUTHS KYyJIbTYPHBIX pacTeHuid. [y manunsl (Rubus idaeus L.),
LEHHOM ArOJHOM KYyJBTYpbl C BBICOKOM 3KOHOMHUYECKOM 3HAYUMOCTBIO, ONTUMHU3ALUS
(UTOPETYISTOPHBIX BO3JECHCTBUN OTKPBIBAET TEPCICKTHBBI TIOBBIIICHHUS YPOXKAWHOCTH U
Ka4yeCTBA MPOLYKLIHH.

AKTyaJIbHOCTH TeMbl: Manuna (Rubus idaeus L..) — BBICOKOIICHHASI SITOAHAS KYJIbTypa C
OTpaHUYEHHBIM apeasioM BO3JeNbIBaHHUA. Perymaropel pocta — 3(QQEKTHBHBI HHCTPYMEHT
yIpaBJIeHUs] MPOIYKTUBHOCTBIO HacaXJIeHUNH. OnTumMu3zamust (UToropMOHaNIbHBIX BO3/AECHCTBHMA
II03BOJIIET IOBBICUTH YpOKalHOCTb Ha 15-50%.
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Heap wucciaenoBaHusi: W3YYUTh BIUSHUE PA3IUYHBIX KIACCOB PETYISTOPOB POCTa
pactenuii Ha MOp(HOPU3NOIOTUUECKUE TTOKA3ATEIN MATHHBI.

3agauu uccie0BaHUSA 3aKI0YAINCH B OLIEHKE BO3JICHCTBUS ayKCUHOB, INTOKUHUHOB U
OpaccHHOCTEPOUI0B Ha POCTOBBIEC MPOIIECCHI; aHAJIN3E BIMSHUS PErYJIITOPOB pOCTA PACTEHUH Ha
¢dopMHpOBaHHE TEHEPATUBHBIX OPraHOB; ONPEAEICHUU ONTHUMAJIbHBIX  KOHIEHTpalUn
IIpEnapaToB.

Teoperuyeckne OCHOBBLI NPHUMEHEHHUS PEryJsiTOPOB POCTa pacTeHHl. Perymsaropst
pocTa pacTeHUH KJIACCU(PHUUMPYIOTCS MO MEXaHU3My JACWUCTBHUS: CTUMYJISTOPHI (QyKCHHBI,
IUTOKWHUHBI, OpacCHHOCTEPOHIbl); HMHTUOMTOPHI (abcuu3oBasi KHUCIIOTA, pETapJaHThl);
PerysTopsl ¢ MoMu(pyHKIMOHATIBHBIM JIeicTBreM (3TmiieH) [1, 4].

KiroueBble MeXaHU3MBI I[GﬁCTBHSIZ AYKCUHBI — aKTHUBalluA KaMOMaILHOH ACATCIIbHOCTH,
CTUMYJISALIUA KOpHGOGpa?;OBaHI/I}I; IUTOKUHHUHBI — CTUMYJIANUA HUTOKHWHC3a B aAllMKAJIBbHBIX
MCPUCTEMAX, YCHUJIICHUC BCTBJICHHA, 6paCCI/IHOCTepOI/IHBI — MOAyJnusa SKCHOPCCCUU TI'CHOB

¢dorocuHTE3a U CTpeccoycToitunBoctH [2, 3].

OddexTsl CBONCTBEHHBIC I MaJWHBI: yBeIWYeHHE uyucia moderoB Ha 25-40%; moBbIIIeHUE
ypoxaiinoct Ha 15-30%; yckopenue co3peBanus Ha 5-10 aneil.

Metoauka s3xcnepumenTa. OObeKT uccinenoBanus: copt mManuabl «llyHTykckas» (2-
netHue pacteHus). Cxema onbita (4 BapuaHTa, 4-KpaTHas MOBTOPHOCTH); KOHTPOJIb (00paboTka
Booi); o-HadTwiykcycHass kucnota (0,01 wmr/m); 6-6emsmwnmamubonypud (0,5 wMr/m);
snmbpaccunonua (0,05 mr/i).

MeToauka MpUMEHEHHS: IBYKpAaTHOE OMpHICKMBaHWE: (ha3a Hayana aKTHBHOTO pocTa (ampens),
¢daza Oyronmzanuu (uioHb); o 10 pacreHuit B moBTOpHOCTH [5]. YUUThIBaeMbIE MOKA3aTeIu:
JUTHHA T0OETOB (CM); YHCII0 OOKOBBIX MTOOETOB (IIT./paCTeHHE); KOTUIECTBO IBETKOB (IIT./TIO0ET);
Macca sroj (T); ypoKaifHOCTh (KI/pacTeHue).

Meroasl ananu3za: qucriepcuonHslid ananus (ANOVA), kputepuii Teroku (p<0,05).

OcHoBHbIE pe3yibTaThl. BnusiHue Ha pocrtoBble mpoueccel (duepe3 30 nHed mocie
00paboTKM) AYKCHHBI: yBenuueHUe uHbI moderoB Ha 38,8% (58,7 cm mpotuB 42,3 cM B
koHTpone). llutokmHuubl: ycunenwe BerBieHuss Ha 90,6% (6,1 moGeroB mnpoTtus 3,2).
Bpaccunocrepounibl: KOMIUIEKCHBIH 3¢ ekt — mmmHa noderos 55,4 cM, ynciao noderos 5,3 mrT.
®opmupoBanue reHepaTUBHBIX opraHoB Kontpouns: 12,4+0,8 nuBerkos/moder. Aykcun: 14,7+1,0
(+18,5%). Huroxkunun: 16,3+1,1 (+31,5%). bpaccunocrepona: 15,8+1,0 (+27,4%).
IIponyxTuBHOCTB pacTeHnil CpeqHss Macca sIroAbl: KOHTPoJb — 4,2 T; ayKCUH — 4,5 I; IUTOKUHUH
— 4,3 r; 6paccunocrepous — 4,6 r. YpoxalHOCTb C pacTeHHsI: KOHTPOJb — 1,8 KI; ayKCuH — 2,3 Kr
(+27,8%); uutokunuH — 2,5 kr (+38,9%); 6paccunocteponn — 2,7 kr (+50,0%).

PesynbraTel. BrisiBnennsie 3akoHomepHocTH: Crenuduunocts neiictBus PPP: aykcunsr —
JUHENHBIA pOCT; ULUTOKMHMHBI — BETBIEHHUE, OpAacCCHHOCTEPOMJBI —> KOMIUIEKCHAs
NpoAyKTUBHOCTB. Jlo303aBucumblii 3¢ddexr: konmenrpauus 0,05 wmr/m snubpaccuHonuaa
onTuMainbHa Uit MaauHbl. CHHEpru3M 3¢ (GEeKTOB: coueTaHHe CTUMYJISIIIMU BEreTaTUBHOTO POCTa
U TEHEPaTUBHOTO pa3BUTUA. PU3MONIOIMUECKHE MEXAHU3MBbI: aKTUBALMS MEPUCTEMATHYECKON
aKTUBHOCTH; yCHJICHHE (OTOCHMHTETHYECKOW MPOJYKTHBHOCTH; IMOBBIIMIEHUE YCTOHYMBOCTH K
aOMOTUYECKIM CTpPECCaM.

BuiBOaBI

Perynsitopsl pocTa pacTeHH OKa3bIBAIOT JOCTOBEPHOE BIMSIHIE HA MOP(POTEHE3 MATTUHBI, TPHUEM
3¢ (eKT 3aBUCHUT OT KJIacca COCTUHEHUS ¥ KOHIIEHTPAIIHH.

AYKCHHBI IPEUMYIIECTBEHHO CTUMYJIUPYIOT yaiauHeHue nooderos (+38,8%).
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[{UTOKMHUHBI MaKCHUMalbHO YyCWIMBAIOT BeTBieHHE (+90,6%) u ¢dopMupoBaHHE IBETKOB

(+31,5%).

Bpaccunocrepounpl  obecriednBaOT  cOIAHCHPOBAHHOE  PAa3BUTHE W MaKCHUMAaJbHYIO
ypoxxaitHOCTb (+50 % K KOHTpOJIIO).

OnrtumanbHas KOHLIEHTpaius snudpaccunonuaa — 0,05 mr/m.
IIpakTHyeckue peKoMeHAALNHU

I[HH MPOMBIINIJICHHOT'O BbIpAalllUBAHWUA MaJIUHBI IIPUMCHATH 3HI/I6paCCI/IHOJII/II[ B KOHICHTpalnuu

0,05 mr/m.

[TpoBOaNTH IBYKpaTHOE ONMPBICKMBAHUE:
MEPBBIH 3TaN — HAYaJIO BereTaluu (anpesp);
BTOpOH 3TaI — ¢aza OyToHU3AIMHU (MIOHB).

Couetatb 00pabOTKy peryasiTopaMHu pocTa pPaCTeHUN ¢ ONTUMAIbHBIM BOJHBIM U MUHEPAIbHBIM
PEKUMOM.

KoHTponmpoBaTh KOHIIEHTPALUIO PACTBOPOB JJIsl HCKIIFOUSHHUS (PUTOTOKCHYHOCTH.
IHepcnekTUBBI JaJbHEHIIUX HCC/IeIOBAHUM

W3ydenue AOITOCPOYHOTO BIUSHHS PETYJISATOPOB POCTa pacTeHH Ha OMOXMMHYECKHUH COCTaB
sroj (caxapa, aHTHOKCH/IAHTHI).

Onenka 3¢ (peKTUBHOCTH KOMOMHUPOBAHHOTO IIPUMEHEHUS PEryJIATOPOB Pa3HbIX KJIACCOB.
TectupoBaHue peryIsiTOpoB pocTa paCTCHUI HA APYTUX COPTAX MAJIHHBI.

HccnenoBanue BIMSHUS DPETYISATOPOB POCTa PACTEHUH HA YCTOMYMBOCTD K OHOTHYECKHM
cTpeccam (00JIe3HH, BPEIUTEIH).

PazpaboTka MHTEIrpUPOBAHHBIX CXEM IPUMEHEHHUS PETYJIATOPOB POCTA PACTEHUI B OPraHMUECKOM
CaJl0BOJICTBE.

Cnucok JimreparTypbl:

1. Kynaesa O. H. ®uznonorus pacrenuii. — M.: Konoc, 2020. — 400 c.

2. Kedenu B. U. IlpupoaHble U CUHTETHYECKHE PETYJATOPBI pocTa pacTeHHd. — M.:
Hayxa, 2019. — 256 c.

3. Tlonesoii B. B. ®uroropmonst. — JI.: uza-go JII'Y, 2021. — 300 c.

4. TOCTP 52325-2005. CemeHna cenbCKOXO3HUCTBEHHBIX pacTeHuil. COpTOBBIE H
[IOCEBHBIE KaYeCTBaA.

5. Meroanyeckue yKa3zaHHs MO MPOBEACHUIO TOJIEBBIX OIBITOB C yI0OpeHusIMU. — M.:
BHHNUA, 2022. - 184 c.

OLLEHKA ITOTEHIHHAJIA KAJLILTYCOOBPA3OBAHUSA COPTOB
I'PEUU XU OBBIKHOBEHHON

Mmarynimna I'.H.
TaTapckuii HAy4HO-MCC/IeI0BATEIbCKUI HHCTHTYT CeJIbCKOI0 X03s1iicTBa — 000c00/1eHHOE
noapasaesnenue ®I'BHY «®enepanbHblii HccaenoBaTeabckuil neHTp «KazaHckui
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Hay4HbIl neHTp Poccuiickoii akanemun Hayk» (TaTHUUCX ®UII KasHII PAH), Kasans,
420059

['peunxa moceBHas (Fagopyrum esculentum Moench) sBIseTCS CTpaTETUYECKH BaXKHOU
TICEBJIO3EPHOBOM KYyIBTYypOil, OONagaronieil BHICOKOH arpo3KOJOTUYECKOW TIACTUYHOCTHIO U
UCKJTIOUUTENIHOW THUTATEeIbHOM IEHHOCThIO 3epHa. OIHAKO ee CeleKuus 3aTpyJHeHa
OMOJIOTHYECKUMHU OCOOEHHOCTSIMHM, TaKUMH KaK TeTEpOCTWIMS U CaMOHECOBMECTHMOCTb.
[Ipeononenne TUX OrpaHUMYCHH BO3MOXHO C MOMOIIBIO OMOTEXHOJIOIMYECKHMX METOJOB, B
YaCTHOCTH, KYyJNbTYyphl TKaHeW in  vitro, TIO3BOJSIOMIEH TMPOBOJUTH  KJIOHAJIBHOE
MUKpPOPa3MHOXKEHHE U KIETOYHYIO CEJIEKIUIO.

Llenbto naHHO# paboThl ObUIAa pa3paboTKa ONTHUMAJIBHOIO PEXHMa KyJIbTUBUPOBAHUS in
Vitro A SKCIUTAHTOB JWIUIOMAHBIX COpPTOB baTblp, Aratra rpeyuxu CeJleKUuu TaTapckoro
HUNCX c¢ mnocnenyromieil uAeHTH(PUKAIUEH TE€HOTUIIOB C BBICOKHM KaJUTyCOT€HHBIM U
pereHeparoHHbIM MOTeHIUaIoM. J{J1s nccneoBanus ObLIN MCIIOIB30BAHBI TUIO/bI, TOJTYYCHHbIC
B OJIMH T'OJ] TIPY OJIMHAKOBBIX YCIIOBHSIX BEreTallMOHHOTO nepuoxaa, dpaxmuu 3,2-3,5 mm. [pu
BU3YaJIbHOM OIIEHKE IUI0Z0B OKOJIOTIOTHHUK ObLT 6€3 moBpexaeHuid. bazoBoii cpenoii 11t paboTh
Obu1a BEIOpaHa arapu3npoBaHHas MoauduurpoBaHHas cpena Murashige-Skoog, koTopas mmpoko
pUMeHsieTcs B OMOTEXHOJIOTUH pacTeHuil OGnaromapsi cOallaHCHPOBAHHOMY COCTaBY MakKpo- H
MHUKpPO3JIEMEHTOB ¢ nobaBieHueM ¢uroropmonoB (MYK 0,2 mr/n, BAII 3,0 mr/n, kunerun 0,2
mr/i). KucinotHocTh muTaTensHOM cpebl Obuta 5,6...5,7 enunuil pH.

[TurarenbHy0 cpedy TOTOBMIM Ha cpenoBapke Mapku Systec MediaPrep-10. Ilocne
paznuBa B vamku [leTpu, MpOBOAAT CTEPUIM3ALMIO CpPEAy aBTOKJIABAPHPOBAHUE. Y CIOBHSA
aBTOKJIaBUPOBAHMUS CIEIYIONINE: TeMIepaTypHblil pexum 121°C, nasnenue 1 atmocdepa, BpeMs
aBToknaBupoBanus 20 muuyT. [lamee uwamxku [letpu nmas mpenoTBpamieHHss KOHAEHCAIUU
oxyaxaanu a0 50°C, u 3aTeM repMeTU3upyIoT napagpuiIbMoM WM MUIIEBON TICHKOM.

Jlnist mpoBeaeHHUS CTEPHIIM3AIMHN MTUTATEIBHOM CPebl MCIIOIB30BANICA aBTOKJIAB MapKH
Binder FD 115. Crepunu3anuio pabodero HHCTpyMEHTa IIPU MPOBEACHUHU pabOT MPOBOAUIH MIPH
IIOMOILM CIIUPTOBOM TOPEJIKH.

Jis  mpoBeAeHUST  OKCHEPUMEHTa  HUCIOJIb30BAJKMCH  CIENyIOIIMEe J1abopaTopHbIE
MHCTPYMEHTBI: JIEKTPOHHBIE J1a0OpPaTOPHBIC J103aTOPBI, CKAJIbBIIEIM, HHHLETHI, HOMXHMIIBI,
UMbl C TYIBIMHU WJIA OCTPBIMUA KOHLIAMH TTUHOM 160-200 MM.

W3 nabopaTtopHOil MOCYAbl HCIONB30BAINA: MEpHBIE cTakaHbl 00BEMoM 500 u 1000mut,
yamku [letpu, npoOupKu, KOHTEHHEPHI U1 BpEMEHHOTO XpaHEeHHUs1, aBTOKJIaBUPYEMbIe OAHKH.

DKcIepuMEHTABbHYI0 padOTy MPOBOIWIN B JAMUHAPHOM OOKCE, MOCIIE Yero SKCIUIAHTHI
MIOMENIAJI B POCTOBYIO KOoMHary. MHKyOanus npoBoaunach npu +25 °C U CBETOBOM PEXUME
16/8.

XpaHeHHEe CTOKOBBIX pAacTBOPOB T'OPMOHOB JUIsI TPEAOTBpAIICHUS JAeTpajaluu
IIPOBOAMIIOCH B MOPO3HMJIBHBIX KaMepax npu -20°C.

Crepwinsanus I1oA0B npoBoauiack 1o Merony bapcykosoi E.H.: 3pensie mioasl c
nepukapnueM (T1o10Boi 000JI0YKOI) MOMENIaal B KOHIIEHTPUPOBAHHYIO CEPHYIO KUCIIOTY Ha 2
MUHYTBI, TIOCI€ 4Yero TPIKAbBl TNPOMbIBAIM B TeueHHe 5-10 MHUHYT CTepMIIbHOM
JTUCTUITMPOBAHHOM BOAOH, OCBOOOXJadM OT MEPUKAPIHS W MACCHPOBAIM Ha MUTATEIbHYIO
6e3ropmoHanbHyI0 cpeny Mypacure u Ckyra Juis OJy4YeHHUs CTEPUIIbHBIX POPOCTKOB [19].

Jnis monydeHust Kajuryca ObUTH BBIOpaHBI CEMHIHEBHBIE MPOPOCTKH, Y KOTOPBIX ObLI
OT/eJICH TUIIOKOTHIIb U TIepecaskeH Ha cpeny. [ npoBeeHus SKCIepUMEHTa NCII0Ib30BAIH 110
200 00Opa31oB Ka)xI0ro M3y4aeMoro TreHOTUMa. DKCIIAHThl KyJIbTUBUPOBAIX B yamikax llerpw,
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pasMenias mo S5 IITYK B KaXAOH C TMOCIEAYIOUIMM MaccupoBaHueM. ONBIT NMPOBOAWIN B
YeThIPEXKPATHON OuoJoruueckoi moBTopHOCTH. [l pacuéra HMHIAEKCAa pocTa M yIENbHOU
CKOPOCTH POCTa MCIIOJIb30BAJINCH JIaHHBIE, IIOJYyUEHHBIE C YETBIpEX naccaked. HTeHCHUBHOCTH
pocTa KaJUTyCHOM KyJIbTyphl OLIEHUBANIU IyTeM pacdera uHaekca pocta (MPK) mo popmyne: UPK
= (MK - MH) / MH, tie MH 1 MK — HauanbHasi 1 KOHEYHAss Macca Kajulyca, COOTBETCTBEHHO.
VYaenpHyr0 CKOpOCTb pocTa (M, CyT ') KaJUIyCHOM TKaHM pacCUMThIBAIIM Ha 28-€ CyTKHU
KyJIbTUBUpPOBaHMS 10 popmye: 1= [In (M2 / Mi1)] / At, tne M1 1 M2 — Macca kajutyca Ha Ha4yajo
JKCIIEPUMEHTAa U Ha 28-€ CYTKM COOTBETCTBEHHO, a At = 28 cyrtok. IlosydeHHble B xone
UCCIIeIOBAaHUM JJaHHbIe ObUIM 00pabOTaHBI C MOMOUIBIO MAaKeTa MPOrpaMM, BXOJSIIMX B COCTAB
Microsoft Excel (aucnepcnoHHbIH aHATN3).

IIpoBeneHHBIE MCCIENOBAHMS BBIIBUIM CTaTUCTHMUECKH 3HAYMMBIE MEXKCOPTOBBIE
pasnuyMs Mo CIOCOOHOCTH K KayurycooOpa3zoBaHuio. Hanbonpinas kamrycoreHHass akTUBHOCTb
obuta otMeueHa y copta bateip — 81,0%. Copt Arara nokasan cpennee 3HaueHue - 79,0%.

Mopdonornueckuii aHaau3 BhIIBHI KJIIOUEBbIE PAa3IHUUs B CTPYKTYPE KAJUTYyCHBIX TKAHEH.
Kannmyc copra Arara uMen O0ypo-KOpHYHEBYIO OKpPAacKy M pPhIXJIyI0, 0OBOJHEHHYIO CTPYKTYpY,
CKJIOHHYIO K pacmajy, 4TO YKa3blBaeT Ha UX HU3KYI0 MOP(OreHEeTHUECKYI0 KOMIETEHTHOCTh. B
OTIIM4YHE OT Arathl, Kajulyc copTa baTeip, nMes aHalOrM4Hy0 MUTMEHTALNIO, OTIIMYAICS TUIOTHON
KOHCHCTEHIIMEH, (opMUpOBaI MEpPUCTEMAaTHUYECKUE OYard W JIEMOHCTPUPOBAT aAKTHUBHYIO
pereHeparui moo0eroB.

OreHKa KHHETHKH POCTOBBIX MPOIECCOB MOKAa3aia, YTO HauOOIbLIeH mposnpepaTuBHON
aKTUBHOCTBIO XapakTepu3oBaycs copT Ararta (maaekc pocta 0,96, p= 0,024 cyr'). MunumanpHas
MHTEHCUBHOCTH Npoiudepanuu Obuta otMedeHa y copra bareip (nnaexc pocta 0,90, p = 0,023
cyT ).

Takum 00pa3oM, KOMIUIEKCHAsi OIEHKa IO3BOJWIA HICHTH()UIMPOBATH T€HOTHIIBI C
pa3NUYHBIM OMOTEXHOJOTHYecKUM moTeHuuanoMm. Copt baTeip Obul BbIIeneH Kak Haubosee
NEPCIEKTUBHBIN JUIS 1eJIe MUKPOPa3MHOXKEHHUS U KIIETOYHOH CeleKIMU Ojaronapst BHICOKOM
yacrore kamurycorenesza (81,0%) m yHHKanbHOW criocoOHOCTH K opraHoreHe3y. Copt Arara,
obyazasi MakCUMaJIbHOM CKOpOCTBIO mponudepanuu (ynenbHas ckopocts pocta 0,024 cyt!),
NPEJCTABISACT LEHHOCTh JJs HAKOIUIGHHWS OMOMAacChl, OJHAKO €ro MOp(OreHeTHYEeCKHi
oTeHuan orpanudeH. IlorydeHHble TaHHbBIE CIy’KaT OCHOBOM Ul JAJIBHEUILIECH CEJIEKIIUMOHHOU
paboThI ¢ UCTIONIB30BAHUEM METOJIOB OMOTEXHOJIOTHH.

Cnucok JiuTeparypsbl:
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UCTOJIb30BaHNE OMOTEXHOJIOTUYECKUX METOJIOB JUIA CO3/aHUS HOBBIX (OpPM pacTeHH
3epHOO000BBIX M KPYISIHBIX KyJIbTYp // 3epHOO000BBIEC U KpyIIsiHbIe KyJIbTyphl. 2012. Ne 2(2). C.
10-13. EDN QCRLDF.
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MOJIUMEPHBIE HOCUTEJIU HA OCHOBE KPUOT'EJIEH TOJUBUHUJIOBOI'O
CIIAPTA C TOBABKAMM PETYJISITOPOB POCTA PACTEHUM JUISI CEJIbCKOI'O
XO3SMCTBA

JIu B.A. 12, Kosocosa O.10.%, Beicrposa H.A.2, Jlosunckuii B.1.?

1 — Poccuiickuit xumuko-mexnonozuueckuil ynueepcumem umenu /.M. Menoeneesa (PXTY
um. /. H. Menoeneesa), Mockea 125047; E-mail: victorial21601@gmail.com

2 — Hucmumym rnemenmoopzanuueckux coeounenuii umenu A.H. Hecmeanoea PAH
(UH30C PAH), Mockea 119334

Kpuorenn nomusuamnoBoro crupta (KI'TIBC) mpencraBnsror coboii retepodasHbie
MaKpOMOPHUCTbIE MOJUMEpHbIE TenH, (OPMHUPYIOIIUECS B IMpPOIECCe 3aMOpPAXKUBAHUS H
OTTauBaHUs pPAaCTBOPOB TOJIMBUHWIOBOIO CIUPTA. OJTU MaTepHalibl MEPCIEKTUBHBI s
CEeNbCKOXO035IICTBEHHOTO MPUMEHEHHS O1arofapsi UX CHOCOOHOCTH YIydIlaTh CTPYKTYPY MOYBHI,
CHIKasi Bpe/HbIe (DaKTOPHI, a TaK)Ke CIOCOOCTBOBAThH IMOBBIIICHUIO YPOXKAMHOCTH M KayecTBa
CeNbCKOXO035MCTBEHHBIX KyIbTYyp [1, 2]. Bo3MOXXHOCTH BHeApeHHs] OMOJIOTMYECKH AKTHBHBIX
BeuiectB (BAB) B Marpunmy KITIBC mno3BossieT KOHTPOIMpPOBaTH MX BBICBOOOXKIEHHE U
YMEHBILIATh YaCTOTY MOJUBOB [3].

KITIBC w™oryr ciyxutrb HocurensimMu aykcuHoB (IAA, IBA) — yHuBepcalbHBIX
PACTUTEIBHBIX PETYJATOPOB POCTA, KOTOpBIE BIIMAIOT HAa KJIETOYHOE JEJIEHUE, PACTSKEHUE,
MopdoreHes, a Takke Ha 00pa3oBaHUE U Pa3BUTHE KOPHEH.

B uccrnenoBaHum METOIOM «3aMOPAXKMBAHUSA-OTTAMBAHUS) OBLUIM TOIYYEHBI KPUOTEIN
MOJIMBUHUIIOBOTO CIIUPTA, COAEpIKaIIMe J00aBKH ayKCHMHOB B IPOTOHMPOBAHHOW M COJIEBOM
(opmax B pa3HBIX KOHLEHTPAIHIX.

Jiss 00pa3lioB OIEHMBAIM YNPYTOCTh U TEIUIOCTOMKOCTb, a TaKKe M3ydyalld JTUHAMHKY
BBICBOOOXK/ICHUS 3TUX COSAMHEHUH U3 MOJTUMEPHON MaTPHIIBI B BOJHOE OKPYKEHHUE.

[TpoBenensr Takxke uccienoBanusi Ouonoruueckor aktuBHocTu KITIBC ¢ moGaBkamm
aykcrHoB. OOmIast MpoAOIDKUTEIBHOCTh SKCIEpPUMEHTa cocTaBisuia 10 THEH, MCIoNIb30BaNINCh
cemeHa nueHuusl (7riticum aestivum L.) copra «Arata®-2023». AHann3 NOJyYEHHBIX JTaHHBIX
II0Ka3aj, yTo BBeAeHUE Mpon3BoaHbIX IAA u IBA B nonumepnyto matpuity KI'TIBC e cHmxaer
uX OMOJIOTHUECKYI0 aKTUBHOCTB, TO €CTh ayKCHHBI MPOJODKAIOT 3((HEKTUBHO CTUMYJIHPOBATDH
pPOCT M pa3BUTHE KOPHEBOW CHCTEMBbI MIIEHUIBI. Kpome TOro, BKIIOUEHHE OHOIOTHYECKH
AKTUBHBIX BEUIECTB B CTPYKTYPY KpUOTreIel M03BOJISIET yMEHBIINUTD YaCTOTY IIOJIUBOB.

Takum o00pa3oM, TpPUMEHEHUE KpHUOTeNeH TMOJMBHHWIOBOTO CIUPTa B KA4EeCTBE
nonuMepHoro Hocutenst aykcuHoB (IAA, IBA) cmocoOCTBYyeT CHUKEHHIO YaCTOTHI OPOIICHUMN
MOYBBI.

brazooapnocmu:
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PaGora BeImonmHeHa B pamkax [ocynmapcrBenHoro 3amanust Ne 075-00276-25-00
MuHHCTEpCTBa HAYKHU U BbIcIero oopasoBanus Poccuiickoit deneparum.
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BBIXO/I HUTOXPOMA C U3 MUTOXOHIPUH NBLJIBIIEBBIX
TPYBOK P)KU (SECALE CEREALE L.) BXOJAE TAMETO®UTHOM
CAMOHECOBMECTUMOCTHU KAK MAPKEP TIPOTPAMMUPYEMOM
KJIETOYHOU CMEPTH

Moauanosa T.IL!, Ben. C.2, Jlazapesa E.M.!, T'onuBanos 51.FO.!, 3axaposa E.B.!

1 - @eoepanvhoe 2ocyoapcmeennoe 0100)3cemuoe Hayunoe yupeixcoenue «Bcepoccuiickuii
HAYYHO-UCCNIe008AMENbCKUTI UHCHUMYM Ce/1bCKOX03AIICIEEHHOU OUOMEXHOI02UY,
Mockea, Poccus

2 - Agro Toulouse, France

E-mail: tatihan@gamil.com

Poxsb (Secale cereale L.) siBnsieTcs MepeKPEeCTHO OMBUIAEMBIM 371akoM. B mpupoxe s
MOJIeP>KaHUS TEHETUYECKOTO Pa3sHOOOPa3Hs U T€TePO3UTOTHOCTH MOIYJIALUN Y TAKUX PaCTEHHUM
BbIpaboTancs MexaHusM rametopuTHoit camoHecoBmectuMoctu (I'CH). DrtoT Mexanusm
NPEeJOTBpAIllaeT CaMOOMbIJICHHE, oOecreunBas U30MPaATEIbHOCTh B OIUIOJIOTBOPEHUH, ITyTeM
OCTQaHOBKM pOCTa M THUOETHM HECOBMECTHMMOH NBUIBIIEBOH TPYOKHM B TKaHAX MECTHKA.

B nanHOli paboTe MBI MCCIIEAOBANIM acleKThl MPOrpaMMHUPYEMOW KJIETOUYHOW CMEpTH
(ITKC), kotopsie compoBoxmaroT nporecc I'CH npu camoonsiiennn (Zakharova et al., 2024).
OnHOM W3 KITIOYEBBIX 33Ja4 CTajla JETeKIHs BBIXOJA IUTOXPOMA ¢ M3 MUTOXOHIPUHN, KOTOPBIN
ABIIsIeTCS BaXXHBIM MapkepoM 3amycka [IKC (Banerjee et al., 2025).

B pabore ncnonap30Banyu JUILTOUIHYIO pOKb copTa «CeleHray, BRIPAIleHHYIO B YCIOBUAX
¢utoTpona. Ilocnme KacTpaluy LBETKOB IMPOBOIWIM KOHTPOJIMPYEMOE OIBUICHHE: OIBITHBIN
BapHaHT - CAMOOIIBIJICHHE, KOHTPOJIHBIA BapUaHT - NepeKkpecTHoe onbuieHue. Yepes 30 MuUHYT
1ocje ONMbUICHUS NMecTHKU (puxcupoBainn B 4% pacTtBope napadopmanpaeruia B tedenue 1,5
4yacoB. 3aTeM 00pa3ibl JBaX bl mpoMbiBanu PBS-0ydepom n Xxpanunu B HEM Ipu TeMIepaType
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+5 °C. Ilectuku noxasepranu mauepauuu B Triton 0,5% B PBS 30 munyt. [lanee npumeHsun
creun(puieckue NepBUYHBIC AaHTUTENA JJI1 UMMYHOJIOKATU3AIMK IUTOXpoMa ¢ (MHKYOHpOBaHUE
npu 65 °C. 12 4) u BTOpUYHBIC AaHTHTENA, MEUYECHHBIe (iryopecieHTHOH MmeTkoi Texas Red
(uHKyOMpOBaHUE NPU KOMHATHOM Temnepatype 45 mun). OOpasibl MOMenaayd Ha IpeaMETHbIC
crekna B cpene Mowiol ¢ nobGasnenuem DAPI nist konTpactupoBanus siaep. Busyanuzaruio
npoBowin Ha Zeiss LSM 800 Airy Scan.

[Tpu camoonbuieHNH ObUTH OOHAPY>KEHBI MBUIbLIEBbIE TPYOKH M BBIMIEAIINE B HUX S7Apa,
okpameHHsle DAPI npu nune BonHbl 358-461 nm. IIpu nynue BoaHs! 586-603 nm B iuTonnaszme
IBUIBIEBON TPYOKH ObLTO 3apUKCHPOBAHO KpaCHOE paBHOMEPHOE CBEUCHHE, YTO yKa3bIBAaeT Ha
CBSI3bIBAHME MEUEHBIX AHTHTEN U, CIEI0BAaTEIbHO, HAa BBIXOJ LIMTOXpOMa ¢ B IMTOMIazMy. B
KOHTPOJILHOM BapuaHTe (IIEPEKPECTHOE ONBbUICHHE) KpacHas paBHOMEpHas (iayopecreHuus B
LIUTOILIa3Me OTCYTCTBOBAJIA.

B pesynbrare paboTsl ObUT 3a)MKCUPOBAH BBIXOJA IUTOXPOMA ¢ U3 MUTOXOHAPUH B
IBUIBIEBBIX TPYOKaX pPXKH MPU CaMOOMNBUICHHU. DTO CIYKUT yKa3aHHEM Ha JI0Ka3aTelIbCTBO
aKTHBAIlUM MEXaHW3Ma MPOrpaMMHUPYEMOW KIIETOYHOH CMEpTH B CaMOHECOBMECTHMBIX
IBUIBIEBBIX TPYOKax B Mpolecce raMeTo(pUuTHON CAaMOHECOBMECTUMOCTH Y PXKH.

Hccnedosanue svinonneno npu nooodepcke Munucmepcmea HAyKu u 8vicuieco 00pazo8amusl
Poccuiickoii @edepayuu (2oczadanue Ne FGUM -2025-0003).
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®EPTUJIBHOCTH NbLIbLBI 3EMJISIHUKU CAJIOBOI: OT
®YHJIAMEHTAJILHOM OLEHKH JIO IMTPUKJIAJTHOT' O
WCIOJIb3OBAHUS B CEJEKLIUU

ITankos U.A., byxaposa A.P.

Poccuiickuil 2ocyoapcmeennslil yHugepcument HapoOHO20 X03AICHEd
umenu B. U. Bepnaockozo (OI'bOY BO PI'YHX um. B. U. Bepnaockozo),
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143907, Mockosckaa obaacme, 2. banawuxa, ya. lllocce Iumysuacmos, 0. 50
morozisummer@gmail.com

Knwoueewie cnosa: 3emisinuka canosasi, Fragaria * ananassa, GepTUILHOCTh TbLIBIIBI,
CEJIEKLMs, IUTOJOTHYECKUN aHau3, THOpUIU3AIIHS.

[Tpobnema HU3KOH (HepTUIBLHOCTH MBLIBIIBI U €€ BIUSHHS Ha MPOJYKTUBHOCTD 3€MIITHUKU
canoBoil (Fragaria x ananassa Duch.) mupoko oOCykKaaeTcsi B COBPEMEHHOHN CeNeKIMOHHON
mureparype. Hecmorpss Ha o0oemonyio MNpHpPOLY LBETKA, HAJIM4YHE IOJHOLEHHBIX
PENPOAYKTUBHBIX CTPYKTYp HE TapaHTUPyeT WX (PYHKUHMOHAIBHYIO COCTOSTENBHOCTh, a
SHAYUTCIIbHAdA MCKCOpPTOBad HWU3MCHYMBOCTL II0O 3JTOMY IIPU3HAKY OTMEYACTCd MHOI'MMU
HCCICA0BATCIIIMU. 9t0 06yCJIaBHI/IBaCT HCO6XOI[I/IMOCTI: KOMIIJICKCHOT'O IIOJXOAda K OICHKEC
(bepTI/IHLHOCTI/I ObUIBIBI — OT q)yHIIaMeHTaJIBHOl"O HU3YUYCHUSA OO0 MPAKTUYCCKOIO NPpUMCHCHHA B
CCJICKIIMOHHBIX IMpOorpamMmax.

Boinonnennvie manvt padomp.. Ha Texymuii MOMEHT IIpOBEIEHA Cieayrouas
MOATOTOBUTENbHAS paboTa:

- MPOAHAIM3UPOBAHBI JIUTEPATYPHBIE UCTOUHUKU U 00O0OIEHBI COBPEMEHHBIE METOIUKH
OLIEHKU (pepTHIIHOCTH MBUIBIIBL;

- HOI[OGpaHa U aJalTupoBaHa MCTOAHKA L[I/ITO-3M6pI/IOJIOFI/I‘-IeCKOFO aHajn3a C
HCIOJIb30BAHHUCM OKpalllMBAHUS AlICTOKAPMUHOM;

- chopMUpOBaHA KOJUICKIHS U3 15 MepCeKTUBHBIX COPTOOOPA3LIOB 3EMIITHUKHU CaI0BOM;
- IpoBeieHa (PUKCAIMS [IBETKOB JUIS MOCIEIYIOMEr0 MUKPOCKOITMYECKOT0 aHAIIN3A.

Mamepuanvt u memoowt. Jyisi UCCIEAOBAaHHUS HCIONB3YIOTCS paHee OTOOpaHHBIE IO
XO3AWCTBEHHO-IICHHOCTHBIM MpPU3HAKaM COPTOOOpa3Ibl 3eMIISIHUKHA canoBoil. [lpumensemas
METOJIMKA BKJIFOYAET:

- LIUTOJIOTUYECKUH aHaJIN3 MbUIbLI (OKpamuBaHue 1% alerokapMUHOM);

- (hyHKIIMOHAJIBHBIN TecT (MpopaluBanue in vitro Ha cpeae ¢ 10-15% caxapo3soii u 0,01%
OOpHOI KHCIOTOM);

- CTATUCTHYECKYI0 00pabOTKy JaHHBIX C UCTIOJIb30BAHUEM TUCIIEPCHOHHOTO aHAJIN3a;
- CPaBHUTEJIbHYIO XapaKTEPUCTUKY COPTOB MO YPOBHIO (DEPTUIHLHOCTH MBLIBIIHI.
Osicuoaemvle pezyaromamsl. B Xo11e ucciiejoBaHusl IIIaHUPYETCSL:

- pa3paboTaTh CUCTEMY OIICHKH (DepPTUIBHOCTH MBLIBIIBI 3eMIITHUKHY;

- BBIACIUTH OOpPa3Ibl BHICOKOW (EPTHIBLHOCTU IJII WCIOJIB30BAaHUS B CEJIEKIIMOHHBIX
MpOrpamMmax;

- AaTb pCKOMCHAAIINUHU 10 OTITUMU3alIUN HOI[GOpa POAUTCIBCKUX MMap AJId I‘I/I6pI/IIII/IBaI_[I/II/I.
Ilpakmuueckasn 3nauumocms. PazpadbareiBacmasi cicTeMa OLICHKH ITO3BOJIHT:

- CHU3HUTDH KOJIMYECTBO HETIEPCTIEKTUBHBIX KOMOWHAIIMN CKPEIINBAHUNL;

- TOBBICUTD 3(P(PEKTUBHOCTH CEIEKIIMOHHOTO MPOLIEcCca;

- CO31aTb OCHOBY JIA q)OpMI/IpOBaHI/IH OaHka ObUIBIBI IECHHBIX 'CHOTHUIIOB.
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Bb1600w1. KoMIiekcHbIN MOIX0 K OLlEHKE (PepTHILHOCTH MBIl 3eMISTHUKH CaJI0BOM
MO3BOJIUT OOBEAUHUTH (PYHAaMEHTAIbHBIE METO/bI HCCIECIOBAHUS C MPAKTUUYECKUMHU 3aa4yaMH
cenekuuy. Hamuume coOpaHHOro (PMKCHPOBAHHOTO MaTepuana 00ECleYMBAaeT BO3MOXKHOCTh
MOJTyYeHHS EPBUYHBIX IKCIIEPUMEHTAIBHBIX IaHHBIX B KpaTyaiIliue CPOKH.

CnHcok ucnosib3yemMoi JUTepaTyphl

barypun C. O., AMOpoc E. B. U3MeHYMBOCTh B araMoCepMHOM ITOTOMCTBE KPYIMHOIUIOJHOM
semistHuKH (Fragariax ananassa Duch.) o ¢eprunbHoCcTH nbUTBIB! // PerHOHANBHBIE T€OCUCTEMBI.
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KiroueBble ci10Ba: nporpaMmupyemMasi KICTOYHAs CMEPTh, HEKPO3, OTAAJICHHAs THOPUIN3ALIHS,
PENpOayKTUBHBIE Oapbepbl, ONbUICHUE

HccnenoBanue MexXaHU3MOB PEHNPOAYKTHMBHOM HECOBMECTUMOCTH Y IPEACTaBUTENCH
cemeiicTBa Solanaceae, B yacTHOCTH y Tabaka (Nicotiana tabacum L.) u nerynun (Petunia hybrida
E. Vilm.), mnpeacraBnser co00H BaXHbIM 53Tanm B NOHUMAHUM  (PyHJAaMEHTAIBHBIX
3aKOHOMEPHOCTEH ITUTOJIOTUYECKHX M SMOPHOJOTHUYECKUX IMPOIECCOB, JIEKAIIMX B OCHOBE
MEXPOJOBBIX OaphEPOB OMIIOIO0TBOPEHUs. V3yueHue pa3BUTHs CEMI3a4aTKOB I1OCIIE OT/AaJICHHOM
rUOpUIN3AIMH TT03BOJIUT YCTAHOBUTH KJIIOUEBBIE KJIETOYHBIE MPOIECCHI, KOTOPBIE ONPENEISIOT
pa3BUTHE KEHCKOTO raMeTo(uTa B yCIOBUAX MEXPOIOBON THOPUAM3ALINY.

AHanu3 MONepeuHbIX CPe30B 3aBsi3cil, BBHIMOJHEHHBIX 4epe3 54 yaca mociie ONbUICHUS,
BBISIBIJT (DAKT OIJIOZOTBOPEHMS CEeMs3a4aTKOB M oOpa3oBaHue 3urotbl. OnHAKO AaibHeiIiee
uccliieoBaHue 6oJiee Mo3AHUX TOYEK MOKa3alio, 4To POPMHUPOBAHUE MOTHOLEHHOTO 3apOIbIIIa HE
npoucxoaut. IIpu mocnenyromeM HUcciae10BaHUH KUBBIX CPE30B 3aBA3€il yepe3 72 yaca mociie
ONBUICHHS, OKpAIIEHHBIX AKPUIMHOBBIM  OpPAH)KEBBIM W  M3YYEHHBIX C  IIOMOIIBIO
(bIII0OPECIIEHTHON MHKpPOCKONHUH, OBUIO BBIABICHO HAJIMYME MNPU3HAKOB MHPOTrpaMMHUPYyEMON
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kierounoir cmeptu (IIKC). Cnenyer ormeruts, uto npouecchl [IKC sBnsitoTCS €cTecTBEHHBIM
KOMIIOHEHTOM OHTOI€HE3a M TIOCTOSIHHO IPOUCXOJAT B TKaHSIX 3aBsi3H, ydacTByS B
mudepeHIMPOBKH psiga TKaHeW. [y Jydinero NMOHMMaHHs XapakTepa KIETOYHOW rubdenu
IUTAHUPYETCS MPOBEICHUE aHAIN3a TeX JK€ 00pa3LoB ¢ IPUMEHEHNUEM JIOTIOJIHUTEIBHBIX METO/IOB
— B YaCTHOCTH, TECTOB Ha HAJIMYHE HEKPOTHUYECKHUX MPOLIECCOB, YTO MO3BOJUT OMPEACIUTH (hOpMy
KJICTOYHOM rubenu, KoTopas SIBJISETCS 4YacTbiO PENPOIYKTUBHOrO Oaphepa MpHU OTAAJICHHOM
rHOpUIN3AIHH.

Hccneoosanue gvinonneno npu noooepaicke Munucmepcmea Hayku U 8blcuie2o 00pazo8aHus
Poccuiickoii @edepayuu (2oczadanue Ne FGUM -2025-0003).

IMPUMEP ITPEOJIOJIEHUSI HETATUBHBIX YCJIOBUH 3ACYXH ITPH
BOCCTAHOBJIEHUU IOYBEHHON MUKPOBUOJIOTMUYECKOM
NUIIEBON CETH.

Coo0xajioB A.B., Mamcupos H. U.
denepaabHoe I'ocynapcreennoe brogkernoe QOopa3oBaresbHoe Yupe:xkaeHue Boicuiero
Oo0pa3zoBanus «MailKONCKUH rocy1apCTBEHHbII TEXHOJIOTHYECKUI YHUBEPCUTET, T.
Maiikon.

B pa3BuTHH T€31COB BHICKAa3aHHBIX B CTaThe aBTOPOB «IlouBeHHAss MUKpOOUOIOTHYECKast
nuineBas ceTh Kak QyHmnameHT «PereneparuBroit CumOnoTnyeckoit bruoskoHOMUKH» cunTaeMm
HEOOXOMMBIM TIOKa3aTh KaKUM 00pa3oM METOJ BOCCTAHOBICHHS WJIM KOPPEKIHMU TOYBEHHOM
MUKPOOHOJIOTHYECKOM MULIEBON ceTu MOXET OBITh pelieHueM npooiem
CEJIbX03TOBAPONPOU3BOAUTENIEN B YCIOBUAX 3aCyXH.

CyTb sBJIEHUS MOYBEHHOW MHUKpPOOMOJIOTHYECKON MUIIEBON ceTH [1] cocTouT B TOM, YTO
pacTeHus] HaMpaBISAIOT 3HauuTeNbHYI0 no0i0 (ot 10 mo 45%) pe3ynbTaToB COOCTBEHHOTO
¢doTocuHTE3a B CBOIO KOPHEBYIO CHCTEMY M BIIOCIEACTBUU 3a €€ mperensl, B pusochepy. B
puzochepe STH BbAETCHHUA (IKCCYAAThl) MOEHAIOTCS MHUKPOOPIaHW3MaMH, OaKTepusMH H
rpuOKaMu.

Mukpoopranu3Msl MepBoro nopsjaka (0akrepuu M rpuOKM) UCMOIB3YIOT SKCCYIAThl KakK
MCTOYHHK SHEPTHH, HO JJIS POCTAa U Pa3MHOXKEHUS OHH T0OBIBAIOT MUHEPAJIBl U3 0OIIEero 3amaca
(HEZOCTYITHOTO PAacTEHUsIM) IOCPEICTBOM BO3JICMCTBUS Ha pa3zHble (DA TOPHBIX MOPOJ
(rmuRHy, W1, IECOK U Oosiee KpyHbIe (parMeHThl) CBOUMHU (epMeHTaMu, 00Jiee CUIILHBIMHU YeM Y
pacTeHus.

I'pubku u GakTepun pa3MHOXKAIOIIMECS HA SHEPTUH HKCCYIATOB B pu3ochepe pacTeHHs,
MIPUBJICKAIOT XHIHBIE MUKPOOPTAaHU3MbBI BTOPOTO TPO(PHUUECKOTO sIpyca, 3TO Pa3IHUHBIC BHJIBI
KTYTUKOHOCIIEB, aMEOBI M TOJIE3HbIE HEMAToAbl (MUTAIOIIUECS TpUOKaMH, OaKTEPUSIMH WIH
BCESIJTHBIC).

XulIHbIE MUKPOOPTaHU3MBbI BTOPOTO sIpyca, IUTasCh MUKPOOpraHM3MaMu EPBOTO spyca,
BBICBOOOXK/IAIOT MUHEPAJIBHBIC BEIECTBA, JTOOBIThIE MMOCIEAHUMH, U3 KPUCTALNTUIECKON (HOpMBI
TOPHBIX MOPOJ Pa3IUuYHBIX (pakuuil. B uTOore pacreHus moiydaroT AOCTYI K MUHEpPAIbHBIM
BEIIECTBAM, KOTOpble He OBUIM JOCTyNMHbI MM 0e3 Haduuus ONHUCAaHHOH IOYBEHHOM
MUKPOOHOJIOTUYECKOH MUIIEBO CETH.

B numeBoil cetm mpUCYTCTBYIOT IOCIEAYIOIIME YPOBHM XHUIIHBIX MHUKPOOPIaHM3MOB
(HampuMep XMIHbIE HEMATOJbl, apTPOIOAbI) U MakpO OPraHU3MbI, KOTOPHIE KOHTPOJIUPYIOT
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0ajaHCc YMCICHHOCTU OPraHU3MOB IMPEIBIAYLINX SIPYCOB, O00eCleunBas yCTOMYUBOCTh PaOOTHI
BCEU CHCTEMBI ITIUTAHUS U 3AILUUTHI PACTCHUM.

[TomHOUEHHO (YHKIIMOHUPYIOIIAs TMOYBEHHAs MHUKPOOMOJIOTMYECKass MHIIEBasi CeTb
o0yazaet CleAyIOUMMU XapaKTePUCTUKAMU:

V' TlutatensHble BemecTsa JOCTYIIHBl PAacCT€HHUSM TOYHO M B CPOK — IIOCKOJIBKY

oOecnieunBaeTcs BEICOKO()(hEeKTUBHAS IIUPKYIISAIUS MUHEPAJIOB.

bakrepuanbHble U TPHOKOBBIE OOJIE3HN PACTCHUN MOAABISIOTCS 3a CYET KOHKYPEHLIUH

MHUKPOOPraHU3MOB, YTHETCHUS U NIOCIAHHUS.

<

KagecTBeHHast CTPyKTypa MOYBBI OOECHEUMBACT OONBILIYI0 TIyOMHY HPOHHUKHOBEHUS
KOpHEH, CHI)KEHUE BOAONOTPEOIICHUS, TOBBIIICHUE BIIATOYACPKAHUS U adpalliy TOYBHI.

<

CrniocoOHa yaep:KHBaTh MUTATENbHBIE BEIIECTBA — OCTAHOBKA MOBEPXHOCTHBIX CTOKOB,
BOJHOM 3pO3UU U BbILIECIAYNBaHUS.
V' Croco6ua pasjaraTb TOKCHHBI — YJaJE€HUE BpPEOHBIX OCTAaTKOB 3a  CYET

YKU3HEJEATEIIBHOCTH MUKPOOPTIaHU3MOB.

B ycnoBusax nponomkutensHoi 3acyxu B Poccuiickoit @enepanuu B 2025 roay Haubonee
aKTyaJIbHbIM CTaHOBSITCSI CBOMCTBA METOJIa BOCCTAHOBJICHUS IOYBEHHON MMILEBOI CETH B 4aCTU
CHIDKEHHS BOJONOTPEOJICHUS, TOBBIIICHUS BIAroyAep:KaHUs M adpalliyl MOYBHI (ITO3BOJISIONICH
3aIlyCTUTh MEXaHU3M aTMOC(HEPHOM HPPUTALIH).

[Ipumep mpumeHeHHs MeToZa Ha BHHOTpanHbIX (epmax Grape Exchange Australia. B
2006[2] rony Grape Exchange Australia HacunTbIBana TpUALATH YEThIPE BUHOTPATHBIX (EPMBI,
PAacIoNIOKEHHBIX OT ceBepa ABCTpalMM U Jajiee Ha IOT MOYTH 70 camoro MensOypHa. JlokTop
Oneiin Unxem (CIA) Hauana paboTy Ha OJHON U3 3TUX (epMm, Iae He MOIydanoch MPOU3BECTH
ypoxaii. Tam ObUIHM TPOOIEMBI C BOOCHA0KEHUEM, TUI0I0POANEM, OOJIE3HIMH U HACEKOMBIMHU.

B mepsbrit ron Obuto BHeceHO 10 T KayecTBEHHOTO MHUKPOOHMOJIOTHYECKH AKTUBHOTO
KoMriocta Ha akp (25 T Ha 1 ra) u 3 amiIuMKaluu KOMIOCTHOTO «4ash» (3TO BOAHBIA AKCTPAKT
MIOJTYYCHHBIH B pe3yJibTaTe aKTUBHOTO a3pUPOBAHUS Ha MPOTsLKEHUH 24-48 yacoB ¢ qobaBieHue
UM CTUMYJIMPYIOIIEH pa3MHOXKEHHE KOHKPETHBIX I'PYII MUKPOOPIaHHW3MOB) Ha JIMCTOBYIO
MIOBEPXHOCTb.

B 2006 rogy rox B ABCTpanuu ciydniach O4EHb CHIIbHAS 3aCyXa, TaK YTO HAa OCTAJIbHBIX
33 ¢depmax He yAanoch MOIyYUTh aIeKBaTHBIN yposkail n3-3a HeXBaTKU BoAbl. Ha TecToBoit hepme
Obula BOCCTaHOBJICHA BOJOYJAEP)KUBAIOIIAs CIOCOOHOCTh TIOYBBI, TaKXe B O3TOM TOAdY
Ha0JII01a7I0Ch MHOTO TYMaHOB, U OJIaro/iapsi CO3JJaHHI0 KaUeCTBEHHON CTPYKTYpPHI MOYBBI TYMaH
YXOJMII B MOYBY TakK, 4TO OBLI MPOM3BEAEH XOPOIIUH ypoXKail, eJMHCTBEHHBIH B ABCTpaluu B
3TOM rojly, KOTOPBIi B uTOre (prHAHCOBO MoAepkKall ocTaabHbIe 33 (hepmbl.

B 2007 romy Obl1 MHHIMHPOBAH NEpPEX0J Ha METOJ BOCCTAHOBJICHHS ITOYBEHHOU
MUKpPOOHOJIOTHYECKON MHINEBON CeTH Ha BCeX OCTalbHBIX 33 depmax. B atoM romy ObLIO
3aKyIUIEHO O00OpYZOBaHHE, BOPOIIUTENIb KOMIIOCTHBIX OYypTOB, PEaKTOpbl Ui KOMIIOCTHOTO
«4as», BOJOBO3KH, MPOBEACHO OOydeHHE, U HE CMOTpsS Ha Bce pacxoiabl mist 33 depm ObuIO
orMeueHo 16% cokpallleHue ornepanroHHbIX pacXol0B Ha ypoBHE KoMmaHUH. OOBICHAETCS 3TO
TEM, 4TO HE HYXKHO OBUIO IUIaTUTh KaK paHbIle 332 BOAY (BOJOMOTpeOIeHHE COKpaTuiock Ha 50-
70%), e€ mepekauky, MUHEpalbHbIe yIOOpPEeHHUs, U3BECTb, TUIIC, OMOIUABI U HE HYKHO OBLIO
IUTATUTh 3/T1 ¥ HECTU PACXO/Ibl HA UX BEIHOC B BUHOTPAIHUKH. Ba)KHO OTMETHUTH, UTO 3aCyIIUINBbIC
YCIIOBHSA IO IPEKHEMY COXPAHSIUCh, TPaAULMOHHbIE (hepMbl osryyanu ot 30 1o 50% ypoxasi, B
TO BpeMs Kak 33 ¢epmbl nepeBeeHHbIe Ha MUKpoouosoruio B 2007 rofy mosydmin ypoxan B
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cpeaeM 75% OT OOBIYHOTO YPOBHSI KOT/Ia HET 3acyxH. Takke 3a cyeT YyIydIIeHHs KayecTBa
IIPOAYKIMH BBIPYYKa KOMIIAaHUH BbIpocia Ha 8%.
[IpakTuyeckas paboTta ¢ JTaHHBIM METOAOM OCYIIECTBIISIETCS HAa TEPPUTOPUH (hepMepCKOTro
xozsiicTBa 'maBsl KOX Cobkanosa A.B., B PecriyOmuku Anipirest, psiaom co cranuien /laxoBckast.
Ecin BBl 3amHTEpecoBaHbl B OCBOEHMM MeToja BoccTaHoBieHus [IIIC wmnu wmHOM
COTPYJIHHUYECTBE, BBl MOXKETE BOCIIOJIb30BAThCS KOHTAKTaMM AJs cBsi3u: Borcan, Tenerpam no
tenedony +7 (988) 521-67-42 unu 1o 3nekTpoHHOI noute asobkalov@mail.ru

Ccepliku:

1. Interactions of Bacteria, Fungi, and their Nematode Grazers: Effects on Nutrient Cycling
and Plant Growth. Russell E. Ingham, J.A. Trofymow, Elaine R. Ingham, David C.
Coleman. Ecological Monographs, Vol.55 Ne 1 (Mar. 1985), pp 119-140. Published by:
Ecological Society of America.

2. Kypc nokropa Oneiin Muxewm, https://www.soilfoodweb.com

POJIb A®K TP ®YHKIIMOHUPOBAHUU MEKPOJOBbIX
BAPHLEPOB I'MBPUIU3AIIMU B IPOTAMHOM ®A3E
OIVTIOAOTBOPEHMUSA NICOTIANA TABACUM L. 1 PETUNIA
HYBRIDA E VILM.

I'acanoB E.A., I'oiuBanos S1.10. , 3axaposa E.B

Deodepanvroe 2ocyoapcmeennoe 0100xcemuoe Hayunoe yupesxcoenue «Bcepoccuiickuii
HAYYHO-UCCNIe008AMENbCKUTI UHCHUMYM Ce/1bCKOX03AIICIMEEHHOU OUOMEXHO102UY,
Mockea, Poccus

*E-mail: gasanovea@bk.ru

KiroueBble cioBa: akTUBHBbIE (OPMBI KHCIOPOJAA, POCT MBUIBIEBONH TpPyOKH, OTIasleHHAS
ruOpuau3aIys, nporaMmHas (asa om0 10TBOPEHUS

AxtuBHBIe Qopmbl kuciopoaa (ADK) urparoT KIOYEBYIO POJIb B PETYISIIHH MPOIECCOB
OILJIOZOTBOPEHHS U MIPEO0ICHUS MEXPOIOBBIX PEIPOTYKTUBHBIX 0apbepOB y IMOKPHITOCEMEHHBIX
pactenmii. Ha ¢oHe Bo3pacrarmero wuHTepeca K OTHAIEHHONW TUOpUIU3alUK — Kak
NEPCIEKTUBHOMY HAINPABICHUIO PACHIMPEHHUS TE€HETHYECKOro pa3HooOpasusi KyJbTYPHBIX
pacTeHwmii, UCCIeOBaHNEe BIMSHUS CUTHAIBHBIX peakiuii, BKItoyas nuHamuky ADK, Ha poct
IBUIBIIEBON TPYOKH MpHOOpeTaeT 0colyro akTyaabHOCTh. CemeiicTBo Solanaceae mpencTaBiser
co00i y0OHYI0 MOJIEIBHYIO CUCTEMY UIS M3YyYCHHS MOJEKYJISIPHBIX MEXaHU3MOB OIBUICHUS, B
TOM YHCJI€ B YCIOBHIX CAMOHECOBMECTUMOCTH M MEXPOJOBOTO CKPEIIUBAHUSI.

B pamkax HacTosIero uccieioBaHHs NpoBoauiach oreHka ypoBHI ADK B kierkax
nectuka y camocomectumoit (CC) u camonecoBmectumoit (CH) dopm Petunia hybrida E. Vilm.
IpH KOHTPOJIMpPYyeMbIX onbuieHUX. [Tokazano, 4to ADK npucyTCTBYIOT B TKAHSAX TECTHKA U JI0
OTBUICHUS, BBIMONHSS (YHKIMH CUTHAIBHBIX MOJIEKYJN, OJHAKO XapaKTep H3MEHEHHUS WX
KOHIIGHTPALMU HAINPSIMYIO KOPPEIUpPYeT € YCIEHIHOCTbIO pOCTa MbUIbLeBOM TpyOku. Ilpu
camoonsuieHnn CC-popmel P. hybrida E. Vilm Habmioganocs HOpMaIbHOE 3aBSI3bIBAHKE TLIOI0B
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U OTCyTCTBHE KpuTHueckux nukoB ADK. B otimune ot 3toro, npu camoonsuiennn CH-popmer B
HYJICBOW BpeMEHHOW Touke (pUKCUpoBasiach peskas Bcmbllika ADK, 3aTeM ux ypoBeHb clerka
BO3pacTajl Ha MPOTSHKEHUH 1—2 4acoB, 3HAUMTENIBHO CHUXKAJCA K 4-My 4dacy, HO K 6—8 ydacam
JIOCTHral KPUTUYECKUX 3HAYCHHUH, COOTBETCTBYIOIIMX OCTAHOBKE POCTa MBUIBIIEBOM TPYOKH.
[TonoOHast TMHAMKMKa XapaKTEepHA Ui MEXaHU3MOB CAMOHECOBMECTUMOCTH. [Ipu MekpomoBoM
ombutenun P. hybrida E. Vilm (CH) tabakom (Nicotiana tabacum L.): mociie Ha4aJbHOTO
MOBBILIEHUS B HyJ1eBOU Touke KoHIeHTpauus ADK nuie He3HAUNTENBHO CHUXKAIAch K 1-My yacy
¥ BBIXOJWJIA Ha IJaro 0Oe3 JTOCTH)KEHUS KPUTUYECKUX 3HAUEHHWH, YTO YKa3blBaeT Ha
MOTEHINATIBHYIO BO3MOXHOCTH (POPMUPOBAHUS MEKPOIOBBIX THOPHIOB.

[lonydyeHHbIE NaHHBIE NEMOHCTPUPYIOT CYLIECTBEHHYIO poiib ADPK Kkak peryastopoB
PENpOIyKTUBHOM COBMECTUMOCTH TPH OTHAIEHHON ruOpuan3anun. B nanpHeiimem mianupyercs
BBISIBUTH MOJICKYJISIpHBIE U (DU3MOJIOTUYECKHE MEXaHU3MBI, JIeXKAllie B OCHOBE (hOPMUPOBAHHS
MEXPOJOBBIX OaphepoB y Solanaceae, 4To MO3BONUT pa3paboTaTh MOAXObI K UX MIPEOJOICHUIO U
pacIIMpPEHHUIO TEHETUYECKOTrO MTOTEHIIMAaja KYJIbTYPHBIX pacTEHUI.

Hccnedosanue gvinonneno npu noooepaicke Munucmepcemea Hayku u 8vbicuieco 00pazoe8anus
Poccuiickoii @edepayuu (2oczadanue Ne FGUM -2025-0003).

NTUHAMUKA COJIEPXAHUSI AKTUBHBIX ®OPM KHCJIOPOJIA B
CUCTEME IBLJIBIA-IECTUK ITPU ®YHKIIMOHUPOBAHUSI
MEKPOJOBBIX BAPBEPOB T'MEPUJIN3AIINN Y PACTEHUN

CEMEVCTBA SOLANACEAE

Koxonuna ML.A., I'osiuBanos S1.10. , 3axaposa E.B

Deodepanvroe 2ocyoapcmeennoe 0100xcemuoe Hayunoe yupexcoenue «Bcepoccuiickuil
HAYYHO-UCCTIe008AMENbCKUTI UHCHUMYM Ce/1bCKOX03AIICIEEHHOU OUOMEXHOI02UY,
Mockea, Poccus

*E-mail: kokonina.mariya@gmail.com

KiaueBble cioBa: akTUBHBIE (OPMBI KHCIOPOJAA, POCT MBUIBIEBONH TpPyOKH, OTIasieHHAS
THOpUIN3AIHS

OtnanéHHas rUOpHAN3ALMS SBISIETCS OJHHM M3 KIFOYCBBIX HHCTPYMEHTOB B CEJCKIMH U
rubpuan3anim, oaHako e€ 3GHEKTUBHOCTD OrPAaHUYMBACTCS MHOTOYUCICHHBIMU Oapbepamu. OmHAM 13
TakuXx 0apbepoOB SIBISAETCS MpPEKpalleHHe pocta MbuUIbleBblX TpyOok (IIT) B TKaHSIX MECTHKA IMpH
MEKBH/IOBBIX M MEKPOJOBBIX CKPCLIMBAHHSAX. YCTaHOBJCHO, YTO HAPYIICHHE CUTHAIMHIA MEXIY
IBUTBLIEBOM TPYOKOH M MaTEPHHCKMMH TKaHSIMH HPUBOJHUT K MPEXKACBPEMEHHOI octaHoBKe pocta I1T u,
KaK CJIE/ICTBUE, K HAPYIICHHIO OIUIO0TBOPEHHSL.

B mocnenuue roapl aktuBHBIC (opmbl Kucimopoma (A®DK) paccMaTpuBarOTCS Kak KIIFOUEBBIC
perymsitopsl pocta IIT, ydacTByromue B Iepefaye CHTHANA, YNPABICHHH MOJSPHBIM POCTOM U
HO/ICP)KaHUN KJICTOYHONW CTEHKH B COCTOSHHM, IPHTOAHOM JUlsi pacTsokeHus. [Ipu sTom mucGananc
rerepannn AOK MOXkeT HHAYIMPOBATh CTPECCOBBIC PEaKIUH, PUBOsIIHE K OnokupoBke pocta 1T u
IPOSIBIICHUIO PENPOAYKTHBHOI HECOBMECTHMOCTH. B paMKax HAaCTOSIIIEro HCCIIe0BaH sl ObLIa IPOBEICHA
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cpaBHHUTeNBHas olleHKa ypoBHs ADK B mectukax pactenuil cemeiictBa Solanaceae mpu COBMECTHUMBIX U
HECOBMECTUMBIX BapuaHTax onbUIeHUs: Solanum lycopersicum L. copta Blush x Solanum lycopersicum L.
(koHTpOINB), S. lycopersicum L.x Petunia hybrida E. Vilm (camMOHECOBMECTHMAasi U CaMOCOBMECTHMAS
dopmer) u S. Lycopersicum L. X Salpiglossis sinuata. Pe3ynbraTel moka3and, 4TO MPU COBMECTUMBIX
CKpeIMBaHUsAX (KOHTPOJb) yBenuueHue ypoBHa ADK HaOmromaeTcs MUINb B HYJIEBOW TOYKE, Jaliee B
TeueHHe 1—4 4YacoB KOHIICHTpAIWs CHIDKAETCS, 4TO Koppenupyer ¢ mnpoponkeHuem pocta IIT. Ilpm
MEXPOJIOBBIX onbUICHUSX (S. Lycopersicum L. % Petunia hybrida c u X S. sinuata) 3auKCUpOBaHO pe3Koe
yBenuueHue ypoBHs ADK B TkaHSAX MeCTUKa HAYMHAS C PAHHUX BPEMEHHBIX TOYCK onbUIeHUs. Y Petunia
hybrida E. Vilm xputnueckue 3HaueHus koHHeHTpauuun A®DK ormewarorcs yxe Ha 2-H yac mocie
OITBUICHUS], YTO COMPOBOXKIAETCS MOTHON 0CTaHOBKOM pocTa [1T. AHaNOrHYHBIN MATTEPH HAOIOANICS TPU
B3aMIMOJICHCTBUU TOMAaTa C CalIbITUTIIOCCUCOM, TJe OiokupoBka pocrta 1T Takxke coBmamanga ¢ MUKOBBIM
ypoBHeM ADK Ha 2-i1 yac s3KciepuMeHTa.

[Tomydenusie maHHBIE MOATBEPXKIAOT posib A®DK kak OJHOTO M3 KIHOYEBBIX (DaKTOPOB,
OTpENCAIONMX Oaphepbl OTHAIEHHOW ruOpuam3anuu y Solanaceae. Hamm BBIBOABI OTKPHIBAIOT
MEPCIICKTUBEI IS Pa3pa00TKA OMOTEXHOJIOTHMYECKUX TMOJIXOJ0B K CHIDKCHHIO YPOBHS OKHUCIHTEIBHOTO
cTpecca Y TPEOJIOJICHUIO PENpPOAYKTUBHOW HECOBMECTUMOCTH C IICNIbIO TOBBIMICHUS 3(PPEKTUBHOCTH
rudpuIn3anuy.

Hccnedosanue svinonneno npu noooepaicke Munucmepcmea HAyKu u 8bicuLe2o 00pa308anus
Poccuiickoii @edepayuu (2oczadanue Ne FGUM -2025-0003).

BO3JIEACTBUE KOJIXUIIMHA HA )KU3HECIIOCOBHOCTh U
POCTOBBIE ITOKA3ATEJIN KAJIJITYCOB LUPINUS ALBUS U
LUPINUS ANGUSTIFOLIUS

Ulvicenxo /1. A.,* Maprupocsnu JI. 10., '’Krynos H. C., *Koncrantunosa JI. I,
! Maprupocsiu B.B.

1-OI'BHY «BcepoccuiicKuil HAy4HO-UCC1e006AMeNbCKUL UHCIUMY M
cenbeKoxo3aucmeennou ouomexnonozuuyn, 127550 Poccusa, 2. Mockea, yn. TumupsizeBckasi,
42 darokka99@gmail.com

2-OI'bYH Hucmumym ouoxumuyeckou gpuzuxu um. HM. Imanyina PAH,

119334 Poccus, 2. Mockea, yn. Kocwicuna, 4, levon-agro@mail.ru
3- ®I'AO0Y BO "Mockoeckuin Ilonumexnuueckuii Ynugepcumem'’,
107023 Poccus, 2. Mockea, yn. borvwan Ceménoeckas, 38,

daria.konstantinowa28@yandex.ru

Co3ganue BOCHPOHM3BOIUMOIO MPOTOKOJA JJISi CUCTEMHOM pereHepanuu U3 pasIndHbIX
HKCIUIAHTOB, a TeM OoJiee, U3 KaITyCHBIX Mace, I KyJIbTyphl TKAHEH JIIOMMHOB BCETJa CUNTAIOCh
cBepXTpyaHoi 3amaueil. IIpoGnema HHU3KOM 3((PEeKTHBHOCTH pereHepalMOHHBIX IPOLECCOB
CBSI3BIBAETCS C TEHOTUI-3aBUCUMBIMU (PaKTOPAMH, YTO MPUHLIUIHAIBEHO 3aTPyIHSAET MOTyUYeHHUE
MOJU(UIMPOBAHHBIX PACTEHHUIl, B TOM YHCIE C TMOMOIIbIO PEIaKTUPOBAHHS TeHOMa. MeToIbl
MOJICKYJISIPHOM OMOTEXHOJIOTHH PACIIMPSAIOT TEPCIEKTUBBI JUIS YIYUYIICHUS XapaKTePHCTUK
KYJbTYphl JIIONMHOB, BKJIIOYAs IMOBBIIICHUE MUTATEIbHOM IEHHOCTH M YCTOWYMBOCTH K
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CTpECCOBBIM (hakTOpaM OKpy>Karomeld cpebl. BOJBIIMHCTBO COPTOB JIIOMHMHA CO3JIaHO C
HCIIOJIb30BAaHUEM CIIOHTAHHBIX WM WHAYLUUPOBAaHHBIX MyTaHTOB[l]. MeToa MCKyCCTBEHHOIO
MyTareHe3a y JIIONHMHA MEPCHEKTUBEH TEM, YTO IO3BOJISET 3HAUUTENBHO PACIIMPUTh CHEKTP U
YBEIUYUTh YacTOTy TMOsiBIEHUS (OopM € M3MEHEHHOW HACJIEJCTBEHHOW  OCHOBOIA.
KonxunmHupoBaHue KaJlilyCHBIX MaccC SIBJISI€TCS HOBBIM U IOKa HE HIMPOKO PacpOCTpaHEHHBIM
METOIOM, OCOOCHHO JUIsI KYJIBTYP JIIOIMHOB. DTOT METO/I, JAIOIIN TOJI0KHUTEIbHbBIC PE3YIIbTAThI
B CEJIEKLIMU MHOTHUX CEIbCKOXO3AUCTBEHHBIX KYJIBTYp, B IPAKTUYECKON, CETICKIIMOHHON paboTe ¢
JIONMHOM II0KAa HE HCIIOJIB30BAJCS, YTO CBSA3aHO CO CIIOKHOCTSIMHM, BO3HMKAIOIIMMM H3-3a
OO0JIBIIIOTO YHCIIa XPOMOCOM B KJIETKAX 3TOM KyJbTypbl. B Hame#t paboTe 1t momydeHus: HOBBIX
¢bopM ¢ ynyUlIeHHBIMU MTOTPEOUTENBCKUMHU XapaKTEPUCTUKAMHU MBI IIPUMEHSIIH KOJIXHUIIHH.

[lenpl0  maHHOTO WCCIENOBaHMSA SBWJIACH pa3pabOTKa CTaHIAPTHU3UPOBAHHOTO U
3G (EKTUBHOTO MPOTOKOJA JJIS YCHEUIHOM WHAYKUMH KaJUIyCHBIX MaccC, JajibHeHIen
pereHepanyu U pu3oreHe3a pacTeHU U3 KaJUTyCHBIX Macc Lupinus albus (copt deOpsHckuil) u
Lupinus  angustifolius  (copr Bursa3p), mnocie mnpoueaypbl KOIXUIUHHpOBaHUA. [l
KOJIXULMHUPOBAHUS KAJUTyCHBIX MAacc, IOJYyYEHHBIX PaHEEe, U3 TMIOKOTUIS U U3 CEMAJO0JbHBIX
JIMCTHEB, UCIIOJIB30BAIM arapu30BaHHYIO UTATENbHYIO cpeay Mypacure-Ckyra c¢ nobaBiieHueM
KOJIXMIIMHA B TPEX pasziuuHbIX KoHueHtpauusx, 0,01, 0,05 u 0,1%, Ha KOTOpO#l BBICAKUBAIIU
KaJUTYyCHBIE 3KCIUIAHTHI. D¢ dekTuBHOCTP NMPUMEHEHHS KOJXHUIIMHA PAcCUMTHIBAIACH Kak
MIPOIIEHTHOE COOTHOLICHHE 3/I0POBBIX KAITYCOB K OOILIEMY YHCIYy KaJTyCOB, IIOMEIICHHBIX Ha
cpeny ¢ no0aBIeHUEM KOJXUIMHA. BEDKMBAEMOCTh ONpezensiach Ha 7 JIeHb MOCIe Tepecaaku
KaJUIyca CO Cpelbl, COAEp)Kallled KOJXMIMH, Ha cpely 03 KOJIXUIMHA, HO COJEpIKAIlylo
(UTOrOPMOHBI.

HauOonpIiee KOJTMUECTBO BBDKUBIIMX KaJUTyCHBIX TKaHEW OBLIO BBISABICHO Ha Cpele C
koHUeHTpauuel konxuuuHa 0,01%. bosiee BbICOKME KOHIEHTPALMU BBI3bIBAIM YTHETEHHUE pOCTa
KaJU[ycOB M HX TNOTeMHEeHue. Takxke OBUI0O OTMEYEHO, YTO HHU3KHE J03bl KOJIXHUIMHA
CTUMYJIMPOBAJIA MHAYKIHUIO U Tponudeparuio kamryca. Cxoxue pe3yabTaThl ObLIH MOJIYyYEHBI U
B Jpyrux wuccienoBanusx [2-4]. Jlamee B Hameld paboTe Mbl H3y4yalld IMHAMUKY pOCTa
OTOOpAaHHBIX IOCTE KOJIXMIMHUPOBAHHUS KAJUIyCHBIX MAcC, IOJYYEHHBIX U3 CEMSIO0IbHBIX
JUCTBHEB JIIONMHA Y3KOJUCTHOro (copT Buti3p), B xuakoi KyiapTypanbHOM cpene BS5. B
KOHTPOJIBHOM BapUaHTE MCHOJIb30BAIM TaKHE JKE€ KaJUIyCHBIE MAacChl, HE IOJBEPIIINEcs
00paboTKe KOJIXMIIMHOM. Y’K€ Ha CebMble CYTKH KyJIbTHUBHpOBaHUA (J1ar-haza) Obuia 3aMeTHa
pasHHIla B CKOPOCTH pOCTa, a HayuHasg ¢ 14 CyTOK KyJbTUBHUPOBaHHs, OMOMAacca OIBITHBIX
00pa3I1oB KaTyca Oblla MPUMEPHO B JIBa pa3a OoJbile, 4eM OHMOMacca MHTAKTHBIX KaJlTyCHBIX
Mmacc. Takasi pa3HUIIa B POCTE COXPAHMUIIOCH /10 KOHIA (ha3bl SKCHOHEHIIMAIBHOIO pocTa, 10 35
CYTOK KyjibTuBHpOBaHUS. B ¢asze crammonapHoro pocra, c¢ 36 mo 49 cyrku, OGmomacca
KOJIXULMHUPOBAHBIX KAJIycOB A0ocTUrIa 952 + 23 1, a NHTaKTHBIE KaJUIyCHBIE MACChl JOCTUIIIN
553+ 28r.

B cBsI3u ¢ HakomieHHeM 00JIbIION GMOMacChl, KOTOpas 3aHsIa MPAKTUYECKH BECh 00BEM
KYJbTUBAIIMOHHBIX COCY/OB, JajlbHEHIIee KyJbTUBHPOBaHHWE OBUIO TNPHOCTaHOBIEHO. W3
MOJYYCHHBIX KAJUTyCHBIX MacC OTOOpalM KaJIyChl C SIBHO BBIPOKEHHBIMH MOP(OTEeHHBIMH
30HaMH, JUIsl JajbHEUIIel pereHepalnuu MpopoCcTKOB JonuHa. OHU MOTYT OBITH HCXOJHBIM
MaTEpUaJIoOM JUIsl CO3/JaHMs YIYYIIEHHBIX [0 MHOTMM IIapaMeTpaMm copToB JitonuHa. [lanee
MIOJTyYeHHbIE pereHepaHThbl OyIyT MPOAHAIN3UPOBAHBI Ha IUIOMIHOCTD U JTydIue GopMooOpasiibl
OyAyT BKJIIOUCHBI B CEJICKIIHOHHBIH MPOILIECC.

Jlureparypa.
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AKTUBAIIASI KACHIA30-IIOJOBHBIX TIPOTEA3 KAK MEXAHWU3M
IMMPOI'PAMMMPYEMOM KJIETOUYHOM CMEPTHU IIPU MEKPOJ1OBOM
HECOBMECTHUMOCTHU Y IETYHUU

Yabsano A.N.*, N'osmmBanos S.10., 3axaposa E.B.

degepanbHOe roCyIapcTBEeHHOE 0I0KeTHOEe HAayYHOe yupexaenne «Becepoccuiickuii
HAYYHO-HCCJIeJ0BATEeIbCKUI HHCTUTYT CeJIbCKOX03iCTBeHHOH OHoTexXHoI0rnm», MockBa,
Poccust

*E-mail: a.ulianov@outlook.com

KaioueBsble ciaoBa: mporpaMmupyemasi KIETOYHAs CMEpPTh, Kacraso-3/7-mono0Has mpoTeasa,
MHTUOUTOp Kacmasbl-3, OTAalieHHas THOpUIU3aIMs, POCT MbUIbIEBON TpyOku, Petunia hybrida,
Nicotiana tabacum, Salpiglossis sp.

HccenenoBanuss MEXaHU3MOB MEXBHUIOBOM M MEXPOJOBOM HECOBMECTUMOCTH Yy PAaCTCHUU
cemeiictBa Solanaceae Ha mpumepe mneryHun (Petunia hybrida) TOKa3bBIBalOT, 4YTO
nporpammupyemas kiaerounasi cmepts (IIKC) siBisiercst Kito4eBbIM (PaKTOPOM, MPETATCTBYIOLIHM
rubpuauzanyu. B ocHoe ITKC nexxut akTMBHOCTD Kacna3o-moJOOHBIX IPOTEa3 — YHIOMENTH/A3,
paclemIAomuX OeJIKH IO OCTaTKaM aclaparuHOBOM KHUCIOTHl. B naHHOM uccliegoBaHUH
IpoBepsAIach TUIIOTE3a O TOM, YTO POPACTAHUE MBLIBIIBI OTJAJICHHBIX BUOB (Nicotiana tabacum,
Salpiglossis sp.) na necruxe P. hybrida vanyuupyet I[IKC B nmbutbnieBbix TpyOkax (I1T).
OkcnepuMeHTHl 1o Buzyanuzanuu pocta I[IT in vivo ¢ NOMOIIbIO aHWIMHOBOTO TOJXyOOro
MoKa3aJiv, YTO MbUIbLIEBbIE TPYOKH Tabaka M CaJbIMITIOCCHCA MPOPACTAIOT HA PhUIbLIEC NECTHKA
MIETYHHUH, HO OCTAHABJIMBAIOT CBOM POCT 4yepe3 6-8 4acoB MOCIIE ONBUICHMSI, HE TOCTUras 3aBsi3H.
CrniekTpoOoTOMETPUUYECKHI aHaIM3 C MCIOJIb30BaHUEM (DIIyOPOTEHHOTO CyOcTpara BbISIBHII
3HAYUTEIbHOE YBEIMUYEHHE AaKTHUBHOCTH KacHa3o-NMOJOOHBIX IMpoTea3 uepe3 2 yaca Mocie
OIBbUIEHNS HECOBMECTUMOM IbUIBLION C MOCIEAYIOLUM PE3KUM CHIXKEHHEM K 6 yacam. Meton
bayopecuieHTHONW Bu3yanu3anuu ¢ mnpuMmeHeHneM peareHTa FLICA wu mponuamii Homuma
MOJATBEPAMII, YTO HaOMoaeMasi Kacra3Hasi aKTUBHOCTD JIOKQJIM30BaHA MMEHHO B LIUTOILIA3ME
IIBUIBLIEBBIX TPYOOK, @ HE B TKaHIX MECTHKA.
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O06paboTka peuter] THruouTOopoM Kacmnasbl-3 (Ac-DEVD-CHO) B konnienTpanuu 0,25 MM niepen
OIBIJICHHEM IBUIBIION TabaKa OKa3ajia YaCTHYHOE MOJI0KHUTEIbHOE BO3/ICHCTBHE, HE3HAYUTEIHHO
YBEJIMYMBAs CKOPOCTh U JuinHy pocTa I1T, omqHako He M03BOMIIA TIOTHOCTHIO MTPEOA0NIETH Oapbep
HECOBMECTHMOCTH.
IIpoBenenHoe uccnenoBanue aeMoHcTpupyer, uro IIKC, onocpenoBanHas akTuBalen kacnaso-
3/7-momnoOHBIX TpPOTEa3 B IBUIBLEBBIX TPYOKax, SBISETCA OJHUM M3 KIIOYEBBIX MEXaHHU3MOB
PENPOAYKTUBHOM M3OMSIMH TPU  OTHAJICHHOW TruOpUAn3aluu. OTO OTKPHIBACT HOBBIC
NEPCIEKTUBBI AJIS1 U3yYSHHS MOJIEKYJIIPHBIX OCHOB HECOBMECTUMOCTH U Pa3pabdOTKU METO/IOB €¢
MIPEOJIOJICHUS B CEJIEKIIUU CEITbCKOXO035ICTBEHHBIX KYJIBTYP.

Hccneoosanue gvinonneno npu noooepaicke Munucmepcmea Hayku u 8blcuie2o 00pazo8anus
Poccuiickoii @edepayuu (2oczadanue Ne FGUM -2025-0003).
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Hannangle I'CHETHYCCKHUE TEXHOJOI'NHN

BUOTEXHOJIOI'US, CEJEKIHUA U ITPOJOBOJIBCTBEHHAS

BE3OINTACHOCTD B YCJIOBUAX TAVKUKUCTAHA

Iaproes K.!, Cannszona C. T2, Carropos B.H'.,
Cysipsona C./Ix>% Mup3soamu C3.
"Mucruryr 60orannku, pusuosiornu u reneruxkn pacrennn HAH Tapkukucrana,
E-mail: pkurbonali@mail.ru
2Tamsxukcknii arpapubiii yuusepcuret um. 11, loremyp,
3 TapKMKCKMIi TOCYIAPCTBEHHbIN Megarornyeckuii ynupepcurer um. C.AiiHu.

MHorue ydeHble COOOLIAIOT, YTO COOp M COXpaHEHUE Pa3IMYHBIX (OpM M 00pa3LoB
CEeNbCKOXO3SMICTBEHHBIX KYJIbTYp, UIPAIOT BaXXKHYIO POJIb B IMPOIECCE CENEKIUH IO CO3/1aHUI0
HOBBIX aJ[aITUPOBAHHBIX COPTOB K M3MEHEHHWIO Kiumara B Oyaymem (Mymunmxonos, 2000;
Anues, 2012; ITaptoes, 2013).

B cBs3u ¢ »TuM yuensle Ta/kukucTaHa ynensioT ocoboe BHHMaHHE BOIpocaM coopa,
COXpAaHEHHS U BOBJICUCHUE pPA3IUYHBIX TCHOTHIIOB CEJIbCKOXO3SIMCTBEHHBIX pACTEHUH U
MCTIOJIb30BAaHUS HX B CEJICKIIMOHHOM IPOLIECCe.

Lenbto HacToOsIIEH PabOTHI 3aKIII0YANach, HA OCHOBE UCIIOJIb30BAHUS METOAOB CEJICKLUHU U
OMOTEXHOJIOTMH CO3aHUsI HOBBIX MEPCHEKTHUBHBIX T€HOTHUIIOB CEIbCKOX03SIHCTBEHHBIX KYIBTYD,
u3ydyeHue WX (PEHOTUIIMYECKYI0 H3MEHUMBOCTBH, MOJIUMOP(GU3M NPU3HAKOB, MHTEHCUBHOCTDH
¢doTrocuHTe3a W TOKa3zaTeNnedl  MPOAYKTUBHOCTH  PAa3HBIX TI'EHOTHUIIOB B  Pa3JIMYHBIX
arposKOJIOTUYECKUX YCIOBHSIX.

B mporecce OIEHKM HCXOJHOTO MaTepuana, TUOPUAM3ALUHU, CEJCKIHOHHBIX H
CEeMEHOBOJJYECKUX PA0OT IO BBHIBEJCHUIO HOBBIX COPTOB CEJILCKOXO3SHCTBEHHBIX KYJIbTYp HAMHU
OBUTH WCTIONB30BaHBI MIIUTHBIM CEMEHHOW Marepuan mmeHuusl (7riticum aestivum L.), osca
(Avena sativa L.), kaprodens (Solanum tuberosum L.), tonunam0Oypa (Helianthus tuberosus L.) n
xnormyatiuka (G.hirsutum L. u G. barbadense L. ).CenekunoHHble pabOTHI NMPOBEICHHI B
SKCHEPUMEHTAIBHOM y4yacTke MHcTUTyTa O0TaHuKH, (U3MOJIOTHH U reHeTuku pactenuii HAH
TamkukrcTaHa, pacrnooKEHHOTO B BOCTOYHOH yactu ropoaa Jlyman6e, Ha Beicote 840 M Hax
YpOBHEM MOps, a € KyJbTYpOH XJIOMYAaTHUKA- HA SKCIEPHUMEHTAIbHOM ydacTke MHcTuTyTa
3ewieienus TalKUKCKOM AaKaJeMUU CEJIbCKOXO3SMCTBEHHBIX HayK. B TedeHue Bereranuu
pacTeHuil mpoBeIr OCHOBHBIE MOP(HOIOTHIECKUE U (PEHOTHUIINYECKHE HAOMIOICHNUHN, ONIPEaeIIsIIH
OCHOBHBIE (pa3bl pa3BUTHUS COPTOB U TUOPUIOB PACTCHUH.

B cenekunoHHBIX mporpaMMax ydeHbIXx MHCTUTyTa OO0TaHUKH, (PU3HONOTUN M T€HETUKU
pactennii HAH Tamkukucrana ObuUty Ucosib3oBanbl 6omee: 100 meHHpIX 00pa3ioB miieHuIs, 10
o0pa3ioB oBca, 50 00pa3noB kapTodens u 25 06pa3oB TonuHAMOYpa.

CemsiH 3THX 00pa3loB ObUIM cOOpaHbI B pe3ybTaTe HKCHEAUIUN B OTHAIEHHBIX Celax
Pecny6nuku TamxukucTa, ¢ ropHbIX paifoHoB (Ha BeicoTe 1800- 3000 M Hayx ypoBHEM MOpsi), a
TaKXe MOJTY4YEHbI U3 TEHETHYECKUX LIEHTPOB PA3INUHBIX HAYYHO-UCCIIE0BATEIbCKUX HHCTUTYTOB
Poccuiickoit @enepanuu, benopyccun, Y3oekucrana, Kaszaxcrana, Kuras u npyrue crpassl.

3a roabl uccienoBaHus yueHbiIMU WHcTtutyTa 3emienenus TaKUKCKOM akajaeMHUHU
CEeNIbCKOXO3SMICTBEHHBIX HAyK ObUIO mpoBeneHo 2660 ckpeuBaHMi XJom4aTHHKa 1Mo 92
THOPUIHBIM KOMOMHAIMSIM (C KacTpauueil IBETKOB MaTepUHCKUX GopM), ObuIH momydeHsl 1680
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ruOpUAHBIX KopoOouek u 6onee 20 Thic. THOpUAHBIX ceMsiH (Fo) xionmyaTHrUKa, KOTOphIe ObLIH
n3y4deHsl 10 Fs.1o MOKOJIIEHU.

Hcnonb3ys MeTosl pa3MHOXKEHHS MPOOUPOUHBIX PACTEHHH M MHUKPOKIYOHEH B YCIOBHUSX
CBETOBOM KOMHATHI B OCEHHE-3MMHUI - BECCHHUM IIEPUOJ, HAaM yJAJIOCh B JIBAa pa3a COKPATUTh
CPOKM M3YyYEHHS U HAKOIUIEHUS JIOCTATOYHOI'O CEJEKIMOHHOIO MaTepuanga HOBBIX
03JI0pOBJICHHBIX KJIOHOB KapTodens. Ha ocHOBe 3TOro MeTosa, co3/aH HOBBIA COPT KapTodens
«TaKUKUCTaH», KOTOPBIN SBJISIETCS. BBICOKOPOCIBIM, JUTMHA CTe0Ist y KoToporo coctasisier 100
-120 cM, UMeeT MHOTO JTUCTHEB. Y HOBOTO COPT KapTodes Mano GopMHUPYIOTCS IIBETKOB U ST
[0 CPAaBHEHUIO C JIPYTMMHU COpPTaMU Y HOBOTO COpTa KapTodess KIyOHH OKPYIJIOo-OBaJbHYIO
¢dopMy, KpacHYI0 OKpacKy M XOpOIIHe BKycOBble KadecTBa. OKpacka MSKOTH JKelTas, C
(¢UONEeTOBBIM OTTEHKOM. [TyOMHAa pacmojoXKeHHs TIJ1a3KOB MOBEPXHOCTHAs, SBISETCA
CPEIHENO3IHUM C BereranMoHHbIM mepuogoM 110-115 ngueit. OH ycTOHYMB K BBICOKOM
TEeMIepaType M HEAOCTaTKM BJIarM B IouBe. B HacTosiee BpeMs HOBBIM cOpT KapTodens
«TaKUKUCTaH» BO3JENBIBACTCS Ha IJIOMIAaU Ooyiee 8 THIC. ra M MPEBBIMIACT 10 YPOKAMHOCTH
apyrux copToB kaprodens Ha 20-30%.

B pesynbraTe ncnonap30BaHus CEICKIIMOHHOTO METO1a-0TO0pa cpein copTa TOIMMHAMOypa
«nTepecy (poccMHCKOM  celeKuMu), BBIIETICH HOBBIM copT TomumHamOypa «CapBaT»
(«boraTcTBOY»), KOTOPBIN OTIMYACTCS OT UCXOAHOTO copTa «MHTepecy, 6oee poBHBIE U TIaIKHUe
KIyOHU. Heobxooumo ommemums, 4mo HA OCHOGE HAWUX UCCIE008AHUL YCMAHOBIEHO, UYMO
cywiennvie KIyOHU MORUHAMOYpa UMerom UCKIIOYUMENbHO 8AJICHOE YEeHHOe CE0UCMBO, KOMopble
6 meuenue 6onee 10 n1em ne mepsOm c8OUX NUMAMENbHBIX CEOUCME, KAK NPOOYKM NUMAHUS 8
oyoywem. Kak uzeecmno muozue npoOyKkmel NUMAHUS, KAK CYUEHHble dOpUKOChl, MYMOSHUKA,
n100bl Opexa, 3epHO 3epHOBbIX U 00006bIX Kylbmyp 6 meuenue 2-3 200a mepsiom Ceou
numamenvHule C60UCMEA UMY UCNOPMAMCS pedumenamu. B omnuuue om opyaux cyxogpykmos,
cyuienHvie KIyOHU MONUHamoypa 6 ONumenbHoe 8pemsl, Npu ecmecmeeHHbIX YCA06UAX XPAHEHUs]
(6e3 ucnonvb308aHUs XONOOUNLHUKOG) MO2YM COXPAHUMb CEOUX NOJE3HbIX U NUMAamenlbHbIX
€60LCcM8 01 UCNONIb308AHUS 6 NUWLY U HE NOBPENCOAIOMCSL 6PeOUMeNIMU.

Iloosmomy cywennvie K1yOHU MORUHAMOYpA MoO2ym OblMb UCNONb30BAHYL, KAK YEeHHOe
cmpamezuieckoe Ccblpbe 6 peuleHuu npoooBONbCMBEHHOU 0e30NacHOCmu npu  UsMeHeHUu
Kaumama 8 6yoyujem.

CenekuroHHbIE OTOOPHI MO MOKA3aTeNsAM aTTPAKIMK MPOAYKTUBHOCTh HA OJJHO pacTEHHE
nocturio y renoruna «JI-Iyctu-13 x C6524» 126,7 r. (Cagukos u ap., 2022).

B pesynbrare kECTKOro M HaNpaBIEHHOIO OTOOpa B CEJIEKIMOHHOM M KOHKYpPCHOM
nuromMHukax B 2010-2022 rr. BeIsBIEHO U mepeAaHo [ocygapcTBEHHOM KOMHCCHUH 1O
COPTOUCIIBITAHUIO CEJIbCKOXO3SIIICTBEHHBIX KYyJBTYp M OXpaHe copra Ipu MuHHcTepcTBa
cenbcKoro xo3siictBa PecriyOnnku Tamxukuctan copra « bapakar» u «Ky6omuén -30».

Taxum o6pazom, yuensie UHCTHTYTa O0TaHUKH, (PU3NOIOTHH U TeHeTHKH pactenuiit HAH
Tamxuxucrana u Tamxkukckoro arpapHoro ynusepcurera uMm. III. Illoremyp Ha ocHOBe
HCIIOJIb30BaHUsI METO/IOB KJIACCUYECKOW CEJEKLUHU, YCOBEPILIEHCTBOBAHUE MX U COBPEMEHHOM
OMOTEXHOJIOTMH K HACTOSIIEMY BPEMEHH TOTY4YEeHbI HOBBIE MIEPCIIEKTUBHBIE COPTA XJIOMUAaTHHUKA,
MIIEHUIBI, KapTodes, TonnHamMOypa, OBca U APYTUX CENbCKOXO3SHCTBEHHBIX KYJIBTYp, KOTOpPbIC
IIMPOKO BO3JECNBIBAIOTCA Ha MoNsAX ¢epmepoB pecnyOnuku. [lomyueHHBIE HOBBIE COpTa
CeNbCKOXO03SIICTBEHHBIX KYJBTYp ABISIOTCS 00Jiee aJalTUBHBIMU K U3MEHEHHIO KIUMTAa U JAI0T
OoJblIle SKOHOMUYECKOTO 3(PQeKTa MpH MX BBIPAIIUBAHUM B Pa3IMYHBIX arpO3KOJIOIMYECKUX
YCIIOBHSIX PECITyOJIUKH.

Cnucok aurepartypsl:
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OEHOTUIIMYECKASA U MOJIEKYJISAPHO - TEHETHYECKAS

O EHKA KOJUIEKIIMOHHBIX 'EHOTUIIOB BETA VULGARIS L.
Han6anasin A.A., Bacunbuenko E.H., ®exynosa T.I1., Yepkacosa H.H.,
CeHioTuH A.A.

DI'BHY «Bcepoccuiickuii HAyUHO-UCCA€006amMeabCKUil UHCIUMYMm CAXaPHOU CEEKIbL U
caxapa umenu A.JI. Maznymoea», ®I'bHY « BHUUCC um. A.JI. Maznymoea», 396030,
Bopouexcckan oonacme, Pamonckuit paiion, n. BHUHUCC, 0.86, arpnal@rambler.ru

JlnuTenbHas ceaekluus CaXxapHOM CBEKJIBbI Ha IOBBIIICHUE YPOXKAMHOCTH, CaXapUCTOCTH,
NIPEOIOJICHNE HEXKENaTeNbHBIX (DEHOTUNUYECKUX NPOSIBICHUI NpHBeda K TIE€HETUYECKOMY
HCTOILIEHUIO KyJbTYphl. B HacToslee Bpems BOIPOC BOBJIEUEHHUS B CEJIEKIIMOHHBIA IpolEcC
HOBBIX TE€HOTHUIOB sBiIeTCA akTyanbHbIM [l, 2]. JlaHHas KyJabTypa HMEET OrPaHUYEHHOE
KOJINYECTBO MOP(}OJIOTHUECKUX MapKepoB. DEeHOTHIHNYECKas! OIICHKA T€HETHUECKON KOJICKIUH
caxapHOM CBEKJIBI TO3BOJIUT OCYIIECTBISATH OLICHKY OMOMOP(HOIOTHUECKUX PU3HAKOB, BBISBIIATH
UX TOTUMOP(U3M U 0TOUPATh 00PA3LIbI [0 YPOBHIO MPOSBICHUS JAHHBIX TAPAMETPOB B KAUECTBE
HOBOTO MCXOJHOTO MarepHuaja JUIsl CeJeKIMU. BBIABICHHBI KOMIUIEKC (DEHOTHIHYECKUX
MIPU3HAKOB, ONPEACTIAIONINNA H3MEHYMBOCTh MEXK/Ty N3y4aeMbIMU T€HOTHIIAMH, YIIPOILIAET PaboTy
C KOJUIEKLIMEH, ToA00p UCXOIHOTO MaTepuaia s ruopuauzanuu. OQHON U3 aKkTyalbHbIX 3a7a4
(EHOTUMMPOBAHUST PACTEHUH caxapHOW CBEKIBI SABISETCS CO3/IaHUE CUCTEM XpaHEHHUs
Mopdorornueckux mokaszareneit u 6a3 NaHHBIX, CIIOCOOCTBYIOIIMX YCKOPEHHIO Ipoliecca cOopa
pe3yabTaToB (EHOTUIMUYECKUX OIICHOK M BOBJCUEHHIO MX B CEJIEKUMOHHBIA mporuecc. Jlns
YCTEITHOW CENEKIIMOHHON paboThl ¢ caxapHOW CBEKIIONW HEOOXOIUMO KOMIUIEKCHOE U3yYeHHE
UMEIOLUXCA TEHETUYECKUX KOJUIEKLMOHHBIX MAaTEpHUajoB, HU3yYEHHE MX TIE€HETHYECKON
M3MEHYMBOCTH, UICHTU(PHUKAIIMYA T€HOB XO3AHCTBEHHO IICHHBIX NMPU3HAKOB U YCTAHOBJICHHUE UX
HMCTOYHHUKOB U JOHOPOB [3].

Llenp uccnenoBaHMW - CO3/aHUE SKCHEPUMEHTATIbHO-KOMIBIOTEPHOW ©0a3bl TaHHBIX
(eHOTUITUPOBAHUS PACTEHUI caxapHOW CBEKJIBI HA OCHOBE aHajIN3a B3aMMOCBSI3U MPHU3HAKOB
(beHoTHna pacTeHH ¢ TEHOTUTIOM.

®enotunupoBanue reHetudeckod kKosuieKuu (300 reHOTUIIOB) B MOJIEBBIX YCIOBUAX
IIPOBOAMJIN COTJIACHO METOAMKE IPOBENEHUS MCIBITAHWM HAa OTIMYMMOCTb, OJHOPOAHOCTH U
crabunpHOCcTh (OOC) mo caxapHoit cBekie [4]. MHTepec is CeNeKIUU MPEACTABISIOT
HCCIIEI0OBaHMS UCXOAHBIX MAaTEPUAJIOB CaXapHOM CBEKJIbI HA HAJINYME MUHUCATEIUIMTHBIX JIOKYCOB
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TRS, CB3aHHBIX C IUTOIUIA3MATHYECKON MYXKCKOH CTEPHWIIBHOCTBIO [5, 6] U ompezaeneHue ux
IJIOUHOCTH.

B pe3ynbpTare npoBeeHHBIX MOJIEKYJISIPHO-TEHETHYECKUX HccienoBanuii u3 118 obpasios
caxapHOW CBEKJIbI BBIJEJIEHO 27 T€HOTUIIOB 3aKkpenuTenell crepuiabHocTd OysH Tuna (O-tuna).
JlaHHbIe MaTepuaibl NpHu amIuiMpukanuu ¢ napamu npaiimepos TR1 u TR3 oGHapy»xunu B cBoeM
renome JIHK-¢pparmentsr 700 m.H. 1 500 m.H., COOTBETCTBEHHO. MY>KCKOCTEpPUIIbHBIE (HOPMBI
PamKUpPOBaTh OKa3aJI0Ch TPYAHEE, TaK Kak I10 3yiekTopodoperndeckomy npoputo ynctsie MC-
JUHUK W TpocThle THOpuabl Ha MC-0CHOBE MMEIOT OJMH M TOT K€ MarTepH. B pesynbraTe
Brissnenst, 20 MC-nunuii. B ux renome onpenenenst JJHK-ammnukonsr pazmepom 400 m.u. 13
118 o00pa3ioB, MpoaHATH3UPOBAHHBIX IO IUIOMIHOCTH METOJOM MPOTOYHOW ITUTOMETPHH,
mamouaHbIX  GopM (2n) oxazanmoch 110 HOMepoB, TpumuiongHbsix (3n) - 5 TEHOTHIOB,
TETPAIIONIHBIX (4n) — 3 HOMepa. BelaeneHHble TEHOTUITBI PEKOMEHI0BAHbI CENIEKLIMOHEPaM IS
[IPUBJICYCHUS B CEJICKLIMOHHBIN MPOLECC, KAK HOBBIM UCXOJHBINA MaTEepHal.

[To pesynpTaTaMm TmpoOBeNEHUs HWCHBITaHWH, cormacHo wmetoguke Ha OOC, ObuH
COCTaBJIEHBl ~ MHIUBUAYyallbHbIE  OunoMmopdosornyeckue ¥ MOJEKYJISPHO-TCHETUYECKHE
XapaKTepUCTUKU Ha KaXAblil reHoTun caxapHod cBeksbl (300 mT.), KOTOpblE 3aHECEHBI B
AJIEKTPOHHYIO0 0a3y JaHHBIX IS MCIOJIBb30BAHUS B CEJECKIIMOHHOM IpOIlecce MEpCHEKTHUBHBIX
00pa31oB, pa3IMYaroIUXCcs 0 HHTEPECYIOMIUM PU3HAKaM.
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N3YYEHHUE COPTOB IUKOPHUSA B YCJIOBUAX TAJVKUKUCTAHA
Carropos B.H.!,, Acraiikuna A.A?, Kybapes E.%, Ilaptoes K'.
! Aucruryr 6oranuku, pusnonaoruu u reneruku pacrenuii HAH Tamkukucrana, r.
Aywmaunde, E-mail: bacca6600@mail.ru
2 MoCKOBCKHIi rocy1apcTBeHHbI yHuBepcuTeT nmenn M.B. JlomonocoBa, r. MockBa,

Hukopuit (nmat. Cichorium) — pox IBYJIETHMX WJIM MHOTOJETHHX TpaB ceMeicTBa
ActpoBble, i CroxHonBeTHble. Pona Bkimouaer B ce0si J1Ba KyJbTHBHPYEMBIX BHJA.
OnTuManbHOM KIMMAaTHYECKOM 30HOM Ui BBIPAIMBAHUS LIMKOPUS Ta, KOTOpas oOecreyrBaeT
JUIMHY BETeTalMOHHOro mepuoaa B 120 aueii u 6osee npu +10°C u Beie; He Menee 200-250 m
ocaakoB 3a 120 qHei 0T MOMEHTa BCXOI0B 10 Havyajia yOOpPKHU ¥ cyMMY 3(h(hEeKTUBHBIX TEMIIEPATYP
B npenenax 2100-2400°C. Cemena LHMKOpUS BO BI&XHOW Tmo4Be mnpu Temmeparype +9°C
(dbopMHpYIOT BCXOABI Ha 5-8 neHb mocie moceBa. [Ipy HEOIAronmpuATHBIX YCIOBUSX Pa3BHTHUS
3apoJiblllIel IEPHOJ] BCXOI0B MOXKET MPOI0JIKAThCS 110 2-3 Henenb. Llukopuii cnenyeT pa3memarsb
B IIPOMAIIHOM I10JIE€ CEBOOOOPOTa HAa XOPOLIO OKYJBTYPEHHBIX MOYBAX C IIyOOKUM MaXOTHBIM
TOPU30HTOM, HE MeHee 25 CM, CO CpeIHeH U BBICOKON 00ECIeueHHOCThI0 a30ToM, (hochopom U
KaJIEM.

PasmHOXaeTcs pacTeHue cpaszy AByMsI crocoOaMH: CEMEHHBIM W KOpHeBbIM. KopHu
JENATCS Ha 4acTH, KaKaas U3 KOTOPBIX — OCHOBA HOBOTO KyCTapHUKA. L{MKOpHIA IMEHYIOT, KaK
pacteHue-4achl. SIpKUM YyTpPOM LIBETOK PacKpbIBaeTCs, HO C HACTYIUIEHHEM MAcCMYpPHOM MOToJIbI
WM Bedepa IBETKH 3aKPhIBAIOTCSI MOMEHTAIBHO. DTa KyJIbTypa — XOPOIIHA MEAOHOC: [IBETET 10
3 Mecs1eB, 1aBas MHOTO TBUIBLIBI U HEKTapa. YTOOBI 3ar0TOBUTH CEMEHA, HY)KHO «3alaKoBaTh»
IIBETOHOCHI MapJIeBBIM KOJIaKaMH, OyMaKHBIMH KOHBEPTaMHU HJIM MakeTaMH Ha 21 JeHb mocie
3anBeranud. C HauvalmoMm cpoka cOopa cpes3aTb COLBETHS CO cTeOsieM, pa3BEeCUTh B TEIUIOM
BEHTHJIUPYEMOM IIOMEILICHUN JJIsl JJ03peBaHus. B urore cemeHa omagyT B IMOJTrOTOBJICHHBIC
emkoctH (https://dachamechty.ru/ovoshhi/tsikorij-vyrashhivanie-v-ogorode.html).

[losneBble OMBITHI MO HU3YYEHUIO COPTOB LUKOPHUS MPOBEACHBI HA SKCIEPUMEHTAIHLHOM
yuactke MHCTHTYyTa OOTaHMKH, (PU3UOJIOTMM M T€HETUKU pacTeHuid HanmoHanbHON akanemMuu
Hayk TamkukucTaHa, pacriojo’)keHHOM Ha BbicoTe 840 M HaJl ypOBHEM MOpsi, B BOCTOYHOM 4acTu
r. lyman6e. ITo4BBI ONBITHOTO yyacTKa ce€po3eM OObIUHBIN, cTapoopoiiaeMblii (Akpamos, 1987).
Cxema moceBa 6bu1a 50 x 25 cm (Ha 1 rexrape 80 Thic. pacTenumii). [loceBbl mpoBeneH B Havaie
Mas, a yOopka ypoxas B Hauaje HOsOps. I[IpenamecTBEHHMKOM OBUTM MHOTOJIETHHE TpPAaBBbI.
I'my6una 3anmenku cemsH nukopusi cocraBmia 0,5-1,0 cm. IIOBTOPHOCTH JEISIHOK B ONBITE —
TpexkpartHas. [locie mpoBeaeHns: TOCEBOB MPOBEJIN BCIIOMOTATENIbHBIN MOJUB, YTOOBI MOJTYYUTh
BcxoJipl. ITocie nosiBneHne BCX010B MPOBENIN IPOPEKUBAHUE, OCTABIISISI HA OJJUH IIOTOHHBIA METP
1o 3-5 pacteHuil. B TeueHne BereTanuy BHECIH TOJIBKO OJHY NMOAKOPMKY (aMMHA4YHOM CEIUTPBI
— 50k r/ra a..). IlonuBanu pactenus 9 pas, ¢ pacxoa0M MOJUBHON BOBI 32 BETE€TAIHIO IPUMEPHO
2,0 Thic.M>/Ta. 3a BereTaMIo MPOBEIHM YETHIPE Pa3a PHIXJICHUS MEKAYPAaui (Bpyunyro). Jlius
yueTa ypo)kKalHOCTH C KaKJOW JeNsHKU Opayiu mo 3 pacTeHus, Bcero 12 pacTeHuil ¢ Kakaoro
copra. C KaxI0ro copra HHUKOpHs Opaiau oOpasibl JJs BBHICYHIMBAHUS OPTaHOB PAcTEHUH U
orpeneneHuss cyxod wmaccbl. CTaTUCTHYECKYI0 00pabOTKy HaHHBIX MPOBEIM METOJOM
nucnepcuoHHoro ananusa (Jocnexos, 1985).

Kak mokasanu Hamm uccie0BaHus M0JIeBast BCXOKECTh COPTOB IIUKOPHUS Kosiebanach OT
60 mo 90%. B cpegHem mo BceM copTamM BCXOXeCTb coctaBwia 72,5%. IlpoBeneHHble
HaOIIOZCHUsT TIOKa3alu, 4To 00paboTaHHble (YHTHIMIAMH CEMEHa Iepesa IOCEBOM CopTa
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[TeTpoBckuii MMeIOT OoJiee BHICOKYIO MOJIEBYIO BCXOKECTh, YeM HE0OpaOOTaHHBIE CEMEHA 3TOTO
copta (Ha 30%). DTO CBHIETENBCTBYET O MOJOXKHUTEIBHOM 3(dexre mpeanoceBHONH 00pabOTKU
CeMsIH IIMKOpHs B ycioBUsX Tapkukuctana. B cpeqHeM BCX0XXKECTh CEMSIH MO YETBIPEM COpTaM
nukopust coctaBmia 72,5%. OnbIThl MOKa3ajdd, YTO 0 MPU3HAKY «AJIMHA JINCTHEB» BBICOKUM
nokasarenb HaOmogaercs mo coptam IlerpoBckuii (HeoOpaboTaHHble cemeHa) U PocToBCKuil.
JnuHa kxopHeriona y copta llerpoBckuii (oOpaboTraHHbI) coctaBuia 47 cM, 4to Ha 12 cMm
(34,3%) Oonbiie, yeM y 3TOro copra 06e3 oOpaboTku cemsiH. CaMblii KOPOTKHH KOPHEIUION
Habmoxancst no copry SpocmaBckuii (30 cm), uro Ha 17 cm (56,6%) kopoue, yem copT
[TerpoBckwmii (oOpabotannbiit). [lo macce nucTbheB (T/pacTeHue) Oojiee BBICOKHE TOKa3aTeld
orMmeueHsl y copra IletpoBckuii (oOpabotannbiii) (140 r/pacrenue), Hambonee HHU3KUN
nokasarenb y copra Spocnasckuii (90 r/pactenue), To ecth Ha 50 r/pacTenue (uiu ke Ha 55,56%),
MeHblle, 4yeMm copT llerpoBckuii (oOpabotanHsblif). Hawmbonee KpyrnHble KOPHEIUIOJNBI
chopmupoBaHbl Takxke y coprta llerpoBckuii (oOpabGotannsliii). B cpegnem macca OmHOTO
KOpHEIU10/1a y 3Toro copra coctasmia 650 r/pactenue, uro Ha 250-400 r/pacTeHue (Uau ke Ha -
160%), uem apyrue coprta nukopus. Takum oOpas3oM, B ycnoBusax TapkukucraHa Hambosee
MPOAYKTUBHBIM OKazaics copT IlerpoBckuii (00paboTaHHBIN GYyHTUIIMIAME CEMSH).

Taxoke copTa IMKOpPHUS OTIMYAIOTCS MEXAY COOOHM MO IMpHU3HAaKaM Macca KOpHEH, macca
JTUCThEB U 0o0mas Ouonoruueckass macca. Ilo mpu3Haky macca JIMCTHEB BBICOKMH MOKa3aTesb
Habmonancst y copta [lerpoBckuii (o6paboranusiii ¢pyHrunuaamu cemss) (11,2 1/ra), yto Ha 4
T/ra 6onbie (55,56%), uem y copra SlpocnaBckuii. Takke 3TOT COPT MPEBHIMIAET MO Macce
nucTheB Ha 1,6 T/ra (wm xe Ha 16,67%) copt PocroBckuii. CpaBHUTENFHO HU3KUI MOKa3aTesb
10 JAHHOMY TPU3HAKy yCTaHOBIIEH y copta PocToBckwii (9,6 T/ra).

[To ocHOBHOMY NpH3HAKy Macca KOPHEIUIOAa Mbl Ha0JIl0JaeM HauOOJIbIINIA MOKa3aTelb Yy
copra [lerpoBckuii (00paboTaHHBIN (HyHTHUIMIAMH CEMsIH). Y po)kail KOPHEIIOAa y 3TOro copTa
LIMKOpHsI cOCTaBisieT ¢ rexkrapa 52,0 TOHHBI, YTO MO CPaBHEHHUIO C copTamu SpociaBCKuil u
PoctoBckmit Ha 26,8-32 ToHBI cooTBeTcTBeHHO Oouybmie wim Ha 106,4% u 160,0%. Crnenyer
OTMETHTB, UTO yposkail copra nukopus [letpoBckuii nu3 oOpadoranHbIXx ceMsH Ha 20 1/ra Gomblie
(wu 38,5%), 4eM BhIpalMBaHUE TaHHOTO COPTa OT HEOOPAOOTAHHBIX CEMSIH.

HccnenoBanust mokazanu, uro copT IlerpoBckuii (0OpaGoTaHHBIN) Takxke MO 0OIeH
OMOJIOTMYECKOIl MacChl 3HAYUTEIBHO TPEBBIIIACT APYTUX COPTOB LUKOpus. JlaHHBIN copt
IIUKOPHS 110 00111ei GromMacchl MpeBbIaeT Apyrux copToB B 1,5-2,0 paza. Copt [lerpoBckuii mpu
BBIpAIIMBaHUM ¢ 00paOOTaHHBIX CEMsH, TAK)KE CYIIECTBEHHO MPEBBIIIAET 1O 00mieil Gnomacce,
KOTJ1a BhIpaluBaercs u3 HeoOpabotanHbIX pyHrununamu cemst (20,8 1/ra wim xe 49,1%).

Yuenbie MOCKOBCKOIO rocyJapCTBEHHOro yHusepcurera umeHu M.B. JIoMoHocoBa u
Wuctutyra OOTaHUKHM, (U3MOJIOTMM W TEHETUKU pacTeHuil HammoHanmpHOW akageMuu Hayk
TamkukrcTaHa MIIAHUPYIOT MOYYEHUIO HATypalbHOE KO(e U3 KOPHEIIIOA0B IIUKOPHSL.

Cnucok JimreparTypbl:

AxpamoB 10.A. Oprannueckoe BEIIECTBO OYB BEPTUKAJIBHBIX NOSICOB TaJ)KUKUCTaHa U €TO
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HocnexoB b.A. MeToauka 1ojeBoro ombita. M.: 1985.- 385 c.

https://dachamechty.ru/ovoshhi/tsikorij-vyrashhivanie-v-ogorode.html).
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CKPUHUHI KOJUIEKIIMA MSAT'KOH O3UMOM MIIEHUIIBI HA
HAJIMYUE TEHOB YCTOMYUBOCTH K BOJIE3HSIM

Anky6ecu M.!2, Yepnook A.I'.!, lusauryk M.I'.!2

1 - ®I'BHY «Bcepoccuiickuit HayYHO-UCC1€008aMeNbCKUL UHCHUNLYM
cenvckoxosaiicmeennon ouomexuonozuuy (PI'bHY — BHUHUCBE), Mockea 127434; Email:
malak94kifah@gmail.com

2 — @I'bOY BO «Poccuiickuit 2ocyoapcmeennstii azpaphutii ynugepcumem — MCXA um. K. A.
Tumupsazeean (PI'AY- MCXA um. K.A. Tumupsazeea), Mockea 127434

B Poccun o3umast msrkas niuenuta (7riticum aestivum) BO3ACIIBIBAETCA MOBCEMECTHO U
3aHUMaeT 0koJ10 40-45% moceBHBIX MIIOIAEH Cpear MATKUX COPTOB MIIEHUIIBI, YTO COCTABIISET
Oonee 2 MiH rektapoB. HamOonplve TUIOMIaaM BBIPAIIMBAHHUS COCPEIOTOYCHBI B FOXKHBIX
peruoHax CTpanbl, Takux kKak PoctoBckasi, Bonrorpanckas obnactu u CraBpononbe. Cenekuus
TIIICHUIIBI HA yCTOMYUBOCTH K O0JIE3HSAM OCTAETCsl OJHUM W3 TJIABHBIX HAMIPABJICHHU COBPEMEHHOMN
cenekiui [1]. Co3nanue HOBBIX YCTOWYHMBBIX COPTOB MO3BOJIHUT 00ECIICUUTH MPOOBOIILCTBEHHYIO
0€30MacHOCTb B YCJIOBHUIX H3MEHSIOIIETOCS KJIMMAaTa U MOSBJICHUS HOBBIX pac naroreHos. Cpenun
HamOoJee W3BECTHBIX TE€HOB YCTOMYMBOCTH K TPUOHBIM 3a00JCBaHUSM MOYKHO BBIJIEIHTD
OOJIBIIIYIO TPYMITYy TEHOB YCTOMYMBOCTH K JIUCTOBOU (Oypoit) pxkaBumHe Lr, 3TO 3a00lieBaHue
BBI3bIBaeTCs rpubom Puccinia triticina Erikss. Bcero u3BectHo 67 reHOB Lr, 59 U3 KOTOpBIX
KOHTPOJMPYIOT toBeHmIbHYI0 u 13 (Lr:10,12,13,22a,22b,27,31,34,35,37,46,48,49) Bo3pacTHYIO
pe3UCTeHTHOCTH [2]. Takxke 0JHIUM U3 BPEIOHOCHBIX 3a00JI€BaHHI MIICHULIBI SIBJISIETCS CETITOPUO3
(Zymoseptoria tritici) [3]. Bo30ynuTensmMu 3Toro 3a00JIeBaHuUs SBISIOTCS TPUOBI, OTHOCSIIIUECS K
otneny Ascomycota, xnaccy Ascomycetes v nogkinaccy Dothideomycetidae. Zymoseptoria tritici,
Parastagonospora nodorum n P. pseudonodorum: 3Ti IaTOreHbl MOTYT BbI3bIBATh 3HAYUTEIHHBIC
IIOTEPH YPOrKasi 371aKOBBIX KYJIBTYp BO BCEM MHpE, MOTEHIMaIbHO focturatonie 30—40 % [4].

Hogsble ycToluuBbIE COpTa MOIYYalOT IIyTEM CKPEIUBAHNS PACTCHUI MILEHUIIBI JOHOPOB
T'€HOB YCTOMYUBOCTH C MOCIEAYIOIIEH TPOBEPKOH MMOTyUYEeHHBIX THOPUIOB B JIAOOPATOPUH U TIOJIE.
Taxxe U1 nepeHoca reHoB yCTOMYMBOCTHU MPOBOJAAT CKPEIMBAHUS C JUKOPACTYIIMMHU BUAAMU U
POXKBIO, TaK, HAIIPUMED, UCIIOJIB3YIOT MIIEHUYHO- PiKaHble TpaHcIoKauuu Takue kak 1BL.IRS u
1IAL.1IRS. DT TpaHCIOKanmuu HeCcyT ydacToK XpoMocoMmbl 1RS ot pxu (Secale cereale),
COJIep>KalIiii TaKue TeHbl YCTOMYUBOCTH, Kak Lr26 (K TUCTOBOM pxkaBunHe), Sr31 (k crebneBoit
pkaBunHe) U Pm8 (k myuHucToi poce). Mcnonb3oBaHue MOJIEKYJISIPHBIX MapKEPOB MO3BOJISIET
ObIcTpO U 3(h(PEKTUBHO MPOBOAUTH OTOOP YCTOHUMBBIX (POPM, UTO MO3BOJSET COKpALIATh 00BbEM
paboThI U YCKOPSITH MPOLIECC CO3/IaHMsI HOBOTO COPTA.

B naHHOM HccienoBaHUMM Mbl NIPOBENN AHAINW3 KOJUIEKIUU O3UMON MATKOHM MILEHUIIBI
npenocraBieHHon «l1lénkoBo Arpoxum» Ha HaJlMyde TEHOB YCTOWYMBOCTH K TPHUOHBIM
3abosneBanusM (60 coptoB). Cpenu M3ydeHHBIX T'€HOB ObUIM TaKME€ T'€Hbl YCTOWYMBOCTH Kak
Lr6Agi2, Lrl9, Lr25, Lr26, Lr29, Lr34, Lr37, Lr45 v TeH BocpUUMYUBOCTU Tsnl.

JIHK pactenuii Beigensiiu ¢ ucnosnb3oBanueM CTAB nporokosa. i1 reHOTUIIHPOBAHUS
npoBoqwin Kiaccudeckyro [P ¢ mocnemyrommm snekTpodope3oM B arapo3HOM Teje IS
KaXJI0ro wu3 reHoB. Lr6Agi2, Lrl9, Lr25, Lr26, Lr29, Lr34, Lr37, Lrd45 wm Tsn-1
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[5,6,7,8,9,10,11,12,13,14] coorBerctBeHHo. [lnsi wpeHtudukanmmu reHa Lr26 Takxke
UCTONb30BaTKM BbicoKocnennpuunbii SNP-mapkep KASP, koTopblil mokazan aHaJOTHYHBIC
pe3ynbTatel ¢ Mapkepom SCMO.

I[To pe3ynbTaTaM reHOTUIHPOBAHUS B KOJUIEKIIMU OBLIO BBISBICHO HAIWYHE TAKHX FC€HOB
ycrotunBoct Kak Lr26, Lr34, Lr37, Lr45 B cootHomienuun 25%, 20%, 28% wu 3%,
COOTBETCTBEHHO, OT 00IIero yuciaa oopazoB. OTCYyTCTBUE T€HA BOCIIPUUMYHMBOCTH K CEITOPUO3Y
(Tsnl) Obn0 BBIsIBICHO y 78% copToB. Taxke OBbIIO BBISIBICHO MPUCYTCTBHE HECKOIBKHX I'€HOB
YCTOWYMBOCTHU Lr OMHOBPEMEHHO, TaK, HAIIpUMEpP y 7 COPTOB — OJTHOBPEMEHHO 2 I'eHa, u'y 1 copra
—3 rena Lr. Takux reHoB kak Lr19, Lr25, Lr26, Lr29 u Lr6Agi2, B KOJIJEKIMH BBISIBJICHO HE OBLIO.
[TomyyeHHble HaMH JaHHBIE MOTYT OBITH MCIIOJIB30BAaHBl MpPU BBIOOPE [OHOPOB T'€HOB
YCTOWYMBOCTHU IIPU CO3JaHUM HOBBIX YCTONUYMBBIX COPTOB.
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INCREASING WILT DISEASE RESISTANCE OF COTTON

(GOSSYPIUM) BASED ON GENETIC ENGINEERING (RNAI)
Bozorov L.E., Darmanov M.M., Ayubov M.S., Norov T.M., Khusenov N.N., Buriev Z.T.
Center of Genomics and Bioinformatics, Uzbekistan Academy of Sciences (CGBASRU),
Tashkent 111215, Uzbekistan; E-mail: bilhomjon9508@gmail.com

Fusarium oxysporum f.sp. vasinfectum (FOV) is one of the most destructive diseases of
cotton (Gossypium spp.). The pathogen causes the loss of a large part of the crop in cotton
production every year around the world. Nowadays, it is very important to develop resistant and
environmentally friendly methods of combating pathogens.

HIGS is a modern genomic technology that is widely used in plant genetics. In this study,
we aimed to silence the Lael gene, which is important for the life of fungi, using the HIGS method.
The obtained transgenic lines showed significant resistance to FOV compared to the control plants,
and the development of disease symptoms was delayed.

Plant material and fungal strain. In this research, cotton line Coker-312 (G hirsutum)
regenerated in somatic embryogenesis and transgenic cotton containing its genetic construction,
Bukhoro-8 variety, Tam.cot cotton line and wild strain of FOV were used.

RNAI vector construction. To copy a certain region (gene sequence) of the Lael gene, a
primer corresponding to this gene sequence was initially designed. Then, using these primers, an
amplicon (a specific section of the candidate gene) was synthesized from the genomic DNA of
FOV by polymerase chain reaction (PCR). The obtained PCR product (amplicon) was transformed
into Agrobacterium tumefaciens strain using vector constructions [1]. Cotton transformation and
somatic embryogenesis. In this study, we introduced the pHellsGate-8 Lael vector construct into
the cotton plant using the methods implemented by world scientists [2, 3, 4].

For the experiment, the Ts generation cotton line (resistant to fusarium wilt disease)
carrying the Lae-1 gene construct and the Coker-312 and Tam cot lines (susceptible to disease)
and the Bukhoro-8 varieties were selected as control plants for this line. The plants taken for the
experiment were infected with the fungus FOV. As the most important abiotic factors for the
fungus are temperature, humidity and nutrients, the relative humidity and nutrient content of the
soil at room temperature of 25-26 C were sufficiently formed. This optimal environment will be
favorable conditions for the germination of cotton seeds and mycelium of the fungus in the soil.
Plants in the experiment were watered with the same amount (50 ml) depending on the dehydration
of the soil. Cotton seeds germinated in 3-4 days. From the second week of the experimental day,
true leaves began to emerge, and within 2-3 weeks, true leaves were formed on all plants. In 4-5
weeks of the experiment, the plants began to show symptoms of the disease. Depending on the
morphological changes in the plants, the degree of damage by fusarium wilt was evaluated on a
five-point scale.
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According to the results, susceptible lines obtained as a control for transgenic cotton
showed high sensitivity to the strain of FOV. This manifested as yellowing and wilting of leaves
and stems of plants, with complete death of plants in the final stage of the disease determined. At
the same time, it was found that the disease resistance index of transgenic plants is higher
compared to that of control.

RNA interference technology is one of the main methods for increasing plant resistance to
the FOV pathogen in cotton. According to the results of the research, it was found that the
transgenic cotton line containing the Lael gene construct obtained by RNAi technology is more
resistant to FOV than other cotton varieties and lines.
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1. Helliwell, C. A., Wesley, A. V., Wielopolska, A. J. & Waterhouse, P. M. High-throughput
vectors for efficient gene silencing in plants. Funct. Plant. Biol. 2002. 29(10):1217-1225
2. Sunilkumar, G. & Rathore, K. S. Transgenic cotton: factors influencing Agrobacterium-
mediated transformation and regeneration. Mol. Breed. 2001. 8:37-52.

3. E Firoozabady, D L Deboer, D J Merlo, E L Halk, L N Amerson, K E Rashka, E E Murray.
Transformation of cotton (Gossypium hirsutum L.) by Agrobacterium tumefaciens and
regeneration of transgenic plants. Plant Mol. Biol. 1987. 10(2):105-116.

4. Stewart, J. M. & Hsu, C. L. In ovulo embryo culture and seedling development of cotton
(Gossypium hirsutum L.). Planta. 1977. 137(2):113-117.

HAINPABJIEHHBIN MYTATEHE3 T'EHA CENH3 JIJISI UHAYKIUA
IF'AIVIOUINUHN Y TOMATA C IEJIBIO YCKOPEHHOT O ITIOJIYYHEHUA
CEJEKIUOHHBIX JIUHUI

Yepusies K.A.2, ®omuuea M.I'.2

1- MHP3A — Poccuiickuit mexnonozuueckuii ynugepcumem (PTY MUPJA), Mockea,
Poccun
2- @®I'BHY ®eoepanvuvlit nayunslit yenmp oeoujeeoocmea (PI'6HY ®HI[0),
Oounuyoso, Poccus

skdw12345@gmail.com

OnHOM M3 KITIOYEBBIX MPOOJEM COBPEMEHHOW CENEKIUH BBICTYHAaeT HEOOXOAUMOCTh B
YCKOPEHHOM CO3/IaHUM KOHKYpPEHTOCIIOCOOHBIX COPTOB M THOPHIOB OBOUIHBIX KYJBTYP.
3HAUUTENBHOIO COKpALIEHUS] CPOKOB BBIBEIECHUS HOBBIX JIMHUN MOYKHO TOCTHYb, NPUMEHSA
TEXHOJIOTHIO yIBOEHHBIX ramnonioB (DH-TexHonI0rnio), B 4aCTHOCTH, METO/bl TMHOTEHE3a U
aHjporenesa. Mx riaBHoe NpeuMyIIecTBO — MOIy4eHHE aOCOMIOTHO TOMO3UTOTHBIX JTMHUN BCETO
32 0/IHO TIOKOJIEHHE. XOTS ATH MOAX0/IbI YCIIEITHO 3aPEKOMEHI0BAIN ce0s1 A1 MHOTHX BUJIOB, JUIS
TOMaTa METOAMKA IIOJIy4eHHS yIBOCHHBIX MaIlJIOUI0B 10 CUX IIOp HE CO3/1aHa.

[lepcriekTUBHON  anbTepHATHBOM B  ATOM  00JMacTW  SBIAETCS  MCIIOJIB30BaHUE
ralyIONHIyKTOPOB — CIELUUANbHBIX JIMHUN, IPHU CKPELIUBAHUU C KOTOPBIMH MPOMCXOIUT
JIMMUHALIAS HMX TEHOMAa, 4YTO MPHUBOAMT K (OPMHUPOBAHMIO TAIUIOMIHBIX PACTCHHHA C
XpOMOCOMHBIM HabopoM BToporo poautens. CoBpeMEHHbIE HWHCTPYMEHTBHI T€HOMHOTO
penaktupoBanus, takue kak cucremMa CRISPR/Cas, mo3BonsoT co3maBaTh Takue MHIYKTOPHI
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IIyTeM HamnpaBiIeHHOro u3MeHeHus rena CENH3. DTOT reH KogupyeT LEHTPOMEPHBII I'MCTOH, U
ero MOIU(HUIMPOBAHHBIC BAPHAHTHI YXKE JOKa3alu CBOIO 3()(EKTUBHOCTH IS HMHIYKIHUU
TalyIOUANN Y Pa3IMYHBIX MOJENBHBIX U CEIbCKOXO3AWCTBEHHBIX BHUIIOB, BKItouas Arabidopsis
thaliana, mueHUITy U KyKypy3y.

Lenpro MaHHOTO WHCCIENOBAaHUS SBISIETCS pa3pabOoTKa TalUIOMHAYKTOpa TOMara C
nomortsio CRISPR/Cas-penaktupoBanust rena CENH3. B kauecTBe HCXOTHOTO MaTepuaa ObLin
BBIOpAHBI AHTOIIMAHOBEIE COPTA, MMEIOIINE BBHIPAKEHHYIO TUTMEHTAIUIO MMPOPOCTKOB. [laHHBIN
MPHU3HAK CIYXUT YJOOHBIM BH3yallbHBIM MAapKEepOM: TMPH YCICITHOW SIMMHHAIIMA Te€HOMa
TaIIONH/TyKTOpa FaIuIOUAHBIE IPOPOCTKH OY/TyT JIUIIIEHBI AHTOIUAHOBOW OKPACKHU, YTO YIIPOCTUT
UX UACHTUDUKAIHIO.

B pamkax paboTel Obul TpoBelneH (UIOTCHETHUECKU aHalM3 HYKJICOTHIHBIX U
aMUHOKHCIIOTHBIX IociiefoBareapHocTell reHa CENH3 'y pa3nuuHBIX pacTeHUNl € LENbIo
BBISIBIICHUS] HanOoJiee KOHCEPBATUBHBIX YYAaCTKOB, MOCKOJIbKY HX PElaKTUPOBAHHE, COTJIACHO
Pa3NIUYHBIM HAYYHBIM MyOJIMKALMAM, TOBBIIACT Y3PPEKTUBHOCTD TAIUIOMHIYKIMH. Takxke ObUIO
BBINOJIHEHO cekBeHnpoBanue rena CENH3 y psiia OTEUECTBEHHBIX U 3apyOEKHBIX COPTOB TOMATA.
Ha ocHOBe mOMy4YeHHBIX MJaHHBIX HpoBeaeH mnonoop ruaoBeix PHK, HameneHHbix Ha
KoHcepBatuBHbIE ToMeHbl CENH3, ¢ yueToM Bo3MoxkHOTO off-target ahexra u mpornozupyemoit
3¢ deKTUBHOCTH. 3aTeM ObLI OCYILIECTBICH IW3allH M MOJEKYJSIPHOE KIOHHPOBAHUE 3TUX
rugoBbix PHK B rumasmuaHblii BEeKTOp, HECylMii Bce HEOOXOTUMBIE KOMITIOHEHTBHI CHUCTEMBI
pelaKTUPOBAHMUSL.

[TapannenbHO OIeHMBAJIach CHOCOOHOCTh K PEreHEpaluu in Vitro y ABYX POCCHHCKHX
COPTOB TOMaTa C BBICOKMM COJIEp’KaHHEM aHTOLMaHOB. B pe3yibrare 3TOro ObLT OnpenerneH
HanOosiee MOAXOAAIINN TEHOTUN Uil TOocienyroule Tpancopmanuu. s onTuMuzanuu
METOAMKH TpOBEJIeHa Cepusi SKCIIEPUMEHTOB I10 arpo0akTepuaibHONW TpaHc(opMaIum, B X0ze
KOTOPBIX TECTHPOBAJHMCH pa3Hble IITaMMBbl arpoOaKkTepuil, TUIBI SKCIUIAHTOB M BAPHAHTHI
TOPMOHAJIBHOT'O COCTaBa MUTATEIbHBIX CpPEJ Ha pa3IUYHBIX J3Tanmax TpaHCPOpPMALUU H
pereHepanum.

PazpaboTka ycHmemHoro mnpoTOKOJa TMO3BOJMT BHEpPBble co31aTh 3(h(HEKTUBHBIN
TarIONHAYKTOP Ul TOMaTa. DTO OTKPOET HOBBIC TOPH30HTHI ISl CEIEKIUU TAaHHON KyJIbTYpPHI,
obecrieunBasi ObICTpOE MOJIYYEHHE MOJHOCTHIO TOMO3HMIOTHBIX JIMHHUM, YTO, B CBOIO OYepenb,
3HAYUTEIBHO COKPATUT BpPEeMsI M TOBBICUT PE3YJIbTaTHBHOCTH CEJCKIMOHHBIX MPOrpaMM IO
CO3JIaHHIO HOBBIX COPTOB U THOPUIOB TOMATA.

Pabora monmnep:kana MUHUCTEPCTBOM HayKH W BBICIIEro obOpa3oBaHus Poccuiickoit
®enepaunu (rpant Ne 075-15-2025-577)
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HCIOJb30BAHUE BEJIKOBBIX MAPKEPOB JIJISI COPTOBOM
WJIEHTUOHUKALIUU NIIIEHALBLI TBEPJION B BEJIAPYCH

JdykroBa H.A., Eropos C.B., Byrposa E.A.

YO «benopycckan zocyoapcmeennasn opoenoe Oxkmaopockoit Peeontoyuu
u Tpyooeozo Kpacnozo 3namenu cenvckoxozaiicmeennan akademusn» (YO BI'CXA),
T'opku 213410, YJI. Muuypuna, 5, Pecnyonuka benapyce; n.a.duktova@yandex.by

Cenexumonnass pabora ¢ Triticum durum ocymectBisercs B bemnopycckoit
rOCy/IapCTBEHHOU CEIhCKOXO3UCTBEHHOW akagemuu ¢ 1998 roma, Hamu coOpaHa KOJIJIEKITUS
TCHOTHUIIOB PA3JIMYHOIO HKOJIOTO-TeorpapuuecKoro MPOUCXOXKACHUS, HacuUThIBaromas 286
obpasuoB u3 39 ctpan mupa. B pesynbrate ckpuHHHra reHo(oHAa OBUIM BBIAEICHBI 00pasLbl,
NEPCIEKTUBHBIE [UIS HCIOJNB30BaHUS B KadecTBE MCXOOHBIX (OpPM B CEJIEKUUU Ha
NPOAYKTUBHOCTb, KAauyeCTBO 3€pHA U OHOJOTHMYECKYI0 YCTOWYMBOCTH, C(HOPMHpPOBAHO 9
MPU3HAKOBBIX KOJUICKIMHA. B pesynprare mcciemoBaHuii ObUTO CO3MaHO 8§ COPTOB MIIEHMIIBL,
BKJIFOYEHBI B [ '0Cy1apCTBEHHBIN pEECTp NEPBLIE OTEYECTBEHHBIE COPTA IPOBOU U O3UMOU TBEPAOU
nmeHunsl — Poszanmusa, CnaBuna. Banenrta, Binagnena, Muxera. C 2008 roma pa3BepHyTHI
MCCIICZIOBAHMS IO U3YYCHHIO OMOXMMHUYECKUX OCOOCHHOCTEH I€HOTHIIOB MIICHUIIBI PAa3IHYHOTO
HKOJIOTO-T€OTpapUUECKOr0 MPOUCXOXKACHUS, a TaKKe HCCIEAOBAaHMUS [0 HCIOJIb30BAHUIO
OMOXMMHUYECKUX MAaPKEPOB B CEJIEKIIUU U CEMEHOBOJICTBE.

Hcnonp3oBanue OETKOBBIX MapKepOB SIBJISETCS OJHUM U3 3((EKTUBHBIX METOJOB OILICHKH
BHYTPEHHEH TIE€TEPOr€HHOCTH TIE€HOTUIIOB U YCHEUIHO MWCIOIb3YeTCsd Kak Il COPTOBOU
UACHTU(PUKAIIMA B CEMEHOBOJCTBE U COPTOBOM KOHTpOJIE, TaK M B CENEKIUH IS BBIACICHHS
MapKepHBIX OMOTHIIOB CIIEKTPA, YTO MO3BOJISIET HA 2-3 TOa COKPATUTh CPOKH COPTOCMEHBI BBHTY
OTCYTCTBUSI HEOOXOJMMOCTHM MHOTOJICTHEH TPOBEPKH IMOTOMCTBA HA HAJIUYUE HCKOMOTO
MIPU3HAKA.

Merton anexkTpodopeTuyecKoro GpakiiMOHUPOBAHUS OCHOBAH Ha pa3feliCHHH BEIIECTB I10
MOJBMKHOCTH B AJIEKTPUUYECKOM Tojie. B KkauecTBe (PpakiMOHUPYEeMOro areHTa BHICTYHAlOT
3amacHple OelKu ceMsH rauaauHbl. CyIHOCTh METO/Ia COCTOUT B AKCTPArupoOBaHUH 3aIlacHOTO
0eJKa 13 HaBeCKU MYKH KaXKI0T0 MHIUBUAYATEHO UCCIEAYEMOTI0 CEMEHHU MOCPECTBOM BOJHOTO
pacTBOopa 3THUJIOBOIO CHHUPTA. OKCTPAarMpoBaHHbIE NPOJIAMHMHBI (TVIMAIWH, T[JIOTEHHUH)
dpakmonupyroTces B nonuakpmwiamugaom rene (ITAAT) B yenoBusix kucnoii cpenst (pH 3,1-3,2)
¢ (OopMHpPOBaHHEM BHU3YaJIIbHO BBIPAKEHHOM KapTHHBI pacupeieneHus OenKoBbIX (pakiuil B
cTpykrype rens. [lomyueHHbIH OETKOBBIA CHEKTp, CONEPKUT YHUKAIbHYIO WHAMBHUIYAIbHYIO
XapaKTePUCTUKY KaKJOr0 MPOAHAIM3UPOBAHHOTO TE€HOTUIA B BHJE OEJIKOBBIX KOMIIOHEHTOB
pa3HON MOABIKHOCTH U CTETIEHU MHTEHCUBHOCTHU. DJIEKTPO(YOPETHUECKUE CIIEKTPHI MPOJIAMUHOB
crieun(UYHbI He TOJBKO JUIS COpTa, HO M s O0jiee MENKUX CTPYKTYPHBIX €IMHHI] COPTOBOU
MOMYJIAUUHN — JTUHUMA, OnoTumos. [TomyyeHHsle nekTpodoperpaMmbl IIIHAHMHA ONPEIEICHHOTO
o0pasua COMmOCTaBISIOT € 3IEKTPO(POPETHIECKUM CHEKTPOM ATAJOHA, MOJTYYSHHBIM Ha OCHOBE
OpPUTMHAJIBHBIX CEMSIH JaHHOro copra (OMOTHIIA, JMHHUHU), WM CIEKTPOM COpTa-CTaHaapra C
U3BECTHBIMU PENEPHBIMU TMO3MLHAMH KOMIIOHEHTOB. lIpn 3TOM, Y3KMM MECTOM METOIUKU
ABIISICTCS BBICOKAs CyOBEKTUBHOCTh HJIEHTH(MKALMK TOIXy4deHHOro crekrpa. Hammu Ha 0ase
HcnsiTarensHoit mabopatopun kadectBa ceMsiH YO BI'CXA (arrectar akkpenutanuu Ne BY/112
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02.1.0.0425) 6bima ycoBepiieHCTBOBaHa MeTonuka DDA 3amacHbIX OEKOB CEMEHHU M IMpUsiTa
UACHTU(UKAIMS KOMIIOHEHTOB M COCTaBJICHHE COPTOBBIX (OPMYJ Ha OCHOBE pENepHBIX
KOMIIOHEHTOB  CIIEKTpa  IOJIy4eHHbIX Yy  copra-ctanzapra  (MwupoHoBckas  808).
W neHTuduKaoHHbIMHI, YHUKAIbHBIMU IPU3HAKAMH SIBJISIOTCS paclpeieIeHne KOMIIOHEHTOB 10
MO3HIIMSAM CIIEKTpa (OTHOCUTEINIbHAS MOABMYKHOCTh) U CTENICHb UX MHTEHCUBHOCTH. OnpeeneHue
MOPSAKOBOTO HOMEpa KOMIIOHEHTA Y aHAIM3UPYEMOro o0pasiia MpOBOJUM IIyTEM COTIOCTABICHHS
C M3BECTHBIMM MO3UIMSIMU CHEKTpa (MapKepHbBIMM KOMIIOHEHTaMH) Yy copTa-ctanmapra. llo
pe3yabTaTaM aHajM3a COCTaBJSIETCS copToBast (opmyrna, sBISOMIAACA «OMOXMMHUYECKHM
MacIOpTOM», TTO3BOJIIONIUM HIeHTH(GULIIpoBaTh copT. CopToBas GenkoBas popMysa BKIIOYAET
HOMEpa KOMIIOHEHTOB, UMEIOIIMXCS B CIIEKTPE TIIMaIuHa COPTa U UX CTETIEHb HHTEHCHUBHOCTH.

Hamu 6511 ipoBenieH ananu3 6osee 500 reHOTHIIOB MIIEHULIBI ¥ YCTaHOBIIEHO, YTO OTJINYHS
UX MEXIy co00i 00yCIaBIUBAINCH, IJIABHBIM 00Pa30M, 32 CUET YETKO BBIPAKEHHBIX pa3IUyHi
OEJIKOBBIX KOMIIOHEHTOB CIIEKTpa MO BenuumHaMm Rf, u4To mo3BosseT MO3MIMOHUPOBATH
nocjeHUe B KayeCTBE MOJHOIICHHBIX COPTOBBIX MapKepoB (MapKepoB OTAEIHHOIO I€HOTHIIA,
TUHUMK). YHMCI0 TaKuX MapKepoB Y MIIEHUIIB TBEPON HAXOAUTCS B mpeaenax ot 1 1o 3 eaunun,
YTO SBISETCS JAOCTATOYHBIM JUIsI OJTHO3HAYHON MACHTU(UKALMHN WIM TACTIOPTHU3AMH TEHOTHUIIA.
MesxcopToBast auddepeHunanysi, nACHTUPUIMPYEMas IO CTEIIEHH WHTEHCUBHOCTU OTACIbHBIX
OEJIKOBBIX KOMIIOHEHTOB CIIEKTpPa, TaK K€ HMMEET MPOSBICHHE, XOTS M Y MEHBIIEr0 YHCIia
reHoTunoB — 80 %. OxHako, yuuThIBasg HAJIMYUE JOCTATOUYHOIO YUCIIa MApKEPOB C Pa3IMUUsAIMU
0 MOJIBUKHOCTH, UACHTU(PHUKAIMS MAPKEPOB PA3IMYHBIX 110 CTENICHH HMHTEHCUBHOCTU B JAHHOM
cllydyae, MOXET OBITh PAacCMOTPEHA KaK, BCIOMOTATENbHBIA KpuTepuil auddepeHnnanuu u
COpPTOBOM MACHTU(DUKAIIHH.

B nenom, Bech crieKTp IiMaguHa COPTOB TBEPAOH MIIECHHUIIBI MOXKHO AU depeHnrnpoBaTh C
MO3ULIMK PEJKO M YacTO BCTPEUAIOUIMXCS KOMIIOHEHTOB B pa3pese OenkoBbIX cyOdpakuuii. K
YHUCTy OOLIMX MO3UIMKA CIIEKTpa BCEro HabOpa MPOAHATU3UPOBAHHBIX COPTOB OBLIM OTHECEHBI
KOMIIOHEHTBHI C MOJIBKHOCTBIO 26, 35, 38, 41, 55, 58, 65, 85, 90 Bcrpeuatomuecs y 70 %
MIPOAHATM3UPOBAHHBIX TCHOTHIOB. J[aHHBIN HAOOp OENKOBBIX KOMIIOHEHTOB MOKHO OTHECTH K
BUZOCHEIIM(PUIHBIM MapKepaM, XapaKTEepHbIM Ui mpenactaBureneut Triticum durum. Cnemyet
OTMETHTh OTCYTCTBHE OEIKOBBIX KOMIOHEeHTOB ¢ Rf B mpenemax 10-17, uro oOycnoBieHO
0COOEHHOCTSIMH T€HETUYECKOTO KOHTPOJIA CHMHTE3a INIMAJMHA B TEHOME TBEPJAOW MIIECHUIIB B
OTCYTCTBUHM XpOMOCOMHOro Habopa reHoma D. K uuciy yHHMKaqbHBIX, €IMHUYHBIX OEIKOBBIX
KOMITOHEHTOB OBLITM OTHECeHBI mo3unuu 43, 48, 42, 95, 97, 98 Bcrpedaromuecs: ToIbko y 8 %
MIPOaHATM3UPOBAHHBIX T€HOTHUIIOB.

B xone uccrnenoBanusi OMOXUMHUYECKOH CTPYKTYpbl T€HOTUIIOB HaMH ObLIT c(HOPMHUPOBAH
HanboJiee ONTUMANIBHBINA aITOPUTM COCTABIICHUS COPTOBBIX OENKOBBIX (hopMyJ, (HOPMUPOBAHHS
OEJIKOBBIX NACIOPTOB IS IIeJIed KaTaJloTM3alliil COPTOB, ILeJei MpPaKTUYEeCKUX aIrOPUTMOB
CENIEKIIMM M CEMEHOBOJCTBA: OENKOBbIE KOMIIOHEHTHI MICHTH()HULIUPYIOTCS MyTEM OLEHKH HX
OTHOCUTENIFHOW MOJBIMXKHOCTH WJIHM IO 30HaM CIIEKTPa; OMNpeAETICHHE MOPSAKOBOTO HOMEpa
0EJIKOBOrO KOMIIOHEHTa Y aHAJU3UPYyeMOro oOpaslia HpOBOIAT IyTEM COIMOCTaBICHUS C
U3BECTHBIMU TO3UIUSAMH  CIEKTpa (MapKepHBIMH KOMIIOHEHTaMH) Yy COpTa-CTaHAapTa;
COCTaBJIEHUE COPTOBBIX (HOPMYJT HA OCHOBAaHUM UACHTU(PHUIIMPOBAHHOTO 3HAYCHHUS TOBHYKHOCTH
0€JIKOBOTO KOMIIOHEHTA M CTENIEHH €T0 MHTEHCUBHOCTH; CONOCTABJICHUS MOIYYEHHBIX OCIKOBBIX
CIIEKTPOB MHIUBUAYAIBHBIX CEMSH OL[EHMBAEMOT'0 COPTa C AMEKTPOYOPETHUECKUMH CIIEKTPaAMH,
MOJIyYCHHBIMH Ha OPUTMHAJIBHBIX CEMEHAX aHAU3UPYEeMOIo COpTa; COMOCTABICHHE COPTOBBIX
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(bopMyI1 OLICHHBAEMOTO COPTA U «OPUTHHAIBHOI» COPTOBON (hOPMYIIHI.

Jlnst neneld CEMEHOBOJCTBA, ONTUMAJIBHBIM SIBIISIETCA HCIIOJIB30BAHUE XaPAKTEPUCTHUK IIO
KPUTEPHSIM «CyMMapHas GopMya», «MapKepbl OMOTUIIOB» OTpaXKarolie HICHTH()HUKAIIMOHHbIE
KPUTEPHH T€HOTHIIA, BhIpakaeMble yepe3 OEIKOBBIN anekTpodopeTnyeckuii criektp. Kpurepuii
«rpajanys BHYTPEHHEH MOIMMOP(HOCTHY» MOXET CIYXHTb B KayecTBE CpPaBHUTEIbHOU
XapaKTEPUCTUKHU IIPU OLIEHKE N'€HETUYECKOM KOHCTUTYIIH, KaK B X0/l COPTOMCIIBITAHHUS, TaK U B
XOJI€ OCYILIECTBIICHHS CEMEHOBOJICTBA. J{JIs1 1esiell MpakTHYECKOW CeNeKIINN CyMMapHasi popmyia
MeHee MH(POpPMAaTUBHA, B JAHHOM CJIy4ae BaXKHO MACHTHU(PHUIIMPOBATH MAPKEPHI, OMPEACIISIONINE
BHYTPEHHIOIO MOJUMOPPHOCTH (MapKepbl OMOTUIIOB) U MAapKEpbI, OMIOCPEAOBAHHO CBSI3aHHBIC C
IIPOSIBJICHUEM CEJIEKLIHOHHO-LICHHBIX IIPU3HAKOB.

TKAHECHEIM®UYHBIA MATTEPH IPOMOTOPA I'EHA A-
I'APIIMHUHA SM-AMP-X N3

STELLARIA MEDIA B TPAHCI'EHHBIX PACTEHUAX

HBanoBa JI.A., Komaxun P.A.

Deodepanvroe 2ocyoapcmeennoe 0100xcemuoe Hayunoe yupexcoenue «Bcepoccuiickuil
HAYYHO-UCCNE006AMENbCKUIL UHCIMUMYM Ce1bCKOX03AUCMEEHH O OUOMEXHOI02UUY)
(®I'bHY BHUHHCB),

127550, Mockea, Tumupazeeckasn, 42 E-mail: recombination@iab.ac.ru

AnTumMukpoOHbie ientuabl (AMII) - BaxkHast 9acTh UMMYHHUTETA PACTEHUH sl 3AIIUTHI
OT pa3IU4YHbIX MAaToreHoB MU Bpeauteneid. AMII nmoapasnensroTcss Ha HECKOJIBKO CEMEWCTB B
COOTBETCTBUM  C  TOJOXEHHEM  JUCYIb(OUIHBIX  MOCTHMKOB B  AMHHOKHCIIOTHBIX
nocyeaosarenbHocTAX. OqHuM u3 cemeiicts AMII sBisit0TCA O-rapIMHUHBIL.

B pacrenusx wmokpunnsl (Stellaria media) nentun o-rapnuHEH - Sm-AMP-X
NPOAYLIMPYETCS B ceMeHaxX Kak Oenok-mpenmiectBeHHUK (1). OH ob6namaeT aHTUMHKPOOHOM
aKTUBHOCTBIO, TOAABISCT MpOpacTaHWe KOHUAMM M  yAJUHEHHE TH(POB HEKOTOPHIX
¢uTONaTOreHHBIX PUOOB, B MUKPOMOJISIPHOM Jinana3one koHnentpauuit. [lepponavansno MPHK
reHa sm-amp-x 0OHAPYKWIH TOJBKO B MPOPOCTKAX M IBETKAaX Ha BBHICOKOM YpOBHE. B renome
MOKPHUIIBI TaKXKe 0OHAPYKUJIH JIBa BEBICOKOTOMOJIOTUYHBIX O-TApIUHUH-TIOJO0HBIX TeHa SMm-amp-
x-wl u sm-amp-x-y2, KOTOpble ObUIA TPU3HAHBI TICEBAOTCHAMH.

B nacrosimem uccrnenoanun obnapyxxuiun MPHK rena sm-amp-x Bo BceX H3y4YeHHBIX
opraHax MOKPHIIBI (JIUCThS, CTEOIH, KOPHH, IIBETKH) Ha 60Jiee HU3KOM (TIPaKTHYECKH Oa3aIbHOM)
ypoBHe, yeM MPHK rena nomamnero xossiictBa b-axmuwua (2). PacxoxieHue B OILIGHKax
TPAHCKPHIILIUU T€HA SM-amp-X MOKET ObITh CBA3aHO C PA3IMYHBIMU YCIOBUAMHU aMIUTU(DUKAIIIH
k/IHK 1 Bo3pacTom nBeTkoB (0yTOHOB), HCIIONH30BAHHBIX JIsl aHAIHM3a. B HaleM rccie 0BaHun
KOJIMYECTBO IMKJIOB amriuudukanuu Obuio yBenudeno ¢ 30 mo 33, uro mosBomuio Oojee
3¢ (HEKTUBHO BBIABIATH 0a3albHYIO SKCIIPECCUIO B KOPHSX, JIMCTHSIX U CTEOIAX.

[TpomoTtopHast obnacth sm-amp-x OblIa H30JMPOBAHA: KIOHMPOBAHBI JIBE€ T'€HOMHBIE
MOCTIeIOBATEeIbHOCTH HIACHTUYHbIE Ha 83% B WX KOPOBBIX M IPOKCHUMAIBHBIX 00JaCTAX.
YcranoBuiy, 4To 0fHA nocieaoBatenbHOCTh (GenBank OL452008) npuHaaiexur sm-amp-x, a
Bropas (GenBank OL452009) siBnsieTcs IpOMOTOPOM TICeBAOTeHA sm-amp-x-y2 (2).
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OneHKy CBOWCTB HOBBIX IPOMOTOPOB BBIMOJHWIM B OWHApHBIX BEKTOpax IJis
arpo0axkTepragbHON TpaHC(hOpPMAIUK PACTEHHM, KOTOPBIE Pa3IMUYaIOTCs M0 OPraHU3aIllul KacceT
skcrpeccun B obmactu T-J[HK.

Bo-nepBbiX, B cocTaBe OpUTrHMHAIBHOTO OmHapHOro BekTopa pCambia 2301, Hecymero
suxaHcep 2% CaMV35S nns ynpaieHus celneKTuBHbIM reHoM B obmactu T-/IHK, HOBBIC
IIPOMOTOPBI JEMOHCTPUPOBAII BBICOKYIO 3(P(PEKTHUBHOCTD JUIsI SKCIIPECCUU peroprepa uidA Bo
BCEX H3YYEHHBIX OpraHax TPAHCTCHHBIX pAcCTeHUH apabujorncuca W Kaprodemns, 4YTo He
COOTBETCTBOBAJIO TPAHCKPUIIIIMOHHBIM JaHHBIM B MOKpHULE (2). B TpaHCreHHBIX pacTeHHUs 1O
nanHbiM aHanu3a 5'-RACE, o0a pacTUTeNbHBIX POMOTOpPa ObUTH CTUMYJIHMPOBAHBI YHXaHCEPOM
2x CaMV35S, ucnonb3yeMblM Uil KCIPECCUU CENEKTHBHOIO reHa. B MCnoib30BaHHBIX
TeHETUYECKUX KOHCTPYKIMSIX HuckitoueHue 2x CaMV35S u3 obmactu T-JIHK 3nHaunrensHO
CHIDKaeT 3 (EKTUBHOCTH MPOMOTOPA SM-amp-X-y2 IJisl IKCIPECCUU peroprepa uidA.

Bo-BTOpBIX, A1 IPOBEPKU CIIOCOOHOCTH HOBBIX NMPOMOTOPOB PadOTaTh HE3ABHCUMO OT
apyrux npoMotopoB B obaactu T-/IHK, co3nanu HOBbIe TeHETHUECKHE KOHCTPYKLIMU Ha OCHOBE
opuruHansHOoro OunHapHoro Bekropa pCAMBIA2300 (2). B 3TuX KOHCTPYKIUSX 3KCHPECCHUs
CEeNIEKTUBHOIO TeHa nptll, OTBEYAIOIIEro 3a YCTOHYMBOCTh K AHTUOMOTHKY KaHaMHIIMHY,
yTpaBJsjach HOBBIMH IPOMOTOPAMH, U OTCYTCTBOBAJIH JTOTIOJHUTEIbHBIE KACCEThI SKCIIPECCHH B
obmactu T-ZIHK. B cocraBe 3THX reHETHUECKHMX KOHCTPYKIHMH 00a MpoMoTOopa M3 MOKPHIIBI
MO3BOJISUIA TIPOBOAMTH OTOOP TPaHC(HOPMHUPOBAHHBIX KAJUTYCOB M MOOETOB pacTeHHU Tabaka Ha
MUTATENbHOM cpele ¢ aHTHUOMOTHMKOM KaHAMHIMHOM M TPOJYLUPOBAIN COOTBETCTBYIOLIHE
TPAHCKPHIITHI B JINCTHIX U CTEOISIX € 3P PEKTUBHOCTHIO 3aMETHO HIKE, UeM U3BECTHBII BUPYCHBIH
npomorop CaMV35S. B nemom, 3TOT mnarrepH pacTUTENbHBIX IMPOMOTOPOB JIydIle
COOTBETCTBOBAJ HAIIUM TPAHCKPHUIILIMOHHBIM JaHHBIM B MOKpHIe. [lomyueHHbIE pe3ynbTaThl
JIOTIOJIHUTENBHO CBUJIETENBCTBOBAIN O TOM, YTO I'€H Sm-amp-Xx-y2 HE SIBISETCS NCEBIOTEHOM.
Onnako skcnpeccust nptll He TMO3BOJIIET BU3YAJIM3UPOBATh KIETKH, TKAHU M CTaJUHM Pa3BUTHUSA
TPAHCTCHHBIX PACTEHUH B KOTOPBIX MPOSBISIIACH AKTUBHOCTH HOBBIX TPOMOTOPOB.

B mHacrosimiee Bpemsi co3mand €mie OJHY TIE€HETHMYECKYI0 KOHCTPYKIMIO Ha OCHOBE
O6unapHoro Bekrtopa pCambia2300, B KOTOpoil mpomMoOTOp Sm-amp-x-y2 KOHTPOIUPOBAI
SKCHPECCHIO PEMOPTEPHOro TreHa uidA W TPOMOTOP PACTHTEIBHOTO MPOHCXOXKACHUS Pro-
SmAMP2 ynpasisin skcnpeccueil CeJIeKTUBHOTO TeHa nptll. Y CTaHOBUIIM, YTO B TPAHCTEHHBIX
pacteHusX Kaptodens reH uidA Obl1 SKCIpecCUpOBaH MpPU MOMOIIYU IIPOMOTOPA SMm-amp-x-y2 Ha
OYCHb HHU3KOM YpPOBHE, HEJOCTAaTOYHOM Il NMPOAYKIMU pernoprepHoro Oenka. OnHako, y
TPAHCTCHHBIX pacTEeHUH apabuaorcuca reH uidA SKCIpecCUpoBaICs MPH TOMOIIN IPOMOTOpA -
amp-x-y2 Ha BBICOKOM ypOBHE B CEMEHaX M NPOPOCTKaxX (CEMsI0JIM, TUIOKOTHIIb, KOPHH)
OpPUMEPHO 710 9 1mHSA ¢ MOMEHTa NpOpacTaHusi. AKTUBHOCTH HOBOTO IPOMOTOpa He Obuia
oOHapyxkeHa K 18 mgHIO HAOMIOMEHWI B HACTOSIIUX JUCThAX. TakuM oOpa3oMm, B JaHHOU
TCHETHYECKOM KOHCTPYKLMHU MPOMOTOP AaKTUBEH, 00NagaeT creun(UUHbIM Uil IPOPOCTKOB H
CeMsIH MAaTTEPHOM, KOTOPBIA XOPOIIO COOTBETCTBYET TPAHCKPUIIIMOHHBIM JTaHHBIM B MOKPHIIE.
ITpopocTok-ciennpuunbie U ceMs-cnenu(pUIHbIe MPOMOTOPHI MOTYT OBITH HCIIOJNB30BaHBI B
OMOTEXHOJIOTUU KYJIBTYPHBIX PACTEHHM /Ui PELICHNs MHOTHX 33/1a4, HalpuMep, s POYKIIUN
PEKOMOMHAHTHOTO O€JIKa TOJBKO B CEMEHaX, JUIsl 3aIllUThl PACTCHUN OT MAaTOT€HOB Ha CTAJUH
CeMsSH M TPOPOCTKOB WM A 0TOOpa TpaHC(HOPMHUPOBAHHBIX IMPOPOCTKOB pPACTCHUN Ha
CEJICKTUBHBIX MUTATEIbHBIX CPeax.

PaGora BrIMONIHEHA TTPH MOIEPKKE TOCYIAPCTBEHHOTO 3a/1aHusT MUHUCTEPCTBA HAYKH U
BhICIIero obpa3oBanus Poccuiickoit @enepannu (FGUM-2025-0004).
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EI'O BJIUSIHUE HA PABBUTUE KOPHEBOMN CUCTEMBI CUCUMIS
SATIVUS L.

Kamenesa A.B.12, Ciaeroa MLE.!, Ywxxuk B.K.!"2, Maprtsinos B.B.2

1 — WI'BHY «®eoepanvuviit nayuustii yenmp oeouieeoocmea» (PI'BHY ®HI]0)
Mockoeckasn 061., n. BHUHCCOK 143080; E-mail: alina.malinal290@gmail.com

2 — @I'BHY «Bcepoccuiickuii  HAy4HO-ucc1e006ameabCKuii  UHCHUMYm
cenvckoxosaiicmeennon ouomexuonozuuy (PI'bHY BHUUCE), Mockea 127550

B coctaB MUKpOOHOJIOTHUECKOTO KOHCOPIIMYMa OYBBI BXOJAT U IPEACTaBUTENIN I'PUOOB
pona Fusarium, KOTOpble OTHOCATCS K (paKyJIbTaTUBHBIM Napa3uTaMm M, NMPH BO3SHUKHOBEHHUH
ONaronpuATCTBYIOIINX MOTOJHO-KIMMAaTHUYECKUX YCIOBHUM, CIIOCOOHBI MPHUBOAMTH K PAa3BUTHIO
¢by3apro3a u cTpeMuTeNbHOM rudenu pactenwii [1]. [laTroreHs! cmocoOHBI TOpaXkaTh paCTCHUS HA
0001 cTauy pa3BUTHUS, a TAKXKE BBIIEIATh MUKOTOKCHHBI, OMIACHBIE JJIS 37J0POBbS YEJIOBEKA.

[Tpu mpoBeaeHnu pUTOCAaHUTAPHBIX 00CIE0BaHUH KyIbTYp cemeiicTBa Cucurbitaceae L.
B MOCKOBCKO# 001aCTH, U3 TOPa)KEHHBIX YaCTEH pacTeHUI ObLIM BBIIEICHBI B YUCTYIO KYJIbTYpY
U30JIATHI TPUOOB Fusarium spp., BUJ0Bask IPHUHAUICKHOCTh KOTOPBIX, ObUIA ONpeiesIeHa METOI0OM
MUKPOCKOIIMH U C IOMOIIIbIO MOJIEKYJISIPHBIX MAPKEPOB HA KOHCEPBATUBHbIE ydyacTKU reHoma ITS,
teflan rpb2.

Jlnst uiccnenoBanuii OblIa BEIOpaHa IKOHOMUYECKU 3HauMMasi KynbTypa orypua (Cucumis
sativus L.), KoTopasi OTHOCHUTCS K OJHHUM M3 Haumbojee BOCHPUUMYUBBHIX K (y3apuosy
npencraButeneir cemerictBa Cucurbitaceae L. OT BO3MOXXHOCTH pa3BUTHUS 30POBOM KOPHEBOM
CUCTEMBI Ha FOBEHWJIBHOM CTaJIMU 3aBUCHUT NPUKUBAEMOCTb MOJIOABIX pacTeHuil. [loaTtomy Hamu
OBLIO MPOBEACHO HccieoBaHue Y deKxTa BIUIHUA TPUOOB poja Fusarium Ha TaHHBIN TapaMeTp.

I'maporepmuueckyro cTepuian3anuio cemsH nposogwiu npu 40°C, ¢ mocnenyromum
nepeMeIleHueM B CTepUIIbHBIE KOHTEHHEPHl HA YBIIAXHEHHYIO (HIBTPOBAIbHYIO Oymary. Jlns
MIPUTOTOBIICHHSI MHOKYJIIOMA U30JISTH TPUOOB KYJIbTUBUPOBAIIM HA arapu3oBaHHOM cpene Yarneka
B TedeHue 14 cyrtok mnpu Temneparype 24+1 °C. [l 3apakeHuss TOTOBWIHM CIIOPOBO-
MUIIETHABHYIO CYCIIEH3MI0, ¥ B KaueCTBE KOHTPOJI HCIOJIb30BaJIM SKBHUBAJCHTHBIA 00BEM
crepuiibHON BoAbl. MHKyOupoBanu npu temmeparype 24+1 °C. YuursBanu 3¢ ekt neictus
rpuOOB Ha pa3BUTHE KOPHEBOW CUCTEMBI OTHOCUTEIIBHO KOHTPOJIBLHOTO BapuaHTa [2].

Cpenu U3y4eHHBIX U30JISTOB TPpHOOB: 26% - HHTHOUPOBAIN PAa3BUTHE KOPHEBOW CHCTEMBI
MIPOPOCTKOB Orypiia 6osee yeM B 2 pasa, 53% - ObLIN cpeiHearpecCuBHBIMHY, a 21% - He okazanu
3HAYUTENILHOTO BIMSHMS Ha JaHHOM ctaguu pa3Butus C. sativus L.
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ITo pe3ynbraTam MOJEKYJSAPHON UASHTH(PHUKAINN OBLI ONPEICTIeH COCTaB MAaTOKOMILIEKCA
rpuboB poaa Fusarium, NpUCYTCTBYIOIIUI Ha THIKBEHHBIX KyJIbTypax B MOCKOBCKOW 001acTH.
bonee yerBepTM BCcEX NpEACTaBUTENIEH OKa3ald CUJIBHOE HETATUBHOE BIMSHUE Ha CTaluu
npopoctkoB C. sativus L.

Chnucok JimTepatypbl
1. Vetrova S., Alyokhina K., Engalycheva I., [et al]. Identification and Pathogenicity
of Fusarium Species Associated with Onion Basal Rot in the Moscow Region of Russian
Federation. Journal of Fungi. —2024. — V.10(5): 331. — P. 38-50. — doi: 10.3390/jof10050331
2. Kamenesa A.B., Cnerosa M.E. Bnusinue TemnepatrypHoro (pakTopa Ha MposiBJICHUE CUMIITOMOB
¢dy3apuosa Ha mpopoctkax kabauka. CIIb: ®I'BHY BU3P: matepuanst V. MexayHapogHOH
Hay4YHO-TIpaKkTHUecKo KoHpepeHunn «CoBpeMeHHbIE MPOOJIEeMbBI WMMYHUTETa K BPEIHBIM
opranusmamy», 2025.-C. 71.

AJUIEJIBHASA CTPYKTYPA I'EHA DRO-54 B KOJUVIEKIIUU

SIPOBOM MSITKOM MIIEHUIIBI

Xyprosa K.W. !, Yepuook A.I'.!, Mopryunos A.W.!, llamanun B.I1.2,
Hamxonos B.B.!, Jusamyx M.I'.!

1 - ®I'BHY "Bcepoccuiickuil HaQyYHO-UCC1€008amMeNbCKUL UHCIUMY M
cenvckoxoszaicmeennoi ouomexnonocuu' (OI'6HY BHUHCB), ya.
Tumupazeeckas, 42, Mockea, Poccus, 127550; E-mail: biotech@iab.ac.ru

2 - Omckuit 2ocyoapcmeennstii azpaphstii ynugepcumem um. I1L.A.
Cmonvinuna (OmI’'AY um. I1.A. Cmonwvinuna), Omck, Hncmumymckas niowyaoe, 1,
Poccusn, 644008

[Tiienuna 3aHMMaeT BEAyIIEe MECTO CPEeOd 3EpPHOBBIX KYJIBTYp B MHUPOBOM
IIPOU3BOJCTBE MUIIEBONW Mpoaykuuu. OgHONW M3 NPUOPUTETHBIX 3a/1ad COBPEMEHHOM
CENICKLUHN SIBJIACTCS TIOBBIIICHHE YPOKAaWHOCTH M aJalTUBHOCTU KYJIBTYpPBHl K
pa3zHoO0Opa3HbIM HEOIATONPUATHBIM KIMMATHUYECKUM YCIOBUSM. 3acyxa - MOHUKECHUE
BJIQKHOCTH OKpYXaroIleld cpelbl IO OTHOIIGHUI0 K €€ CPeJHEMY COCTOSHHIO,
NPUBOAAIIECE K 3HAUUTEIBHOMY CHIDKEHHIO YPOXAMHOCTH, YTO CO3[JaeT PUCKH s
MIPOJOBOJIBCTBEHHOM Oe3omacHocTu. Habmiomaemass B psiie perMOHOB TEHACHLUS K
YBEIMYEHUIO YacTOThl M WHTEHCHBHOCTU 3aCyLUIMBBIX SIBICHUH 0OyCIaBIHMBaeT
HE00XOIUMOCTh CO3JIaHHsI COPTOB, YCTOWYHMBBIX K JAHHOMY CTpecc-(hakTopy.

I'ensi cemetictea DRO (DEEPER ROOTING) BAuUsiIOT Ha apXUTEKTYPY KOPHEBOM
CHCTEMBI, BKJIIOYAs TaKUe MapaMmeTphl, Kak IIyOWHa, JJIMHA W YTOJ POCTa KOpHEHl.
I'myGokast KopHeBasi cUCTeMa MO3BOJISIET PaCTeHHUIO 3(PPEeKTUBHEE HCIIONB30BaTh Bary U
MUTATEIbHbIC BEIIECTBA W3 HIKHHMX CJIOEB IIOYBBI, YTO KPUTHYECKH BAXKHO JIJIs
BBUKMBaHUsS B yClIoBHsaX aepunura Boiabl . OnHako reHETHYECKHE MEXaHU3MBI,
KOHTPOJUPYIOIIKE 3TOT MPU3HAK, U3yUYEHBl HEJTOCTaTOYHO. B HemaBHUX paboTax reHbl
cemerictBa DRO Obly ueHTH(GUIIMPOBAHBI y puca, apaOuaomCcHca U MepCcrKa, a TaKkxKe
ObUIM M3y4YeHBl TKaHM, B KOTOPBIX BKCIPECCUPYETCS Te€H, M KaK BIHUSAET €ro
CBEpXIKCIpeccHs Ha pactenue 2,
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Jannas paboTa HaImpaBiieHa Ha aHAJIHM3 aJUIeJIbHOTO pa3HooOpasus rena DRO-54
y 334 nepcrneKkTUBHBIX COPTOB M JIMHUM SPOBOW MATKOM MIIEHHIIBI, KOTOpPhIe OBLTH
npenocraniensl  komekimer KACUB (Kazaxcrancko-Cubupckas ceTh yiaydllleHUs
MIIEHUIIBI) a TaKXe MEPCIEKTUBHBIMU CEJIEKUUOHHBIMU JIMHUSMH KOHKYPCHOTO
coproucnbitanus (KCHU) uz Omcka, Tromenn, Yensbuncka u Kyprana.

Jnsi TeHOTMNHMpOBAaHMS PACTUTENBHOIO MaTepHaja HCIOJB30BATM  METOJ
KOHKypeHTHOH amnens-cnenuduunoii [IP (KASP) u mapkep Ha ten DRO-54,
pa3paboransbiii B «KypuaroBckom renomHom 1eHTpe-BHUMCE» Ha ocHOBE MaHHBIX
uMeroluxcs B aureparype. B kauectse Matepuana ucnonb3oBanu JJHK, Beigenennyo
U3 3epeH B Tpex noBTopHOCTAX. ['eHoTunupoBanue KASP mnpoBoamiocs B cmecu
o0séMoM 10 MK mo pexomeHmyembiM npomsBoautenem ycnosusMm (LCG Biosearch
Technologies).

IIpoBencHHBIM aHANU3 BBIABWI CIEAYIOLIEE paCHpEicIICHUE alUIelIed B
U3ydaeMOW KOJUJICKIMH: ajuiedb A (yMEHbIICHHE TIyOMHBI 3ajeraHus KOPHEBOM
cuctembl) ObuT BhIsIBIEH Y 49% oOpasnos (165 obpasuor), amrens C (yBenuueHue
TIIyOWHBI 3aJieTaHus KOPHEBOM cucTeMbl) ObUT oOHapyxkeH y 27% obpasmoB (90
o0pa3ioB), rereporeHHbie Gopmbl coctaBuiu 24% (79 o6pasnos). [lonyueHHbIC TaHHBIE
JIEMOHCTPHUPYIOT MpeobsalaHue B KOJUICKIMM aiens A, acCOIMMPOBAHHOTO IO
JUTEpPATypHBIM JaHHBIM C (OpPMHUpPOBAaHHMEM HE TINIyOOKO 3aJjerarouieii KOpHEBOM
CUCTEMBI.

B pesynbprare uccienoBaHus B IPEACTABICHHONW KOJUIEKLUU SPOBOM MSATKOMU
MIICHUIIB! BIIEpBbIe HIECHTU(UIIMPOBaHbI 00pa3ubl, Hecyue amiens C rena DRO-54,
aCCOIIMMPOBAHHBIN ¢ IITyOOKO 3ajeraromieil KopHeBoil cucreMoii. [lomyueHHbIe JaHHBIE
MMEIOT MPAKTUYECKYI0 3HAUYUMOCTH ISl MapKep-BcrioMoraTenbHou cenekuun (MAS),
MIO3BOJISISI BECTH LI€JICHAIIPABICHHBIM OTOOP MPH CO3JaHUH HOBBIX BBICOKOIIPOAYKTUBHBIX
1 3aCyXOYCTOMUYNBBIX COPTOB.

HccnenoBanue MIOAICPKAHO TPAHTOM PH® Ne 25-64-00021
(https://rscf.ru/project/25-64-00021/) .
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2. Guseman J. M. et al. DRO 1 influences root system architecture in
Arabidopsis and Prunus species //The Plant Journal. —2017. — T. 89. — Ne. 6. — C. 1093-
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3. Zhang W. et al. Functional gene assessment of bread wheat: breeding
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OLIEHKA MMOPOT'OBOI1 103bI OBJIYYEHUS BBICTPBIMU
HEWUTPOHAMU JIJIS1 UHIYKLIUU AJATITUBHOT'O OTBETA ¥
MPOPOCTKOB TPUTUKAJIE (X TRITICOSECALE)

Kpyrask A.W.12, Anekceénok 10.B.!, Boaxosa ILIO.3, lopomkesuy A.C..,
CoJioBbeB A.A.24
1 — Obvedunennstit uncmumym aoepuvix uccaeooeanuit (OUAH), /[yona 141980
E-mail: Anastasiya. Kruglyak@nf.jinr.ru

2 — @I'HBY «Bcepoccuiickuii HayuHo-uccied08amenbCKuil UHCmumym
cenvckoxossaiicmeennon ouomexuonozuuy (PI'bHY BHUUCE), Mockeéa 127550
3 — Hezasucumbutit uccireoosamens, benveusn
4 — DI'BY «Bcepoccuiickuit yenmp kapanmuna pacmenuity (OI'bY BHHUKP),
Pamenckuit 140150

[ToBblIeHNE YCTOWYMBOCTH CEIBCKOXO3SIIICTBEHHBIX KYJIBTYP K HETaTUBHBIM (pakTopam
OKpY>Karolle Cpeabl ABISETCS aKTyaJbHOW 3aJayedl B YCIOBHSX HM3MEHSIOLIETOCS KIMMaTa.
OnHUM U3 MEpCIEeKTUBHBIX MOJXOMO0B SIBJSIETCS MpaiiMUpOBaHHE — MpenodpaboTKa pacTeHUH
WIA CeMSIH MSTKHUM CTPECCOBBIM (PAKTOPOM, KOTOPBIH AaKTHBHPYET 3allUTHBIE CHUCTEMBI H
MOBBIIIAET YCTOWYMBOCTH K MOCIIEYIOINM, OoJiee cepbe3HbIM cTpeccaM [1]. B kauecTBe Takoro
¢akTopa 3((HeKTUBHO UCTONB3YIOTCS Majble 103bl HOHU3UPYIOUIETO M3Iy4YeHus. B otimune ot
XOPOIIO M3YYEHHOTO TaMMa-o0mydeHHs, 3(PQeKTsl npaiMupoBaHUs OBICTPHIMU HEUTpPOHAMH,
00J1aJafoIMMH BBICOKOH IJIOTHOCTHIO MOHHU3AIMH, UCCIIEI0BAaHbI HEJJOCTATOYHO, OCOOCHHO ISt
TaKOM KyJIbTYypHl, Kak TpuTHKane (x Triticosecale).

Llenpio maHHOW PabOTHI OBUT IENIEHANPABICHHBIH MOUCK MOPOTOBOW (TpaiMupyromieii)
J103bI 00JTydeHUs OBICTPBIMU HEUTPOHAMHU JJIS CEMSTH 3epHO]YpaXKHOTO copTa TpuTHKane. CemeHa
obyyanu Ha yckopurene O1'-5 (OUSN, [lybna) B nuanazone 103 ot 5 10 25 ['p. OueHky BIusHUS
7103 TIPOBOJWJIM HAa PAHHUX CTAIUSAX OHTOTEHe3a IO MOKa3aTeNsM UIMH KOpHEeH M 1moberos
IIPOPOCTKOB.

PesynbraThl mokazaiu, 4To J03bl 00dy4deHHs cBbiie 5 ['p BBI3BIBAIIM CTATHCTUYECKU
3HAYMMOE€ YTHETEHUE POCTOBBIX MpoueccoB. B 1o ke Bpemsa, no3a 5 I'p He okasbiBana
JOCTOBEPHOTO HETaTUBHOIO BIIMSHUS HAa MOP(HOPHU3HOIOrUYECKHE MapaMeTpbl MPOPOCTKOB MO
CpaBHEHHIO C KOHTpojeM. Takum oOpas3om, go3a 5 I'p O6buta naeHTuUIMpoBaHa Kak IOPOroBas
1 0TOOpaHa B KauecTBE KaHIuAaTa /ISl JaJIbHEHIIero n3ydeHus ee IpaiiMUpYIOILEero MoTeHIraa.

[TosrydyeHHbIE JaHHBIE COTIACYIOTCS C UCCIIEI0BAHUSAMU Ha IPYTUX KyJIbTYypax, 1€ HU3KHUE
7036l pajualMM, HE YTHETas pPOCT, MOBBIIAIM TOJEPAHTHOCTH K CTpeccaM, HalpuMmep,
COJIEYCTOMYUBOCTH y roiryounoro ropoxa (Cajanus cajan) [2]. MexaHu3M 3TOTO SBICHUS MOXKET
OBITH CBS3aH C MHAYKIMEH CI0KHOTO MOJIEKYJIIPHOTO OTBETA, BKJIIOYAIOIIETO ATUTCHETUYECKYIO
NEPECTPOMKY, aKTUBAIIMIO aHTHOKCUAAHTHONW CHCTEMBI U CHHTE3 CTPECC-3aIUTHBIX OEIKOB, UTO
(bopMHpYeT «CTPECCOBYIO MaMATh» pacteHus [3].

B Tekymmx ucciieqoBaHUsAX MPOBEPSETCA TUIIOTE3a O TOM, UYTO BO3/CHCTBHE BHIOpaHHON
70301 CIIOCOOHO BBI3BaTh KPOCC-TOJEPAHTHOCTh K pa3IMYHBIM aOMOTHYECKHM CTpeccaMm.
3anaaHupOBaHHBIN aHAIN3 MOJIEKYJIIPHBIX MapKEPOB, TAKUX Kak mpodmib metuiarposanus JJHK
U JKCIIPECCHUS TEHOB CTPECC-OTBETA, TO3BOJINT PACKPBITh MEXAHU3MBI, JIEKAIINE B OCHOBE ITOIO
SBJICHUS, U OTKPBITh HOBBIE IIyTHU AJIs1 CO3AaHUS YCTOWYUBBIX COPTOB.
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AHAJIN3 TEHETUYECKOHN YCTOMYUBOCTHU NEPCOEKTUBHBIX
CEJIEKIIMOHHBIX IUHUHN ®ACOJIM OBOIIIHOM (PHASEOLUS
VULGARIS L.) K BUPYCY OBBIKHOBEHHOM MO3AUKHU (BEAN
COMMON MOSAIC VIRUS, BCMYV)

E.C. Kpynunckas, A.C. lom6augec, U.A. EnraabsiueBa, A.A. AHTOIIKHH
DI'BHY ®eoepanvuulii Hayunwtii yenmp osowieeoocmea (PI'bHY ®@HI0), Mockosckas ooan.,
Oounyosckuii p-H,
noc. BHUHCCOK 143080; E-mail: priemnaya@yniissok.ru

B nmocnennue nmecsATHIETHS OTMEYAlOT HapacTaHHE BPEJOHOCHOCTH BHUPYCHBIX
(UTONATOreHOB Ha Pa3HBIX OBOIIHBIX KYJBTYPax, YTO CBS3BIBAIOT C M3MEHEHHEM KJIMMAaTa, a
TaK)K€ CO CHMKEHHEM IPOAYKTHMBHOCTH M KauyecTBa BoO3zeibiBacMbIX KyJubTyp [1]. B Poccun B
HACTOSIIMHA MOMEHT 3aMETHO pAacCUIMpSeTCs IMPOMBIIJICHHOE BhIpaliuBaHue  (acoiu
oObIkHOBeHHOU (Phaseolus vulgaris 1..) — BaxxHO# 3epHOO000BON KYIBTYpHI, OTIUYAIOIICHCS
BBICOKMM cojiepkanueM Oenka. OZHMM M3 OCHOBHBIX BO30yauTeneill 3aboneBanuii ¢acoimu B
HeuepnozemHoii 30He Poccuu siBnsieTcss BUpyc 0OBIKHOBEHHOM Mo3auku (aconu (Bean common
mosaic virus, BCMV) [2]. IIponieHT 3apa’keHusl paCTEHMI Ha MOJSAX KpalHE BBICOK, a MOTEPU
ypokasi MOTYT cOcTaBJsATh 10 98%. Taxke BUPYCHI CIIOCOOHBI COXPAHATHCS B CEMEHAxX 110 5-6-
et [3]. B cBA3M Cc 3TUM OAHMM M3 BaXXHEHIIMX YCIOBMM A7 NpPOBENEHUS AalbHEHIIEH
CENIEKIIMOHHONW TPOrpaMMbl MO (HacoIM OBOLIHOHM SBISETCS MOUCK T'€HETHUYECKUX MCTOYHHUKOB
ycroiunBoctu kK BCMV.

N3BecTHO, uTO ycToiuMBOCTh K BHpycy BCMV KoHTponupyroT 7 reHOB — LITaMM-
Hecrenun(pUIecKuii JOMUHAHTHBIA TeH / U MIeCTh ITaMM-CHEIM(PUIECKUX PELIeCCUBHBIX I'€HOB
(bc-1, be-12, be-2, be-22 be-3, be-u) [4]. Coueranne TOMUHAHTHBIX M PELIECCHBHBIX T€HOB JIa&T
pa3NUYHBIl UIMMYHHBIH OTBET NP BO3JeHCTBUN BUPYCOB. Tak, 3apyOexHbIC YUEeHBIE 3a4acTyIO
UCTONB3YIOT coYeTaHue reHoTunoB I/bc-1/bc-3, uto obecmeunBaeT 0ojee HIMPOKHMA CHEKTP
Hecrienuguieckoil ycroiunBoctu. Pa3paborka JIHK-mapkepoB 3HaYMTENBHO YHpOIIAeT O0TOOP
CENIEKIIMOHHBIX TEHOTHUIIOB C Pa3IMYHBIMU BapHaHTaMH I€HOB YCTOWYMBOCTH [2].

[lenpi0 HAIUMX HCCIENIOBAHUIN SIBIISUIOCH BBISIBJICHHE OCHOBHBIX T'€HOB YCTOHYHMBOCTU Y
NEPCIEKTUBHBIX CENEKIMOHHBIX 00pa3noB ¢aconu oBowmHoW (Phaseolus vulgaris L.) ¢

®rbHY BHUUCB, 2025 . 193



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

HCIIOJIb30BaHUEM reHeThueckoro aHanuza kK BCMV. Marepuanom ciayxwin 4 nepcrneKTHBHbIE
JIMHUU JTa00paTOpUN CeNEKIIUN U CEMEHOBOICTBA 6000BbIX KyIbTYp (UM-JI-X-14, UM-JI-M-20,
UM-JI-11-31, UM-JI-U-32), nonyuennsie B 2019-2025 rogax. s aHanu3a Ha OpHUCYTCTBHE B
I€HOTHIIAX JOMHMHAHTHOTO TeHa [ M peueccuBHbIX bc-1° m be-3. Obuio oroOpano 20
MHAVBUAYAIbHBIX PACTEHUH (110 5 pacTEeHUM Ka)K10W JTMHUH).

Ilo pesynpratam IIl[P-aHanu3a JMHUM COAEpKAIU pa3IU4YHbIE I'€Hbl YCTOMYUBOCTH K
BUPYCY OOBIKHOBEHHOW MoO3auku ¢aconu. Amiunpukamus oOpa3uoB ¢ mapkepom SW13,
CBA3aHHBIM C JOMMHAHTHBIM I'€HOM /, jaja MOJIOKUTEIbHBIE PE3yNbTaTsl ¢ TuHUAMUA VIM-JI-M-
20 m HM-JI-U-32. CexBenupoBanue 1o Meroxy CpaHrepa MO3BOJIMIO YCTaHOBHUTH
MIPUHAJICKHOCTh UCCIEAYEMBIX TOCIE0BATENBHOCTEH C BBICOKMM CXOJCTBOM K Mapkepy SW13
reda [. CxonacTtBo 00pa3moB ¢ pedepeHCHON MOCIeNOBaTEIbHOCTRI0 U3 0a3bl JIaHHBIX
(AY508120.1) cocraBuio 98-99%. Mapkepsl Ha peLieccuBHbIE reHbl ycToiunBocTy (SBDS — ren
be-12, SG6 u ROC1 1- be-3) mokasainu HaJauYUe JaHHBIX TEHOB Y BCEX UCCIIEAYEMbIX 00pa3IioB.

Taxoke BiepBbIe ObLIIM HAYATHI CCIIEAOBAHMS T'eHa bc-1 — MaJIOM3y4YE€HHOTO HAa HACTOS NN
MOMEHT PELIeCCUBHOIO reHa yCTOWYMBOCTH. HetTaBHO aMepuKaHCKUMU YYE€HBIMHU OBIJIO TIOKA3aHO,
YTO y JAHHOIO T€Ha CYLIECTBYET ABa amneis — be-u” u be-u® [5]. Dtu ke ydueHble pa3paboTanu
Ha6op Mapkepos 11 real-time TP ms o6Hapyskenus rena be-u — mapkep Pvbzipl A C (bc-uf)
u mapkep Pvmit-1 T G (bc-u"). Hamu 6bu10 00HapyXeHO, YTO ajuienb bc-u” MPUCYTCTBOBANA y
BCEX MCCIIEAyEMBIX 00pa3oB (acomu oBomHoi. OxHako 1mo be-ud Habmoaanoch pasHoobpasue:
B KQ)XJIOM JINHUM OBUIM T€HOTHUIIBI, COAEPKABIINE JAHHYIO aJlJIeNb, U TEHOTUIIBI, COOTBETCTBEHHO,
c ee oTCcyTcTBHEeM. Takyke aHaTU3 KPUBOW IUIABJIEHUS IMOKa3all, YTO CPEIH Pa3HbIX F€HOTHIIOB
MOT'YT HaOJIIOIaThCsl Pa3HbIE BAPUAHTHI be-ud.

[ToMrMO TreHeTHYecKOro aHanu3a, Oblaa MpoBeJeHAa MMMYHOJOIMYECKasl OLlEHKa JTMHUN
¢dacomu mo ycroiumBoct K wm3oiaTy BCMV. V Bcex HU3yuyeHHBIX JMHHUHA ¢acoau mnpu
HCKYCCTBEHHOM 3apa)kKeHUH B TAOOPATOPHBIX YCIOBUAX MOCIIE HHOKYJISIIUHM Ha BCEM MPOTSDKEHUH
aHAJTM3UPYEMOT0 MEPHUO/Ia CUMIITOMBI TIOPAKEHHSI WM HE MPOSBISUIUCH BOBCE, WIIM HAOIIO AN
HeOoJIbIIIOe yBsIAaHUE WM HEKPO3, HO B LEJIOM OIBITHBIE PACTEHUS HE OTIMYAIUCH OT
KOHTPOJIBHBIX rpynil. IIpu olieHKe B yCIOBUSAX MPOBOKAIMOHHOTO HH(PEKIIMOHHOTO (hOHA KapTHHA
Obuta apyras: y muauii UM-JI-M-20 u UM-JI-U-32 ¢ renotunamu I/bc-1°/be-3 B ase nperenus
CHUMIITOMBI TEMHO-3€JICHOW MO3aUKH MPOSBISUINCH, Jajnee OOpa3oBBIBAIMCH HEKPO3bl U
JanbpHeiIee pacpocTpaHeHHE He 0TMEYaock. B cpeHeM nHAeKC NOpaskeHHs! ObLIT HEBBICOKUM.

Taxum o0pa3oM, OBUIO MMOKa3aHO, YTO UCCIIETyEMbIe JIMHUH (hacOoIM OBOIIHOM CoepiKat
pasiu4Hble TeHbl ycTounBocTH K BCMV: wmramm-cnienuduyeckue renvl be-1°, be-3 w
MPUCYTCTBYIOT y BCEX PACTEHHUH YeThIpeX JIMHUH, JBE JTUHUU TAKKe COJEpKal JOMUHAHTHBIN
ren 1. Ten bc-u" Gbu1 OOHApPYKEH y BCEX HMCCIEAYEMBIX T'€HOTHIIOB, OJHAKO MO reHy bc-u’
Habroanach TeTeporeHHOCTh. MMMyHOJOrHuUecKass OLIEHKa yKa3ajla Ha pasHbIi XapakTep
YCTOMYUBOCTH B 3aBHCUMOCTH OT MPUCYTCTBHS B TCHOTHUIIE TeHa /.

B nanpHeiimeM nuHUM OyAyT NMpOaHATU3UPOBAHBI HAa HAJMYUE JPYTUX PELECCHBHBIX
reHoB. [lnanupyercst nposezeHne GpeHOTUTUYECKas: OIICHKA PACTCHUH B TMOJIEBBIX YCIOBHUSIX IS
0TOOpa MepCHeKTUBHBIX 00PAa3IIOB, a TAKXKe ONpeIeTICHNE ITaMMOBOTO pa3HOO0pa3Hsi BUPYCOB.
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2. EnraneraeBa U.A., Kozaps E.T'., [lom6nunec A.C., Automkun A.A., [TuBoBapos B.®., Viiakos
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USING CRISPR/CAS9 TO INCREASE THE SHELF LIFE OF TOMATO
FRUIT

Murodov A.A., Ayubov.M.S., Mamajonov B.O.,
Yusupov A.N., Obidov N.SH., Bashirxonov Z.H., Buriyev Z.T.
Center of Genomics and Bioinformatics, Uzbekistan Academy of Sciences (CGBASRU),
Tashkent 111215, Uzbekistan; E-mail: murodov95anvar@gmail.com

Tomato (Solanum lycopersicum) is an economically and biotechnologically important
crop. In 2023, tomatoes were planted on 5.2 million hectares, yielding 186.6 million tons [1]. The
fruit is a source of nutrients such as lycopene, K, Fe, folic acid, and vitamin C, which have a
positive effect on human health [2]. This plant also serves as a model plant for scientists to study
the processes that occur during fruit ripening. The complete sequencing and study of the genomes
of several wild and domestic tomato varieties, as well as the well-established transformation
process in tissue culture, allow for effective research on this plant [3].

One of the main difficulties in growing tomatoes is that the ripe fruit softens too much in a
short time. As a result, the fruit becomes easily susceptible to external mechanical influences, the
external integrity of the fruit is quickly damaged, and as a result, the quality deteriorates due to
bacterial and fungal diseases, making it unfit for consumption [4].

Currently, tomato fruit is being produced using various physical, chemical, and genetic
engineering methods. Genetic engineering is mainly aimed at maintaining the firmness of fruit
skin for a long time by reducing the activity of enzymes responsible for fruit softening. So far,
several such enzymes have been reduced in activity using RNA interference, TALEN, and Zinc
Finger methods, with positive results. The CRISPR/Cas9 method is a modern genome editing
method that is convenient, cheap, and accurate, and is also used to modify plant genomes. To date,
the CRISPR/Cas9 method has been effectively used to increase the resistance of tomato plants to
abiotic and biotic factors, improve their yield, and increase the nutritional value of the fruit [5].

The Beta-hexosaminidase 1 (B-hex) gene is responsible for the biosynthesis of the enzyme
Beta-hexosaminidase, which breaks down glycoproteins in tomato fruit skin [6]. This enzyme is
activated during tomato fruit ripening. Our goal is to target the gene responsible for the
biosynthesis of this enzyme using CRISPR/Cas9 technology to inhibit its biosynthesis, thereby
increasing the shelf life of the fruit.
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To achieve this goal, a gRNA was designed for the B-hex gene and a vector construct was
created based on this gRNA. This vector construct was successfully transformed into tomato plants
using Agrobacterium tumefaciens. The resulting transgenic plants were confirmed to contain the
vector construct using primers designed for Cas9. To check whether the B-hex gene in plants has
been mutated, gene-specific primers were used to sequence the gene. When analyzing the sequence
results obtained, it was observed that 2 types of indels were found in the plants: a deletion (3 bp)
and an insertion (1 bp).

No differences were observed in plant morphology, flowering period, and fruit structure in
the TO generation plants compared to controls. Changes in the expression of the Beta-
hexosaminidase enzyme in the fruits are currently being determined.
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UJEHTUOUKALMA NIIEHUYHO-P)KAHBIX TPAHCJIOKAILIUIA
1RS.1BL/1RS.1AL Y OBPA31IOB IPOBOM MSTI'KOH MIIEHUIIBI U UX
YCTOMUYUBOCTh K BUOTUYECKUM U ABUOTUYECKUM
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[TimieHn4HO-p)KaHble TPAHCIOKAMM — OJHM M3 HauOojiee IIUPOKO HCIIOJIBb3YEMBIX
UHTpOrpeccuil B cenekiuu nueHunsl. Koporkoe miedo pxaHoi XxpomocoMsl 1R Hec€T kimactep
TCHOB YCTOMYMBOCTU K OCHOBHBIM T'PHUOHBIM OOJE3HSIM, OO0ECIEUMBAIONINN KOMIUIEKCHYIO
yCTOHYHMBOCTh K Oypoi pxaBumne (Lr25, 26, 45), xéntoit pxasumnae (179, 83), crebneBoit
pxaBuune (Sr27, 31, 50, 59) u myunuctour poce (Pm8, 17), a TakkKe psii TEHOB aJalTUBHOCTH,
MHTPOYyLMpPOBaHHBIN U3 Secale cereale (pxn) [1-2]. OnHako u3-3a HETaTUBHOTO BIHMSHUSA Ha
KauecTBO 3€pHa (IMIMaJAuH U INIIOTEHUH KOJUPYIOLIUX JJOKYCOB), CBSI3aHHOIO C JIOKycoM Sec-1 Ha
IRS, B mnpaktuke uame npumensercs TpaHciaokauus 1RS.1AL. MccnenoBanus BiausHuUs
TpaHcaokauuu 1RS.IAL Ha kauecTBO 3epHa IOKa3aja, 4TO €€ HaJW4Me NPUBOIAUT K MEHEE
BBIPKEHHOMY CHMIKEHUIO MToKazarenel no cpasHenuto ¢ 1RS.1BL [3].

Lenbto paGoThl OblIa HMACHTU(UKAIMS MIICHUYHO-pKaHbIX TpaHciaokamuid 1RS.1BL #u
IRS.1AL u onenka ux 3¢ (eKTUBHOCTH B 00€CHeUeHHH YCTOHYUBOCTH K OCHOBHBIM TPHOHBIM
00J1€3HIM SPOBOI MSTKON MIICHHUIIBI.

IloneBbie ONBITHI MPOBOAMIM B TedeHHE TPEX JieT. [loceB BBINOIHAIM KacCETHOMU
cesnekimoHHON ceankoit CKC-6-10; miomanp nensHku — 1 M?, MOBTOPHOCTh — TPEXKpaTHa,
pa3MelieHe — cucTeMartudeckoe. Marepuaiom JUisl UCCIeI0BaHUE MociIyxuiu 50 copToB u
JUHUKA ApOBOM MATKOM miIeHuIbl. OIEHKY YCTOHYMBOCTH K TPHUOHBIM OOJIE3HSM IO BCEM
MaTOreHaM MPOBOJIMIIN B (ha3y KOJIOIIEHHSI, a 3aTEM BO BpeMsl LIBETEHUS, COTIIACHO METOAUYECKIM
yKa3aHUsM 0 M3YyYeHUI0 MHPOBOH kosekuuu nmeHuisl BUP.  Mcenonbs3oBanu 9-0amnbHyto
mkany: 1-3 6amn (oueHb HHM3Kas YCTOHYMBOCTD M CHJIBHOE IMOpakKeHue; S5 0ayuioB (CpemHss
YCTOHYHBOCTB) — CpeHEe MopaxeHune 7 0aIoB (BBICOKAsl YCTOMUMBOCTh — ClIa00€ OpPaKeHUE;
9 6amnoB (04EeHH BHICOKASI YCTOMYMBOCTH) — OTCYTCTBHE CHMITOMOB. OOpasibl ¢ oleHkoi 7-9
0amioB cumtanu BeICOKOycTOWuMBEIME (R), 5 GamnoB — cpenusis ycroituuBeiMu (MR), 1—3
6asia BOCIpUUMYMBBIMH (S).

JIHK Bbraensnu u3 auctbeB 1o crangaptaomy CTAB nporokoity, Hamn4ue TpaHCIOKauui
IRS.1BL u 1RS.1AL BeisiBisumu [P ¢ ucnons3oBanuem crenuduyaHbix mpaiimepo SCM9 [3].
JList IpoBeIcHUs. MOJIEKYJIIPHOT'O aHAJIN3a B KA4€CTBE KOHTPOJIEH UCII0JIB30BAIMCH COPTA MATKOU
MIIEHUIbI C paHee U3BECTHBIMU TpaHciokanusaMu: KaBkas (Hamuume 1RS.1BL Tpancnokamun),
[ToGena 75 (manmumume 1RS.1ALtpancrnokamum), Chinese Spring (OTCyTCTBHE TpPaHCIOKAIHA
IRS.1BL/1RS.1AL).

B pesyneraTte mnpoenénnoro Hamu [Il[P-amanu3a Tpancnokanus 1RS.IBL Obuia
oOHapyXeHa y TSATH 00pa3lioB SPOBOM MSTKOW MINEHUIIBI, Toraa Kak TpaHciokamus 1RS.1AL
BBISIBJIEHA JIMILB Y OJHOTO copTa. Y TpéX 00pas3IoB yCTAaHOBJIEHA OMOTHIIHOCTH MO HATUYUIO
Tpa”ciaokanuu 1RS.1BL.

B xone moneBbIX MCHBITAaHUK OblIa IPOBE/IEHA OIIEHKAa YCTOWYMBOCTH OOpa3LlOB SPOBOM
MSTKOH MIIICHUIIB K OCHOBHBIM TPUOHBIM 3a001eBaHusIM — Oypoii pxkaBunne (Puccinia triticina),
ctebneBoil pxxkaBuuHe (Puccinia graminis) u MydHUCTOU poce (Blumeria graminis). AHanu3
YCTOMYUBOCTH MPOBOJMICS B TeueHUe TpEX jetr (2022-2024 rr.), 32 UCKIIOYEHUEM CTEOJIeBOM
PPKaBYMHBI, CHIIBHBIN SMUPUTOTHIHBINA (HOH KOoTOpol ObuT 3adukcupoBaH Tobko B 2024 rony.
Cpennue 6amibl yCTOHUMBOCTU K Oypoii p)KaBUMHE 32 TPU T0/a MOKa3ajiH, YTO COpTa U JIMHUH,
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obmagaromue TpaHcnokauued 1RS.1BL, nmpomemMoHCTpHpoBanu BBICOKYIO YCTOHYHMBOCTH (B
cpeaneM 8,0 6amioB, R), 3HaUMTEIHHO MPEBBIIAIONTYIO TOKA3aTeIN 00pa3oB 0e3 TpaHCIOKauu
(5,0 6anmos, MR). Y 6uoTHIHBIX 00pa3IoB, TeTeporeHHbIX no Tpancaokanuu 1RS.1BL, ypoBeHb
YCTOMYMBOCTH OBLI TOXKE BBICOKHH (B cpeanem 7,0 6amia), 4to moaTBepkaaeT 3pPpeKTUBHOCTD
TpaHciokaiuu Takxke. Copt ¢ Tpancnokamuei 1RS.1AL mokazam ycroiumBocTh K Oypoii
p’KaBYMHE Ha YpOBHE 7,5 0ajuia, 4TO CBUACTEILCTBYET O 3AIIUTE MPU BHICOKOM MH(EKIMOHHOM
¢one B roas! anupuToTH. OIeHKa YyCTOWYHBOCTH K CTE0JIeBOI pikaBurHE B ycnoBusix 2024 roxa
BBISIBIJIA BHICOKYIO 3(h(pekTuBHOCTD TpaHciaokanuu 1RS. 1BL. VY Bcex matu 006pa3iioB ¢ HaTMYUEM
TPaHCJIOKAIlMN YCTOHYMBOCTh Obl1a Ha ypoBHE 8—9 GaimioB (R), B To Bpemsi Kak OOJBIIMHCTBO
00pa3uoB 6e3 TpaHCIOKAIlMN BapbUPOBAIH B Ipeenax 3—5 6amnos. [To MyuHucTO# poce cpeanue
0aJuTbl 32 TPU TOAA TAKXKE MOATBEPHKIAIOT MPEUMYIIECTBO 00pa3noB ¢ TpaHcnokanued 1RS.1BL
(7,0 6annos, R) mo cpaBHeHHIO ¢ 00Opazmamu 6e3 Tpanciaokauu (5,0 6ammos, MR). buotunasie
JUHUMA CHOBA TIOKa3ajM TPOMEXYTOYHYIO YCTOWYMBOCTH (Ha ypoBHe 5-7 OaiioB), 4TO
MOTYEPKUBACT CEJIEKIIMOHHYIO IIEHHOCTh BHYTPUCOPTOBOM MIAaCTUYHOCTH.

Taxum 06pa3oM, JaHHOE HUCCIIEOBAaHUE CBUICTEILCTBYIOT 00 3(pPEKTUBHOCTH MIIEHUYHO-
pxanbix TpaHcnokamuid 1RS.1BL u IRS.1AL B olecrneyeHuH yCTOMYMBOCTH K OCHOBHBIM K
rpuOHBIM OOJIE3HSAM. BHOTHUMHOCTH COPTOB MO HAIWMYMIO U OTCYTCTBUIO MIICHUYHO-PIKAHOM
tpancinokaiun  1RS.1IBL  moxer paccMmatpuBaThCsi Kak —(akTop IS AAalNTUBHOCTH.
BHyTpHucOpTOBOI reHeTHYeCKHii TOIMMOp(U3M, KOTAa B COCTaBE OJHOTO COPTa COCYIIECTBYIOT
o6uotumsl ¢ 1RS 1 6e3 He€, MOBBIIIACT 3KOIOTMYECKYIO ITIACTUYHOCTD IMOMYJISIIIUU U CTOCOOCTBYET
CTaOMIIN3alMN ypOKasi B TOJbl C KOHTPACTHBIMH YCIOBHSMHU YBIQXKHEHHS U TEMIIEPAaTypHOTO
pexuMa, B TOM YHUCIIe TPU MOYBEHHON M BO3AYIIHOM 3acyxe. DTa CTpaTerusl MOAJEp>KUBACT
arpoHoMuyeckre mnpeumyniectBa IRS Takue kak ycToiumBOCTH K OOJIE3HSAM U TOBBILICHHE
CTpeccoycTOMYMBOCTH. Hannume OHWOTUITHOCTH MOXET OBITh MOJE3HBIM B  YCIOBHSX
M3MEHSIOMMXCST (PUTONATOTEHHBIX HArpy30K, oOecredynBas aJalTHUBHOCTb K aOMOTHYECKHM H
OuoTHYECKUM (paKTOpaM B pa3HbIE TO/BI.

duHaHcupoBaHue: liccienoBaHue BBITOJIHEHO 3a CUET CpeacTB [ ocynapCTBEHHOTO
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AITPOBUPOBAHHUE ITPOTOKOJIA

AT'POBAKTEPUAJIBHOM TPAHC®OPMALIUU TOMATOB
ABepbsiHoBa J.B., Hexxnanosa A.B.

Deodepanvroe 2ocyoapcmeennoe yupexcoenue « DedepanvHulii ucciedoeamenbcKkuil
uenmp « DynoamenmaivHvle 0CHO8bl Ouomexnonozuu» Poccuiickoit akademuu nayxy (OHIL]
buomexnonozuu PAH), Mockea, 119071, E-mail:

B HacTosimee Bpems pa3nuuHble OMOTEXHOJIOTHUYECKUE METOABI aKTUBHO MTPUMEHSIOTCS B
CeNeKIUMN pacTeHud. MHTerpamyst HaydHbIX 3HAHUH MO3BOJIIET YCKOPATH MPOLECC CENEKIMU U
NOBBIATH 3(PPEKTUBHOCTH OTOOpPA T€HOTUIIOB — JOHOPOB XO3SHCTBEHHO-IICHHBIX MPU3HAKOB.
bnaromaps 9THUM  HCCIEOBAaHUSAM  €XKETOJHO  BBIPALIMBAIOTCA  MWIIHOHBI  T'€KTapoOB
pa3zHOOOpa3HBIX COPTOB U THOPHUIOB.

buorexHonoruss pacTeHWii BKIIOYaeT JBa  KIIOYEBBIX  HAMpPABICHHUS:  METOJbI
KYJIbTUBUPOBAHMS KJIETOK U TKaHEH (KYJIbTYpBI in Vifro, KOTOPbIE HCIIONB3YIOTCS Ha OTACIBHBIX
JTanax CeJIeKIMU) W METOJbl TeHHOW HWH)KEHepuu (MyTareHe3 M IOJyYeHHE TPAaHCTEHHBIX
pactenuii). OCHOBHOH METOJ TOJIy4€HHUs] TPAHCTCHHBIX pAcCTEHUHl — arpoOakTepHaIbHas
TpaHchopMmalys,  OCHOBaHHas  HA  3apAKCHUM  [OPAHEHHBIX  KJIETOK  PACTEHHSA
mrammoM Agrobacterium tumefaciens (unu A. rhizogenes). B pesynbrate TAHK u3 Ti- unu Ri-
TUIa3MUIBI BCTPAMBAETCSl B SJCPHBIA reHOM pacTeHus. [l mepeHoca HY>KHOTO TéHa B T€HOM
pacTeHus KacceTy KCIIPECCUU LIEIEeBOT0 IreHa KIOHUPYoT B obnacts T/JHK BMecTe ¢ xacceroii
HKCHPECCHH CEJIEKTUBHOTO I'€Ha, YTO MO3BOJISIET OTOMPATh TPAHCTCHHBIE PETCHEPAHTHI.

B mocnegnue roapl HaGMpaeT MOIMYJISPHOCTb HAIMPABICHHOE PENAaKTUPOBAaHHME IeHOMa
pactenmii ¢ momomibio TexHonmorun CRISPR/Cas. DToT MeTon yKe TNOKa3adl yCHENIHBIC
pe3yapTaTbl B CO3JAaHUU COPTOB C IOBBIIIEHHOM YpPOXKAMHOCTBIO U YCTOMYHMBOCTBIO K
ouoTnyeckuM u abuormueckuMm crpeccopam (Li et al, 2022). B wyactHOCTH, cuCTeMa
CRISPR/Cas9 ycnenino npumensiercst Ha KyabTypax cemeiicta [lacinénossie (Solanaceae) (Das
Dangol et al., 2019; Chandrasekaran et al., 2021). CemeiictBo Solanaceae o6nenunsier 6onee 3000
BUJIOB, MHOTHE M3 KOTOPBIX MPOILIM JOMECTHKAalMI0O U ceiekiuioo. Cpenu HUX MUIIEBbIC
KYJIbTYpBI, TAKHE KaK KapTodelb, TomMar, 0akiiaxkaH, nepew 1 Gpusanuc; 1eKopaTuBHbIE PACTCHHS,
BKJIIOYAsh METYHUIO M JypMaH; a Takke QapMaleBTUYeCKHe KyJbTyphbl, TakHe Kak Tabak,
oemnanonna (Atropa), 6enen (Hyoscyamus) v manaparopa (Mandragora).

ToMmaT ucnonbp3yercss B KaueCTBE MOJICIBHOM KyJNbTYphl B HCCICIOBAHUAX Pa3BUTHS U
XpaHEeHHUs IJI0JI0B ¥ OTBETA HA pa3IMYHbIC CTPecCOBbIe (aKTOphl. Pe3ynbTaToM 3KCIIEpUMEHTOB
[0 PEAAKTHPOBAHUIO TeHOMa ToMaTa cTaja (YHKIMOHAJIbHAs XapaKTepUCTHKAa TI'E€HOB
CTPeCCOyCTOMUUBOCTH: K 3acyxe (SIARF4, SIMAPK3, SILOX, SIGST, SIDREB, SIMAPKG6, SINPR 1
u SILBD40), w30witky comu (SILBD40, Slsosi-1, Slsosl-2, SIHyPRPI, HyPRPI), xonony
(SICBF'I), noBeitienHoi Temneparype (BZR1) n oonyuenuto Y @-B (S/IUVRS) (Chandrasekaran et
al., 2021). OnpezneneHsl reHbl yCTOMYMBOCTH TOMaTa K OMOTHYECKHM CTpeccopaM: MpH HH(pEKIun
Pseudomonas spp. (SIJAZ2, SIDMRG6-1), Phytophthora (SIDMRG6-1), Fusarium oxysporum
(Solyc08g075770), Botrytis cinerea (MAPK3, SIMYC2) u Oidium spp. (SIMlo1-SIMlol6, S-gene
PMR4, SlPelo) (Chandrasekaran et al., 2021). IToka3ano, uro CRISPR-HOoKayT MADS-box rena
RIN ipuBOIUT K yBEIHUYEHHUIO Cpoka XpaHneHus mwionoB (Ito et al., 2017; Li et al., 2020), a MADS-
box rena SIAGL6 — X MHAYKIIUH MapTEHOKAPIIUN C COXPAHEHUEM >KU3HECTIOCOOHOCTH MBUIBLIBI
(Klap et al., 2017).
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Tem He MeHee, TOMAT MO-TPEKHEMY CUMTAETCs 60JIee CI0KHBIM /7S TpaHC(POPMAaLIUH, YeEM
TaKue BUIBL, Kak Petunia hybrida v Nicotiana tabacum, n MOXXET IEMOHCTPUPOBATH 3HAUUTEIBHO
BapbUPYIOLIYIOCS YCIEITHOCTh TpaHC(HOPMAIIUHU, YTO MOXKET OBITh CBS3aHO C OCOOCHHOCTSMU
copra, mramma Agrobacterium, BHIOOpa CEIEKTUBHOTO aHTHOMOTHKA.

Takum  oOpa3om, IeNbl0  HCCIENOBaHMS  Oblla  ONTUMH3AIMS  HPOTOKOJA
arpobaxkTepuanbHON TpacHO(GpMauuu Tomarta Solanum lycopersicum.

B kauecTtBe 00BEKTOB HCCIIEI0BAHUS OBLIN B3STHL 5 COPTOB ToMaTa: Aznenuna, OTpaaHbIH,
Jlens, Turtan po30BbIil, Yeppu KpacHbIN. Bee copTa 3HaYUTENBHO OTINYAINUCH APYT OT Apyra Io
(EHOTUMMYECKUM TpU3HAKAM M arpoTeXHUYECKUM TMoKaszarensiM. Yeppu KpacHbIl —
WHJIETEPMUHAHTHBIA, paHHecnenslii. [lmoael kpacHele, Menkue. BocnpuumMyuB K BHPYCY
TabayHON MO3aMKu U (py3apuo3y, CUIBHO BOCIPUUMYHUB K KIIAJ0CIOpHUO3y. TUTaH pO30BBIN —
JNETEPMUHAHTHBIN, cpenHecnensid. [lnoasl po3oBele, KpymnHble. Jlenb — Oe€TEpMUHAHTHBIM,
HU3KOpOCIBIA, cpeaHepanHuil. Ilnoasl kpacHble, cpenHue, BBITAHYTblE. JKapOoCTOHKMIA,
XOJIOOCTOMKUH, YCTOHYMB K BHpYyCy TabayHOW Mo3auku. OTpaiHbIi - JeTepMUHAHTHBIH,
panHecnenslif. [lmox  Okpyruiblif, TIMagkuidl, KpacHbIM. AgennHa - JA€TepMHUHAHTHBIMH,
cpenHecnenbiii. Okpacka HE3PEIOro IUIOAA CBETIIO-3€JIEHas, 3pEJIOro - KpacHas. YCTOMUYHB K
dby3apuosy. XKapocToiikuii, 3aCyX0yCTOWIUBBII.

TomaTsl TpaHchopMHpoOBanu clieAyommM obpazoM. [loaroraBmuBanm 5 M1 KUAKOH
KyIbTypbl A. tumefaciens, BbIpamieHHOW B TedeHne HO4YM Tpu 28 °C U BCTPSAXHBAHUH CO
ckopocThio 200 o6/MuH, nentpudyruposanu mnpu 5000 o6/mun B Teuenue 10 MuUHYT, 0ocagok
pecycrienaupoBamu B 0,5 i skugkoit cpenst A2 (OD600 1,9-2,0). CrebiieBbie MEXIOY3ITHS
(oTpe3ku uMHOM oKoyo 1 cM) Opanu W3 3-HENeNbHBIX CTEPUIIBHBIX PACTEHUH, MOMelanu B
KUKy cpeny A2 (50 mi) ¢ cycneH3uen OakTepuu M OCTaBIISIIM Ha CO-KYJIbTHBALUIO IPH
KOMHaTHOM Temnepatype. Yepes 20 MUHYT HHPULIMPOBAHHBIC MEXI0Y3IHS ClIeTKa MOACYIINBAIH
Ha CBEXEH CTepUIbHON (HIBTPOBAIbHONW OyMare M MOMEINaI Ha Cpeay A HHIYKIMU KaJuryca
u nocnenyomei perenepamnuu (CIM: A2 ¢ no6asnenuem 1 mr/n 6-06enzunamuHonypuna, 1 mr/n
3eatuHa U 0,02 mr/n 1-HaTHIYyKCYCHOW KUCIIOTHI) ¢ noGaBieHueM 250 1/n kapOCHUIIMIIIHMHA
(pempeccop pocta Agrobacterium). OKCIJIaHTHI mepeceBanu Kaxable 7—10 mHEl, ucmons3ys
cBexyto cpery CIM nans nojgaepkaHusl CENEKLIUOHHOTO JABICHUS W KYyJIbTUBUpPOBAJIN B
BEreTAIIMOHHOW KaMmepe Mpu Iukie 16 yacoB cBeta/§ 4acoB TeMHOTHI Ipu Temmeparype 21°C.

Hcnonp30BaHuEe TAHHOTO IPOTOKOJNA TPaHC(OPMALUU IOKA3al0 BBICOKHHA YPOBEHB
pereHepanyu u TpaHCPOpPMALIUH TSl BCEX 5 cOpTOB ToMaTa. Takum 0O6pa3oM, MOITydeHHbIE HAMH
JaHHBIE IEPCIIEKTUBHBI JUIS KCTIOJIb30BAaHMsI B OMOTEXHOJIOTUU U CENIEKIIUHN arpOKYJIBTYP C LENbIO
YIIy4ILIEHUs KayecTBa ypoxKasl.
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MULTI-OMICS ANALYSIS REVEALS THE ACTION
OF MTCLE35 GENE — NITRATE-REGULATED INHIBITOR OF

SYMBIOSIS
Petrenko V. A., Rubtsova D. N., Berdigan R. D., Lebedeva M. L., Lutova L. A.

Saint Petersburg State University (SPbU), Saint Petersburg 199034, Russia,
e-mail: st106188@student.spbu.ru

Legume plants have evolved a unique adaptation to nitrogen deficiency: symbiosis with
nitrogen-fixing Rhizobium bacteria. This mutually beneficial relationship involves the bacteria
converting atmospheric nitrogen into absorbable ammonia. In return, the host plant provides
carbohydrates and a protected niche within specialized root organs called nodules.As both nodule
development and nitrogen fixation are energy-intensive processes, legumes strictly control the
number of nodules they form. A key mechanism that prevents excessive nodulation is the
Autoregulation of Nodulation (AON) system, a subject of active ongoing research[1].

In the AON pathway, regulatory peptides of the CLE family function as essential mobile
signals. These peptides are synthesized in the roots upon rhizobial infection and transported to the
shoot via the xylem. Their gene expression is induced early in nodule development, and their
overexpression potently suppresses nodule formation.

According to the scientific data, 52 genes encoding CLE peptides have been identified in
the genome of the model legume Medicago truncatula. Of these, only two -
MtCLEI2 and MtCLE13 — have been shown to have their expression activated in response to
rhizobial inoculation. The implementation of the autoregulation of nodulation (AON) signaling
pathway depends on the interaction of these peptides with the SUNN receptor kinase, which is
localized in the plant shoot[2].

Our laboratory has identified a novel peptide, MtCLE35, which acts as a negative regulator
of symbiotic nodule development. MtCLE35 overexpression was found to suppress nodulation. Its
expression is induced by both rhizobial inoculation and nitrate treatment.To determine the
mechanism of suppression, a comparative transcriptomic analysis was performed[3].We compared
transgenic roots overexpressing MtCLE35 to GUS-overexpressing control roots at 11 days post-
inoculation with rhizobia. The analysis demonstrated that MtCLE35 overexpression results in the
complete inhibition of nodule formation and the significant downregulation of 1,122 genes
involved in symbiosis.

Interestingly, transcriptomic analysis revealed that the overexpression of MtCLE35 also
led to the upregulation of other genes. Gene Ontology (GO) enrichment analysis indicated that
these differentially expressed genes (DEGs) were significantly associated with terms such as
"oxidoreductase activity," " antioxidant activity," "heme binding," and
"tetrapyrrole binding."

non

peroxidase activity,
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A comparison of DEGs upregulated in control (p35S::GUS) and CLE35-overexpressing
roots identified eight genes, including chitinases and chalcone O-methyltransferase 1 (CAOMTI),
involved in flavonoid biosynthesis.qPCR analysis confirmed that expression of the Chit
2G and Chit 8G chitinase genes was significantly elevated in MtCLE35-overexpressing plants
compared to the R-108 control, indicating their regulation by the MtCLE35 peptide. Chitinases are
hydrolases that cleave chitin—a key component of fungal cell walls and arthropod cuticles—into
N-acetylglucosamine oligosaccharides, serving as a well-established defense mechanism against
pathogens and insects. Notably, rhizobial Nod factors, being lipochitooligosaccharides, are also
potential substrates for these enzymes.

Furthermore, MtCLE35 affected flavonoid biosynthesis genes, which are crucial for
nodulation. The ChOMT1 gene, induced by rhizobia in both control and M¢tCLE35-overexpressing
roots, showed significantly higher expression in the latter upon qPCR. This suggests
that ChOMT 1 upregulation may be part of a CLE35-mediated defense response.

According to MACE-Seq and subsequent qPCR analysis of
transgenic p35S:MtCLE35 roots inoculated with rhizobia, genes associated with reactive oxygen
species production and the antioxidant system were induced in the inoculated roots
overexpressing MtCLE35. These included thioredoxin H2 (7TRX), peroxidase 100, and a gene
encoding ascorbate oxidase (4CO). Multiple genes encoding cysteine-rich peptides, which are too
activated in rhizobia-inoculated roots overexpressing MtCLE35, may be involved in redox
homeostasis alongside thioredoxins and peroxidases. This is due to the susceptibility of the
mercapto (-SH) groups of Cys residues to oxidation. Moreover, since groups of Cys-rich peptides
have been reported to possess antimicrobial activity and induce plant defense responses, it could
be predicted that these cysteine-rich peptide-encoding genes are part of defense mechanisms[4].

Under controlled phytotron conditions, the MtCLE35-oe line exhibited reddening of shoots
and leaf petioles, likely due to anthocyanin accumulation. Biochemical analysis confirmed a
statistically significant increase in the total content of flavonoids and anthocyanins in both roots
and shoots of the MtCLE35-oe line compared to the R108 control line.Metabolomic profiling
further revealed that MtCLE35-oe plants had increased amount of phenolic compounds,
glycosides, and free saturated fatty acids. Conversely, the content of nitrogen-containing
compounds was significantly lower in the shoots and roots of the MtCLE35-oe line.

Therefore, our multi-omics analysis reveals that that the inhibition of nodule development
caused by MtCLE35 overexpression is linked to the activation of defense processes.
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HOJABJEHUE XUTUHCHUHTA3 ®UTONMATOI'EHHBIX I'PUBOB POJIA
FUSARIUM C TIOMOIIBIO xuPHK

Pexuna A. E. !, Illunraaues A. C.!

1- ®I'BHY «BcepoccuiicKuil HAQyYHO-UCC1e006AMENbCKUIL UHCIMUMYM Ce1bCKOX03AUCMECHHOTL
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duronaroreHHbIe IPUOBI MPEJCTABIAIOT cO00i 01HY M3 Hanbojee Cephe3HBIX YIrpo3 A
r7100aIbHOTO CEIBCKOr0 X03sicTBa. COIIaCHO HCCIEOBAaHUSAM, €XKETOJHBIE MOTEPH YpoXKas
OCHOBHBIX CEIbCKOXO3IMCTBEHHBIX KYJIBTYp H3-3a Oosie3Helt pactenui nocruraiot 30%, 1o 65%
TUX TOTEPh CBs3aHbl ¢ TpuOKoBbIMH HHpekmmsMu [1, 2]. Cpenu Hambojee ONMACHBIX
BO30yaMTENeH BBIACIAIOTCS TpHOBI poma Fusarium, BbI3bIBatolre (y3apuo3HOE YBsJAHHE,
KOpHEBBbIC M IUIOJIOBBIE THUJIM, a TAK)KE MPHUBOISIIME K HAKOIUIGHUIO B MPOIYKTaX MUTAHUS
OTTACHBIX IS 3IOPOBBS JTIOJICH M )KHUBOTHBIX MUKOTOKCHHOB [3]. Oco0ast yrpo3a JaHHOTO MMaToreHa
CBSI3aHA C €0 CIIOCOOHOCTHIO MOPAXKATh MIUPOKUI CIIEKTP PaCTEHUI-X035€B.

B nocnennee Bpemst oco6oe BHUMaHUE yeisieTcsi pa3paboTKe METOAOB 3aIUThI PACTCHUN
Ha ocHoBe PHK-unTepdepeHmmu. ITOT MOAXOA OCHOBAH HA WHCIIOJB30BAHUHM MOJIEKYII
neynenodeuynbix PHK (nuPHK) s uenenampaBieHHOro MOAABICHHS HKCIPECCUU TE€HOB
nmaTtoreHoB. B oTnmume ot TpaaunuoHHBIX ¢GyHrUnuao, NuUPHK He BBI3BIBalOT pa3BuUTHS
PE3UCTEHTHOCTH Y IIEJIEBBIX OPTaHU3MOB H IEMOHCTPUPYIOT BBICOKUH MPO(UITH 6€30MacHOCTH AJIst
pacteHuid U uenoBeka [4]. BaxueiM mexanuzmoM 3ammtHOro nevicteus AUPHK siBnsercs
MO/IaBJIEHUE CIIOCOOHOCTH TPUOOB K MPOHUKHOBEHHIO B PACTUTENILHBIC TKAHH Yepe3 YCThHIIA, YTO
OrpaHUWYMBAET PACHpPOCTpaHEHUE MATOT€HAa B PAaCTEHUM-XO03siuHE. Ha MHpOBOM pBIHKE YxkKe
MpeIcTaBICHbBl KoMMepueckue mpemapaTtsl Ha ocHoBe ANPHK, Takme kak Calantha mns 3amuTs
pacTeHMii OT KOJIOPaACKOro xyka [5].

Ilouck u BBIOOpP TapreTHHIX T'€HOB CTANM KJIIOUYEBBIMM 3aJjauaMH Ha 3Tame CO3JaHus
npenaparoB MuPHK. Tak, nna npumenenuss PHK-untepdepenun TpedyroTcst reHbl-MHIICHH,
CHIDKEHHME IKCIPECCHHM KOTOPBIX OYIeT JOCTOBEPHO CHMXKATh BUPYJIEHTHOCTh M arpecCUBHYIO
IMaTOreHHOCTh Fusarium. Bo3aelcTBHE Ha 3JIEMEHTHI KJIECTOYHON CTEHKM, CTOJb BaXKHOH B
Pa3BUTUU U PACIPOCTPAHEHUU IATOICHOB, SIBJISIETCS OJHUM U3 IEPCIEKTUBHBIX HAIPABICHUN
pa3BuTHsi. TakuMm o0pa3oM, KaHAMJATaMU-MHUIICHIMU Ui co3fganus TUPHK mMoryT ObITh TeHBI
XUTHUHCUHTA3, yYaCTBYIOIIUX B CUHTE3€ XUTHHA.

B nannom uccnenoBanuu BeIOpaHbl reHbl XuTuHCUHTA3 — CHS3b, CHSD n CHS5-MT,
Koaupytouie OenkH, KOTopble O00eCHeuMBalOT KJIIOYEBbIE  AacMeKThl  BHPYJICHTHOCTU
¢uTOnaToreHHsIx rpudboB, MopdoreHes, TMHAMUYECKOE PEMOJCIUPOBAHUE KIETOUYHOW CTEHKH,
HaNpaBJICHHBIA CHHTE3 XUTUHA U 3aIIUTy OT aHTUMUKPOOHBIX COCTUHEHUN pacTeHUA-X035UHa [6,

7]

[Ipenmerom wucclnenOBaHUS BBICTYNUI ImTaMM Fusarium verticillioides W3 KOJIEKIHH
¢uTonaToreHHbIX TpHOOB poaa Fusarium, aCCOIMUPOBAHHBIX C MSATHUCTOCTHIO JINCTHEB, KOTOPAs
Obuta chopMHpOBaHA Ha OCHOBE H30JIATOB, COOpaHHBIX B IOKHBIX pernoHax Poccum [8].
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PacTuTenbHbBIM OOBEKTOM HCCIEIOBAaHUS CIHyXHI mepen oBomHou Capsicum annuum L..
Kounnexnust maTOreHHbIX ITaMMOB M ceMeHa mepia Obumn mpenoctasiensl “@I'BHY OHIIO”
(Poccus, BHUMCCOK).

[Iponecce 3apakeHus TUCTHEB Nepla Mpoxoaui B 2 stana: o0padotka pacrenuiit nuPHK u
NEpEeHECeHNEe KOHUIUN M MUIIENUS MaToreHa Ha a0akCHaJbHBIE CTOPHBI JHcTa. AOaKkCcHallbHBIC
CTOPOHBI JIUCTHEB )KUBOTO pacTeHHs ObLIM ompbickanbl pactBopoM AUPHK (xontpons, CHS3b,
CHSD u CHS5-MT) B xonnuecTBe 2 MKT Ha 1 muct. Yepe3 16 yacoB abakcuaiabHas CTOPOHA JIUCTA
Obula mojaBep)KeHa 3apaxeHuto F. verticillioides myTeM ONpPBICKUBAHMUSA CYCHEH3HEH KOHMT
koHueHTparmu 10° xoHumuit/mMii. Ha NpOTSOKEHHM SKCIIEpMMEHTa PACTEHMs HAXOJWINCH B
YCIIOBUSIX TMOBBIMIEHHOW BiIaxXHOCTH (90-95%) nns cozmaHus JydlmMX YCIOBHM pa3BUTHS
natorena. Yepes 48 gacoB nocie 3apaxeHus: ObUT MPOBEACH MUKPOCKOITMYECKUI aHAIN3 JTUCTHEB
C HCIIOJIb30BaHHEM ()ITYyOPECIEHTHOTO KpacHUTels aKpHIAWHOBOrO opaHxkeBoro [9]. Jluctes
¢ukcupoBanu 20 MHH B pacTBOpe KpacHTENs, IOCIE YEro MHUKPOCKOMHS IMPOBOIMIACH C
MCTIOJIb30BaHUEM KOH(OKAIBHOTO MUKpOcKona (¢punbTp mmpokonoiocHsid R Ex 620-650, DM
660, Em 670-750).

Ilo pesynaprataM MHUKPOCKONHMM OBUIO IMOJCYMTAHO KOJUYECTBO HEKPOTH3MPOBAHHBIX
YCTBHUIl y KaXKIA0TO U3 BApUAHTOB 00paOOTKU B 3 TEXHUYECKHX IOBTOPHOCTSIX. Y CTAaHOBIICHO, YTO
y obpasuoB, oOpaborannsix AuPHK, cpenHee mo 3  MOBTOPHOCTAM  KOJIUYECTBO
HEKPOTH3UPOBAHHBIX YCTHHUI[ OBLJIO CHIXKEHO B 2,7-5,4 pa3a B 3aBHCHUMOCTH OT BapuaHTa
obpabotku. Taxke ObLIO ompeaeneHo, uTto oOpaboTka nuctheB AUPHK-koHCTpykmmsmu Ha
ocHoBe CHSD moka3ana HauOoJbIlee CHUKEHNE HEKPOTU3UPOBAHHBIX YCTHUI[ 10 CPAaBHEHHUIO C
KOHTPOJIbHBIMH JIUCTBSIMHU.

UccnenoBanne norenuuana PHK-unTepdepeHiun ans KOHTPOJS MAaTOr€HOB PACTCHHUN
ABIISICTCS BAXKHOM 3amayeil uis obecreueHus] YCTOWYMBOCTH CEJIBbCKOTO XO3sHCTBa. B nmaHHOIM
paboTe npeacTaBIeHbI Pe3yIbTaThl UCIOIb30BaHus nBYy1enoueyHbix PHK 11t monaBieHus reHos
XUTUHCUHTA3 y TpuboB pona Fusarium, BIWSHUE TIOAABICHUS TapreTHbIX TE€HOB Ha
BUPYJIEHTHOCTH NaTOreHa Obu10 orieHeHo in vivo (Capsicum annuum L.).
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MNOJYUYEHUE PEKOMBUHAHTHBIX BUPYCOB A®PUKAHCKOM
YyMbI CBUHEHN C PEIOPTEPHBIM 'EHOM GFP JIJ151

XAPAKTEPUCTHUKHU BUPYCHBIX ITPOMOTOPOB
Pynakosa C.B., Cyxep M.M., Koasnos A.1O., Koasnosa I'.C.

DI'BHY «®eodepanbhulil uccie008amenbCKuil YeHmp UPYCconoZul U MUKPOOUOI02UU)
(OPI'BHY ®HI]BuM), ya. Akaoemuxa bakynoaa, .....cmp. 1, nem. Bonveunckuii,
Baaoumupckasn oon., Poccusa, 601125; E-mail: sofiia.rudakova@mail.ru

Adpukanckas yyma cBuHeil (AUYC) — 3To KOHTarno3Hasi O0JIe3Hb TOMAIIHUX CBHUHEU U
Ka0aHOB C BBICOKOM JIETAIbHOCTBIO, XapaKTEPHU3YETCsl JINXOPATKOH, OOIIMPHBIMU T€MOPPATHSIMH
U IIMaHO30M KOXXH, TSDKEIBIMU MOPaKEHUSIMH BHYTPEHHUX OpraHoB. Bo3Oyautenem Gose3nu —
CIMHCTBEHHBIM TpeICTaBUTENb CeMelcTBa Asfaviridae w pona Asfavirus KpymHBINA
nurorazMarudeckuil JIHK-conepskamumii BUpyc co ClI0KHOOpPraHM30BaHHBIM reHOMOM. Pa3mep
Bupyca Bapsupyet ot 170 1o 193 um. Bupyc permuipyercst B nutorniazmMme Makpodaros.

Okcnpeccust reHoB Bupyca AUC npoucxoauT B yHOpsiI0YEHHOM MOCIeA0BaTEIbHOCTH 10
TUIy KackajgHoro mexanusma. Ilepen pemnukanumein JIHK 3amyckarorcst npen-pannue MPHK,
KOTOpBIE, B CBOK ouepenp, 3amyckatoT paHHue MPHK. Ilocne nauvana perumkanum JIHK
HA4YMHAETCS YK€ TPAHCKPUILMS CPEIHUX I'€HOB, a TPAHCKPUILHSA MO3JHUX FEHOB JOCTUIAET
MaKCUMaJIbHBIX ypOBHeH depe3 12-16 yacoB mocie MH()EKIMH M MEJIEHHO YMEHBIIACTCS 10
KOHIIA IMKJIA 3apa)KE€HMsI, KOTOPBIM 3aHMMAET 0KO0JIO 18 yacos.

Ha ocHoBanum pesynbraToB OmouH(popMaTHyecKoro aHaiauza reHoma Bupyca AUC u
PHK-cexBeHMpOBaHUs €r0 TPAHCKPUIITOMBI OBUIO MPEICKa3aHO, KAKUE T'eHBI SBIISIOTCS PAHHUMH,
a Kakue no3nHUMH. Heckonmpko wuccienoBaHWi OBUIM TMOCBSIIEHBI H3YyUYEHHIO BHUPYCHBIX
IIPOMOTOPOB, OJAHAKO 3TH MCCIEA0BAHNS OTPAaHUYNUBAIUCH TOJIBKO HEKOTOPHIMU IIPOMOTOPAMH, B
OCHOBHOM JIOCTaTOYHO XOPOIIO OXapaKTEepPU30BaHHBIX I'eHOB. PaHee HaMu OBUIM TPOBENCHBI
HCCIIEIOBaHMS 110 XapaKTEPUCTUKE BPEMEHH BKIIIOUEHUS M CHIIBI 15 MPOMOTOPOB I'E€HOB BHpYyca
AUC (4137R, E184L, D205R, 1267L, CP2475L, B646L, D117L, S273R, D1133L, MGF360-15R,
Al79L, 1226R, DPI146L, BI25R, SI83L) c WCHOJb30BaHUEM T'E€HETUYECKUX KOHCTPYKLHUM,
conepkamux red GFP nox KoHTposieM BUPYCHOTO IPOMOTOpPA KaXKAO0ro TeHa. AHaJIu3 BPEMEHU
BKJIIOYECHHUSI TIPOMOTOPOB MPOBOMIN METOIOM (hIIyOpPECEHTHONH MHUKPOCKONHUEH Ha OCHOBAaHUH
nerexkunu GFP B kitetkax COS-1 nocne tpancdexunn ux nonyueHuasivu JJHK-koHCTpyKIIMSAMU 1
uHdpexn Bupycom AUYC. AHanu3 Cuiibl TPOMOTOPOB MPOBOIMIIN METOJIOM CIIEKTPO(HOTOMETPHH
Ha ocHoBanuu nerekiuu GFP B kmetkax COS-1 mocne TpaHcekuuu UX MOTYyYSHHBIMH
wiasMugamu 1 uHpexkuuu  Bupycom AYC. bBbuto  mpoaeMOHCTpUpOBAHO, UYTO  BCE
OXapaKTEpU30BaHHbIE IIPOMOTOPHI OTHOCATCS K Pa3HbIM 110 BPEMEHU BKJIIOUEHHUS IIPOMOTOpPaM
renoB Bupyca AUC. Kpome Toro, Ham yJanoch UASHTU(UIUPOBATh 4 TpoMoTopa reHoB A3 7R,
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E184L, D205R, CP2475L, xOoTOpble OKa3aJIUCh CWJIbHEE M3YYEHHOTO paHee MpOMOTOpa I'eHa
B646L (p72). C uenbio MOATBEPKACHUS PE3yIbTaTOB, HA CIEAYIOLIEM dTare padoT MbI PEIIIIN
MOJYYUTh PEKOMOMHAHTHBIE BHPYChl M TIPOBECTH aHAJINW3 IMPOMOTOPOB IIPU BHPYCHOM
PEIUIMKALNH.

B cBs13u ¢ 3TUM, 11€7BI0 JAaHHOM pabOTHI OBLIO MOTyYeHHE PEKOMOMHAHTHBIX BUpYycoB AUC
¢ pennoprepHbiM reHoM GFP noz koHTposem npomotopoB reHoB D205R, A137R, 1267L n E184L.

JU1s BBITOJTHEHUS TAHHOM LIeIM HaMM OBUTH TIOCTAaBIJICHBI CIEIYIONINE 3aJauu:

1. Ilony4uTh reHETHYECKHE KOHCTPYKIUH I CO3JaHUA PEKOMOWHAHTHBIX IITAMMOB
Bupyca AYC myTéM roMoJI0ruyHON peKOMOUHAIIHH.

2. Ilonyunuts pexoMOuHaHTHBIE ITaMMbI BUpyca AUC ¢ penoptepHbiM reHoM GFP mon
KOHTPOJIEM ITPOMOTOPOB BHIOPAHHBIX T'€HOB.

3. IlpoBecTu mepBUYHYIO XapaKTEPUCTUKY BPEMEHHU BKIIIOUEHHUS U CHUJIBI IIPOMOTOPOB
BbIOpPAHHBIX T'€HOB C MCIIOJIb30BAaHHEM MOJTYYECHHBIX pEeKOMOMHAHTHBIX BUPYCOB.

Hawmu 6butn BeIOpans! mpomotopsl TeHoB D205L, AI137R, 1267L n E184L, xak Haubonee
cuibHBIC. 1711 TOro YTOOBI MCKITIOYHUTH BIMSHUE 00JacTH reHOMa Ha CUJIIY M BpeMsl BKIIOUCHUS
IpoMOTOpa, A7 BceX 4 peKOMOMHAHTHBIX BUPYcOB reH GFP ¢ cOOTBETCTBYIOMIUM MTPOMOTOPOM
Obul BKIIOYEH B MpaBylo BapuabenbHyto yacTh reHoma Bupyca AUYC mramma KK262.
[TpeumymectBom mramma KK262 sBusercs ero »(QQexTHBHAs pEIUIMKAIUs HE TOJBKO B
MIEPBUYHBIX KYJIbTYpax KJIETOK, HO U B IEPEBUBAEMBIX JIMHUAX KIIETOK, Hanpumep, COS-1.

Hawmu 6putn onmy4eHs! 4 reHeTH4ecKre KOHCTPYKIMU («PEeKOMOMHAIIMOHHBIE KACCEThI»),
koTopele coxaepxkanmu TreH GFP ¢ cooTBeTcTByrOIMM INPOMOTOPOM, a TaKXKe «IUIeUn
pexom6OuHanmm» (Larm, Rarm). Hykneotuanas nmocinenoBaTeIbHOCTb HOTYUYSHHBIX KOHCTPYKIHHA
Obu1a Bepu(UIIMpOBaHa CEKBEHUPOBAaHUEM 110 MeToty CaHrepa.

Mpbl UCTIONB30BaIM CKOHCTPYHUpPOBaHHbIE pekoMOMHanmoHHble KacceTbl pUnk GFP (c
npoMotopoM rena E184L), pI267L_GFP (c npomoropom rena 1267L), p11.5 GFP (c npomoropom
reda A/37R) u pD205R_GFP (c nmpomoTtopom rena D205R) s moidydeHUs: peKOMOMHAHTHBIX
IITAaMMOB BHpYycCa a(pUKaHCKOM YyMbl CBHHEH METOJOM TOMOJIOTMYHOM pexoMOuHauuu. J[ns
sroro kinetku COS-1 wunduuupoBamu Bupycom AUC mramm Congo-a (KK262) ¢
MHOXECTBEHHOCTHIO 3apakeHus | MOI. MuduunpoBanHble KJIeTKH HHKYOHpoBanu 2 yaca B CO2-
uHKyOaTope mpu 37°C, mociie 4ero KIETKH NMPOMBIBAIM M NPOBOAMIN TPAHC(HEKLHUIO KIETOK
COOTBETCTBYIOIIEH PEKOMOWHAIIMOHHOM KacCeToH.

Cenexumio peKOMOMHAHTHBIX KJIOHOB BHpyca AUC oCymIecTBIsIIM METOAOM MpeIeIbHbIX
pa3BelleHUIl BUPYCOCOJEPKAIEN KyJIbTYpaJbHOM JKUAKOCTH Ha KyibTypax kietok COS-1 u
NEPBUYHON KyJIbType KIETOK MakpodaroB cBUHEW. B pesynbrate 7 payHIOB NpeAeibHBIX
pa3BeieHui ObUIM MOJy4YeHbl peKOMOMHAHTHbIE mTaMMbl BUpyca AUC ¢ penopTepHBIM T'€HOM
GFP nox xonTponem npomotopoB renoB D205R, A137R, 1267L w E184L. [lepBuuHO€ HAKOILJIEHUE
BHUPYCHOT'O MaTepurasa MpOBOAMIIHN Ha KyJIbType KJIETOK Makpodaros cBUHEN. [lanee moayyeHHbIH
MaTepHal ObUT UCTIOJIb30BaH Ul UH(PEKUUHU KyJIbTypbl kKileTok COS-1 11 noiyyeHus BUPYCHBIX
CTOKOB.

Jis  OIEHKM BpeMeHW BKIOUeHHs mnpomoropoB kietkn COS-1 wunHpuuupoBanu
MOJTyYCHHBIMH paHee peKOMOWHAHTHBIMHU BUPYCaMH U MPOBOJMIN (OTO(PHUKCALUIO BCEX MOJEH
JYHOK KaXKIpli yac B TeueHue 24 yacoB c ucnoib3oBaHueM cucteMbl « CELENA X». [lanee
npoBoAwan noAcu€r BpemeHHM pasropanust GFP. Ananu3 BpeMeHu pasropanus 3€J1EHOTIO
¢yopecueHTHOro Oelika TOKa3aj, 4TO BbIOpaHHbIE HaMH 4 TPOMOTOpa TI'EHOB BHpYca
appUKaHCKOM YyMbl CBHHEH SBIAIOTCS paHHUMU TNpoMoTopamu. [loiyueHHBIE OaHHbBIE C
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MCTIOJIb30BAHUEM PEKOMOWHAHTHBIX BUPYCOB COTJIACOBBIBATIMCH C JAHHBIMH, ITOJTyYCHHBIMH paHee
C MCIIOJIb30BAaHUEM F€HETUUECKUX KOHCTPYKIIHIA.

Jns ananuza cuiiel skcnpeccun kinetku COS-1, nHGUIMPOBaHHBIE MONTYYEHHBIMU paHee
PEKOMOMHAHTHBIMU BUpYCaMH, cooupainu yepes 24, 48 u 72 yaca v UCIIOIB30BAIH [T U3MEPEHHS
of1ero KonuuecTsa Oenka U curHana (iayopecieHuuu. B kauecTBe pedepeHTHOTO MPOMOTOpa
HCII0JIb30BaJIM IPOMOTOp T'eHa 4/37R. Pe3ynbTaTsl OKa3auiy, 4To CUa IpoMoTopa reHa £184L
B 5 pa3 BBbILIE 110 CPABHEHUIO C pehepeHTHBIM TPOMOTOPOM, crila mpoMoTopa rena D205R B 1,5
pa3 HUXKE 10 CPaBHEHHIO C pehepeHTHBIM IPOMOTOPOM, a CHjla MPOMOTOpa reHa /267L B 2 pasa
HIDKE TI0 CPAaBHEHHIO € pe(h)epeHTHBIM POMOTOPOM.

Taxum 00pa3zom, B pe3yibTaTe MPOBEACHHBIX pabOT ObLTH MOTY4YEeHBl pEKOMOMHAHTHBIC
Bupycel AUC ¢ penoprepusim renoM GFP non konTposiem npomoropoB renoB D205R, A137R,
1267L n E184L. B xoa€e nnpeaBapUTENIbHBIX 3KCIIEPUMEHTOB MPOJIEMOHCTPUPOBAHO, UTO A/37R 1
E184L sBastorcs Hamboliee CHIBHBIMH. XOTS M3y4deHHE mpoMoTopoB Bupyca AUC cBs3aHO C
HEOO0XOIUMOCTBIO MOHUMAHUsI OMOJIOTUU BUPYCOB, XapaKTEpUCTHKa MPOMOTOpoB Bupyca AUC
MO3BOJIMT TOJIy4aTh PEKOMOMHAHTHBIE BUPYCHI C PAa3HBIM YPOBHEM U BPEMEHEM HKCIPECCHH
MHTEPECYIOIINX I'€HOB, YTO aKTyaJbHO JUIsl CO3/IaHUS KHUBBIX PEKOMOMHAHTHBIX BAaKIMH MPOTUB
AUC.

HUCCJIEJOBAHUE MPOJAYKTOB I'TYBOKOM NIEPEPABOTKH 3EPHA
O3UMOM TPUTUKAJIE

Cemenona A.B."2, Anukaesa JI.B.2, CoioBbeB A.A.!3

1 - ®I'BHY «Bcepoccuiickuit HayYHO-UCC1€008amMenbCKUl UHCHUNLYM
cenvckoxosaiicmeennoil ouomexnonozuuy (PI'bHY BHUHUCE), Mockea 127550;
E-mail: iab@iab.ac.ru
2 — Beepoccuiickuit HAYUHO-UCC1€008aAMENbCKUI UHCIUMYM KPAXMANaA U nepepadomiu
Kpaxmancooeprcauieo coipva—puauan PI'bHY «Dedepanvhulil ucciedosamensCKuil yeHmp
kapmogenn umenu A.I. Jlopxa» (BHUUK—@punuan ®I'bHY « QUL kapmogena umenu A.T.
Jopxa», Mockoeckas ooa. 140051;

E-mail: yniik@arrisp.ru

3 — Deoepanvroe 2ocyoapcmeentoe 0100xcemuoe yupexrcoenue «Beepoccuiickuii yenmp
kapanmuna pacmenuiny (OI'BY « BHHUKP»), Mockoeckan oon. 140150;
E-mail: yniikr@fsvps.gov.ru

Ha cerogHsmHuil [OeHb TpPUTHUKAJE IPEACTABISCT 3HAYUTEIbHBIM HAay4YHBId U
IIPAKTUYECKUM MHTEpEC B KOHTEKCTE IPHUMEHEHUS B arpolpOMBIIUIEHHOM KOMIUIEKCE. JTO
ruOpuIHast 37aKoBas KyJIbTypa, codyeTaronas B ce0e reHeTHUYeCKUe NMPEHMYIIecTBa MIICHUIbl 1
KU ¥ 00J1a1ato1asi BBICOKMM COJIEPYKaHUEM CBHIPOTO MPOTEMHA M HE3aMEHHMbIX aMHHOKHUCIIOT
[1], yTO nenaer ee NEPCHEKTUBHBIM CHIPbEM JUISI IPOM3BOJCTBA IUIIEBBIX NPOAYKTOB H
KOMOUMKOpPMOB. B cpaBHEHHWH C TIICHUIEH TpUTUKAIE JAEMOHCTPHpPYET Ooyiee BBICOKHE
MoKa3aTean ypOKalHOCTM W OHOMAacChl, YTO OTKpPbIBA€T IIHUPOKUE BO3MOXKHOCTH JUIS
MCTIOJIb30BAaHUS TaHHON KYJIbTYPHl B OMOTEXHOJIIOTHYECKUX Tporeccax [2].

TpuTHKae aBIseTcs IeHHBIM HCTOYHHUKOM KpaxmMaia, KOTOPBIA MOXKET OBITh d3(PPEKTHBHO
UCTOJBb30BaH IS TPOMU3BOJCTBA PA3JIMYHBIX OHMOMOJEKYJT M OHONpPOAYKTOB. BbIcokoe
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COJIep’KaHuE Kpaxmajla B 3€pHE TPUTHUKAJE NPEJOCTaBISAET 3HAYUTEIIbHBIE BO3MOYKHOCTH IS
pa3pabOTKM HOBBIX TEXHOJIOTUH IepepaboTKH, BKIOYas MPOM3BOJICTBO ATUIOBOTO CIHUPTA,
OuopaznaraeMpIX MOJTUMEPOB U APYTHX OUOMPOIYKTOB [3].

Ha nakomnienue kpaxmasna B 3epHE TPUTHKAJIE U CTPOEHHUE rpaHyJl Kpaxmalia OKa3bIBalOT
BIUSHUE TEeHeTW4Yeckue u Ooranmdeckue ¢akropel. ComepkaHue Kpaxmana y THOPUIOB
TPUTHUKAJE MEPBOrO MOKOJCHUS B OOJIBIIMHCTBE CIIy4aeB HACIEAYETCS MPOMEKYTOYHO WIIH IO
Tuny aenpeccuu. [Ipu 3TOM He yCTaHOBIIEH TOCTOBEPHBIN peunpokHbIi 3 dekT [4]. BoisiBiens
paznuuus B aKTMBHOCTH  ()EPMEHTOB, YYACTBYIOIIMX B CHHTE3€ Kpaxmaia, Yy
«TIOJTHOKOMIUIEKTHBIX» M «3aMEIeHHbIX» (opM TeHoTurnoB Tputukaie [5]. OrmeueHo
HETaTUBHOE BIIMSHUE BOJHOTO CTpecca Ha HKCIPECCHIO '€HOB OMOCHHTE3a Kpaxmaja B 3epHE
TPUTHKAJIE, YTO B TO K€ BpEMs IPUBOJUT K YBEJIMUEHHUIO 10JIM aMIIIO3bl B kpaxmane. [Tocneanee
CBS3aHO C YCWJICHHEM JKCIPECCUU T'€HOB IpaHyJIOCBA3aHHOM KpaxmaicuHTasbl [6]. Ha cBoiicTBa
MOJTy4aeMOT0 Kpaxmaja MOXKET OKa3bIBaTh BIUSHHE CIOCOO BBIACIECHUS Kpaxmaja U3 ChIpbS, a
TaKXke Mocyeayromnas oopaboTka Kpaxmaia, HallpaBJIeHHAs HA €r0 OYHCTKY OT MpUMecei. DTo
CBSI3aHO C BO3JCHCTBUEM Ha CTPYKTYPHO-MEXaHMUYECKHE CBOWMCTBA OCJIKOBOM CETKH 3epHa B
npoliecce nepepaboTKy, a TakKe Ha BIMSHHE HEKPAaXMaJIHCTBIX MOJMCAXapy0B Ha U3BJICUCHHE
Kpaxmaja u3 3epHa [1].

B naGoparopHbIx ycioBusix BcepoccHiickoro Hay4HO-HCCIIEOBATENBCKOTO MHCTUTYTA
KpaxMana u mnepepaboTKH KpaxMaJCOAEPIKAIIero ChIpbs HCCIEIOBAaH Mpolecc nepepaboTKu
HOBBIX COPTOB 03uMOl Tputukaie cerekyuu ®I'bBHY « DPAHL]»: Apeyc, Knapnem u Kypaoic 88.
CoprooOpa3ipl TpUTHKAJEe MOJBEPrajuCh MOCIEIOBATEIbHON NepepadoTke Ha Kpaxmal Hu
COMYTCTBYIOIIME TMPOAYKTHI C HCIIOJIB30BAHUEM TEXHOJIOTMHM «3aBoja Ha crosne» [l]. annas
METOJIMKA BKIFOUYAET B ceOs sl dTAanoB, HAUMHas ¢ 3amMayuBaHus 3epHa B 0,25%-HOM pacTBope
MeTaOuCyIb(pHUTa HATPHUSL, YTO IO3BOJISICT MUHUMH3HPOBATH OKHCIUTEIbHBIC IPOLECCH H
COXPAaHWUTh IIEHHbIE KOMIIOHEHTHl 3€pHa. 3aTeM cleAyeT CTaaus MOKpOro I0oMoJIa,
obecnieunBaromas 3(p(HEeKTUBHOE NUCIEPrUpPOBaHUE KpPaXMaIbHBIX 3€peH M HUX OTIENICHHE OT
0enKoBOM (ppakiuy M KIETYATKH. OTa KOMIUIEKCHAs MPOLEAypa MO3BOJSIET ONTHMU3HPOBATH
BBIXOJ LIEJIEBBIX POAYKTOB 1 MUMHUMHU3UPOBATh OTEPH LIEHHBIX KOMIIOHEHTOB 3€pPHA.

YcTaHOBIIEHBI CIEMYIONIME MOKA3aTel MacCOBOW JOJM Kpaxmaya B oOpa3iax 03uMOi
tputukaie (% k CB): Apryc — 67,9%; Knapuet — 67,5%; Kypax 88 — 68,7%.

B pesynbrate T1iy0OKOH mepepabOTKM 3epHAa TPUTHKAJIE IOJyYeHO CleAyloliee
COOTHOIIIEHUE BBIXOJIOB MPOYKTOB mepepaboTku (% a.c.B. 3epHA):

1) Copt Apryc: kpaxman A — 52,76%; 3epHOBOI 3KCTpakT — J5,15%; me3ra — 14,73%;
kpaxman b — 17,00%; npoueccoBast Bona — 10,28%. Ilotepu kpaxmana ¢ Me3rol cOCTaBWIU
1,73%; notepu ¢ kxpaxmanom b — 9,26%.

CootHomienue kpaxman @ oenok (% x CB) B kpaxmane b (0enkoBOM KOHIICHTpaTe)
coctaBuio 54,44 : 32,20.

[TosmydeHHBIN Kpaxmanl A HUMeN CIEAYIOIUE KAaueCTBEHHBIE MOKA3aTeNU: BIaXKHOCTh —
10,25%; maccoBas 1075 3016l — 0, 14%CB; maccoBas noist npotenHa — 0, 28%CB; KUCTOTHOCTb —
6,1 cm® nobasnennoro 0,1 H. pacTBopa ruapokcuaa Hatpus. IlokazaTens OenM3HBI Kpaxmaia
cocraBun 95,9 eo. mpubopa. OOpazern; kpaxmana coaepxan 235,0% avuno3sl u 75%
aMUJIOTIEKTHHA.

2) Copt Knapuer: kpaxman A — 55,03%; 3epHOBOI 3KCTpakT — 5,88%; mesra — 13,89%;
kpaxman b — 14,36%; npoueccoBast Bona — 10,84%. Ilotepu kpaxmana ¢ Me3roil COCTaBWIU
1,11%; notepu ¢ xpaxmanom b — 7,51%.
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CootHomienue kpaxman @ oenok (% x CB) B kpaxmane b (0enkoBOM KOHIICHTpaTe)
cocraBuio 52,31 : 30,90.

[Tomy4yeHHbIH KpaxMan A UMeN CIeAyIOIINe KaueCTBEHHBIC MMOKA3aTeNd: BIAXHOCTh —
12,00%; maccoBas 1075 3016l — 0, 16%CB; maccoBas nois npotenHa — (,30%CB; KUCTOTHOCTb —
6,2 cm’ nobasnennoro 0,1 H. pacTBopa ruapokcuaa Hatpus. IlokazaTens OenM3HBI Kpaxmaia
cocraBun 95,7 eo. mpubopa. OOpazern; kpaxmana coxaepxan 21,5% amunossl u 78,5%
aMHJIOTIEKTHHA.

3) Copt Kypax 88: kpaxman A — 54, 15%; 3epHOBOM 3KCTPaKT — 6,25%; me3ra — 14,08%;
kpaxman b — 14,17%; nponeccoBasd Boga — 11,35%. Ilorepu kpaxmana ¢ Me3roll COCTaBWIU
1,69%; notepu ¢ kpaxmanom b — 8,00%.

CootHomienue kpaxman @ oenok (% x CB) B kpaxmane b (0enkoBoM KOHIICHTpaTe)
coctaBuio 56,42 : 31,30.

[Tony4yeHHbI KpaxMan A UMeN CIEAyIOIINe KaueCTBEHHBIC MMOKA3aTeNd: BIAXHOCTh —
10,80%; maccoBas 1o7s 3016l — 0, 19%CB; maccoBas noist npotenHa — (,45%CB; KUCTOTHOCTD —
8,1 cm® nobasnennoro 0,1 H. pacTBopa I'mApOKCHIa HaTpus. Ilokasarenb OENU3HBI Kpaxmaia
cocraBun 94,2 eo. mpubopa. OOpazern; kpaxmana coxaepxan 27,4% amunodsl u 72,6%
aMHJIOTIEKTHHA.

HccnenoBaHHble COPTOOOpA3Lbl O3UMOM TPUTHKAIE MPOJAEMOHCTPUPOBAIN BBICOKYIO
3¢ PEeKTUBHOCTh B Tpolecce IIyOOKOM mepepadOoTKU: BBIXOJ Kpaxmana BO BcCeX oOpasuax
npesbicui 50% a.c.B. 3epHa, a B copte Knapuer — nocturan 55% a.c.B. 3epHa, Oaronapsi HU3KUM
MOTepsSIM Kpaxmalia ¢ Me3roil. Y CTAaHOBJIEHO BBICOKOE cojiepxaHue Oenka B o0pasmax kpaxmaia b
(cBbimie 30%), 4TO CBUAETEIBCTBYET O €r0 BBHICOKOM NMUTATEIBHON M KOPMOBOM LIEHHOCTH NpU
JanbHEeHIeM UCIOIb30BAHNY B MUIIEBOM MPOMBIIUIEHHOCTH WITH MOJTy4YeHHUH KOMOUKOPMOB.

Boigenennble kpaxmaibl (Kpaxmal A) IpOAEMOHCTPUPOBAIN COOTBETCTBUE BBICOKMM
CTaHJapTaM KauecTBa, YCTAaHOBJIEHHBIM AJis miueHnyHoro kpaxmana (I'OCT 31935-2012). Ilo
OpPTraHOJENTUYECKUM H (U3UKO-XMMHUYECKHM TapamerpaM o0pasllbl KpaxMalloB TpPUTHKAEe
copTtoB Apryc u KiapHeT cOOTBETCTBOBAJIM BBICIIEMY COPTY MIIEHMYHOT'O Kpaxmaja, TorJa Kak
oOpaszery kpaxmana Tputukaige copTa Kypax 88 cooTBeTcTBOBaj MEpBOMY COPTY, 4YTO
o0ycioBiIeHO Oojiee BBICOKOW KOHILIEHTpAIMel NpoTenHOB. Bce wuccriemoBaHHbIE 00pasiibl
KpaxMaJia, oJlydYeHHbIE U3 3epHa 03UMOM TPUTHKAJIE, XapaKTEPHU30BATUCH HU3KOW KUCIIOTHOCTBIO
(menee 10 cm® nobGasnennoro 0,1 H. pacTBOpa rUApOKcHIa HATPHs) U 30JdbHOCTHIO (Menee 0,2%
CYXOro BEIECTBa), a TAaK)Ke BBICOKMMH TMOKazaTelssMu Oenu3Hbl (6onee 94 enuuui npudopa).
MaccoBast 1011 aMHII03bI B 0Opasliax Kpaxmaja TpUTHKalle BapbHpoBajach B mpenenax 21,5—
27,5% cyxoro BEIIECTBA, YTO COOTBETCTBYET YCPEAHEHHBIM 3HAYEHMSIM, XapaKTEPHBIM IS
JAHHOTO TUIIA KpaxmaJa.

OTH pe3ynabTaThl CBUAETEIBCTBYIOT O OOJIBIIOM MOTEHLMANE TPUTHKAJIECBOIO Kpaxmasa
KaK ()yHKIMOHAIBHOTO KOMIIOHEHTA, KOTOPBI MOKET HAMTH PUMEHEHHE B Pa3IMYHBIX MUIIEBBIX
M TPOMBIIICHHBIX  IENAX, YTO TMOATBEPXKIACTCS  €ro  (PU3HKO-XUMHUECKUMH |
OPraHOJENTUYECKIMHU XapaKTePUCTUKAMHU.
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UCCJIEJOBAHUE NPOJYKTOB I'YBOKOH NEPEPABOTKH 3EPHA

03UMOM TPUTUKAJIE
Cemenona A.B."2, Axukaesa JI.B.2, CoioBbeB A.A.!3

1 - ®I'BHY «Bcepoccuiickuit HayYHO-UCC1€008amMeNbCKUl UHCHUNLY
cenvckoxossaiicmeennoil ouomexnonozuuy (PI'bHY BHUHUCE), Mockea 127550;
E-mail: iab@iab.ac.ru
2 — BeepoccuiicKuii HQyUHO-UCC1€008ame1bCKUIL UHCMUMYM KPAXMaia u nepepadomiu
Kpaxmancooeprcauieo coipva—puauan OPI'bHY «Dedepanvhulil ucciedosamenvCKuil yeHmp
kapmogenn umenu A.I. Jlopxa» (BHUUK—@punuan ®I'bHY « QUL kapmogena umenu A.T.
Jopxa», Mockoeckas ooa. 140051;

E-mail: yniik@arrisp.ru
3 — Deoepanvroe 2ocyoapcmeentoe 0100xcemuoe yupexrcoenue «Beepoccuiickuii yenmp
kapanmuna pacmenuiny (OI'BY « BHHUKP»), Mockoeckan oon. 140150;

E-mail: yniikr@fsvps.gov.ru

Ha cerogHsamHuil [eHb TpPUTHUKAJIE IPEACTABISCT 3HAYNUTEIbHBIM HAay4YHBId U
IIPAKTUYECKUM MHTEpEC B KOHTEKCTE NPHUMEHEHUS B arpolpOMBIIUIEHHOM KOMIUIEKCE. JTO
ruOpuIHast 37aK0Bas KyJIbTypa, codyeTaronas B ce0e reHeTHIeCKUe NMPEHMYIecTBa MIICHUIbl 1
KU ¥ 00J1a1ato1asi BBICOKMM COJIEPYKaHUEM CBIPOTrO MPOTEMHA M HE3aMEHHMbIX aMHHOKHUCIIOT
[1], yTo nenaer ee NEPCHEKTUBHBIM CHIPbEM JUISI IPOM3BOJCTBA IUIIEBBIX IPOAYKTOB H
KOMOMKOpPMOB. B cpaBHEHHMH C TIICHUIEH TpUTUKAIEe JAEMOHCTPHpPYET Ooyiee BBICOKHE
MoKa3aTean ypOKalHOCTM M OHOMAacChl, YTO OTKpPBHIBA€T IIUPOKUE BO3MOXKHOCTH JUIA
MCTIOJIb30BAHUS IaHHON KYJIbTYPHl B OMOTEXHOJIOTHYECKUX Tporeccax [2].

TpuTHKae ABIseTcs HeHHBIM HCTOYHHUKOM KpaxmMaia, KOTOPBIA MOKET OBITh d3(PPEKTHBHO
UCTOJB30BaH IS TPOMU3BOJCTBA PA3JIMYHBIX OHMOMOJEKYJT M OHONpPOAYKTOB. BbIcokoe
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COJIep’KaHuE Kpaxmajla B 3€pHE TPUTHUKAJE NPEJOCTaBISAET 3HAYUTEIIbHBIE BO3MOYKHOCTH IS
pa3pabOTKM HOBBIX TEXHOJIOTUH IepepaboTKH, BKIOYas MPOM3BOJICTBO ATUIOBOTO CIHUPTA,
OuopaznaraeMpIX MOJTUMEPOB U APYTHX OUOMPOIYKTOB [3].

Ha HakomieHue kpaxmasia B 3¢épHE TPUTUKAJIE U CTPOCHUE IpaHysl Kpaxmajla OKa3bIBaloT
BIUSHUE TEeHeTW4Yeckue u Ooranmdeckue ¢akropel. ComepkaHue Kpaxmana y THOPUIOB
TPUTHUKAJE MEPBOrO MOKOJCHUS B OOJIBIIMHCTBE CIIy4aeB HACIEAYETCS MPOMEKYTOYHO WIIH IO
Tuny aenpeccuu. [Ipu 3TOM He yCTaHOBIIEH TOCTOBEPHBIN peunpokHbIi 3 dekT [4]. BoisiBiens
pa3nuyust B aKTUBHOCTH  ()EPMEHTOB, YYAaCTBYIOIIMX B CHHTE3€ Kpaxmana, Y
«TIOJTHOKOMIUIEKTHBIX» M «3aMEIeHHbIX» (opM TeHoTurnoB Tputukaie [5]. OrmeueHo
HETaTUBHOE BIIMSHUE BOJHOTO CTpecca Ha HKCIPECCHIO '€HOB OMOCHHTE3a Kpaxmaja B 3epHE
TPUTHKAJIE, YTO B TO K€ BpEMs IPUBOJUT K YBEJIMUEHHUIO 10JIM aMIIIO3bl B kpaxmane. [Tocneanee
CBS3aHO C YCWJICHHEM JKCIPECCUU T'€HOB IpaHyJIOCBA3aHHOM KpaxmaicuHTasbl [6]. Ha cBoiicTBa
MOJTy4aeMOT0 Kpaxmaja MOXKET OKa3bIBaTh BIUSHHE CIOCOO BBIACIECHUS Kpaxmaja U3 ChIpbS, a
TaKXke Mocyeayromnas oopaboTka Kpaxmaia, HallpaBJIeHHAs HA €r0 OYHCTKY OT MpUMecei. DTo
CBSI3aHO C BO3JCHCTBUEM Ha CTPYKTYPHO-MEXaHMUYECKHE CBOWMCTBA OCJIKOBOM CETKH 3epHa B
npoliecce nepepaboTKy, a TakKe Ha BIMSHHE HEKPAaXMaJIHCTBIX MOJMCAXapy0B Ha U3BJICUCHHE
Kpaxmaja u3 3epHa [1].

B naGoparopHbIx ycioBusix BcepoccHiickoro Hay4HO-HCCIIEOBATENBCKOTO MHCTUTYTA
KpaxMana u mnepepaboTKH KpaxMaJCOAEPIKAIIero ChIpbs HCCIEIOBAaH Mpolecc nepepaboTKu
HOBBIX COpTOB 03uMOM Tputukane cerekyuu OI'BHY «®PAHIL]»: Apzyc, Knapuem u Kypasrc
88. Coproo0Opa3sipl TpUTHKAIE MOABEPrajiuCh MOCIEAOBATEIFHON NepepadoTKe Ha Kpaxmal U
COMYTCTBYIOIIME TMPOAYKTHI C HCIIOJIB30BAHUEM TEXHOJIOTMHM «3aBoja Ha crosne» [l]. annas
METOJIMKA BKIFOUYAET B ceOs sl dTAanoB, HAUMHas ¢ 3amMayuBaHus 3epHa B 0,25%-HOM pacTBope
MeTaOuCyIb(pHUTa HATPHsL, YTO IO3BOJISICT MUHUMH3HPOBATH OKHCIUTEIbHBIC IPOLECCH H
COXPAaHWUTh IIEHHbIE KOMIIOHEHTHl 3€pHa. 3aTeM cleAyeT CTaaus MOKpOro I0oMoJIa,
obecnieunBaromas 3(p(HEeKTUBHOE NUCIEPrUpPOBaHUE KpPaXMaIbHBIX 3€peH M HUX OTIENICHHE OT
0enKoBOM (ppakiuy M KIETYATKH. OTa KOMIUIEKCHAs MpOLEAypa MO3BOJSIET ONTHMU3HPOBATH
BBIXOJ LIEJIEBBIX POAYKTOB 1 MUMHUMHU3UPOBATh OTEPH LIEHHBIX KOMIIOHEHTOB 3€pPHA.

YcTaHOBIIEHBI CIEMYIONIME MOKA3aTel MacCOBOW JOJM Kpaxmaya B oOpa3iax 03uMOi
tputukaie (% k CB): Apryc — 67,9%; Knapuet — 67,5%; Kypax 88 — 68,7%.

B pesynbrate T1iy0OKOH mepepabOTKM 3epHAa TPUTHKAJIE IOJyYeHO CleAyloliee
COOTHOIIIEHUE BBIXOJIOB MPOYKTOB mepepaboTku (% a.c.B. 3epHA):

1) Copt Apryc: kpaxman A — 52,76%; 3epHOBOI 3KCTpakT — J5,15%; me3ra — 14,73%;
kpaxman b — 17,00%; npoueccoBast Bona — 10,28%. Ilotepu kpaxmana ¢ Me3rol cOCTaBWIU
1,73%; notepu ¢ kxpaxmanom b — 9,26%.

CootHomienue kpaxman @ oenok (% x CB) B kpaxmane b (0enkoBOM KOHIICHTpaTe)
coctaBuio 54,44 : 32,20.

[TosmydeHHBIN Kpaxmanl A HUMeN CIEAYIOIUE KAaueCTBEHHBIE MOKA3aTeNU: BIaXKHOCTh —
10,25%; maccoBas 1075 3016l — 0, 14%CB; maccoBas noist npotenHa — 0, 28%CB; KUCTOTHOCTb —
6,1 cm® nobasnennoro 0,1 H. pacTBopa ruapokcuaa Hatpus. IlokazaTens OenM3HBI Kpaxmaia
cocraBun 95,9 eo. mpubopa. OOpazern; kpaxmana coaepxan 235,0% avuno3sl u 75%
aMWJIONIEKTHHA.

2) Copt Knapuer: kpaxman A — 55,03%; 3epHOBOI 3KCTpakT — 5,88%; mesra — 13,89%;
kpaxman b — 14,36%; npoueccoBast Bona — 10,84%. Ilotepu kpaxmana ¢ Me3roil COCTaBWIU
1,11%; notepu ¢ xpaxmanom b — 7,51%.
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CootHomienue kpaxman @ oenok (% x CB) B kpaxmane b (0enkoBOM KOHIICHTpaTe)
cocraBuio 52,31 : 30,90.

[Tomy4yeHHbIH KpaxMan A UMeN CIeAyIOIINe KaueCTBEHHBIC MMOKA3aTeNd: BIAXHOCTh —
12,00%; maccoBas 1075 3016l — 0, 16%CB; maccoBas nois npotenHa — (,30%CB; KUCTOTHOCTb —
6,2 cm’ nobasnennoro 0,1 H. pacTBopa ruapokcuaa Hatpus. IlokazaTens OenM3HBI Kpaxmaia
cocraBun 95,7 eo. mpubopa. OOpazern; kpaxmana coxaepxan 21,5% amunossl u 78,5%
aMHJIOTIEKTHHA.

3) Copt Kypax 88: kpaxman A — 54, 15%; 3epHOBOM 3KCTPaKT — 6,25%; me3ra — 14,08%;
kpaxman b — 14,17%; nponeccoBasd Boga — 11,35%. Ilorepu kpaxmana ¢ Me3roll COCTaBWIU
1,69%; notepu ¢ kpaxmanom b — 8,00%.

CootHomienue kpaxman @ oenok (% x CB) B kpaxmane b (0enkoBoM KOHIICHTpaTe)
coctaBuio 56,42 : 31,30.

[Tony4yeHHbI KpaxMan A UMeN CIEAyIOIINe KaueCTBEHHBIC MMOKA3aTeNd: BIAXHOCTh —
10,80%; maccoBas 1o7s 3016l — 0, 19%CB; maccoBas noist npotenHa — (,45%CB; KUCTOTHOCTD —
8,1 cm® nobasnennoro 0,1 H. pacTBopa I'mApOKCHIa HaTpus. Ilokasarenb OENU3HBI Kpaxmaia
cocraBun 94,2 eo. mpubopa. OOpazern; kpaxmana coxaepxan 27,4% amunodsl u 72,6%
aMHJIOTIEKTHHA.

HccnenoBaHHble COPTOOOpA3Lbl O3UMOM TPUTHKAIE MPOJAEMOHCTPUPOBAIN BBICOKYIO
3¢ PEeKTUBHOCTh B Tpolecce IIyOOKOM mepepadOoTKU: BBIXOJ Kpaxmana BO BcCeX oOpasuax
npesbicui 50% a.c.B. 3epHa, a B copte Knapuer — nocturan 55% a.c.B. 3epHa, Oaronapsi HU3KUM
MOTepsSIM Kpaxmalia ¢ Me3roil. Y CTAaHOBJIEHO BBICOKOE cojiepxaHue Oenka B o0pasmax kpaxmaia b
(cBbimie 30%), 4TO CBUAETEIBCTBYET O €r0 BBHICOKOM NMUTATEIBHON M KOPMOBOM LIEHHOCTH NpU
JanbHEeHIeM UCIOIb30BAHNY B MUIIEBOM MPOMBIIUIEHHOCTH WITH MOJTy4YeHHUH KOMOUKOPMOB.

Boigenennble kpaxmaibl (Kpaxmal A) IpOAEMOHCTPUPOBAIN COOTBETCTBUE BBICOKMM
CTaHJapTaM KauecTBa, YCTAaHOBJIEHHBIM AJis miueHnyHoro kpaxmana (I'OCT 31935-2012). Ilo
OpPTraHOJENTUYECKUM H (U3UKO-XMMHUYECKHM TapamerpaM o0pasllbl KpaxMalloB TpPUTHKAEe
copTtoB Apryc u KiapHeT cOOTBETCTBOBAJIM BBICIIEMY COPTY MIIEHMYHOT'O Kpaxmaja, TorJa Kak
oOpaszery kpaxmana Tputukaige copTa Kypax 88 cooTBeTcTBOBaj MEpBOMY COPTY, 4YTO
o0ycioBiIeHO Oojiee BBICOKOW KOHILIEHTpAIMel NpoTenHOB. Bce wuccriemoBaHHbIE 00pasiibl
KpaxMaJia, oJlydYeHHbIE U3 3epHa 03UMOM TPUTHKAJIE, XapaKTEPHU30BATUCH HU3KOW KUCIIOTHOCTBIO
(menee 10 cm® nobGasnennoro 0,1 H. pacTBOpa rUApOKcHIa HATPHs) U 30JdbHOCTHIO (Menee 0,2%
CYXOro BEIECTBa), a TAaK)Ke BBICOKMMH TMOKazaTelssMu Oenu3Hbl (6onee 94 enuuui npudopa).
MaccoBast 1011 aMHII03bI B 0Opasliax Kpaxmaja TpUTHKalle BapbHpoBajach B mpenenax 21,5—
27,5% cyxoro BEIIECTBA, YTO COOTBETCTBYET YCPEAHEHHBIM 3HAYEHMSIM, XapaKTEPHBIM IS
JAHHOTO TUIIA KpaxmaJa.

OTH pe3ynabTaThl CBUAETEIBCTBYIOT O OOJIBIIOM MOTEHLMANE TPUTHKAJIECBOIO Kpaxmasa
KaK ()yHKIMOHAIBHOTO KOMIIOHEHTA, KOTOPBI MOKET HAMTH PUMEHEHHE B Pa3IMYHBIX MUIIEBBIX
M TPOMBIIICHHBIX  IENAX, YTO TMOATBEPXKIACTCS  €ro  (PU3HKO-XUMHUECKUMH |
OPraHOJENTUYECKIMHU XapaKTePUCTUKAMHU.
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XAPAKTEPUCTHUKA JIUHUM IPOBOM MSII'KOM MIIEHUIIBI,
IMOJIYYEHHBIX C YYACTUEM BUJIOB CEKIIUU BOEOTICUM,
1O YCTOMUYUBOCTHU K BYPOM P)KABUUHE

Ienkanos JI.A."2, Py6en B.C.!?, Uepnook A.I'.3

1 - ®I'BbYH «I'naeuwvtit 6omanuueckuii cao um. H. B. IJuyuna Poccuiickoii akademuu Hayk»
(PI'bBYH I'bC PAH), Mockea 127276 E-mail: danila.shelkanov@yandex.ru
2 — ®I'AYO BO «Mockoeckuii (puzuko-mexHuuecKuil UuHcmumym (HayuoHaIbHblil
uccineoosamenvckuil ynueepcumem)» (PIAY0O BO M®TH), Mockea 141701
3 — @®I'BHY «Bcepoccuiickuii Hay4Ho-uccied08amenbCKuil WHCmumym
cenbckoxosaiicmeennon ouomexnonozuuy, (OIbHY BHUHCE), Mockea 127 550

[Murenuria Tumodeesa Triticum timopheevii Zhuk. (2n = 4x = 28, A'A'GG) sBisercs
JIOHOPOM YCTOWYMBOCTH K JIMCTOBBIM OoJie3HsAM. [Io reHOMHOMY cOCTaBy OHa OTIMYAETCS OT
Msrkoi mmeHunsl T.aestivum L. (2n = 6x = 42, AABBDD). B cBsi3u ¢ 3tuM Habmoga0TCst
TPYJHOCTH HIpPHU IEPEHOCE TEHETUYECKOro MaTepHuaja B MSATKYI0 MIUEHUIY, AJIi Hepefadu
MIOJIE3HBIX TpU3HAKOB. ONHAKO MyTEM CKpEIIMBAHMs ATHX BHJIOB Pa3HbIM HCCIIENOBATESAM
yZaeTcs IOJyYUTh HOBBIN CeJeKIIMOHHBIN MaTepuan (MapTbHOB U Ap., 2018).

Y T.timopheevii W3BECTHO 5 TEHOB YCTOMYMBOCTH K Oypoil (JIMCTOBOI) pKaBYWHE,
B0o30ynutenb Puccinia triticina Eriks.: Lril8, Lr50, LrTtl, LrTt2, LrSelG12 (Singh at al., 2017),
Ha 3TU I'eHbl U3BECTHBI MOJIEKYJISIPHBIE MapKephl ki1acca SSR.

OOBeKTOM HCCIEAOBAaHUS CIYXHIHM 97 JNMHUN MIIEHUIBl MO3JAHUX IOKOJCHUH,
noiyyeHnole B MHctutyTe 0Omiei renetukn umenn H.M. BasumoBa PAH ot ckpemuBanus
MSTKOU TIeHUIbI ¢ Bunamu T.timopheevii, T.militinae Zhuk. et Migush (2n = 4x = 28, A'A'GQG),
T.kiharae Dorof. et Migusch. (A'A'GGDD, 2n = 6x = 42).

Tun peakuuy pacTeHHI Ha 3apa’keHHe Bo30yauTeseM Oypol pKaBUMHBI ONPEICIISUIN 110
OamnpHOM mikane, rae 0 — umMmyHuTeT, 0e3 cummromoB; 0; — Hekpo3el 0e3 mycTyn; 1 —
YCTONYMBBIN, OYEHb MEJIKUE ITCTYJIbI C HEKPO30M; 2 — YMEPEHHO YCTONYMBBIN, IIyCTYJIbI MEJIKHE
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WINA CpelHUE, C HEKPO30M; 3 — YMEPEHHO BOCIPHUUMYHBBIN, MyCTYJbl CpEeJHEH BeTUYMHBI 0e3
HEKpo3a; 4 — BOCHIPUUMYHUBBIN, MyCTYJIbI KPYITHBIE, yacTo cnuBatomuecs (Mains, Jackson, 1926).
Crenenp mopaxkeHus pacteHuid (B %) oleHUBAIM MO cpaBHUTENbHOU mikane (Peterson at al.,
1948).

B 2024 u 2025 rr. B moJIEBBIX YCIOBUAX OTAena otnaneHHon rudpunusanuu ['6C PAH
(MockoBckass 0051acTh) Ha €CTECTBEHHOM HH(EKIMOHHOM (hoHE OBLIO BBIABICHO, YTO YacTh
00pa3loB MPOSBISAIOT YCTOHYMBOCTh K MECTHON MOMYJSIIMK Oypoil pKaBUMHBIL, TMPH STOM
XapakTep MopakeHus B o0a roja okaszancsi cxonHbeiM. Ilo Tumy peakiuu oOpaslbl MMEIH
nposinenue ot 0 (ummyHuTeT), 10 4 (BOCHpUUMYHMBOCTH) OamtoB. CTemeHb MOpaKeHUs
coctasuia ot 0 1o 100 %. IToutu mosoBrHA 00pa30B OKa3anach yCTOHYMBA, OOJbINAS YacTh U3
HUX ToKa3ana peakuuto 0; (OTHOCUTETbHBII UMMYHHUTET).

Jist Toro 4yTOOB! BBISICHUTH TEHETHUYECKYIO MPUPOTY YCTOWIMBOCTH, 00pa3Iibl OLIEHUBAIN
Ha Hajguuue reHoB Lr71t2 u LrSelG12 ¢ mOMOIIBI0 MOJEKYJSPHBIX MapKepoB. JloMUHAHTHBIH
Mmapkep Xbarc232 perextupyer Tpanciaokauuio TSBS.SBL-5GL, rme MokeT HaxXxOOUTbCs TI'eH
LrTt2 (Leonova et al., 2017). lomuHaHTHBINA Mapkep Xgwm3547 pacmonoxeH Ha paccTostHuU 6 cM
ot reHa LrSelG12, xpomocoma 3BL. B pesynbrare [1L[P-ananu3a ¢ momouisio Mapkepa Xgwm547
B 38 oOpasiax BbIsBICH ()parMeHT, XapakTepHblil 1 1.timopheevii. B 25 o06pasnax, ¢ moOMOIIbIO
Mmapkepa Xbarc232 BbISIBIEHO OTCYTCTBUE aMIUTMKOHA B pHOIn3uTenbHo 200 map HyKI€OTHIOB,
Kak u B obpasue 7.timopheevii. boinbias 4acTh 00pas3IoB, MPEIMOI0KUTETHPHO HECYITUX XOTS
ObI OZIMH U3 3TUX I'CHOB, OblJIa yCTOIUMBa K Oypoil prkaBUMHE.

Jis BKITIOUEHUS B CEJIEKLIIMOHHBIN Tpo1iecc ObIJI0 0TOOPAaHO 5 yCTOMYUBBIX JTMHUMN, U3 HUX
B 4 TeHOB YCTOMYMBOCTH BBISBJICHO HE ObUIO. B YCIOBHSX HCKYCCTBEHHOTO KJIMMara OBLIH
NIPOBE/ICHBI CKPEUIMBaHUA 3 M3 HUX C BOCHPUUMYMBBIMHU OOpa3llaMu, U3 YacTH THOPUIHBIX
3epHOBOK BbIpanieHo nokoieHue F1. B 2025 r. B noneBbIX ycIoBUSAX N0 pe3yibTaTy oueHku Fl
OIIPEAENIEHO, YTO YCTOMYMBOCTh ITHX JMHHUM HAcIeAyeTcsl KaK JOMHHAHTHBIN NpPU3HAK, a I10
paciierienno B F2 ¢ momoripio kpurepust x> [TupcoHa ycTaHOBJIEHO, YTO YCTOWYUBOCTD MOMKET
obecrieunBaTbes IMO0 | JOMUHAHTHBIM T€HOM, JIMOO 2 TeHaMU, OJIMH M3 KOTOPBIX PEIIECCUBHBIM.

Takum 00pa3oM, WM3y4eHHBIC JMHUU MOXHO HCIOJIb30BAaTh B CEJIEKLIWU IMIIECHHUIB B
Ka4yecTBE JOHOPOB M MCTOUYHUKOB YCTOWYMBOCTH K Oypoil pxaBunHe. HeoOX011MMO IPOI0IIKHUTD
paboTy 1o uaeHTU()UKALUHU IPYTUX T€HOB YyCTOMYMBOCTH B U3y4aeMBbIX 0Opa3iax.

Pabota BeimonneHa B pamkax loczamanus 'BC PAH «'mbpuansanust y pacteHHi B
NpUPOJIe U KyIbType: (pyHIaMeHTaIbHbIe U IPUKIIaaHbIe acieKT (Ne 122042500074-5).

Cnucok JuTeparTypsbl:
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2. Leonova LN., Stasyuk A.l.,, Skolotneva E.S., Salina E.A. Enhancement of leaf rust
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AHAJIN3 TPAHCKPUIIIIMOHHON AKTUBHOCTHU MOBNJIBHBIX
3JEMEHTOB B NICOTIANA BENTHAMIANA ITPU BUPYCHOM
UHOEKIIVUU U JENCTBUA
CYIIPECCOPOB CAMJIEHCHUHT A

Vxoakuna E.JI."*, Bosioruna A.A.2, Mepkyios ILIO%%., Kupos U.B%3.

1 Deodepanvroe 20cyoapcmeenoe a6mMOHOMHOe 00paA306ameibHoe yupesHcoeHue
evicuieco oopazosanusa Hayuonansnulii uccnedosamenvckuil ynueepcumem ,,Boicuias
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2 Mockoeckuil puzurko-mexnuueckuit uncmumym (M@ TH), /lonzonpyonwii 141701; 3
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*Email: lizauholkina@gmail.com

MoOuIbHBIE 3JIEMEHTBI COCTABIISIOT 3HAYUTENBHYIO YacTh PACTHTEIBHBIX T'€HOMOB, aKTHBHO
Y4acTBYsI B UX CTPYKTYPHOW NEPECTPOMKE, PETYJSALMHU SKCIIPECCHUH TE€HOB M 3BOJIIOLIMUA HOBBIX
npu3HaKoB. VX MHCEPIIUU MOTYT MPUBOIUTH K TIOSIBIICHUIO HOBBIX (PEHOTUITUIECKUX MTPHU3HAKOB.
[TosToMy Ba)kHOW 3amaueil ABISAETCS HU3YYCHUE MEXAHW3MOB HMX AKTUBAUUM U TMOAXOIOB K
KOHTPOJIFO MX AKTUBHOCTH, YTO ITO3BOJIUT YCKOPSATH 3BOJIIOLHMOHHBIE MPOLIECCH M IOJIY4YaTh
CEJIbCKOXO35IiICTBEHHBIEC PACTEHHS C 3aJaHHBIMU ITPU3HAKAMMU.

AKTHUBHOCTh MOOWJIBHBIX JJIEMEHTOB B HOPMAIbHBIX YCJIOBUSIX TOJAaBJIEHA CHUCTEMaMHU
caitnencunra, takumu kak PHK-unrepdepenuus n JAHK-mermnupoBanue. Jlo KOHIa HEsCHO,
KaKhe UMEHHO (aKTOpbI CIIOCOOHBI 3aIyCKaTh WX akTUBaluio. OHUM U3 HaMMEHee M3yYeHHbIX
(akTOpOB, CHOCOOHBIX MOBJIMATH HA SMUTEHETUYECKYIO PETYJSIMI0 MOOWMJIBHBIX 3JIEMEHTOB,
ABIISICTCS BUpYCHOE 3apakeHue. Tak, Ha mpumepe Arabidopsis thaliana ObII0 TOKa3aHO, YTO
uHpunmposanue Bupycom TRV (Tobacco rattle virus) compoBoXmaeTcsi CHI)KEHHEM YPOBHS
METHIIMPOBAHUSA HEKOTOPBIX MOOWIJIBHBIX 3J€MEHTOB M MOBBIIMIEHUEM HX TPAHCKPUIIIMOHHOU
aktuBHOCTH [1]. Cpenu (GakToOpoB, MOAABISIONIMX CUCTEMBbl CAWJICHCHHTA Yy pacTeHHid, ocoboe
MECTO 3aHHUMAaIOT BHpYCHBbIe cympeccopbl, Takue kak HC-Pro [2] u P19 [3], oGnanmaromme
Pa3NUYHBIME MEXaHU3MaMH JEHCTBHs. DTH O€JKH NpUMEHSIOTCS ans uHrubuposanus PHK-
UHTEepEPEHIINH, YTO OOJIErdaeT PEIUIMKALUI0 BUPYCOB B MH(HIMPOBAHHBIX PACTCHUSAX. DTH
JaHHbIE YKa3bIBAlOT HA TO, YTO BHUPYCHOE 3apa)KCHHE MOXKET ObIThb OJHUM U3 (HAKTOPOB,
CIOCOOCTBYIOIIMX aKTUBALUU MOOUIIBHBIX JIEMEHTOB.

Nicotiana benthamiana WUPOKO HCHOJB3YETCS KaK MOJEIbHOE PACTCHUE M H3YyUYCHHS
BUpYCHBIX uHGekimuii u  wmexanusmoB PHK-caiitnencunra. Kpome Toro, crioxnas
aJUIOTETpaIIONHAsE OpraHM3alys T'€HOMa JENAaeT 3TOT BUJ IEPCIEKTUBHBIM OOBEKTOM IS
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NepeHOCca NOJTYYCHHBIX JaHHBIX Ha CEIbCKOXO03HCTBEHHBIE KYJIbTYpPhI C aHAJIOTUYHON T€eHOMHON
apxutekTypoil. OIHaKO, HECMOTPS Ha AaKTHBHOE NPUMEHEHHE B MOJICKYJISIpPHON OHoioruy,
MoOmioM N. benthamiana octaércsi cnabo oxapakTepu3oBaHHBIM. [losTOMy mHenbio JaHHOU
paloThI SABJIAETCS aHATIN3 U3MEHEHUH TPAHCKPUITIIMOHHOW aKTUBHOCTH MOOMIIBHBIX 3JIEMEHTOB Y
N. benthamiana tnipu 3apaxkeHuu Tpemst pasnuunbiMu Bupycamu (PVX, TRV, TRSV) B
NPUCYTCTBUHU U OTCYTCTBUH BUPYCHBIX CYIPECCOPOB CAlJICHCHUHTA.

Jns BBEJICHUS BUPYCHOM MH(EKIIMU HCTIOIb30BAINA METO arpOUH(MUIBTPALIUN:
BUPYCHBIC KOHCTPYKIIMH CHavaja MepeHOCUIIN B KJIeTKH Agrobacterium tumefaciens ¢ momorsio
AJIEKTPONOPAIMY, IOCTEe YEro pacTeHuss HHQWIBTPUPOBATIHM CYCIEH3UeH arpoOaktepuii. B
HEKOTOPBIX BapUaHTaX JOMOJHHUTEIBHO JUIS YCUJIICHUS MH(EKIMHA MPUMEHSITUCh KOHCTPYKIIUU
dKCIIpeccupyromume cynpeccopsl caitnencunra (VSR, viral suppressor of RNA silencing) HC-Pro
u P19.

Ha 14-i1 nens nmoce 3apaxeHust U3 CUCTEMHBIX JIMCTheB Bbiesu ToTanbHyo PHK. Ha e€ ocnoBe
cuHTe3upoBaiu onHouenoyeunyto kJ{HK, nocne yero nposogunu 1P ¢ Bupyc-cnenuduuHsIMu
npanmepamu. Y pacrenud, 3apaxxéHubix TRV u PVX, TILP-ipoayKkTel IpUCYTCTBOBAINA KaK B
BapHaHTax 0e3 CyNpeccopoB cailjieHCHWHTa, Tak U ¢ HUMH. Bapuantel ¢ TRSV naBanu cnaGwiit
[TLP-npoaykT Ge3 CynpeccopoB, KOTOPBIA YCUIMBAJICS IPU UX COBMECTHOM NPHUMEHEHHUH, YTO
yKa3bIBaeT Ha MOBbIIIeHUE () ()EKTUBHOCTH BUPYCHOM PEIUTUKAIIMH IIPU UCTIONb30BaHUN VSR.

[Tpu aHanm3e TPaHCKPHUIITOB MBI OOHAPYKUIIN TOCTOBEPHOE YBEIMYCHHUE IKCIIPECCUU MOOMITBHBIX
AJIEMEHTOB B pacTeHusix, 3apaxeHHbIXx TRV, PVX u P19. HaubGonee BwipaskeHHBIN 3¢ ekt
HaOmomancss npu uHGuuupoBanuu PVX, KOTOpbli BbI3Ban axkTuBanuio 44 MOOMIBHBIX
aneMeHToB. Bapuantsl ¢ TRV u P19 BbI3bIBaN OAMHAKOBYIO aKTUBALIUIO 5 2JIEMEHTOB, B TO BPEMSI
Kak npH 3apaxeHun TRSV 1ocToBepHOro yBenMyeHHs SKCIPECCHH MOOHMIBHBIX 3JIEMEHTOB HE
OBLTIO OOHAPYKEHO.

Takum 00pa3oM, MOJY4YCHHbIE NaHHBIE JEMOHCTPUPYIOT IU(p(dEepeHIIHaNbHYI0 aKTUBALIUIO
MOOWJIBHBIX 3JI€MEHTOB B N.benthamiana B OTBET Ha 3apakeHUE pPa3IUYHBIMH BHpYCaMH U
HKCHPECCHIO BHUPYCHBIX CYIIPECCOpPOB caiieHcuHra. llomydeHHble pe3yibTaThl MOJITBEPKAAIOT
HEpPCIEKTUBHOCTh MCHONB30BaHUsl Nicotiana benthamiana Kak MOJENBHOIO OpraHU3Ma JUIs
U3yYEHUs PETYJSIIMA MOOMIIBHBIX 3JIEMEHTOB B YCIOBHUSX BHPYCHOW MH(pekuuu. BrisiBieHHbIe
3¢ eKThl BUPYCOB U BUPYCHBIX CYNPECCOPOB HAa TPAHCKPHUIIHMOHHYIO aKTHBHOCTH MOOMIIOMA
NOTYEPKUBAIOT MX BO3MOXKHYIO POJIb B HApPYIIEHHH SMUTCHETHYECKOTO0 KOHTPOJIL U CO3/A0T
OCHOBY JUISI JaJbHEHIIET0 M3y4eHUs] MEXaHU3MOB UX B3auMoJieiicTBusa. Pabora BhIoIHEHA TPU
noaaepkke rpanta PH® Ne22-64-00076.

Cnucok JimTeparypsbl:
1. Diezma-Navas, Laura et al. “Crosstalk between epigenetic silencing and infection by
tobacco rattle virus in Arabidopsis.” Molecular plant pathology vol. 20,10 (2019): 1439-
1452. doi:10.1111/mpp.12850
2. Mallory, A C et al. “HC-Pro suppression of transgene silencing eliminates the small RNAs
but not transgene methylation or the mobile signal.” The Plant cell vol. 13,3 (2001): 571-
83. doi:10.1105/tpc.13.3.571
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B otnnume oT Ki1lacCMYECKOro NoX0/1a B peAaKTUPOBAHUH PACTUTENILHOTO T€HOMAa BUPYC-
MHAYLHpOBaHHOE TeHoMHoe peaakTupoBanue (VIGE) mo3Bonser BHOCUTh TOUHBIE H3MEHEHUS B
TeHbl pacTeHuil 0Oe3 TpaHCreHe3a, M He TpeOys TPYJOEMKOro sTama TpaHchopManuu u
pereHepanyu TpaHC(OPMHUPOBAHHBIX TKaHEH in Vvitro. BUpychl, Kak NMEpCHEKTUBHBINA CIIOCOO
JOCTaBKM KOMIIOHEHTOB JUIsl PEAAKTUPOBAHUS, CIIOCOOHBI CHCTEMHO PACHpPOCTPAHATHCSA IO
pacTeHUsIM W B HEKOTOPBIX CIy4asX MPOHUKATh B MEPUCTEMbI, OJHAKO HX OrpaHHUYCHHAS
Ipy30M0JbEMHOCTD 3aTPYJHAET NEpEeHOC KpynHbIX cucteM penaktupoBanus thna CRISPR-Cas
[1]. B cBs3u ¢ 3THM B mocneHee BpeMst OOJIbIION HHTEpeC yAeIsIeTcs MUHHATIOPHBIM CHCTEMaM
pemnakTHpoBaHUS reHoMa, TakuM kak kommakTHeie CRISPR-6enku u 6enku cemeiicts TnpB, IscB
u IsrB, otHocsmuecs k PHK-HanpaBieHHBIM 3HAOHYKII€a3aM, KOAUPYEMBIM OaKTepUalIbHBIMU
TpaHcno3oHamu [2, 3].

Hamu Obl mpoTecTHpOBaHbI pa3iMyHbIe BEKTOpHI Ui penaktupoBanus rema CHLIL
Arabidopsis thaliana na ocHOBe MOJU(PHUIMPOBAHHOTO BUpyca nmorpeMkoBoctu Tabaka (TRV) ¢
ydacTueM HecKoJbkMX TUNOB koMnakTHbiX PHK-nampasnennbsix JIHK-3HIoHyKII€a3, BKItouas
TeHETUYECKYI0 KOHCTPYKIIHMIO, MIPEeNIoKeHHYI0 B padore Weiss et al. (2025) [4]. Ananusupys
CTPYKTYPHBIE OTJIMYHUS MCIOJIb3yEMbIX KOHCTPYKILHUI, MBI BBISBUIM HEKOTOpPbIE (HaKTOPHI,
KOTOPBIE MOTYT OBITh KPUTHYHBIMHU JUISL 3((EKTUBHONH pabOThl MHUHU-PEIAKTOPA: MPOIECCHHT
rPHK u ¢opmupoBanue RNP-kommiekca, cOopka BTopuuHOM CTpykTypbl, GC-coctas,
CTaOMIIBHOCTh BHpYCa M BUPYCHON BCTaBKH. B pe3ynbTare MpoBeIEHHBIX IKCIIEPUMEHTOB OBLIO
MOJIy4eHO COMAaTHUYECKOe pelakTupoBaHue A. thaliana ua yposHe 40 % y npubnusurensHo 4 %
3apayKEHHBIX PACTECHUM.

OoOHnapyxenue 3¢ ¢GeKTUBHBIX KOMOWHaIMi BHpyca, MuHH-penakropa u rPHK Ha
MOJICIbBHOM ~ OOBEKTE€  MO3BOJUT B  JajJbHEWIIEM  IEPEHEeCTH  TEXHOJOTHI0O  Ha
CeNbCKOXO035IICTBEHHBIE KYJIbTYPHI.

Crncok nureparypsl:
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dGAG mnpexacraBisier coboil nomecTupoBaHHbId Oenok GAG peTpoTpaHCIo30HA
Tyl/Copia, cmutelii ¢ TtpaHckpunimoHHbBIM (akropom KELP. Jlansblii 06enok MIMpPOKO
pacrpocTpaHeH y ABYIOJbHBIX PACTEHHI, OJJHAKO ero (yHKIHS HeusBecTHa. i1 Toro, 4roObl
MOJATBEPAUTH 3HAYNMOCTh JAHHOTO T'e€HA, MBI ITPOBEJIM 3BOTIOIMOHHBIN aHanmu3 romonoroB dGAG
A. thaliana cpenu npyrux pacTUTEIBHBIX OPTaHU3MOB [1].

'omonoru 6enka dGAG ObuIH MACHTU(OUITUPOBAHBI CPEAN PA3NUYHBIX MPEICTaBUTEICH
IBYJOJIBHBIX pacTeHui ¢ ucnoib3zoBaHueM tBLASTn m aHanm3a NTOMEHHOM apXUTEKTYphl B
InterPro. [Ins mocnenytromero ananmsa Mbl B3sid 15 mocnenoBatenbHocTet dGAG U3 pa3HbIX
TaKCOHOB.  MHOXXECTBEHHOE  BBIPAaBHUBAHWE AaMUHOKHUCIIOTHBIX  IIOCJIEN0BATEIbHOCTEM,
BeinmosiHeHHoe B Clustal Omega, moaTBepAMI0O KOHCEPBATUBHOCTD (DYHKIIMOHAIBHO 3HAYUMBIX
nomenoB: DEC-C, pl5, GAG wu zinc finger (ZF). Ha ocHOBe naHHOTO BBIpaBHUBAHUS OBLIO
noctpoeHo Quiorenernuyeckoe nepeBo B IQ-TREE. [lna u3yueHus TpexMepHOH CTPYKTYpHl H
BaJWIallMM IOMEHHOW OpraHu3anuu ObUTH mocTpoeHbl Mojaenu B AlphaFold3. DBomrormonnas
JMHAMHKA W JAaBJICHHE OTOOpa OIEHMBAIMCH C MOMOIIBI0 mporpaMmMmbl PAML v4.9] meronom
MaKCUMaJIbHOTO TpaBaononoous. Jlns ananmsa nasienus ot6opa B PAML ucnonb3oBaiuch
BbIpaBHUBaHUE Koaupyroomux nociegoatenbHocted MPHK Ha ocHoBe xomonoB (MAFFT) u
¢uorenernyeckoe aepeBo, panee nocrpoennoe B [Q-TREE.

OuUIOreHeTHYCCKUI aHalIM3 MoKaszan, 4to 3Bomonus romonoroB dGAG B 1meinoMm
COOTBETCTBYET OOIIEHPUHATON (QuIoreHnn JByAONbHBIX (cuctema APG 1V), udro
CBUJCTENHCTBYET O JAPEBHEW TOMECTUKAIMH I'eHA U €ro MOHO(DUIUTHYECKOM MPOUCXOXKICHUH.
MopenupoBaHue TPEXMEPHBIX CTPYKTYP BBISIBUIO CXOXKYIO MPOCTPAHCTBEHHYIO OpraHU3aIUIo
KOHCEpPBATUBHBIX JIOMEHOB Y Pa3HBIX OpPraHU3MOB. AHAJIN3 CEJIIEKTUBHOIO JABJICHHS BBISIBUII
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npeobiaganue ounmaromniero oroéopa (dN/dS < 1) mo Bceit mociae10BaTeIbHOCTH, YTO YKa3bIBaeT
Ha (YHKIMOHANFHBIC OTPAHWUYCHUS WU BAXKHOCTH Oenka ans opraHu3Mma. llpu sTtom Obutn
OOHApyKEHBl OTICIBHBIE CAWTHI, JEMOHCTPHUPYIONINE MPU3HAKA MOJOXKUTEIHHOTO 0TOOpA,
KOTOPBIE MOTYT OBITh CBSI3aHBI C a/IaNTallMel K ONMpeAeICHHBIM MTPOIIEccaM.

[TonyyeHHble AaHHBIE — KOHCEpBAaTHUBHAs JOMEHHAs apXHUTEKTypa, COOTBETCTBHE
BUJIOBOH (pMIIOT€HUH 1 peobIiaiaHie OUUIIAIOIIET0 0TOOpa — SBISIFOTCA BECKUMH KOCBEHHBIMH
CBHUJICTEJILCTBAMH BaXHOM (QyHKUMOHaNbHOH 3Hauumoctu Oenka dGAG B pacTHTENbHBIX
opranuzmax. JlanpHeillime  ucclieOBaHUWs,  HampaBl€HHbIE Ha  SKCIIEPUMEHTAIbHOE
noarBepxaeHue GpyHkuun dGAG, moMoryT pacKkpbIThb €ro KOHKPETHYIO pOJib, MOTEHIIHAIBLHO
CBSI3aHHYIO C IMMYHHBIM OTBETOM Ha BUPYCHBIE 3a00JI€BaHHS y paCTEHUI.

Cnucok JimTeparypsbl:

1. Jianhua Wang, Guan-Zhu Han, Unearthing LTR Retrotransposon gag Genes Co-opted in the
Deep Evolution of Eukaryotes, Molecular Biology and Evolution, Volume 38, Issue 8, August
2021, Pages 3267-3278, https://doi.org/10.1093/molbev/msabl01.

MOJIEKYJSIPHO-TEHETUYECKU AHAJIU3 TEHOMOB J U ST
JIMKOPACTYILMX 3JIAKOB

IOpkuna A.W., Kpynun ILIO., InBamyk M.I.

DI'BHY «BcepoccuiicKuil HAyYHO-UCC1e006AMENbCKUIL UHCIUMYM Ce1bCKOX03AUCM8EHH O
ouomexnonozuuy (PI'bHY BHUUHCH), Mockea 127550; E-mail: aaaaaa3197@gmail.com

CHMXEHHE TeHEeTUYECKOrO pa3Ho00pasusi KyJbTYPHOM MATKOW MIIEHUIIBI, BBHI3BAHHOE
UCTIOJIb30BAHUEM OTPAHMYCHHOTO YHUCIIA POAUTENBCKUX (OpM, NPUBOIUT K OOETHEHHUIO
reHo(oHa U ySI3BUMOCTH PACTCHUH K cTpeccaMm. [ mpeogonaeHus 3Toi mpo0i1eMbl HE00X0IUMMO
BOBJICUEHUE T'€HETUYECKUX PECYPCOB AMKOPACTYLIMX COPOAUYEH, pekae Bcero BUIOB ¢ J u St
renomamu (Thinopyrum u Pseudoroegneria), 0611a1al01IMX yCTOHUNBOCTBIO K 3aCOJICHHIO, 3aCyXE
u Oone3HsAM, a TaKkKe TeHaMH, YJIy4IIAloUMMU KadecTBO 3epHa [1-4]. MonekynspHo-
TCHETHYECKOE N3yueHHE TeHOMOB 3TUX BUJOB BaXKHO KaK JIJIsl IOHUMAaHUS SBOJIIOLIUH 3JIaKOB, TaK
U JIJTs IPAKTHYECKOTO UCTIOIb30BAaHUS B MHTPOTPECCUU IICHHBIX MPU3HAKOB B IMIICHUILY.

beuta oxapakTepu3zoBaHa CTPYKTypa M OpraHM3alys MOBTOPSIOUIMXCS DJIEMEHTOB Y
IUTUIOUAHBIX BHUIOB Th. bessarabicum, P. spicata, P. libanotica w P. tauri, a Takxe
MOJUTUIOUIHBIX BUAOB Th. sartorii (2n=28), Th. caespitosum (2n=28), Th. intermedium (2n=42),
Th. ponticum (20=70), P. spicata (20=28), P. geniculata (2n=28) u P. kosaninii (2n=56), 4ro
MO3BOJIMJIO BBISABUTH Pa3Nuuusi B coctaBe penuroma: y Thinopyrum LTR-peTpoTpaHCIIO30HBI
3aHuMaroT 89-92% penuroma, a 'y Pseudoroegneria — 81-88%; mpu 3TOM J0JIs1 CaTEIITUTHOM
JIHK y monuruion1oB 3Ha4UTENEHO HUKE, YEM Y IUTUIOUIOB.

C nomompio NGS-cekBeHupoBaHHS U OMOMH(DOPMATHUECKOTO aHaIM3a ObUIK
UACHTU(PUIMPOBAHBI HOBBIE CHCHM(PUUHBIC JUISI OTJCIBHBIX BUIOB, BKItouas Th. bessarabicum,
P. spicata, P. libanotica v P. tauri, MHOTHE U3 KOTOPHIX HE HIMEIOT TOMOJIOTOB CPEIIU KYJIbTYPHBIX
31makoB TpUObI Triticeae. KomuitHocTh J- W St-TEHOMHBIX MOBTOPOB, OMpEAeNEHHAS METOJIOM
konmdectBeHHOH [1L[P, mokasana ux MexBHI0BYIO BapuabeIbHOCTh M IOTEHIIMAN UCIIOIb30BaHHS
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JUIE MOHUTOPUHIA MHTPOIPECCUN JUKOPACTYIIMX 3J1aKOB B IMUICHMUIY, a TaKke s
HBOJIIOIIMOHHBIX U (PMIIOTEHETUYECKUX HCCIIEIOBAHUH.

FISH-ananu3 1o3BONMI  ONPENETUTh XPOMOCOMHYIO JIOKAJIM3ALUI0 CaTEJUIMTHBIX
IIOBTOPOB, BBIIBUB IPUIIEHTPOMEPHBIE, TEPMUHAIbHBIE M INPOKCUMAJIbHBIE MATTEPHBI
rUOpUIN3aMM U TIOATBEPAUB ONMU30CTh TeHOMOB P. libanotica w P. tauri mo cpaBHEHHIO C P.
spicata.

Cnucok JiuTeparTypsbl:
1. [InotaukoBa, JI. YCTOMYMBOCTL K 3aCyXe HHTPOTPECCUBHBIX JIMHUN SPOBOM MATKOU
MIIEHUIIBl ¢ TEHETUYECKUM MaTepuanoM nsipes yuimmHeHHoro / JI. IlnotHukoBa, A. CareHabIKkoBa,
C. Ky3bmuna // Tpyasl o npukiaaHoil 60TaHuke, reHeTuke u cenexuuu. — 2023. — Vol. 184. —
Ne 2. —P. 38-51. - DOI 10.30901/2227-8834-2023-2-38-51.
2. Colmer, T. D. Use of wild relatives to improve salt tolerance in wheat / T. D. Colmer, T. J.
Flowers, R. Munns // Journal of experimental botany. — 2006. — Vol. 57. — Ne 5. — P. 1059-1078.
—DOI 10.1093/jxb/erj124.
3. Isolation and characterization of Glu-I genes from the St genome of Pseudoroegneria
libanotica / S. Liu, X. Zhu, Y. Tan, S. Liu // Gene. —2012. —Vol. 499. — Ne 1. - P. 154-159. - DOI
10.1016/j.gene.2012.03.011.
4. V. Pienaar, R. de. Wheat/Thinopyrum Hybrids / R. de V. Pienaar // Wheat. — Springer,
1990. - P. 167-217.

AHAJIN3 UBMEHEHUWM XO31MCTBEHHO IEHHBIX
IMPU3HAKOB Y T1 JIUHUM XJIOITYATHUKA (GOSSYPIUM HIRSUTUM

L.)C PHK-I/IHTEP(I)EPEHHI/IEFI I'EHA HYS.
MamaxonoB Bb.O., Awoos M.C., IOcynos A.H., Oougos H.I11., Mypoaos A.A.,
Bamupxonos 3.X. UmomxomxaeBa A.C. Fayzullayeva G. J.

Henmp I'enomuxu u buoungopmamurxu npu AH PY3

Mup3zo Ynyzoexckuit Hayuonanwvnolii Ynueepcumem Y3zoekucmana,
mamajonovbexzod@.gmail.com

B HacTosimiee Bpemst ri1o6anbHble M3MEHEHUS KITMMAaTa OKa3bIBalOT CUIIBHOE BO3JICHCTBHE
Ha pa3BUTUE JKMBBIX OPraHU3MOB B TpUpPOAE. B YacTHOCTH, TOBBIIICHHE TEMIIEPATYPHI
OKpY’KaloIIel Cpebl BBI3BIBACT PSJl M3MEHEHUH B (PU3MONOTMYECKHX IpoLeccax PacTeHUH, a
TaKKe B MEXaHM3Max MX aJanTalid K BHEIIHUM BO3ACUCTBUAM. B pesynbTare y pacTreHHi
HAOJIOAAaeTCsl CHIDKEHHE YPOXKaHOCTH, 3a/lep’KKa I[BETCHUS U CO3PEBaHUS Ypoxkas, a TaKxKe
ociabienue Apyrux Mop(hoOnOTOrHIeCKUX MPOLECCOB PA3BUTHUS. Y UUTHIBAS BbIIICH3I0KEHHBIE
poOJIeMBI, LIENIbI0 HAILIET0 UCCIIEOBAaHUS OBLJIO M3yYEHHE T€HOB, aCCOLMMPOBAHHBIX C PaHHUM
pa3BUTHEM pACTEHMH, M BO3AEWCTBHE HAa MX aKTHUBHOCTh C IIOMOIIBIO COBPEMEHHOIO
ouorexHonornyeckoro merona — PHK-unrepdepenunn (PHKi). B kauectBe oObekra
uccienoBaHus ObUT BEIOpaH xjomyaTHUK (Gossypium hirsutum L.).
B renome xyomyaTHHKa CYLIECTBYET Psii TPAHCKPUIIIIMOHHBIX (PAKTOPOB, PEryIUpPYIIUX
MHOXECTBO (PM3HOJIOTMYECKHX IPOLIECCOB, CPeAn KOTOpHIX cienyer otMeTute ELONGATED
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HYPOCOTYLS5 (HY5) — rJiaBHBIH PpPeryJsitTop CBeTOYYBCTBHUTEJIbHBIX peakuuii [1].
YcranosneHo, yto HYS oTHOcHTCS K KIIIOYEBBIM TPAHCKPUIIIMOHHBIM (DaKTOpaM pacTeHHH,
aKTUBUPYIOIIMMCS TOJ] BO3JAEHCTBUEM KpPAaCHOIO M JAIBHETO KPAacHOI'O CBETA, M PETYJIHUPYET
skcrpeccuro 6onee yem 3000 reHOB, CBSA3BIBAasCH C WX mpomotopamu [2, 3]. AxtuBanus HYS
COIIPOBO’KIAETCS CHIDKEHUEM CHHTE3a OCJIKOB y psAJia TeHOB, CBSI3aHHBIX C BET€TATUBHBIM POCTOM,
YTO BBI3BIBACT 3HAUNTENIbHBIC N3MEHEHHS B (PU3UOJIOT MU XJIOMMYATHUKA U IPUBOJUT K 3aMEIJICHUIO
IIPOSIBJIEHUS XO3SAHCTBEHHO LIEHHBIX ITPU3HAKOB, TAKUX KaK POCT, YPOKaHHOCTb, CKOPOCIIEIOCTh
U YCTOWYHMBOCTH K cTpeccaM [4]. Mcxozs u3 o01mux cBOMCTB TpaHCKpUIIMOHHOTO (akTopa HYS
B I'€HOME XJIONYaTHHKA, HaMU ObUla MOCTaBJIE€HA eIk — C TOMOIIbI0 TexHojoruu RNAi
MOIUGUIMPOBATE €r0 AaKTUBHOCTb UM, TEM CaMbIM, IOBIUATH Ha MOP(QOJOTHUECKUE H
(U3MOIOTrHUECKUE MPOLIECCH, YCKOPUB PAa3BUTHE PACTECHUSI.

Matepuan U MeTOIbI HccaeI0BaHUsA. B xauecTBe 00bEKTa UCCIIEJOBAHUS UCTIONb30BAIH
muauto xnoruatHuka Coker 312 (Gossypium hirsutum L.). 1ns canxenus skcnpeccun HYS B
TeHOME XJIOMYaTHHKAa HaMu ObUTa coOpaHa reH-KOHCTPYKLHMS Ha OCHOBe cuHTeTHyeckoro HYS
(SynHY5) RNAi nynnekca, pa3memieHHoro B Bekrope pART27, u tpancopmupoBana B reHOM
muaun Coker-312. MeTogoM cOMaTH4ECKOT0 YMOpPHOTeHe3a MOJTyUYeHbl pereHepaHTHBIC PACTCHHS
SynHYS RNA..

Pesyabrarel ucciaenoBanus. III[P-ananuzom perenepantoB To ¢ HCnonb30BaHHEM
CIEMAJIBHBIX MpaiiMepOB BBIIBUIM TpaHCreHHblE pacTeHus. CamoonbuieHHeM To MokosieHUs
MOJIy4YeH yposkail ceMsH T1, KOTOpbIe Mociie MPOXOXKACHUS NIepruoa MOKOsI OB BBICRXKEHBI B
MIOJICBBIX YCJIOBUSIX M ObUIM TpOBeNEHBbl (HEHOTUIMUYECKHE HAOMIONEHHUS T0 HECKOIbKHM
MIPU3HAKaM, a TAaKXKe BBITIOJHEHO FeHOTHIIMPOBAaHHE 00pas3IIoB.

Bcexo:kecTb. 32 BCXOKECTBIO CEMSTH TpaHCTeHHBIX (SynHYS5) u kouTponbHbiX (Coker-312)
o0pa3uoB Haboau B TeueHue 7 nHeil. MccnenoBanne mpoBOaMIOCH B YCIOBUSX ONTUMAIEHON
TEeMIepaTyphbl H BIAKHOCTU. Y CTAHOBJICHO, YTO BCX0XKECTh TPAHCTEHHBIX ceMstH Obl1a Ha 8—10%
BBIIIIE [I0 CPAaBHEHUIO C KOHTPOJIEM.

JaoHranus kopHeii. [Tocie 20-25 nHeil pa3BUTHA B MOJIEBBIX YCIOBUIX Oblila H3MEpEHA
JUIMHA KOPHEH TPaHCI€HHBIX M KOHTPOJIBHBIX pacTeHUH. B pesynbpraTe QaHHOIO aHamusa
YCTaHOBJIEHO, YTO CpPEIHsS JJIMHA KOPHEH TPAaHCTEHHBIX PACTEHUM NpEBbIIIAa KOHTPOJBbHBIE
obpasiel HAa 3—4 eMm (SD +). P < 0.01.

DJIOHrauusi THNOKOTWISA. Y TPAHCTEHHBIX 00pasloB HaOmoaanoch Oosee ObIcTpoe
paszButue. Ilo pe3ynbraram U3MEpEHUN IJIMHBI TWIIOKOTUIISA Y TPAHCT€HHBIX PACTECHUMN JAHHBII
nokasaresb OblI B cpeiHeM Ha 2—3 cM (SD =) Bblllle, 4eM Yy KOHTPOIbHbIX. P < 0.01.

3akirouenue: IlpoBen€HHbIE HCCIENOBaHUS TOKAa3alIM, YTO CHUKEHHE AKTHUBHOCTH
TpaHCKpUNUIUOHHOTO (akTopa HYS ¢ momompio TexHonmorun RNAI MO3BONSET YCKOPHUTH
POCTOBBIE MPOILIECCH], NPUBOJAIIME K YAJMHEHUIO KOPHEM M TMIOKOTWIS pPacTEHUil, 4TO B
MEPCIEKTUBE MOKET MPUBECTH K COKPAILIEHHUIO MTEPHO0/Ia BereTauuu. Takum o0pa3oM, pe3yIbTaThl
UCCIIEIOBaHMs JEMOHCTPUPYIOT BO3MOKHOCTD CO3/1aHUSI PAHHECIIEIBIX U BBICOKOIIPOIYKTUBHBIX
(Omaromapst myd4iieMy pa3BUTHIO KOPHEBOM CHCTEMBI) COPTOB XJIOMYATHHKA. JIOMOTHUTEIHHO
YCTAHOBIICHO, YTO TPAHCTEHHBIE PACTEHUS JOCTUTAIOT 00Jiee MPOABUHYTHIX CTAIMNA Pa3BUTHS 10
HACTYIUICHHS 3aCYILJIMBOTO IIEPUO/IA, YTO CIIOCOOCTBYET MOBHIIIEHUIO MX aJAITUBHBIX CBOWCTB.

Hcnosb3oBanHas JiuTeparypa
1. He Z, Zhao X, Kong F, Zuo Z, Liu X. TCP2 positively regulates HY S/HYH
and photomorphogenesis in Arabidopsis. J Exp Bot. 2016 Feb;67(3):775-85. doi:
10.1093/jxb/erv495. Epub 2015 Nov 23. PMID: 26596765; PMCID: PMC4737077.
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OLHEHKA I'EHETUYECKOI'O TIOTEHIIUAJIA COPTOOBPA3IIOB

HIEHAUIBbI C IOMOIBIO JHK-MAPKEPOB

Baacosa A.A., Myxopaosa M.E., Ypman M.B.
Dedepanvroe 20cyoapcmeennoe 0100xcenHoe HayuHoe yupexcoeHue
«Omckuit azpapnotii nayuniii yeump» (OI'BHY «Omckui AHL]»), Omck 644012;
E-mail: aa.vlasoval912@omgau.org

SlpoBasi MsrKas TNIICHWIA SBJISIETCS OCHOBHOM 3€pHOBOM KyJIbTYypod B 3amajgHo-
Cubupckom peruone, 3anumas 6onee 40% moceBHbIX muiomaneit [1]. B cBs3u ¢ 3TuM ogHOU U3
KJTIOYEBBIX 33/1a4 COBPEMEHHOM CEJIEKIIUU OCTAETCS paclIMpeHe TeHETHUECKOTO pa3HO00pasus 1
CO3JIaHHE BBICOKOMPOAYKTUBHBIX COPTOB, YCTOWYMBBIX K HEOJIaronpHsATHBIM (PaKTOpaM CpEeIbl.
[TepcrieKTUBHBIM UCTOYHUKOM ISl yITydIIEHUS TeHO(POH 1A IPOBOI MIIEHUIIBI CITY>KUT TeHODOHT
O3UMOW MSTKOM TMIIEHUIIBI, KOTOPBIA OTIMYAETCS 3HAYUTEIBHBIM pPa3HOOOpa3ueM 10
TOJIEPAHTHOCTH K a0MOTHYECKHUM CTpeccaM, YCTOMUMBOCTM K TPHOHBIM 3a00JIEBaHUSM H
CIOCOOHOCTH  (JOPMHPOBATH  3E€PHO  BBICOKOrOo  KauecTBa. [IpakTMka MOATBEp)KIaeT
3¢ (HEeKTUBHOCTh CKPEIIMBAHUS SPOBBIX (OPM C O3UMBIMU IS BBIACICHUS IEHHBIX SPOBBIX
OMOTHUTIOB, IIOCKOJIBKY B THOPHIHBIX MOMYJISIUSAX OT TAKUX CKPEIIUBAHUN HAOIIO1aeTCs ITUPOKUN
(dhopMooOpazoBarenbHBIil poriecc [2, 3]. OnHaKO TpaAUIIMOHHBIE METO/IBI CEIEKITNH, TPeOyoIIre
0O0JIBIINUX BEIOOPOK U MPOJOKUTEIFHOTO TIEPUOA BRIPAIIIMBAHUS I HACHTU(UKAIINA SIPOBBIX
Y O3UMBIX TEHOTHIIOB B TOTOMCTBE, OTPaHUYMBAIOT 3(h(HEKTUBHOCTH 3TOM paboThl. B 3TOM CBA3M
MpUMEHEHUE MapKep-BcrioMoraTenbHo cenekiuu (MAS) ¢ ucrnonb3oBaHHEM MapKepoB,
CBSI3aHHBIX C LIEJIEBBIMU JIOKYCaMH, I103BOJISIET 3HAUUTENBHO YCKOPHUTD MPOLIECC CO3AAHUSI HOBBIX
dopm [4].

[lenb — mpoBecTH UACHTU(DHUKAIINIO TEHOB MSTKOW SIPOBOM M 03UMOM MIIIEHUIIBI METOIOM
MOJIEKYJISIPHO-T€HETUUECKOI0 aHAJIN3a JUIsl TOCIIETYIOIIEH OLIEHKHU CEJIEKIIMOHHOIO MaTepuara.

HccnenoBanusi BHIIOIHEHBI B TaOOPAaTOPHH MOJIEKYJIIPHO-TEHETUYECKUX HCCIIeIOBaHUN
@OI'BHY «Owmckuii arpapHblii HayuyHbId LeHTp». OOBEKTOM HCCIeNOBaHUS SBIAIOTCA 9
COpPTOOOpPA3LOB MSTKOW SpPOBOIM TMINEHUIBI, pa3IHYalONIMecs MeXIy Cco00i 1o psmy
XO35IIICTBEHHO-1ICHHBIX IIPU3HAKOB U 2 COPTAa-TECTEPA 03UMOM MATKOM nieHuLbl. [lonumepasHyo
LENHYI0 pEeakUuI0 MPOBOAWIN C HCIOJB30BAHMEM NPaiMEpPOB [UIsl ONPEIEIECHHUS TI'€HOB
HelTpanpHOCTH K (Qoronepuoay (Ppd-1), spoBuszammu (Vrn), xopotkoctebenpHOCcTH (Rht),
yCTOHYHMBOCTH K Oypoii u crebneBoii pxkaBunHe (Lr u Sr) u kadecta 3epHa (Glu-1).
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[TpoBenensl paboThl M0 SSR-TeHOTUNUPOBAHMIO paHee HE HM3YyYEHHBIX 00pasioB. B
pesyabtare JJHK mapkupoBaHus poauTeNbCKUX (HOpPM MSATKOM SpOBOM M O3UMOMN MIICHUIIBI
UACHTU(PUIMPOBAHBI UX TeHOTUIBL. ['eH HelTpanbHOCTH K (oronepuoay (Ppd Dla) BeisiBieH y
OJIHOr0 TecTepa. AHAIU3 T€HOB SIPOBU3ALIMY NT0KA3aJl HAJIMUUE YETHIPEX PA3JIMYHBIX TaAIJIOTUIIOB
y MaTepuHCKUX (HOpM, KOTOphIE UMEIOT JTOMMHAHTHBIN ajuienb Vrn-Ala, pereccuBHbIN aenb
vin-D1, HO BappUpPyIOT 1O aJUICJIBHOMY COCTOSIHMIO JIOKyca Vrn-Bl. Aunenn reHoB
kopoTkoctedenpHocT Rhtl (Rht B1b) 1 Rht8 (Rht 8c) Ob11n 06HapyxkeHbl y Tpex 00pasioB, reH
Rht4 —y nByx, ren Rht13 —y neBsiti, a rer Rht9 auarnoctupoBan Bo BceM Iyiie cOpTOOOPa3LOB.
CKpUHHMHT UCXOAHBIX 00Pa31I0B OOHAPYKHII JIMHUH SPOBOM MATKOW MIIIEHUIIBI, HECYIIHE B CBOEM
TCHOTHIIE AJIJIENTH, KOTOpbIe O0IaJaroT BBICOKMM KayeCTBOM KJIEWKOBUHBI. Y CTOMYUBOCTH K
[IPOpPACTaHUIO, ACCOLIMMPOBAHHAA C ajjiesieM Vp-1B, BeIsiBICeHA Y HCXOAHON MaTepHUHCKOM (hOPMBI
u TtectepoB. [IATh cOpTOOOpA3LOB MMEIOT B CBOEM TEHOTHIE JBE P KaHO-IIICHUYHbIC
TPAHCIIOKAIIMK, KOHTPOJUPYIOIIUE YCTOHYMBOCTh K prkaBYMHE. llociie reHOTHnUpoBaHUs ObLI
MIOJTyYeH HOBBIM TMOPUAHBIN MaTepHai sspoBoil Msarkoi meHuis! (18 rudbpunos Fi, co3nanubx
IO IBYTECTEPHOI CXeMe CKpEIMBaHUsl ), KOTOPBIN OyIeT MPOXOAUTh JaTbHEHIITYI0 KOMILIEKCHYIO
OLIEHKY IS BBIJICIICHUS IEPCIIEKTUBHBIX COPTOOOPA3IIOB.

Takum 00pa3oM, HCXOMHBINM MaTepual, BKIIOYAIOIINN I[eJeBble T'€HBl MOXKET OBITh
PEKOMEHJIOBaH B Ka4yeCTBE JOHOPOB I MCIOJIb30BAHUSA B CEJICKLHMOHHBIX IIpOrpamMmax IIpu
CO3JIaHMM HOBOTO cOpTa. B mocneaylommx MHOKOJEHUSX PEKOMEHIYETCsl OTOOp TE€HOTHUIIOB,
COUCTAIOIIMX HU3YYCHHBIE XO3AWCTBCHHO-IIOJIC3HbIC IPU3HAKM W BBICOKMH II0Ka3arTellb
npoayKTUBHOCTH. [loyuyeHHbIe HAMU PE3yNbTaThl MOTYT OBITh IOJIE3HBI MPH BHIOOpPE JOHOPOB
XO3AWCTBEHHO-IIEHHBIX MPU3HAKOB CPEIU M3YyUYEHHBIX OOpa3lloB Kak A MATKOW, TaK W JUIA
03MMOI1 MIIIEHUIIBI U CTIOCOOCTBOBATH CO3/1aHUIO HOBBIX COPTOB C BBICOKOM MPOAYKTUBHOCTBIO.
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HOBBI CUHTETUYECKUU IPOMOTOP HA OCHOBE
IMPOMOTOPOB I'EBEMH-TIOJJOBHBIX TEHOB SmAMP1 1 SmAMP2 N3
PACTEHMUS S. MEDIA JJISI D®PEKTUBHOMN SKCIIPECCUHA

TPAHCI'EHOB
Edpemona JI.H., Komaxun P.A.
Deodepanvroe 2ocyoapcmeennoe 0100xcemuoe Hayunoe yupesxcoenue «Bcepoccuiickuil
HAYYHO-UCCNIe006AMENbCKUTL UHCIUMYM Ce1bCKOX03AICMEEeHNOoU fuomexnonozuuy, Mockea
127550; e-mail: efremova.larisa.nikolaevna@gmail.com

B OuoTexHONOrMM pacTeHUil MCIOJIb30BaHNE HATHUBHBIX MPOMOTOPOB I'€HOB C BBICOKOM
CTENEHbIO HWACHTUYHOCTU HYKJICOTUAHBIX IIOCIEA0BAaTENbHOCTEN, HO pa3IMYarolIUMUCS
(YHKIMOHATBHBIMH CBOWCTBAaMH, OTKpPBIBAET HOBBIH MYyTh K CO3JAaHMIO CHHTETHYECKHX
IIPOMOTOPOB € 33JaHHBIMU XapAaKTEPUCTUKAMHU JIJIsl TOYHOI'O KOHTPOJISL SKCIIPECCUM TPAaHCTEHOB.

Panee Hamu OBLJIO YCTaHOBJIEHO, YTO KOPOTKHE HYKJICOTHJHBIE IOCIEIOBATEIBHOCTU
IIPOMOTOPOB T'€HOB I'€BEMH-MOJO0HBIX NentuaoB SmAMPI u SmAMP2 w3 pactenus S. media
uneHtTuyHsl Ha 94 % [1]. HecMoTpst Ha BBICOKYIO CTENEHb UICHTUYHOCTH, OHU JIEMOHCTPUPYIOT
pasnuyaromuecs: (pyHKIMoHaNbHBIe cBoiicTBa. [Ipomorop pro-SmAMPI1 obecnieunBaer B
ounapHom Bektope pPCAMBIA1381Z noctoBepHO 00jiee BBICOKYIO IKCIPECCHUI0 PEMOPTEPHOTO
reHa uidA B IUCTBSIX arpouHMIBTPUPOBAHHBIX pacTeHuit Nicotiana benthamiana. Ilpomomop
pro-SmAMP2 B Ounapaom Bektope pCAMBIA1300 nocroBepHO Oonee >pheKTHBEH IS
CeNIEKIIUN TPAHCTEHHBIX KJIETOK TabaKa Mpu KOHTPOJIE CEIEKTUBHOTO TeHa nptl] Ha MUTATEIbHbBIX
cpeaax ¢ aHTHOMOTUKOM KaHAMHUIIMHOM.

Llenbi0 MCClIEOBAaHUS CTAJI0 U3yYEHHE MOJICKYJISIPHBIX OCHOB 3THUX (PYHKIMOHAIBHBIX
paznuuuMii M CO3JaHME HAa MX OCHOBE HOBOIO YJIYUYIIEHHOI'O CHHTETHYECKOIO IPOMOTOpA,
COYETAIOUIEeT0 MPEUMYIIECTBA 000MX HATUBHBIX IPOMOTOPOB.

IlepBoHayaslbHO JUIsI TOYHOTO KapTHUPOBaHUS calWTOB Hadana TpaHckpunuuu (TSS)
BeimosHm CAGE-ananus (cap analysis of gene expression) st MPHK penoprepnoro rena uid4
y TpaHCTCHHBIX pacTeHMi Tabaka, TMOJYYEHHBIX C HCIOJIb30BAHWEM OWHAPHOTO BEKTOpPA
pCAMBIA1381Z [2]. YcraHOBI€HO, YTO sl OOOMX MPOMOTOPOB XapaKTEpHA OJMHAKOBAS
CTpyKTypa eauHcTBeHHOTO TSS, cocrosiero u3z nocnegoarenbHocT HyKIeoTn10B TCATCAT.
OTO yKa3bplBae€T HA TO, YTO pa3nuyus B (PYHKIHMOHAIBHOW 3(PQPEKTUBHOCTH IMPOMOTOPOB HE
CBSI3aHBI C pa3HULIEH B MHUIMALIUY TPAHCKPUIILIUY.

3arem, METOJIOM JIEJICUOHHOIO aHAJIM3a ONPEICIMIN MUHUMANIbHBIE (DYHKIIMOHAIBHBIC
Bepcuu mpoMoTopoB: pro-SmAMP1 (-102 m.H.) 1 pro-SmAMP2 (-104 n.H.); UX HYKJICOTUIHbIC
MIOCJIEZ0BATEIBHOCTU  PA3IUYAIUCh 7/ TOYEYHBIMU MYTalUsMU. OTH IIPOMOTOPHI TaKKe
pa3nuyanuch 3 TOYEUHBIMH MyTalUsMH B HX S'-HeTpaHcnupyembix obmactsax (5'-UTR),
OCTaBIIMXCS OT TPUPOAHBIX TEBEUH-MONOOHBIX TEHOB. MeETOJOM CO3MaHMs XHMMEPHBIX
npomMoTopoB ycraHoBwid, yTo 5'-UTR rena SmAMPI oka3bpIBaeT MOJIOKUTEIBHOE BIUSHUE HA
YPOBEHBb IKCIPECCUU PETopTepa, HO JIUIIb YaCTUIHO OOBSICHSIET MPEBOCXOACTBO pro-SmAMP1
Haj pro-SmAMP?2 nipu TpaH3UEHTHON IKCIPECCUN.

Hanee, nns (QyHKIMOHAIBHOW XapaKTEPUCTUKU TMOJIUMOP(GU3MOB B IPOMOTOPHBIX
00J1acTsX, METOJIOM HANpaBJICHHOTO MyTareHe3a Co3/lajid 9 HOBBIX CHHTETHUECKUX BapUaHTOB
npoMoTopa pro-SmAMP2 nyreM BHECEHUS B €0 MOCIIEN0BATENBHOCTh OJTHO-ABYHYKJICOTHIHBIX
MyTalMi, cymecTByommx y pro-SmAMPI1. TpansueHTtHas »skcnpeccus B JUCThAX NV
benthamiana mnokasana, uro 3ameHa HykieoTun0oB CC Ha AT B KopoBO# obimacTu mpuBena K
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JOCTOBEPHOMY MOBBIIIEHUIO TIPOMOTOPHOM 3(h)()eKTUBHOCTH U K IMOSIBICHUIO B IIPOMOTOPE Pro-
SmAMP?2 noBoro uuc-aericteyromero ementTa ACTCAT, acconunpoBaHHOTO ¢ aKTUBaLUEH B
OTBET HA TUIIOOCMOTHYECKHUH CTpeCC, IPOJIMH U THAPATALIMIO [TOCIIE 3acyXu [2].

Ha cnenyromem srtame uccieqoBaHMsl MOKa3alHd, YTO OTCYTCTBHUE B IPOMOTOPE pro-
SmAMP2 nocnenoBaTenbHOCTH M3BECTHOTO IMC-ACHCTBYIOIIEIO HETaTUBHOTO PEryJsTOopa
CAANNNNATC obecnieunBaeT ero 0ojee KOHCTUTYTUBHBINA MATTEPH, WICATBHBIN 175 0TOOpa
TPAHCTEHHBIX PACTEHUI HAa MUTATEILHON CPe/ie C CEJICKTUBHBIM areHToMm [2].

Hakonen, co3nanu HOBBIM CHHTETUYECKHHM IPOMOTOP Ha OCHOBE IOCIIEIOBATEIBLHOCTH
pro-SmAMP2 ¢ nareto mytauuamu u 5'-UTR u3 nocnegosarensHocTH pro-SmAMPI. Otot
BapHaHT COYETal BBICOKYIO 3()()EeKTUBHOCTh KaK IMPH TPAH3UEHTHOW SKCIPECCUH peropTepa, Tak
U B OTOOpE TPAHCTEHHBIX KIETOK HAa MUTATEIBHON Cpele C CENeKTUBHBIM areHtoMm [2].
Pazpa®oTaHHBId CHHTETHYECKHH NPOMOTOP MOXKET MPEACTAaBIATh COOOH  YHUKAIbHBIN
MHCTPYMEHT JUIS PELICHUS PA3IUYHBIX 33/1a4 OMOTEXHOJIOTUN PaCTEHUI.

PaboTa BbINOTHEHA MPH MOAICPKKE TOCYJAPCTBEHHOTO 331aHusi MUHHUCTEPCTBA HAYKU U
BhICcIIero obpasoBanus Poccuiickoit @enepannu (FGUM-2025-0004).
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HOKAYT I'EHA STDMR6-1 Y PACTEHUM KAPTO®EJIA S.

TUBEROSUM L. C HOMOIIBIO CRISPR/CAS9
Boakos M.K., Autunos A.Jl., Cymenko A.C., Monaxosa 10.B.,
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®utodTopo3, BHI3BIBAEMBIM OOMHIETOM Phytophthora infestans, Tpu3HaH OJIHUM W3
HaunboJee pa3pyIUTeNbHBIX 3a00eBaHmi KapTodens Bo BcéM Mupe. CyliecTByeT ABa OCHOBHBIX
noaxona mo 6opbOe ¢ maroreHoMm: oOpaOoTka pacTeHHil (YHTHIMIAMH W HCIIOJIb30BAaHHE
YCTOMYUBBIX COpTOB Kaprodens. Celekuusi yCTOMYMBBIX COPTOB KapTO(dems OCyIIeCTBISETCS
myTéM UHTporpeccuu reHoB pesucteHTHOCTH (R) [1]. OmHako, u3BeCTHBI U3OMSTH P. infestans,
MIPE0/I0JIEBAIOIINE YCTOUYNBOCTD, ONMOCPEAOBaHHYI0 R-reHamu [2]. AnbTepHAaTUBHBINA MOAXO0M K
CO3JIaHMIO  YCTOMYMBBIX  COPTOB  KapTodess  OpearnoiaraeT  WHAKTHBALMIO  T'€HOB
BOCIIPUUMYHUBOCTH (S). MHOTHE S-reHbl KOAUPYIOT HETATUBHBIE PETYIISATOPHI 3ALIUTHBIX PEaKIHi
pactenuil. Hanpumep, ren Stdmr6-1 xomupyet 2-okcornytapar Fe(Il)-3aBucumyio okcureHasy,
KOTOpasi KaTaJu3upyeT NpEeBpallcHUE CAJIMLMWIOBOM KHCIOTHI B IPOU3BOJAHYIO 2,5-
rUIpOKCHOeH30iHyI0 krcnoTy [3]. CornacHO JTUTEpaTypHBIM JTaHHBIM, TOJaBJIEHHE aKTHBHOCTH
DMR6-1 cnocoOCTBOBaJIO yBEIMYEHUIO KOHIICHTPALMM CAJULMIOBOM KHCIOTBI B TKAaHSIX

®rbHY BHUUCB, 2025 . 225



C6opHuk matepmnanos XXV-n Monoae>kHol KoHPepeHLMN C MexXayHapoaHbIM y4acTuem
«BnoTexHonorna B pacTeHMEeBOACTBE, X)XKMBOTHOBOACTBE U CEIbCKOXO3ANCTBEHHOM MUKpOo6Uonorum»

pacTeHuil 1, KaK CIeICTBUE, TIOBBIIICHUIO YCTOMYMBOCTH K PsY MaTOTCHOB, BKItoYast P. infestans
[4]. Takum oOpa3om, co3laHHe pacTeHUil KapTodens ¢ MHAKTUBUPOBAHHBIM TeHOM Stdmro6-1
MO3BOJIUT 3HAYUTENBHO 00JerduTh OOprOy ¢ (GUTOPTOPO3OM MU CHHU3UTH 3KOHOMHUYECKHE
M3JICPKKH TIPH BBIPAIIIMBAHUH KapToders.

B pabote ncrnonp3oBajcs BOCHIPUUMYMBLIN copT DpuTenia KylbTypHOro KapTodens S.
tuberosum L., npenoctaBnennbiii ®T'BHY «®UL] kaprodens umenn A.I'. Jlopxay. Hanpasnennas
moaudukanus rena Stdmr6-1 ocymectsisuiack ¢ momoinsio CRISPR/Cas9. Ongna runosas PHK
(gRNA) 6pu1a mogoOpana Kk nepBoMy 3K30HY M Tpu gRNA KO BTOpOMY 3K30HY LIEJIEBOTO I'eHA.
KomOunammu u3 nByx gRNA Obumm kinonHupoBanbl B BekTop pKSE401. JloctaBka BEeKTOpOB
pKSE401-dmr6-A u pKSE401-dmr6-B B kierku kaprodens oOcCyIIecTBIsAiIach IyTEM
arpo0axkTepragbHON TpaHCPOpPMaLIUH KaJuTyca ¢ oMoIIbIo A. tumefaciens mrtamma AGLO.

B pesynbrate arpoOakTepuanbHOM TpaHCPOPMALMU SKCIUIAHTOB KapTo(ens CyMMapHO
Obu10 ToydeHo 79 pereHepaHToB. COrjacHO JaHHBIM TapreTHOTO BBHICOKOMPOHM3BOIUTEIHLHOTO
CEeKBEHHPOBAHUS MpH peAakTupoBaHuu BekTopoM pKSE401-dmr6-A mnaen-mytanuu XoTs Obl B
OJIHOM amnenu conepxkanu 43 u3 53 pereHepaHTa, IpHU peaakTupoBaHuu BekTopoMm pKSE401-
dmr6-B —2 u3 26. Hu B 01HOM U3 pacTeHH He yJaloch T0OUTHCS PeJaKTHPOBAHNUS BCEX YETHIPEX
anneneid. bonee toro, 62% pacteHuil, coaep)kaluX HHAEI-MYTalld, COJAEP)KaIM ajlleud C
JEJIeHUsAMU KpaTHOro TpEM 4Mcia HYKJIEOTHIOB. Takue MyTallMd HE TNPUBOAAT K CIBUTY
OTKPBITOW pPaMKH CUUTHIBAHHS M, Yallle BCETrO, HE BIUSAIOT Ha paboTy Oenka-mpoayKTa reHa.
Habmionaemast Huskast 3QQGEKTUBHOCTh PENAKTUPOBaHHUA TeHa Stdmr6-I MOXeT OOBACHATHCA
KPUTHYECKON 3HAYUMOCTBIO T'€Ha B IKH3HEIEATENbHOCTH KapTodens. Pabora BbImonHeHa B
paMKax rocyAapCTBEHHOT0 3aJjaHusd MHUHUCTEpCTBAa HAyKH U BBICIIEro oOpazoBaHus Poccuiickoit
®enepanyn FGUM-2023-0003.
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OLHEHKA ITOTEHILIUAJIA BUPYCHBIX BEKTOPOB

JIJISI VIGE CAXAPHOM CBEKJIBI
Mockanes E.A.12, Bosoruna A.A.2, I'pysaes U.B.12, Kupos HU.B.!?
1 - ®I'BHY «Bcepoccuiickuit Hay4HO-UCC1€008amMebCKUl UHCHUNLYM
cenvckoxossaiicmeennoil ouomexnonozuuy (PI'bHY BHUHUCE), Mockea 127550;

E-mail: badsaxson@mail.ru
2-M®TH, Duzmex, lonconpyonwtii 141701

Caxapnas cBEkna (Beta vulgaris L. ssp. vulgaris var. saccharifera Alef.) wurpaer
KJIIOYEBYIO POJIb B MUPOBOM IIPOM3BOJICTBE caxapa, B 0COOEHHOCTH B yMEpeHHbIX mupoTax. [1o
pa3HbIM oeHKaM oT 16% 1o 20% ot obmiero o6bEMa MPOU3BOJUMOrO caxapa MPUXOAUTCS Ha
caxap u3 caxapHoii cBekJibl. [1o nanasiM @AO B 2023 roxy 3To# KyJIbTypoil B Mupe Oblia 3aHsTa
wiomaas 4,52 MIIH Ta, a BaJoBbIi cOop coctaBmia 281,2 MIIH T NpH CpeAHEN yposkaifHOCTH B 62
1/ra (http://faostat.fao.org/). Poccus siBnsieTcs kpynHeHIuM Ipou3BOIUTEIEM CaXxapHOU CBEKIIBI,
HE €€ JI0JII0 NMpUuxoauTcst okoso 17% muposoro npousBoactsa. OIHAKO, HE CMOTPSl Ha BBICOKUI
YPOBEHB IIPOM3BOICTBA, UMEETCS CYIIIeCTBEHHAas Mpo0ieMa 1o 00ecriedeHn 0 BHYTPEHHETO PhIHKA
OTEYECTBEHHBIMU CEMEHaMHM CaxapHOM CBeKJbl. Kpome TOro, reHeTH4ecKHil MOTeHIHAa
UMIIOPTHBIX THOPHIOB Ha TEPPUTOPUM HAIIEH CTpPaHbl peaqu3yeTcsi HE MOJHOCTHIO BBHIY
MPUPOIHO-KINMATHUECKUX 0COOCHHOCTEH. Pt mpoGiieM CBEKIIOBOICTBA TAKXKE CBS3aH C 00pa3oM
KM3HHU CaxapHOW CBEKJIbI, KOTOpas B HOpME 00J1alaeT ABYJIETHUM IIMKJIOM Pa3BUTHUS, GOPMHUPYS
B TMEpBBIA TOJ BEreTalMd KOPHEIJIOZ, KOTOpPBIA M SIBISETCS OOBEKTOM HHTEpeca
NPOMBIIIICHHOCTH, a Ha BTOPOM TroJ HAcTymaeT reHepaThBHas ¢asa, BO BpeMsl KOTOPOM
(bopMHpYIOTCS IBETOHOCHI M, 3aTeM, ceMeHa. OIHAaKO MMEeT MECTO U NPEeXkJIEeBPEeMEHHOE
CTPEJIKOBaHUE M LIBETEHUE B IEPBBIM T0J BereTalu (LBETYIIHOCTb), KOTOPOE HPHUBOIUT K
3HAYUTEIBHOMY CHIDKEHHIO YPOKaWHOCTH, a TaKXKe YXYAUICHUI0O XUMHYECKHX U (PU3UUECKUX
XapaKTepUCTHK KOPHEIUIO/A.

[Tepexox K OJHOJETHEMY IMKIYy Pa3BUTHA OOYCIABIUBACTCSA CIIOKHOW T€HETHYECKOU
NIPUPOJIOHN peryssinuu o0pas3a *KHU3HHU CBEKIBI (0ITHO- MITH BYJIETHUIN) HAa KOTOPBIH CYIIECTBEHHOE
BJIMSIHUE OKa3bIBAIOT arposkosiorndyeckue ¢axTopbl. KitoueBbIMH (akTOpamMu MOSBICHHS
LBETYIIHbIX PAacCTEHU! B IIOCEBaX CIIyXaT BO3JEHCTBUE HMU3KUX TEMIIEPATYyp IOCIE BCXOAOB
(BO3BpaTHBIE 3aMOPO3KH), JJTUHHBII CBETOBOH JI€Hb, TEHETHYECKIE OCOOCHHOCTH U CTPECCOBBIC
BO3CUCTBUS B nepuo]l Beretauuu. [losToMy co3mpanue copToB M rHOpPUIOB CaXxapHOM CBEKIIBI C
TFEHETUYECKU JI€TEPMHUHHUPOBAHHBIM OTCYTCTBHUEM LIBETEHHUS M IUIOJOHOLIEHUS B IEPBBIA TI'OJ
KU3HU SIBJISIETCS] OJHOW M3 IJIaBHBIX 3ajja4, KOTOPYIO CTaBUT IIPOU3BOJCTBO IEPE] TEHETUKAMU U
CEJIEKIIMOHEPAMH.

He cmoTps Ha CIIOKHBIM T€HETMYECKUH MEXAHW3M PEryJsallMM BPEMEHHM LBETCHMS
caxapHoi cBExibl (Kroupin et al., 2023), umeroTcss uccienoBaHusi, JeMOHCTPUPYIOIIHUE, YTO B
OCHOBHOM OJTHOJICTHUH THIT Pa3BUTHSI pACTEHUS CBEKJIBI CBA3aH C Pa0OTOM JTOKYCOB, KOAUPYIOLINX
nceBaoperyisatopusii ren BTCI (Bolting Time Control 1) u 6enoxk BvBBX19 (Double B-Box
Type Zinc Finger). FIx coBMecTHas SKCIIpeccus MOIaBIsieT I'eH LIBETOYHOro penpeccopa F711, uyto
IIPUBOIUT K MHAYKUMU TeHa F72 U MOCIENyIoIIEMy L[BETCHUIO HE 3aBUCUMO OT SIpOBU3aLUU
(Rodrigues et al., 2020). /IByneTHHE T€HOTHUIIBI CBEKIIBI HECYT peliecCuBHBIE auienu renoB BTC!
u BvBBX19, xoTopble HE CIOCOOHBI MOAABIATH WHTHOHMpYyomyto (yHKIuio reHa FT1. Otu
aJlJIeIN, XapaKTepU3YIOLIHecs YaCTUYHOM MoTepeii reHoB cBOoeH (YyHKINHU, TPUBOIAT K CHUXKEHUIO
YyBCTBUTEIBHOCTH K (POTOMEPHOY, B PE3YJbTATE YETr0 /Ui FTeHEPATUBHOTO Pa3BUTHUS TpeOyeTcs
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BozzeiictBue Hu3kux Ttemmeparyp (0..8°C), KoTopoe BOCCTAaHABIMBAET UYBCTBUTEIBHOCTH K
JUIMHHOMY JTHIO U CTUMYJIMPYET pa3BUTHE reHepaTuBHBIX opraHoB (Pin et al.,2012).

OCOOEHHOCTH CENEeKIIMOHHOTO Mpoliecca caxapHOoi CBEKJIbI, TTIaBHBIM 00pa3oM co3JaHue
AHM3OIUIOIUIONTHBIX (TPHUILIOUIHBIX ) THOPUIOB 3aTPyIHSAET OJJHOBPEMEHHOE BBE/ICHHE B TCHOTHIT
rubpuia perneccuBHbIX amneneit reHoB BTCI u BvBBX19. 10 00CTOSATENBCTBO, B CBOIO OYePE/ib,
NPUBOJUT K YBEIMUEHHIO CPOKOB CO3JIaHUSI THOPHIOB M, COOTBETCTBEHHO, ITOBBILICHUIO
MaTepHalIbHBIX 3aTpar. PemieHueM mpoOjeMbl MOXXET CTaTh JIOCTaBKa KOMIIOHEHTOB CHUCTEM
PEAAKTUPOBAHUS C IOMOIIBIO BUPYCOB, WJIM BUPYC-OIIOCPELOBAHHOE T€HOMHOE PEIaKTUPOBAHHE
(VIGE). VIGE wucnons3dyer PHK Bupychl kKak cHCTEMYy JOCTaBKM M PaclpOCTPAHEHUS 110
OpraHu3My pacTeHHs Kak caMoro (hepMeHTa pelakTUpOBaHMs, TaK M ero Hampasistonryto PHK
(gPHK). Takoii moxoa yCKOpUT peakTUPOBaHUE TeHOMA, M B Pe3yJIbTaTe MOTYT OBITh MOJTyYeHBI
pacTeHus ¢ ’KeJaeMbIMH U HacJelyeMbIMH aJlIeNIsIMU 0€3 TpaHCTeHe3a.

B xone uccnenosanus mis nogbopa noaxozsmero sekropa st VIGE y caxapHoit cBEKIIBI
ObUIO MPOTECTUPOBAHO 3 BHUPYCHBIX BEKTOpa Ha ocHOBe BUpycoB TSWV (Bupyc MATHHUCTOTO
yBsiianus Tomara), BaMV (Bupyc mo3auku 6amOyka) u TRSV (Bupyc KonblieBON MATHUCTOCTH
Tabaka) Ha MPEeaMET 3apaskeHHsI U CUCTEMHOT'0 PACIPOCTPAHEHHUS 0 PaCTUTEIbHBIM TKaHsM (Liu
et al., 2016; Huang et al., 2016; Yoshida et al., 2024). [IpudeM BEKTOpPbI ObLITN HCIIOTH30BAHBI IS
3apaykKeHHs paCTEHHI CBEKJIbI, KaK OCPEICTBOM arpoOakTepraaIbHOi TpaHCHOpMaIiy, TaK U JUIs
3apakeHUsl BUPYCHBIMH YacTHLIAaMHU, HapaOOTaHHBIMH B pacTeHusx Nicotiana benthamiana
Domin. OtaenpHble KOMIIOHEHTBI BHpycHOro BekTtopa TSWV  nerexktupoBanuch B
MHOUIBTPUPOBAaHHBIX TKaHAX 42% pactenuil. Bupycubsie BekTopsl Ha ocHoBe BaMV u TRSV
JIETEKTUPOBAINCH B MECTE MHOKYJISILIMN BUPYCHBIMU yacTHLIaMU B 25% u 100%, COOTBETCTBEHHO.
OnHako, KaKk CUCTEMHOTO PAaCIPOCTPAHEHUS, TaK U (PEHOTHIINIECKHUX MPOSBICHUHN 3apayKCHHUS TEM
WA UHBIM BUPYCHBIM BEKTOPOM He ObIII0 00HApYKEHO.

Jlng  mpoBeneHUsT TEHOMHOIO PENAKTUPOBAHMS, NApaUIEIbHO C TECTHUPOBAHHEM
BUPYJEHTHOCTH  BHUPYCHBIX  BEKTOpoB, B  KoHcTpykuuro  TSWV,  copepxaiueit
MIOCTIeIOBATEIbHOCTh T'eHa HHIOHYKIea3sl Cas9, ObLIM KIOHMPOBAHBI YETHIpE HAIPABIISIOLINE
PHK (gRNA) nauenennsle Ha reH ¢uroenaecarypassl (PDS), HOKayT KOTOPOTO MPHUBOAMUT K
¢doTooOECBEUMBAHNIO JIMCTHEB. B pe3ynpTare SKCHEPUMEHTOB 10 arpoOMHQHIBTPAMH U
MHOQWIBTPAUN BUPYCHBIMU YaCTUYKaMH ()EHOTUIIMUECKOTO MPOSIBICHUS HOKayTa reHa PDS Ha
pacTeHusX CBEKIBI He 3a(hUKCHPOBAHO.
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OLIEHKA AHAJIUTUYECKOMN YYBCTBUTEJBbHOCTHU HOBBIX IIIIP-
TECTOB JJIs1 BBIABJIEHUA U UAEHTUO®UKAIIUU BO3BYJIUTEJIA
PO30BOI'O BAKTEPUO3A 3EPHA INIIEHULBI U P2KU ERWINIA

RHAPONTICI (MILLARD 1924) BURKHOLDER 1948
Ianuenko K.B.!, Apnees U.C.!%, SIpemko A.B.!, Boponos E.B.!, Kongparses M.O.!,
Tpomxkosa A.A.", Kamuna 10.I'.!, T'epacumos E.C.%, Ciioapesa O.10.!2,
1-®I'BY «Bcepoccuiickuii yenmp Kapanmuna pacmenuiiy, bvikoso, Poccus
2-Poccuiickuil ynusepcumem 0pyricovt Hapoooes, Mockea, Poccus
3-Poccuiickuii cocyoapcmeennsiit acpapustit ynueepcumem — MCXA umenu K.A. Tumupaszeea,
Mockea, Poccus
4-Mockoeckuii 2ocyoapcmeennniii ynugepcumem umenu M. B. /lomonocosa, Mockea, Poccus

Beenenne. E. rhapontici sBasercs OakTepualbHBIM (UTONATOICHOM, BBI3BIBAIOIINM
PO30BBIN OakTepro3 3€pHa MIIEHHUIBI U PKHU M CIIOCOOHBIM HAHECTH SKOHOMHUYECKUH yIepo
3€PHOBBIM U JIPYTUM CEIbCKOX03IUCTBEHHBIM KynbTypaM [1]. 3BecTHBI ciiyyan, Koraa 6akTepus
BbI3bIBaJIa Ae(DUIIUT jKeJie3a U MOPO30BEHUE 3€pPHA Y TOpoxa, CHUXKasl ypoxaiHocTh Ha 44% [2].
bakTepusi HeraTMBHO BO3JEHCTBYET M HA 3€PHO IIIEHUIIBI, OKPAIMBas €ro B PO30BBIN LIBET, B
CBSI3M C UEM CHW)KAIOTCSI TOBApHBIE KauecTBAa MyKH, KOTOpas B JaJbHEHIIEM HE NMPUTOJHA IS
npousBojcTBa [3]. OgHUM U3 CIIOCOOOB KOHTPOJIS (PUTOMATOTEHA SIBIISIETCS €r0 CBOEBPEMEHHOE
obnapyxenue. CymiecTByromue TecTsl Ha ocHoBe [IL[P pa3pabGoTanbl Afis aHanM3a YHUCTHIX
OaKkTepHaJIbHBIX KYyJIBTYp W HE pPAacCUMTaHbl Ha TNpoBelcHHE HaeHTH(GuKauuu E. rhapontici
HampsAMYI0 B pacTUTENbHBIX oOOpasmax. [Ipy TecTHpOBaHUM pacTUTENLHOTO MaTepuaia ¢
MIOMOIIBIO 3apYOEKHBIX NMpalMEpPHBIX CHUCTEM, OCHOBAHHBIX Ha T'€HAX JOMAIIHEro XO35HCTBa,
BBISIBJICHBI TPOOJIEMBI, CBSI3aHHBIE C HHU3KOM BHIOCTICHU(PUYHOCTHIO, YTO OOYCIaBIUBACT
MOJTyYeHHE NEPEeKPECTHBIX peakiuil ¢ Apyrumu Buaamu Oaxtepuil. Kpome Toro, B Hacrosiiee
BpeMsI OTCYTCTBYIOT ITpaiMepHbIe CUCTEMBI JUIs uaeHTHGuKkauuu E. rhapontici ¢ nomouisto TP
B pexume «peanbHoro BpemeHm» (IILIP-PB). Takum o00pa3oM, BO3HHKIA aKTyaJbHOCTb
pa3paboTku HOBBIX Buaocneunpuunbix [1L[P-TecToB, 0CHOBAaHHBIX Ha yyacTKaxX KOHCEPBATUBHBIX
redoB E. rhapontici. PazpabateiBacmbie B PI'BY « BHUUKPy» IT1{P-tecTs! ans uneHTUDUKATAN
¢duTOonaToreHa sBISAIOTCS NEPCIEKTUBHBIMH, HO BBIBOJ 00 MX IPUMEHUMOCTH MOKET OBITh ClIeIaH
Ha OCHOBAaHMHU OIPEIENICHUs] UYYBCTBUTEIBHOCTH U  CHEUU(PUYHOCTH. AHaJIUTHYECKAs
YyBCTBUTEIBHOCTh (AY), Xapakrepusyroliass MHUHUMAJIbHOE JACTEKTUPYEMOE COJAEp>KaHUE
IIEJIEBOT0 00BEKTA B MPOOE, SIBISAETCS OJJHUM U3 KIIOUEBBIX TAPAMETPOB JHATHOCTHUECKOTO TECTA.

Lesb — OlleHKa aHAIMTHYECKON UyBCTBUTEIBHOCTH pa3pabarsiBaeMbix [1L[P-TecToB mis
UACHTU(UKAIIMYA BO30YAUTENS PO30BOT0 OaKTeprO3a 3epHa MIIEHULB! U pxku E. rhapontici.

Matepuanbl u Metoabl. B pabore ucnonszoBanim JIHK OGakTepuanbHbIX cycrneH3ui
mrammoB E. rhapontici n3 nayunoit komexkuun ®I'BY « BHUUKP» (VNIIKR-B-0035, -0065, -
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0100, -0101, -0102, -0104, -0105, -0109) u IHK sKkcTpakTOB pacTEHUN-XO35€B, 3apaKEHHBIX
OakrepuanbHOil cycnensueid mramma VNIIKR-B-0035 E. rhapontici. B onbITax HCIONb30BaIN
PacTUTEIbHBIE IKCTPAKTHI 36PHOBBIX KYJBTYp, a TaKKe APYTHX PAacTEHUH, 3apaK€HUE KOTOPBIX
XapakTepHo nns  E. rhapontici B TPUPOIHBIX YCIOBUAX. PacTUTENbHBIE AKCTPAKTHI
MHOKYJIMPOBaIU OakTepuanabHOM cycnensueil 10 xonuenrtpanuii 10> KOE/miu, 10° KOE/Min u
10* KOE/MJ1, a TakKe WMCIOJb30BAIM HE3APAKEHHBIE DKCTPAKTHI B KAYECTBE OTPUIIATENBHOIO
koHTpos. JIHK u3 kaxaoro BapuanTa 3apaskeHUsI BBIICISUIA B TPEX TOBTOPAX C UCIIOJIB30BAHUEM
KOMMEpYECKUX HaOOPOB.

Jnis nanpHeime naeHTu(uKanuy NPUMEHSIIN 1Ba pa3paboTaHHbIX Kiaccudeckux TTLIP-
tecta u TecT [ILIP-PB. Onun u3 kinaccuueckux [I[P-trectoB ocHoBan Ha rene nepmeassl ABC-
TpaHcnopTepa yriieBooB (carbohydrate ABC transporter permease), y4acTBYIOILEH B TPAHCIIOPTE
YIJIEBOIOB Yepe3 KIETOYHYI0 MeMOpaHy [4]. MuIlIeHbIO BTOPOTO TeCTa SIBJISJICS Y4acTOK IeHa,
KOJMPYIOLIET0 CHHTE3 TPAHCKPHUIILIMOHHOTO perynstopa cemeiictBa LysR (LysR family
transcriptional regulator), koTopelii y OakTepuii ydacTByeT B (HU3UOJOTHUECKUX H
meTabonuueckux nporeccax. Tect ITLIP-PB pa3paboTan Ha ocHOBe TeHa Oenka cemeiicTBa DoxX,
KOTOPBI BXOJIUT B COCTaB MeMOPaHOACCOIMHPOBAHHOTO KOMILJIEKCA, MPEISATCTBYIOIIETO
HAKOIJICHUIO OaKTepuallbHOW KJIETKON OKHUCIMTENbHBIX MOBPEXKACHUH [5].

st npoBenenus kinaccuueckux [11IP-TecToB, Ha 0JJHY peaKIIMOHHYO IPOOUPKY 00BEMOM
25 MK wWcnosnb3oBaiM 1o 1 Mk mpaiimepoB B KoHueHTpauuu 10 mmons. OtcyTcTBHE
MHTUOMPOBAHUS MPOBEPSUIN 10 MeToauKe MasypuHa u ap., 2012, nucnons3ys 1o 2,5 MKJI CMeCcH
BHyTpeHHero mnoyioxkurenabHoro kontpons (BIIK) Ha peakiuio [6]. YcnoBus aMrmudukanyu:
HavanpHas AeHarypauus npu 95°C B teuenue 5 MuH., 3ateM 40 nukios: 95°C — 15 ¢, 60°C — 30
¢, 72°C — 1 muH, 3Tan 3nouranuu 72°C — 7 MuH.

B tecrax IIIP-PB ucnons3zoBanu no 10 nmonp npaiiMepoB U 5 NMoONb 30HAA HA OJHY
peakuumoHHyl0 npodbupky oovemom 25 mkin. III[P-PB mpoBomunu B mnpucyrcrBum BIIK,
UCTIOJIB3Ysl KOMMEpUYECKHE CMECH. Y CJIOBUS aMIUIM(UKAUK: HavalbHas JAeHatypamus npu 95°C
B T€UEHHE 5 MHH., 3aTeM 45 nukiioB: 95°C — 15 ¢ u 60°C — 40 c.

Pesyabrarel. B pesynbrare nposegenHuss  III[P-trectupoBanms, co  Bcemu
UCTIOJIb30BaHHBIMU B paboTe mrammaMu E. rhapontici mony4eHa MoJIoKUTeNbHasi Peakiys, 4To
CBHUJIETEIILCTBYET O CIIOCOOHOCTH TECTOB HIeHTH(ULpoBaTh Bo30yauTenb. AY HoBeix IIL[P-
TECTOB IIPY HCIIOJIb30BaHMU HAa YMCTOM OaKTEpUaNbHOM KyabType E. rhapontici cocraBuna 107
KOE/mn. 3nauenue AY B OOJNBIIMHCTBE PACTUTENBHBIX MATPHIl HAXOIWJIOCh B JHAara3oHe OT
10> KOE/min g0 103 KOE/Mi1. MakcuMalnbHblii yposeHb ¢uyopecienimu coctasuia 900 OED.

BoiBoabl.  PaspaGoTtanHble  mpaiiMepHBIE ~ CHUCTEMBI  SIBIAIOTCA  JIOCTATOYHO
YyBCTBUTEIbHBIMH, HE3aBUCUMO OT BBIOOpa pACTUTENBHOW MAaTPHIbl, HWHOKYJIMPOBAHHOM
OakTepuanbHOU cycnieH3uelt E. rhapontici, 1 IPUCYTCTBUEM B HEl MHTMOMPYIOMUX BemiecTs. B
CBSI3U C YeM oOecreyrBaeTCsl Ha/lekHas UACHTU(UKAIMS BO30YIUTENs PO30BOrO OAaKTEpHO3a
3epHa NIIEHUIIbI U p3ku E. rhapontici B nuanazone konuentpamuii 10°~10° KOE/mut.

PaboTa BbImosHeHa B pamkax ['OCyZapCTBEHHOTO 3aJaHMs, PETUCTPALMOHHBIA HOMEp
EI'MCY HUOKTP 124022800050-6.
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BBISIBJIEHUE KOJIBIIEBOM PHK 'EHA JEMETUJIA3BI THCTOHOB

KYKYPY3bl
Cmorposa I0.H.!, Kusize A.H.!, Pazymona O.B.!

1 - @edepanvroe zocyoapcmeennoe 0100x3cemnoe nayunoe yupesxcoenue «Bcepoccuiickuii
HAYYHO-UCCNIe008AMENbCKUTI UHCHUMYM Ce/1bCKOX03AIICIMEEHHOU OUOMEXHO102UY,
Jlabopamopus npuKnaoHoil 2eHOMUKU U YACMHOU CeNeKUUU CelbCKOX03AICH8EHHbIX
pacmenuit — BHUHCB, 127550, Mockea, yn. Tumupazeeckas, 0.42.

Kompnesie PHK (circRNA) mpencraBisior co0oii OTIENbHBIN KIacC OHOIECTIOYCUHBIX,
3aMKHYTBIX Mosekydl PHK, OGonpmmHCTBO KOTOpBHIX 0Opa3oBaHHBI U3 Mousiekyn npe-MPHK.
HccnenoBatensckuii uHTEpec K KonblieBbIM PHK pacTenuii B 3HaunTEIHHOM CTENIEHU 00y CIOBIICH
UX CIIOCOOHOCTBIO PEryJHpOBaTh OSKCIPECCHI0O TEHOB 4Yepe3 MHOXECTBO pa3IMYHBIX
MOJICKYJISIPHBIX MeXaHN3MOB. DyHKIMH CircRNA akTHUBHO U3y4aloTCs U 111 HEKOTOPBIX MOJIEKYT
3Ta COCOOHOCTH YXKe MOATBEPKACHA IKCIIEPUMEHTAIBHO [1].

OnHuM 13 BO3MOXKHBIX BIUsHHUNA KonbleBbix PHK Ha skcnpeccuto reHoB MOXeT OBITh X
B3alMO/JICIICTBHUE C AEMETUIIa3aMH, YYACTBYIOIINX B YAAJIEHUU METWIBHBIX TPYIII ¢ TUCTOHOB. B
CBOIO OU€pe/lb YK€ M3BECTHO YYacTHE I'€HOB JEMETWJIa3 B KPUTHUYECKHX CTaAMsIX pocTa U
pa3BUTHS pacTeHUs, TAKUX KaK MpOpacTaHHe CeMsH, I[BETeHue, (HopMupoBaHHE IIOA0B, KPOME
TOTr0, TIOKa3aHa MX POJib B (JOPMUPOBAHUHN OTBETOB HAa aOMOTHYECKHE U OMOTUYECKHUE CTPECCHI.
AHaJOrM4HO €CTh HCCIENOBaHUs, AEMOHCTpHUpyromue ywactue kosbleBbix PHK B Tex ixe
npoieccax [2].

OCHOBHOII LENBI0 HCCIEOOBAaHMS OBLI KOMIUIEKCHBIH aHanmu3 KoiblieBbIX PHK,
00pa3yIOIIMXCs C JOKYCOB T'€HOB IEMETHIIa3, B TKaHECTICU(PHUUYHOM KOHTEKCTE Ha PAaHHUX 3Tanax
pazButusi Kykypysbl. Kykypy3a (Zea mays L.) - ogHa W3 BaKHEWIIUX 3€PHOBBIX KYJBTYP.
HecMmotps Ha TO, 4TO JaHHAs KyJbTypa OUY€Hb XOPOLIO U3Y4YE€Ha, O POJIM KOHKPETHBIX JEMETHUIIA3
B PETyJISLIUH SKCIIPECCUU €€ TE€HOB U3BECTHO CPaBHUTENIBHO Mao. [Ipu aToM, BbAEneHO 19 reHos,
Komupytomux Oenku ructonnemerwiaz (JHDM), u mokazaHo, uto oHH AuQdepeHInaIbLHO
IKCIIPECCUPYIOTCS B pa3HbIX TKAHSAX U pEarpyroT Ha MOBBIILIEHHYIO TEMIIEPATYPY, YTO YKa3bIBAET
Ha WX TNOTEHIMAIBHYIO POJIb B pEaKIMK Ha TeIIOBOH cTpecc. Ha psy ¢ 3TUM y TaHHOH KyJIbTypHhI
O00HAPYKEHO HECKOIBbKO THICSY pasnudHbIX CircRNA, U3 KOTOpBIX SKcIpeccHsi OONBITNHCTBA
OKa3aJlaCh BHICOKO CIIEIU(UYHON U 3aBHCENA OT TeHETHYECKOro (POHA M YCIOBHI aONOTUYECKOTO
ctpecca [3, 4, 5].

C nomoIpi0 00beTMHEHNSI OMOTEXHOJIOTHYECKUX, MOJIEKYJIAPHBIX M OMOMH(DOPMAaTHUECKUX
METOJIOB HaM YJQJIOCh II0Ka3aTb HAJIWYUE OJHOIO JIOKyca T€Ha JIeMETWIa3bl THCTOHOB
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Zm00001d051961 y KyKypy3bl, KOTOPbIil TpaHCKpHOUpyeT KonbleByto PHK B THCTBAX 1 KOpHSX
NPOPOCTKOB  KyKypy3bl. bomee  Toro, ycraHOBIEHBI  aJbTEPHATUBHBIE  HM30()OPMBI
uneHrudunupoBanHoi konbiieBoir PHK. BrisBnenHas circRNA MokeT y4acTBOBaTh B TOHKOM
perymsiiuu  aktTuBHOCTH Aemetunasbl 3a cuer PHK-/IHK wnun PHK-Gemokx B3ammojeiicTBHil.
[TockonbKy METHIUpPOBAaHUE/JEMETUIUPOBAHNE THUCTOHOB SIBISICTCS KIIIOYEBBIM MEXaHHU3MOM
aJanTalvy pPacTEeHHM K pasjIuYHbIM CTpEccaM, CBSI3b MEXIAYy TE€HOM JIHUI€HETUYECKOIrO
perymsitopa U obpazoBanueM koiblieBoii PHK oTkpbIBaeT HOBBIE BO3MOKHOCTH TIOBBITIICHUS
YCTOMYMBOCTH CEJIbCKOXO3SMCTBEHHBIX KYJBTYP K H3MEHSIOMIMMCS YCIOBHUSM OKPY KAIOLIEH
CpEIBbL.
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OYHKIIMOHAJIBHAS OPT'TAHU3ALIUA ITIPOMOTOPA I'EHA

JAE®EH3UHA SM-DI1 N3 PACTEHUA STELARIA MEDIA
Tpopumos A.C., Komaxun P.A.
DI'BHY «BcepoccuiicKuil HAyYHO-UCC1e006AMENbCKUIL UHCIUMYM Ce1bCKOX03AUCH8EHH O
ouomexnonozuuy (OI'bHY BHUHCH), Mockea 127550,
E-mail: recombination@iab.ac.ru

AnTuMukpoOHbie mentuabl (AMII) — HeoTbemeMble KOMIIOHEHTHI BPOXKIEHHOTO
uMmyHuTeTa pacteHuid. Onno u3 cemeiicts AMII — neden3unbl, nenTuabl JTMHON 0K0JI0 45 a.0.
U3 KOTOPBIX 8 —3TO OCTATKU IUCTEHHA, CBA3aHHBIE TUCYIb(PuIHBIMU MOocTHKaMu (Kovaleva et al.,
2020). Kpome 3amutel pacTeHuil OT (UTONATOT€HOB Ae(PEeH3UHBI, 00ECIIEUNBAIOT YCTOHYNBOCTD
K TSOKETBIM MeETajulaM, PeryJHupyIOT padOTy MOHHBIX KaHAJIOB M Pa3pblB MBUIBIEBBIX TPYOOK
(Azmi and Hussain, 2021). Dkcnpeccust TeHOB 1e(DEH3MHOB XOPOIIO M3yYeHa B WHTAKTHBIX
pacTeHusIX, HO CTPYKTYpHas M (pyHKIMOHAJIbHAS OpPTraHU3allMsl MX MPOMOTOPOB B HACTOAIIEE
BpeMs He sICHa.

Panee B cemenax pacteHus MoOKpula cpenusisi (Stelaria media) obHapyxunu aeden3ux
Sm-D1, nposBisonuii BBICOKY0 aHTUMHKPOOHYIO aKTHBHOCTH IPOTUB (DUTOMATOT€HHBIX TPHOOB
u oomutieToB (Slavokhotova et al. 2011). [TepBonauanbHO 3Kcnipeccuto reHa Sm-D1 oOHapyKUiIH
TOJIBKO B LIBETKaxX M mpopoctkax S. media (Slavokhotova et al. 2014). I'en Sm-D1 ycnemno
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WCTIOJIB30BATM JUIS TIOBBILIICHUS YCTOMYMBOCTH TPAHCTEHHBIX pacTeHH OaHaHa W Tabaka K
pasnuuabM puronaroreHam (Ghag et al. 2014; Xaneesa u ap. 2020).

B HacrosiiieM ucciefoBaHMM JUIsl YTOUHEHUS AAHHBIX IMOBTOPHO H3MEPUIM YPOBEHb
MPHK rena Sm-D1 B nUCTBsX, CTEONSAX, KOPHAX U I[BETKAX S. media. OOHAPYKUIH KCIPECCHIO
Sm-D1 Ha BHICOKOM YpPOBHE B I[BETKaX M Ha HU3KOM YPOBHE B JIUCThSIX, CTEOISIX U KOPHAX (B
CpaBHEHHMH C pedepeHCcbIM TeHOM Axmuna MOKpuilbl). HekoTopble pasznuuus B
TPAHCKPHUIILIMOHHBIX OIEHKaX marrepHa reHa Sm-DI B S. media mMoryT OBITH OOYCIIOBJICHBI
METOJaMH BBITIOJIHEHHSI aHAJIU30B.

Hcnonws3ys meron modified inverse PCR (Pogorelko and Fursova 2008) u3 renoma S.
media N30UPOBAIIN TTPOMOTOp reHa Sm-DI. B pe3yibTare MOJy4YHIn JBE BEICOKOUHICHTUYHBIC
IIOCJIE0BATEIBHOCTH JUIMHOM 0K0J10 800 M.H., U3 KOTOPBIX OJHA IPUHAJUIEKUT Teny Sm-D1.2, a
BTOpasi HEM3BECTHOMY TeHy. JlaHHbIe mocienoBaTenbHOCTH aHHOTHpoBanu B GenBank mox
HoMmepamu PQ882509 u PQ882508.

[TepBoHauanbHO pa3zHOOOpa3HbIE S5'-JeNeMOHHbBIE BapuaHThl MpoMoTopa reHa Sm-Dl
MIOMECTHJIM B MHTAKTHBIN OMHapHBIN BekTOop pCambia2301, B KOTOPOM OHU KOHTPOJIHUPOBAIH
HKCHPECCHIO PETIOPTEPHOTO r'eHa uidA. JJaHHBIMU KOHCTPYKIMSAMHU TPAHC(HOPMUPOBATIH PACTCHHS
Arabidopsis thaliana n xaprodens (Solanum tuberosum). YCTaHOBWIH, YTO B TPAHCTEHHBIX
pacTeHusIX aKTUBHOCTh NpoaykTa reHa uid4 — 6enkam GUS mpeobnanana Bo BceX M3yUeHHBIX
BEreTaTUBHBIX opraHax U coctasisia oT 100 no 260% axkTUBHOCTH MPOAYLUPYEMON CHUIBHBIM
BUPYCHBIM mpomMoTopoM CaMV35S. DOtu pe3ynbrarbl HE COOTBETCTBOBAIM  HAIIUM
TPAHCKIIIMOHHBIM JaHHBIM B S. media, B COOTBETCTBUU C KOTOPBIMH 3Kcmpeccust Sm-DI
npeobianana B iBeTkax. Kpome 3Toro, B TpaHCT€HHBIX PaCTEHUAX O0OHAPYKUIH allbTepHATUBHBIN
CIUTAiCHHT MHTPOHA W3 TeHa uidA, MPUBOAAIINN C BBICOKOH 3(PPEKTUBHOCTHIO K 00pa30BaHUIO
JBYX albTEPHATUBHBIX TPAHCKPUIITOB, M3 KOTOPHIX OAMH HE TNPUTOAEH Ui TPaHCISALUH
¢dyukunonansHoro 6enka GUS.

W3BecTHO, uyTO BUpYCHBIH ipomMoTop 2xCaM V35S, ucnonb3yemblii B OMHApHBIX BEKTOpax
pCAMBIA nns ynpaBneHHs celeKTUBHBIM TreHoMm B obOmactu T-JIHK, crmocobeH moBbImaTh
3P HEKTUBHOCTH PACHIOIOKEHHOTO PSIOM TECTUPYEMOTO pacTUTENbHOT0 poMoTopa (Ivanova and
Komakhin 2024). JIns oueHnku npoMoTopa reHa Sm-DI He3aBUCUMO OT BUPYCHOTO MPOMOTOpa
2xCaMV35S B obomactu T-JIHK co3nanu HOBbIe reHETHYECKHE KOHCTPYKIIUH.

Bo-niepBbIX, CO3/1any TE€HETHMYECKHE KOHCTPYKLUH, B KOTOPBIX HpOMOTOpbl Sm-D1
KOHTPOJIMPOBAIM CEJICKTUBHBIA TI'€H nptll, IPUAAOIINN KIETKAM PACTEHUM YCTOMYMBOCTH K
AHTUOMOTHKY KaHAMHUIIMHY. DT KOHCTPYKIIUHU HE COJCPKAIHN IPYTUX SKCIIPECCUOHHBIX KacceT B
obmactu T-AHK. B »Tux KoHCTpYKUMsAX mpoMoTopsl Sm-D1 cnabo npoayiuposann MPHK rena
nptll B BereTaTUBHBIX TKaHAX Tabaka (Nicotiana tabacum) u ObIIM TOCTATOYHBI AT O0TOOpA
TpaHC(OPMHUPOBAHHBIX KaJUIyCOB M IOOETOB HA MHUTATEJBHOM Cpele C KaHAMUIMHOM C
3¢ deKTUBHOCTHIO B 2,6-3,3 pa3a Huxe B cpaBHeHHH ¢ 2XCaMV358S.

Bo-BTOpBIX, cCO37anM JOMOJHUTEIbHBIE T€HETUYECKUE KOHCTPYKIUH, B KOTOPBIX
POMOTOPBI SmD [ KOHTPOIUPOBAIN PETIOPTEHBIN I'eH uidA 6e3 UHTPOHA U CEJICKTUBHBIN TeH nptl]
KOHTPOJIMPOBAJICA ~ PAaCTUTEIBHBIM MPOMOTOpoM pro-SmAMP2. B 3TUX KOHCTPYKLIMSIX
npomMoTopsl Sm-D1 6bumn criocoOHbl mpoayiupoBath GUS Ha BBICOKOM YpPOBHE B MBUIBLIE Y
OOJIBIIMHCTBA TPAHCTCHHBIX pPACTEHWI Ta0aka W Ha HHU3KOM YpPOBHE B Pa3HOOOpPA3HBIX
BEreTaTUBHBIX TKaHAX mHpuMmepHo Yy 50% TpaHCreHHBIX 00pa3uoB. B 1emnom, B OTCYTCTBHE
MOCJIeIOBATEeIbHOCTH BUpPyCHOro sHxaHcepa 2xCaMV35S B ob6nactu T-JIHK Ounapnoro
BEKTOpa, MaTTepH SKcIpeccuu uidA ToJ KOHTPOJIEM HPOMOTOPOB Sm-DI B TpaHCTEHHBIX
pacTeHUsIX XOPOILIO COrIacyercs ¢ IKcnpeccueit rena Sm-D1 B pactenuu S.media.
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Taxum o6pazom, npomoTop reHa Sm-DI B opurnHaabHOM 6uHapHoM Bektope pCAMBIA
11eJ1ec000pa3HO MPUMEHSTH I MPOAYKLIMH PEKOMOMHAHTHBIX OEJIKOB B BEr€TaTHUBHBIX TKaHSX
pacteHuil Ha Oosiee BHICOKOM ypoBHE. B xoHcTpykuusx 0e3 suxancepa 2xCaMV35S narrepn
SKCHPECCHH UidA B TPAHCTEHHBIX PACTEHUSIX COTJIacyeTcs ¢ IKcrmpeccueit Sm-D1 B pacteHuu S.
media.
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PACHPEJEJEHUE AJVIEJEA TEHOB AJIAITUBHOCTHU U
MNPOJYKTUBHOCTHU Y IPOBOM MSII'KOM MIIEHUIIBI B
KOJUVIEKIIUN KACUDB

Yepuook A. I'.!, Xyprosa K. H.!, Mopryunos A. I.!, llamanun B. I1.2,
Hamxonos b. B.!, Jlupamyk M. I'.!

I-OI'BHY ""Bcepoccuiickuii HayuHo-uccied08amenbCKuil UHCmumym
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SlpoBass  msArkas = IIIeHUOA ~— COXPAaHSAET  CTaryC  OJHOM M3  BaXHEHIIMX
CEJIbCKOXO3SUCTBEHHBIX KYJIbTYp B MUPOBOM MAcCIITa0e, 4TO OOBSICHIETCS €€ BEICOKOW MUIIEBOM
LEHHOCThIO ¥  YHUBEPCAIbHOCTBIO HCIONB30BaHMs. (OgHaKo, coryiacHo HHGOpMAIUH
[Tpo10BOMBCTBEHHOW U CENBLCKOXO3sIICTBEeHHON oprann3anuu O0benuneHHbix Hamwmii (FAO), B
TEUYEHHUE TOCIEIHHUX JABYX JIET HaOJI0JaeTCs COKpAIleHUe TI00aNbHBIX IO, OTBOIUMBIX
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IO/l TOCEBBI APOBOM NIICHUILBL. [laHHAs TEHIEHLHUs, BEPOSATHO, CBsA3aHa C BO3paCTaIOLIUMHU
KJIMMAaTUYECKUMU PUCKAaMH U HECTaOMJIBHOCTBIO SKOHOMHUYECKUX YyCinoBuil. K unciy KiodeBbIx
PETHOHOB, TJI€ TPAAULIMOHHO BO3/IEIIBIBACTCS IPOBast MATKas MILEHHUIA, OTHOCsTCs CuOups, Ypai,
IToBoiKbE U LIEHTpaIbHas 4yacTh Poccum.

B coBpeMeHHBIX YCIOBHMAX CeJIEKIMOHHas paboTa, HalEJICHHAs Ha IOBBILICHUE
NPOAYKTUBHOCTH U aIaITUBHOCTH, MPEICTABIAET COO0I KOMIUIEKCHYIO CTPATETHIO, IPU3BAHHYIO
o0ecreynTh HE TOJBKO CTAaOWIBHO BBICOKHE YpOXKaW, HO M YCTOWYMBOCTh PACTCHUH K
BO3JCHCTBUIO  HEraTUBHBIX  (akTOpoB  BHemHed cpeapl. Ha  ceromusmHuii  1eHb
UACHTUPUIMPOBAH Psii PyHAAMEHTAIBHBIX T€HOB, ONPEACISIONINX ATH XO35HCTBEHHO-IICHHbIC
npusHakd. Cpeau HUX — TEHbl, KOHTPOJIMPYIOIIHE IPOJOJIKUTEIBHOCTh BEreTallHOHHOIO
nepuona (Vrn, Ppd), Bnusionye Ha apxUTEKTypy pacTeHUs, €ro rabutyc (CeMencTBO reHoB RAf),
a Takke 00ecneurBalolIe YCTOMYMBOCTh K OONE3HSAM (IIIEHUYHO-p)KaHble TPAHCIOKAIUU
IBL.IRS u 1AL.1RS, a Takxe resust Lr u 1ip.).

[lenp HacTOALIETO MCCIENOBaHMS 3aKIIOYaeTCsl B MIACHTHU(UKALMU creruduyecKkux
QIJIENBHBIX ~KOMOWHAIMA TeHOB, KOTOpbIe OOyCIaBIMBAIOT (OpPMHpPOBAHHE BBICOKOMH
MIPOAYKTUBHOCTH U aJalTHUBHOCTU y SIPOBOM MSATKOM MIIEHUIBI B PAa3JIMYHBIX ITOYBEHHO-
KIMMaTtudeckux 30Hax Cubupu u Ypana. B xadectBe 00BbeKTa MCCIEIOBAHUS MCIOIb30BAIaCh
KOJJICKIMSI COPTOB M JIMHMNA MATKOW sipoBoil mmeHunsl u3 Kazaxcrancko-Cubupckoil ceTu
(KACUB), Britouaromias 96 00pa3iioB, OTpakaroInX COBPEMEHHOE COCTOSIHIE CEICKITHH SPOBOM
msirkod mmenunbsl B Poccun n Kazaxcrane. Bee o0Opasibsl OblTH BBIpaIieHbl B MapaliedbHBIX
MIOJICBBIX UCIIBITAHHUSX Ha 0a3e YeThIpeX HAYUHBIX YUPEXKICHHM, PacloI0KeHHbIX B YensaOnHcke,
Kyprane, Tromenn u Omcke. MoneKyasipHO-T€HETUYECKHI aHaIU3 pacTUTENIBHOTO MaTepualla
npoBoautcs B naboparopun DPI'BHY-BHUUWCH, moneBbie OIEHKH H JIETAIBHBIN aHAU3
CTPYKTYpbl ypoOXasl OCYIIECTBIISIFOTCS COTPYOHUKAMHM Ka)XJ0H W3 YEThIpeX OpraHu3aluil B
COOTBETCTBUM C €IMHBIM, 3apaHEE COIVIACOBAaHHBIM METOAMYECKUM NpoTOKojoM. Ha mepsom
sTare  paboThl JUIsI TEHOTUIHMPOBAHUS OBUIM  OTOOpaHBI  MOJIEKYJSIPHBIE  MapKephl,
JUAarHOCTUPYIOIIME  CIEAYIOUIME TIPU3HAKU: CKOPOCTb M Cpoku passutus (Vrn-Al),
YyBCTBUTEIBHOCTh K oronepuony (Ppd-Al, Ppd-DI), Bwicory pactenus (Rhtl, Rht2),
YCTOMYUBOCTS K 3acyxe (DRO-54) u yCTOHYHUBOCTD K ITpeyO0OpOYHOMY MpopacTaHuto 3epHa (VP-
1B).

IIpoBeieHHOE T'€HOTUIIMPOBAHHUE IIO3BOJIMJIO YCTAHOBHUTH CIEAYIOLIYIO aJUIENbHYIO
cTpykTypy B uccineayemoit kowtekuuu KACHUB: 100% npoaHanu3aupoBaHHBIX 00pa3IioB HECYT
aienu Rht-Bla wu Rht-Dla, 4to yKa3blBaeT Ha OTCYTCTBHE Y HHUX H3BECTHBIX T'€HOB
KopoTkocTebenbHocTH RAtl v Rht2. Jlums 1% o0pa3noB obmanaeT anseneM GoTonepruoInuecKon
HEYYBCTBUTEIBHOCTH Ppd-Ala, Torma kak mopaBisomiee OonbIUHCTBO (99%) sBHstOTCS
qyBCTBUTEIbHBIMU (aiienb Ppd-A1b). Ilpaktnuecku Bce 00Opaslibl, 32 MCKIIOUYEHHUEM OJHOTO,
TaKXe ABJSAIOTCS (POTOMEPHOANMUYECKU YYBCTBUTEIbHBIMU U HECYT ajuienb Ppd-D1b. B konnexiuu
40% 00pa3oB UMEIOT aJUIeIh, ACCOIMHUPOBAHHBIN C MEIKO3aJlerallieil KOpHEBON CHCTEMOH, a
29% — amnenb, CBA3aHHBIA C TIIyOOKMM 3ajeraHMeM KOpHEH. AJienb yCTOMYMBOCTH K
MIPOPACTaHUIO HA KOpHIO VP-1Bc Obl 00HapykeH b y 8% o0pa3ioB Koiekuuu. B kauectse
CJICAYIOLIETo 3Tama paboThl 3alJIAaHMPOBAHO MPOJOJDKEHHE T€HOTHIMPOBAHUS KOJJICKIHMH TI0
JIPYTUM F€HaM, CBSA3aHHBIM C aJallTUBHOCTBIO U MPOAYKTUBHOCTBIO, & TAKXKE ITOMCK acCOLMaLni
TEHOTHII-Cpeia. DTO MO3BOJIUT OLIEHUTH 3(P(PEKT KOHKPETHBIX aJUIEIbHBIX BAPUAHTOB [T KaXkKI0M
OTACNBHONW 30HBI BO3JCNBIBAHUS U ONpPEACTUTh Hauboyiee TEPCIEeKTUBHBIC alIelIbHbIC
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KOMOMHAIIMM JJIs1 IeJiell  HampaBiIeHHOW cenekuuu. VcciaenoBaHue BBIIOJIHIETCS —IIPH
¢unancoBoii mognepkke Poccuiickoro HayyHoro ¢onaa B pamkax rpaHta Ne 25-64-00021
(https://rscf.ru/project/25-64-00021/).
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AHAJIN3 KOIMMUMHOCTU PETPOTPAHCIIO30HA ONSEN B
HONYJAUUUN A. THALIANA ITOCJIE IPUMEHEHMUWSA
KOMBUHHUPOBAHHOI'O CTPECCA
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’Mockosckuii pusuko-mexnuueckuii uncmumym, /lonzonpyonstii, Poccus
3Poccuiickuii 2ocyoapcmeennsiit azpapustii ynusepcumem MCXA umenu K. A. Tumupsaszeea

Byayuun BakHbIMH (haKTOpaMH IBOJIONNN M TEHETUYECKOW M3MEHYMBOCTU pacTeHuit [1],
PETPOTPAHCIIO30HKBI MPEACTABISIOT COO0M OCHOBY I MHCEPHHOHHOrO MyTareHe3a [2]. bwiio
[I0OKa3aHO, YTO HAcJIeJyeMON TpPaHCIO3ULMU PETPOTPAHCIO30HOB MOKHO JOCTHYb, MPUMEHSA
KOMOWHAIIMIO CTPECCOBBIX YCJIOBUN M MHTMOMPOBAaHUS cUCTeM caiieHcuHra [3]. MonenbHbIM
00BEKTOM JJISl U3YUEHUS TAKMX MEXaHU3MOB ciy:kaT aneMeHTol ONSEN y Arabidopsis thaliana,
aKTUBHPYIOILUECS IIPU TEIUIOBOM CTPECCE.

B manHOM uccnenoBaHuy, ObUIa HCIIONB30BaHA TOMYJIANNS pacTeHUi M1, monydeHHas B
pe3yabTare BO3ACWCTBUS TOBbILEeHHON Temmeparypbl (37 °C) COBMECTHO C MHTHOUTOpaMH
CHCTEM CalJICHCHMHIa PeTpOTPaHCIIO30HOB (3e0ynapuH U anbha-amanuTiH). OCHOBHOH 3a1auet
JTaHHOW paboThl ObUTa KOTMYECTBEHHAs oreHka komuii ONSEN B reHOMe pacTeHHI MOKOJICHUS
M1 wmeronom qPCR [4]. Pe3ynbrarbl aHanu3a MOATBEPAWIA HAJIWYUE BBICOKOKOMUNHBIX
pacTeHuii, y KOTopbIx KonudectBo Konuid ONSEN yBenuueHo B 3 u 6osiee pas3a 1o CpaBHEHHIO C
kouTposiem (Col-0). Bmecte ¢ aTuM HaOIIOAATMCEH 3HAYUTEbHBIC pa3nuyus komuiiHocTH ONSEN
KaKk BHYTPH, TaK U MEXJy INOTOMCTBaAaMHU HWHIUBUIyalbHBIX pacTeHuil MO, uto sBusiercs
OKMJIA€MbIM CJIEJICTBHEM CIy4allHOrO XapakTepa TPAHCIO3UILIMM B KIIETKaX-MPEeAIIeCTBEHHUKAX
TE€HEPATUBHBIX KIIETOK.
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B pesynbrare paboTsl OblIa CO3/1aHa KOJUICKIIHS CEMSIH BBICOKOKOTTMMHBIX pacTeHuit M1,
KOTOpasi MpeacTaBisieT co00i IEeHHBIA pecypc Ui MOCISAYIONINX HMCCIeIOBaHUN B 00NacTh
(YHKIIMOHATTFHOW TEHOMUKU M M3YyYEHHUsS POJIM TPAHCIO30HOB B aJaNTallid K a0MOTUYECKOMY
cTpeccy.

Pabota BrINOIHEHA MpU oAEpkKKe rpanTa Poccuiickoro HayuHoro ¢onma Ne 22-74-10055.
Jlurepartypa
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COBpeMeHHI)Ie METOAbI CCJICKIITNN

NAEHTUOUKALIIUA TMBPUI0OB TOIIOJIA BEJIOT'O U OCHUHBI
(POPULUS ALBA x P. TREMULA) C UCIIOJIb30OBAHHMEM SNP-
HNPOPUINPOBAHUA

Tnageim H.C.!, Kpacnos I'.C.!, ITonuenko M.A.2, KyapsiBuesa A.B.!
!Hucmumym monexynapnoi 6uonozuu um. B.A. Inzenvzapoma PAH, Mockea, Poccus;
Aucmumym zeozpagpuu PAH, Mockea, Poccus.

natalyagladish@gmail.com

Tonons Genblit (Populus alba L.) — Bua ApeBECHBIX paCTeHUH, ITUPOKO PACIIPOCTPAHEHHBIN Ha
Teppuropun Poccun M NmpencTaBIsAIOIIMM MHTEPEC B JIECOTEXHUYECKOM IEeATENbHOCTH. B Hamen
CTpaHe MPOM3PACTAET TaKXKe MEXKBUIOBOM ruOpua Tomoist Oemoro u ocusbl (P. tremula L.),
Ha3bIBaeMBbI TomoyieM ceperomuM (P. X canescens (Aiton) Sm.). Waentuduxamus rudbpumos
3aTPyAHUTENIbHA B CBSI3M C OTCYTCTBHEM XapaKTEPHBIX MOPQOJIOTHMYECKUX TMPU3HAKOB.
Mopdororuueckass HACHTU(PHUKAIMUA OCJIOXKHACTCS HAJTUYMEM NOJHUIUIOWINM M  BO3BPATHBIX
CKpeuBaHui. PemenreM 3Tol mpoOIeMbl MOXKET MOCITYKUTh CEKBEHHMPOBAHUE T€HOMa TOIIOJIS C
HU3KUM TIOKPBITUEM, TO3BOJISIOIIEE OXBATUTh OOJIBIIOE KOJMYECTBO OJHOHYKJICOTHUIHBIX
nonumopdusmoB (SNP), Onaromapst WAECHTH(PHUKAIMKA KOTOPBIX MOXHO OLEHHTH BHJIOBYIO
MPUHAICKHOCTD PACTEHUS C BBICOKON CTENEHBIO TOCTOBEPHOCTH.

B nanHO# paboTe BBINOJIHEHO MOJHOTEHOMHOE CEKBEHUPOBaHHE 5 00pa31oB MOTEHIIMAIBHBIX
rubpunoB P. alba x P. tremula na muardpopme I[llumina (CIIIA). Jlanee mpoBeneHO KapTUPOBAHUE
(BWA-MEM) nony4yenHbix aaHHbix WGS M cUMyIMpPOBaHHBIX MPOUYTEHHH U3 cOOpOK Oeroro
tononsi, ocwHbl u ux TuOpumoB (NCBL:GCF 005239225, GWH:GWHAAEP00000000,
PlantGenlE:Potra w52 u np.), mOJIy4eHHBIX NpH MoMoInd wgsim. B kadecTBe pedepeHca Takxe
BeIcTynan reHom Oenoro Tonounst (GCF_005239225). TTouck SNP ocymectsisiics freeBayes Tosbko
B 00J1aCTH 3K30HOB I'€HOB (C 11eTbI0 cOKpateHus yucna SNP u Bpemenu ananuza). bouin BbleneHbl
3aMEHbI, XapaKTepHbIC Ui OCHHBI (BCTPEUAIOIIMUXCS B BUAE FOMO3UTOTHI B peepeHCHOM T'€HOME
OCUHBI U B BHJIE T€TEPO3UTOTHI B peepeHCHBIX TeHOMax ruOpuaoB). Jlanee s 3THX 3aMeH IS
pa3nuYHBIX 00pa31oB OblIa OLEHEHA J10JI MIPOUTEHHA, COACep KaINX 3aMeHy. B pe3yibrare aHanusa
yeTblpe o0pasia ObUTH KiIaccu(UIMpPOBaHbI KaK TPUILUIOMAHBIE THOpUnbl P. alba x P. tremula (B
cooTHomeHnn 2:1) M oxuH oOpaszer] — Kak TPUIUIOMIHBIA rubpun P. alba % P. tremula (B
cooTHomeHNH 1:2). OTH 00pasubl BBACISUIMCH B OTHCNIBHBIA KIAcTep Ha JIeHAporpammax
reHetTudeckoit 6muzoctu (mocrpoeHHsix MerogaMu UPGMA u NJ Ha ocHoBe npoduineit SNP) mpu
COBMECTHOM aHainm3e ¢ 50 obpa3ziamu 6enoro Tormos, npouspacratomiero B Poccuu.

OnuH U3 00pa3ioB, BKIIOUYEHHBIX B aHAIU3, 10 MOP(HOIOTHYECKUM KPUTEPUSM paHee ObLI
UACHTU(PUIIMPOBAH KaK THOpH, 0HAKO He obnanaetr SNP-ipoduiem, npucymmm rudpugam 6emoro
TOTOJIE U OCHHBI. DTOT PE3yibTaT AEMOHCTPHPYET HEAOCTATOUHYIO MH(POPMATUBHOCTH, M MOAYAC
Pa3MBITOCTh, MOP(HOJIIOTUYECKUX KPUTEPUEB oOmpeaeieHus TubpuaoB. TemM caMblM CTaHOBUTCA
OYEeBHJIHA HEOOXOAMMOCTb TPOBEICHHS JONOJHHUTEIBHBIX TE€HETUYECKHX WCCIEIOBAaHUN s
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ONpENIeJICHUs] ~ BHJOBOM  NPUHAUIEKHOCTH  HMHTEPECYIOUIMX  JIEPEBbEB, MO  (EHOTHUILY
COOTBETCTBYIOIIUX OEIIBIM TOHOJISIM.

BJIUSAHUE ABUOTHYECKUX YCJIOBUI CPEJIbI U
NUMMYHOUHAYHUPYIOHINX OBPABOTOK HA 3AIIINTHBIE

PEAKIIUU BUHOI'PAJIA ITPOTUB ®UTOINNATOI'EHOB

Bbapanos M.O., JIyuknii E.O., CynasipeBa M.A.*
DI'BHY «Cesepo-Kaskasckuit pedepanvhulii HayuHblil YeHMpP cad0600cmea,
eunozpaoapcmea, eunooenun» (OI'bHY CK®HI|CBB), 2. Kpacnooap, 350901,
E-mail: *mari.sundy@bk.ru

3oHa BuHOrpazapcrsa Poccun xapakrepusyercss yMEpeHHO KOHTUHEHTAJIbHBIM KIIMMaTOM
C TEHJEHLUEH K YBEJIMYEHUIO YaCTOThl METEOCTPECCOBBIX SBJIICHUN B JICTHUN U 3UMHUI NIEPUOL.
H3meHeHne kimMarta BIeYeT 3a COOOM ManbHEIee MOBBIMICHHE TEeMIepaTyphl, W3MEHEHUE
XapakTepa OCaJKOB M 4acTOThl 3KkcTpeManbHbIX moroanbix seiaeHuil (IPCC. Climate Change
2022), 4TO, B CBOIO OYE€pElb, CYLIECTBEHHO BJIMSIET Ha PACIPOCTPAaHEHHE, BUPYJIECHTHOCTb,
YHCICHHOCTh U KPYr Xo3seB (utonatoreHoB [1-4]. IIpukperuieHHbI 00pa3 *KU3HU pacTEHHUM
TUKTYET HEOOXOJMMOCTh PEaKIMM Ha MHOXKECTBO BHEIIHUX a0MOTHUECKUX U OMOTHYECKUX
BO3cHcTBUIl. PasnuuHble MyTH Nepefaydl CUTHAJIOB O CTpecce CBS3aHbl MEXIy COOOi,
obecrieunBasi peryJIsATOPHBIA MOTEHIHA Il 00eCleYeHUs] MAaKCUMaIbHO BO3MOXKHOTO YPOBHS
npucnocobnennoctu [5]. Ilpu 3TOM 3arparhl HEPreTHMYECKUX U IIACTUYECKHUX PECypCOB
pacTeHuil Ha aJanTaroOHHBIE MPOLECCH TOCTATOYHO BEIUKH, YTO NMPUBOIAUT K HEOOXOIUMOCTH
«pPacCTaHOBKH NPUOPUTETOB» B OTBETHBIX pEAKUUSAX Ha aOMOTHUYECKMe U OMOTHYECKHe
BO3JICHCTBUS [6], 4TO BBIpakaeTcs B OOJNBIICH YCTOMYMBOCTH K TOMY WM WHOMY (hakTopy.
Perynsuuio CHOXHBIX OTBETHBIX pEaKUUMid Ha MHOMKECTBEHHBIE CTPECCHI OCYIIECTBISIOT
(UTOrOpMOHBI, CpeAM KOTOPBIX B TOCJeIHEe BpeMs Bce OOJBIIMI MHTEpEC MPeICTaBIISIOT
xacMoHathl [7]. CiaoxHbIe KOMOMHALIMY ACUCTBYIONIUX HA PACTCHHUS BHEUTHUX YCIOBUH J€TaiOT
aKTyaJbHBIMHM HCCIIEJIOBaHUS (POPMHUPOBAHUS 3aUIUTHBIX PEAKUUH MPOTUB (PUTOMATOTCHOB NpPHU
pa3IMYHBIX A0MOTHYECKUX YCIOBUSAX, a TaKK€ IOMCK HMMYHOMHAYLUPYIOLUIUX arcHTOB
yHIpaBIEHUS aJallTUBHBIM [TOTEHIIMAJIOM BUHOTPAJa.

Llenbio paboThl OBLIO MCCIIEAOBAaHHE MMMYHHBIX PEAaKLUMH BHHOTPaaa MpPU Pa3IMUYHbBIX
KOMOMHAIMSIX a0MOTHUECKUX CTPECCOBBIX (PaKTOPOB M 00paboTKe MeTminKacMoHaTtoMm. PabGorta
IpOBE/IeHAa B KOHTPOJIUPYEMbIX ycioBusix. Ha (oHe MoaenupyeMoro BBICOKOTEMIIEPATYpPHOTO
cTpecca, 3aCyXH M UX KOMOMHALUU, 00pabOTKH METHIKACMOHATOM OBLIIO MPOBEICHO 3apaKeHHE
pacTeHuil BUHOrpaaa Bo30yauTeneM Muiasto Plasmopara viticola.

Ananranus K aOMOTHYECKUM BO3JEHCTBHAM oOecreunBanach Jerpajalueid kpaxmana u
YBEJIMUEHUEM COJIEP>KAHUS PACTBOPUMBIX YIJIEBOJOB, BHICOKON MEPOKCUAA3HON aKTUBHOCTHIO U
MIOBBIIIEHUEM COZep)KaHus (DEeHONBHBIX coenuHeHnd. KoMOWHUpOBaHHOE AEHCTBUE 3aCyXH H
BBICOKOW TeMIlepaTypbl IPUBOJWIO K BO3PACTAHUIO OKHCIUTENIBHBIX IPOLECCOB y BUHOTPAAA,
CBSI3aHHOTO C WHTUOMPOBAHHEM TMEPOKCHAA3HON akTuBHOCTH. KomMOMHUpOBaHHOE [eiicTBHE
3aCyXd M BBICOKOH TeMIIEpaTyphbl CHMXKAJO pacUIeIJIeHHe KpaxMmala, 4To TakKe 00ecredrBalio
POCT OKHCIHMTEIBHBIX IMPOLECCOB U Ooubliee MoBpexaecHue TkaHed. CopToBble 0COOCHHOCTH
OTIpEIENISIIN YCTOMYUBOCTD K Pa3HBIM CTPECCOBBIX (pakTOpaM. DKCIPECCUs] TEHOB «AMMYHHOTO
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orBeta» PR2, PR3, STS cornacoBana ¢ npeoOnajaromeil yCTOMYUBOCTRIO cOpTa BUHOTPaga K
3acyXxe WM BBICOKOH Temreparype. [Ipm KOMOMHHMPOBAaHUM 3aCyXW M BBICOKOW TeMIIEpaTyphl
YPOBEHB SKCIIPECCUM JAHHBIX T€HOB CHUKAJICS OTHOCUTEIBHO BO3/I€HCTBUS OTAEIIBHBIX CTPECCOB,
u Bo3zpacrazna 3kcnpeccust reHoB NCED u MYC2. B ycnoBusix BBICOKMX TEMIEPATYP U 3aCyXU
3alIUTHBIE PEAKIMU MPOTHB (PUTOMATOTEHOB AKTUBHO (DYHKIIMOHHPYIOT, 2 KOMOMHHPOBAHHOE
neiicTBue IByX (PaKTOPOB CHMXKAET YPOBEHb «MMMYHHOW» 3aIllUTHl COPTOB BUHOTpaaa. Pa3zsutue
NAaTOrCHOB  XapaKTEPH30BaJO HMMYHOCTUMYJHpYIOmUH 3pdekTr mMeTwnkacMoHara. B
KOHTPOJIBHOM BapHaHTe pPa3BUTHE MWIAbIO cocTaBisio 64,3+4,5% momanu jucra, a mnpu
o0paboTke MeTmnKacMoHatoM — 41,1+£6,2%. MeTmmkacMOHAT TIPU SK30T€HHOM HAHECEHWH Ha
JUCThs BUHOTpaaa 00JIaZaeT CIIOCOOHOCTHIO CTAaOWIM3MPOBATH MUTMEHTHBIA M MEMOpaHHBIH
KOMILICKCHl B YCJIOBUSAX a0MOTHYECKUX CTPECCOB, a MPU BO3ACHCTBHUHM OMOTHUECKOTO CHIKAI
pa3BUTHE NATOI€HA U UHTEHCUBHOCTh OKUCIIUTENIBHBIX ITPOLIECCOB.

1. TIriti M., Vitalin S. Sustainable Crop Protection, Global Climate Change, Food Security and
Safety-Plant Immunity at the Crossroads. Vaccines. 2020. V. 8. P. 42.

2. Shahzad A., Ullah S., Dar A. A. Nexus on climate change: agriculture and possible solution
to cope future climate change stresses. Environ Sci Pollut Res. 2021. V. 28. Pp. 14211-
14232.
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PazpaboTka mpoTOKOIa Uil COKpAIlEHUs] BETETALIMOHHOTO MepHoia KyKypyssl (Zea mays L.) u
U3yueHHE BIMAHUS TaKUX IAapaMeTpoB Kak cyocTpar, o0beM TOpIIKa, T'yCTOTa IOCAJIKH,
KpPaTKOCPOYHOT0 00Iy4YeHus yabTpaduoiaeToM B u MuHepabHBIX yA0OpEHHIA.

Mamepuanvt u memoowr: Ha renorunax 3onoroil mouarok 147 MB, Mapmenanka, Panuss
nakoMka, Jlakomka benoropbs, 975-5x ObUI0 U3yUEHO BIMSHUE PA3TUYHBIX IO 00BEMY TOPIIKOB
(0,51 /2n/ 111/ 120 1) u xaccetsl 5*2 ¢ o0bemoMm stuetiku 110mi. [IpoBeneHo kpaTkocpoyHOe
obnyuyenue ynbprpaduonerom B (310-315 um) nHa rubpunax Fi 3omoroit mowyarok 147 MB u
Mapmenazaka. Onenena ypoxxaiinocts ruopunon Fi 3onororo nmouatka 147 MB, 165 MB, 200 CB
,307 MB, 182 MB, 192 MB, 350 MB u Mapmenaaku, BbIpallieHHBIX Ha Topde U cMmecu Hu3
KOKOCOBOro cybOcTpara ¢ mepautoM U Ttopdom. IlporecTpoBaHbl MUHEpalIbHBIE YAOOpPEHHS,
omnyaromuecs: cootHomenneM NPK u mpenapatuBHoil hopmoii Takue kak: «OcMOKOT» 6-8-
12+42.2Mg0O 5-6 M (4,5 u 9 1/1), «Ocmokot» 17-11-10+2.2MgO+TE 3-4 M (4,5 u 9 1/7),
«AxBapun» 18:18:18 (2 r/n), «AxBapun» 3:11:38 (2 r/n).

Pesynomameur:

Panee /Ui yCKOpeHHUs1 BEre€TallMOHHOTO MEpHOa PaCTeHUH KyKypy3bl Mbl IOJOOpAIH yCIOBHS:
KOPOTKHIA (hOTOMEepHo MPOAOIKUTEIHHOCTRIO 14 4 nenb / 10 4 HOYb, HMHTEHCUBHOCTH CBETA B
paitone 800 mMxmounb/M?/c, Temneparypa 28°C mnem/ 25°C HOUBK, BI@XHOCTH Bo3ayxa 50 %.
[Tocne mpoBeAECHUS TOTOIHUTENBHBIX KCIIEPUMEHTOB HaM y/1aJ0Ch BBISICHUTD, UTO:

Bricokass 1 HM3Kas 03€pEeHEHHOCTh MOYATKOB HaOI0Janach Ha Topde U cMecH (KOKOCOBBIH
cyOcTpar + nepaut + Topd) cooTBeTCTBeHHO. PacTenus, pacTyuiue B ropmkax oosemom 2,0 1,
obmydaemsie 15/30/60 cex B nenp ynbTpaduonerom B (310-315 um) umenu 6osee HU3KUH POCT.
Kpowme toro, ynerpaduoner B yBenuunBan npoTepaHipHio, Kak y paCTCHHA B TOpIIKax 00beMOM
Ha 2,0 1, Tak ¥ Ha 11 5. Ilpu comocTaBieHUU pa3IMYHBIX MUHEPAJIbHBIX yIOOpPEHUH, eCTh /1Ba
HamboJIee MOIXOSIINX BApHAHTA: IEPBLIH - « AKBapuH» 10 1BeTeHus -18:18:18 (2 r/im) u ¢ Hayana
userenus - 3:11:38 (2 r/m); Bropoit — «Ocmokot» 16-8-12+2.2MgO 5-6 M (4,5 1/1). B mons3y
IIEPBOTO BBICTYNAET JOCTYIIHAas II€HAa, B II0Jb3y BTOPOrO0 KAaueCTBO, TEXHOJIOIMYHOCTH U
nocTostHHbINA pH 11pu xpaneHnuu u peanmsanuu. ['ycToi moceB paCTCHUN U YKOPAYUBAHKE JTUCTHEB
JaeT OTpULATeNbHBINA 3P PEKT, NPUBOAALINIA K CHIPKEHUIO MITH TTOJIHOW CTEPUIIBHOCTH METEINKH.
Bvi600wbi: Tocne TMpOBEACHUS HECKONBKHX OIBITOB CTalo SCHO, YTO MOXHO TIOBBICUTh
YPOXKalHOCTh pacCTeHUN UCIOIB3Ys TOP(, YKOPOTUTH PACTEHUS 32 CUET MAJIOT0 00bEeMa ropIlKa
U 00syueHust yIbTpadruoIeToM, OTJIOKUTh BpEeMs LIBETEHU 10 BiIusHUEM YD, HCKYCCTBEHHO
BbI3BaTh CTEPUIBHOCTh METEJIKH, a TaKKe€ BO3MOXKHOCTh TMOJIECP)KUBATh NMUTAHHE PACTECHHM
yoOpeHus MU ¢ He MeHstouMes pH.

C ucrnonp30BaHMEM OTOOpPAaHHBIX HAMU YCJIOBUHM M (DaKTOPOB YCKOPEHHUS BETETAllUU BPEMs OT
1oceBa /10 YOOPKH 3aHUMAeT OKOJI0 2,5—3 MecsIIeB, B 3aBUCUMOCTH OT UCCIIEyeMOro T€HOTHUIIA.
Qunancuposanue: ViccienoBaHuE BBIIIOJHEHO IPU NOAAEp)KKE MUHUCTEPCTBA HAYKU U BBICIIETO
obpazoBanust Poccuiickoit denepanuu, rocyaapcersennoe 3aaanue NeFGUM-2024-0002.
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BAPUABEJIBHOCTB COAEPKAHUSA CBIPOI'O ITPOTEUHA B

3EPHOBKAX I'NTABHOM METEJIKU IJIEHYATOIO OBCA
busun A.U., Bepgeiin C.C.
Hayuno-uccnedoeamensckuili uncmumym cenpckozo xosaiicmea Ceeepnozo 3aypanva —
dunuan O®I'bYH «Tromenckuit nayunsiit yenmp» CO PAH (625501, Tiomenckasn ooan.,
Twmenckuii p-n, noc. Mockoeckuii, ya. bBypaaku, 2), e-mail: bixela@mail.ru

AKTYyaIbHOCTb.

Cpenu 3epHOBBIX KYJIBTYp OBEC OCOOBIM CTPOSHHEM METENKH, KOTOpask XapaKTepu3yeTcs
HE TOJIBKO PBHIXJIOCTHIO U NMAPYCHOCTHIO, HO U OTINYAIOIUMUCS APYT OT Apyra OMOXUMHUYECKUMU
cBOMCTBaMM 3€pHOBOK. CyIlecTBYET YCTOMYMBOE MHEHHE O Pa3HOKAYECTBEHHOCTH CEMSH B
npeneaax METENKH — MEJIKOE 36pHO MMEET MOHM)KEHHOE COAEpkKaHHE MPOTEUHA - KIHYEBOIO
II0Ka3aTes MUTATENbHON [IEHHOCTH KYJbTYphl. B TEXHONIOrMuecKoi MpaKkTUKE 3TO MPUBOAUT K
HEOO0XOIUMOCTH (PPAaKLMOHHOTO 3€PHOBOM MAacChl, MOCKOJBKY JOJIsl MEJIKOTO 3€pHAa B MapTHH
MokeT fpocturatb 20% M ¢ yuyéToM IIEHYATOCTH OBCA, TOBAapHAasl 4acTh (Spa OBCA) MOXKET
YMEHBIIATHCS TMPAKTHYECKH HAIOJOBUHY. OTO MPHUBOJAUT HE TOJBKO K OONBIIOMY O0BEMY
OTXOIOB, HO M CYIIIECTBEHHO yBEJIMYUBAET CE0ECTOMMOCTh TOBApa.

Llenbio uccnenoBaHmii ObUIO H3YUYEeHUE BapHaOeIbHOCTH COAECPIKAHUS CHIPOTO MPOTEHHA B
3€pHOBKAX IJJaBHOM METENKH MUIEHYATOrO OBCA.

Marepuajisl 1 METOABI.

[Tocne uccnenoBanuii MOphoMeTpHUUECKUX TOKa3aTeNel U CTPYKTYPBI YpOoxKast KOJUIEKIIUN
KYJbTYpHBIX BHJOB OBCa B COCTaB KOTOpoM BXoauT Oosiee 700 reHOTHIIOB OblIa COCTaBJICHA
yCpeIHEeHHAss MOJIeTh copTa IUIEHYaToro oBca [1]. HA OCHOBaHWHU KOTOPOH ObLT BHIOpaH COPT
CepeOpucTsiii. B ombiTe uccnenoBaid TJIaBHYIO METENKY, B KOTOpOHl ObuiM BbLAETCHBI 37
KOJIOCKOB M 78 3€pHOBOK, Haxosammxcs B HUX. CYET KOJIOCKOB BEIM OT BEPUIMHBI METEIKH.
Hanuune B 1abopatopun reHOMHBIX UCCIIEOBAaHUM B PAaCTEHUEBOACTBE aHanu3aropa azora UDK
159 no3Bonui0 MHAMBUAYAIBHO ONPEAEIUTh COAEPKAHUE ChIPOTO MPOTEUHA B 3epHOBKax. Jlis
3TOr0 3€PHOBKM IOJBEPrajiCh PYYHOH OUMCTKE OT IBETOUHBIX YEIIyHd C MOCIEAYIOLIUM
B3BEIIMBaHUEM OOOJIOYKH U siipa ¢ TOYHOCTHIO 70 0,1 mr. Jlanee kaxaoe sSApo U3MeNnbyalu Ha
IITOKOBOM ILTIOIUTENE 3epHa. [locine oObenuHenus B ofHy MpoOy 3epHOBOK U3 KOJOCKAa BHOBb
IIPOBOAMJIN B3BELIMBAaHHE M IIOJBEPrajJd MOKPOMY O30JEHHMIO CMECHIO KOHLIEHTPUPOBAHHOMN
CepHOW KHCIOTH. B KadecTBe KaTaimzaTropa HCIONB30BAIN CyJIb(paTbl MeId M HaTPHAL.
Omnpenenenue npoTerHa ObLIO TpoBeeHO Ha ananu3aTope azora UDK 159 metomom Kbenbaans,
COTJIACHO TPOTOKOJY, pazpaboranHoro mpousBoautenem mpudopa Velp Scientifica. Ilepecuer
o0111ero a30Ta Ha CHIPOH MPOTEUH MPOBOAUIN YMHOXKEHUEM Ha K03 durmenr 6,25.

PesyibTarhl.

AHanu3 CTpyKTypbl ypoxas, IpoBOoAUMBIN 1o 10 pacTeHusM, moka3ai, 4YTO KOJIMYECTBO
3épeH B INIaBHOW MeTenke copta CepeOpucThiil BappbUpoBajo B Auana3zoHe ot 75 no 90 mr. npu
cpeaneM 3HayeHnu 81 mT. HecMoTpst Ha MMPOKUN qUana3oH, BapuabeIbHOCTh O3EpHEHHOCTU
Obu1a HU3KOH - K03 duuneHT Bapuanuu He npesbiman 10%. MoaenbHbli COPT COOTBETCTBOBAI
cpenuesépHoMy tuiry ¢ Maccoit 1000 3epen 35,36+3,00 rpamm. B ananuzupyemoii Meténke ObU10
78 3&peH, KoTophie ObUTH cOOpaHbl B 38 K0IOCKOB. CpenHsiss Macca 36pHOBKH COCTaBmia 28 Mr
IpU IHAPOKOM Juana3oHe BapbupoBaHus — oT 13 mo 40 mr. Kosdounuent Bapuanmu (26%)
[10Ka3aJl 3HAYUTEIbHYIO CTENIEHb HEOJHOPOIHOCTH MAcChl 36pHOBOK B IIPEAEIAX OAHON METEIKH.
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Xapakrtep pacnpeesieHUs] 36pHOBOK C Pa3HOM MacCOM IO METEJIKE XaOTUYHBIA — CBSI3b MEKIY
SAPYCHOCTBIO U Maccoi crnabas (r=-0,32).

Cpennee cozpepikaHue ChIporo mpoTerHa B MeTénke copra CepeOpucThiii ObUIO paBHBIM
18,0% nipu crangapTHoM oTkiioHeHuu 0,7%. 3HaueHUs: HAXOIUIUCH B ipeaenax ot 16,5 1o 19,3%,
410 npu ko3 durmente Bapuanuu 4,3% yka3pIBaJIO Ha OTHOPOJHOCTH 3€PHOBOK IO COJCPKAHUIO
ChIpOro npoTtenHa. B rpymnmy ¢ conepxanueM coiporo nporerHa Menee 17,0% BOILIN 3€pHOBKHU
u3 1,2, 12 u 22 xonockoB, 4to coctaBnsieT 14 % ot obmiero konuuecTa. Bo Bropoii rpymnme (17,1-
18,0%) ObuiM 3epHOBKM M3 15 KOJOCKOB H3ydaeMOW METENKH. 3€pHO U3 3TOW TPYIIBI
pacrpeaensyiock paBHOMEpHO 1o MeTenke — ¢ 3 o 30 kosocok. B Tperbeil rpytre, rae nuamna3zoH
COJIepKaHusl ChIPOro MpoTerHa BapbupoBai ot 18,1 1o 19,0% Obutu coCpeI0TOUCHBI 36pHOBKHU U3
14 KOJOCKOB, KOTOpbIE OBUIM NMPEUMYIIECTBEHHO PACIIOJIOKEHBI B CEpPeIUHE M HW)KHEH 4acTu
Metenku (¢ 13 nmo 37 xonocok). I'pynna ¢ MakcHMMajabHBIM COAEPKAHUEM CBIPOIO MPOTEHHA
(>19,0%) 6pu1a manounciennoi — 10 3epeH, chopmupoBasiuecs B 4 konockax (7, 8, 33 u 35).
CnenyeTr OTMETUTH, YTO 7 U 8 U3 YKa3aHHBIX KOJIOCKOB HaXOJMJIMCh B BEPXHEH YacTH KoJloca, a
33 u 35 — B HUXKHEH, YTO ONPOBEPracT IMIOTE3y BEPTUKAIBHOIO PACIPEAEICHUS COAEP/KaHUS
IIPOTENHA B METEIIKE.

B nureparype MOXXHO BCTPETUTh MHEHHME O TOM, YTO B MENKHX (pakUusix OBca
coJiepKaHue MpOTeHHA MeHbIe yeM B Oonee KpynHbIX [2]. ITo sToii mpuuuHe Iiisi KpyHsTHOTO
MIPOM3BOJICTBA YACTO MEJKUE (PPaKLUU OTCEUBAIOTCS, a TAPTUHU C BHICOKOM 0JIeH MEJIKOTo 3epHa
moryT O6pakoBatbes ('OCT 28673-2019). MunumanbsHOe conepkanue nporeuna (mo 17%), kak
OBUTO OTMEYEHO paHee, ObUTO B 3epHE M3 1, 2, 12 m 22 KOJOCKa, OJHAKO MX CPEIHss Macca
BappupoBaia oT 26 1o 36 Mr npu cpeaHel BelnyuHe Mo Merenke 28 mr. B aroil ke merenke
MaKcUMalibHOE cozieprkanue nporenHa (ot 19,0%) 6bu10 3adukcupoBaHo y 3epeH, Macca KOTOPBIX
25...28 wr. [anHblii (akT yKa3blBaeT Ha OTCYTCTBHE HEOOXOAWMOCTH IPOBEICHHS
JOTIOJTHUTEIIbHOW COPTUPOBKYU NAPTUM INIEHYATOrO OBCA IS KPYIISTHOM IPOMBIILIEHHOCTH.

KoppensannoHHblil aHann3 noka3an HaIuuue yMEPEHHOU CBSI3U MEX]ly IPOCTPAaHCTBEHHBIM
II0JIO)KEHHEM KOJIOCKAa U COJEP’KaHHUEM CBIPOrO IPOTEMHa B sapax 3epHOBOK (7=0,46). boiee
CYLIECTBEHHAsI KOPPEISAIHUS MPOCIEKUBAIACH MEXKIY pycaMH (MyTOBKH) M CHIPBIM MPOTEHHOM
(=0,76), 4TO COOTBETCTBOBAJIO BHICOKOM CTENEHU CBSI3H. AHAIM3 B3aMMOCBSI3H MEXKIY Maccou
3€pHOBKHU U COJIEpP’)KaHUEM B HEH IpOoTenHa IoKa3all 00paTHYI0 yMEpeHHYI0 cBs3b (r=-0,44), muib
YaCTUYHO MOATBEPKIAET MHEHHE O TOM, YTO YEM KPYIIHEE 3€pPHO, TEM HIKE COAECpPKAHUE B HEM
CBIpOro IpoTtenHa [3].
3akiarovenue

B xopme nmeranbHOro ananmmza MOpP(ONOTHYECKHNA, TEXHOJOTHUYECKHX U OMOXMMHYECKUX
CBOWCTB MOJICJIBbHBIN copT oBca CepeOpUCThIi XapaKTepu3yeTcsi O4eHb HU3KOH BapradenbHOCThIO
o3epHeHHOCTH TnaBHOM Merénku (CV=8,5%) mnpu cpenHemM 3HaueHun 81 3€peH,
chopmupoBapmuxcs B 37 konockax. Macca 1000 3epen coctaBmia 35,36 rpaMM U Takxke
BapbUpOBaja B HE3HAYUTENIBHOM Juana3zoHe. CpeqHss Macca 36pHOBKM B METEIKE COCTaBIIsIA 28
M TIIpY BapbUPOBAHUHU B OYEHb IIMPOKOM auana3zoHe — oT 13 no 40 mr (CV=26%). Xapaxrep
pacroOKEHUs] MEIKUX M KPYNHBIX 3€PHOBOK IO METENKE XAOTHYHBI — KOppesuus ¢
PacrojoKEHUEM 10 BEepTHKaIM He npocnexuBaercs (r=-0,32). CpenHee coaep:KaHUE CBIPOIO
MpoTerHa B siapax 3epHOBOK coctaBmio 18,0+0,7 % c nuamazonom ot 16,5 no 19,3% u ouenn
Hu3Kkol BapuabenbHOCTBIO (CV=4,3%). YcTaHOBIEHa KOpPENSALUs MEXIY SPYCHOCTBIO U
COJIepKaHUEM CBIPOTO MPOTEHHA B 3€pPHOBKAX: MOJI0KEHUE KOJOCKOB (7=0,46); MmyTOBOK — 7=0,76.
Bbubanorpadguyeckuii cnucok
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Cgegenue 00 wucrouHuke ¢uHaHcHpoBaHus. PalOora BbIOJIHEHA 3a  CYeT
rocygapcTBeHHoro 3amanus 124022900011-6 u mnpu  mnopnepxkke 3amagHo-Cubupckoro
MEXPETHOHATBHOTO Hay4YHO-00Pa30BaTEIbHOTO [IEHTPA MUPOBOTO YPOBHS.

HOBBIINEHUE AJAITTUBHOCTHU OI'YPIHA K BUOTHYECKUM U

ABUOTUYECKHUM CTPECCAM
Yunuananze M.I'
DI'bOY BO «Poccuiickuii 2ocyoapcmeennwtii azpaphutii ynugepcumem — MCXA umenu K. A.
Tumupsazeea» (PI'BOY BO PI'AY-MCXA umenu K.A. Tumupazesa), . Mockea 127434; email
- info@rgau-msha.ru.

Baxknas 3amaua JUisi arpapHOro CEKTOpa SKOHOMMKHM HAalleW CTpaHbl — YCHJIEHUE €ro
spdexTuBHOCTH. OBOIM — OAWH U3 BaXHEUIIMX MPOIYKTOB NMUTaHWs HaceneHus Poccun. B
CpeHEM, y Hac MX Mpou3BoAUTCA Okojo 90 kr Ha aymry HaceneHusa. CpelHecTaTUCTHUYECKUN
poccusiHuH noTpebisier 106 Kr miofoB M OBOIIEH, TOra Kak B 3apyOeKHBIX CTpaHaxX ropasnio
6onbure. OOmIass MUpOBasi TEHACHLUS Pa3BUTHSI OBOIIEBOJICTBA - OBICTPOE HapacTaHue 00HEMOB
IIPOM3BOJICTBA OBOLIEH, TaK 3a AECATH JIET B MUPE OHO yBelnuuuiaoch Ha 42 %, Poccun — Ha 20 %
[1]. Orypen — TpaaunoHHAas OBOLIHAS KyJIbTYpa, 110 ILIOAASIM B 3aIlIMILIEHHOM IpyHTe B Poccun
3aHUMAET JIMJUPYIOLIUE MECTA.

Henab padoThl - U3y4UTh NOBBIIEHUE aJallTUBHOCTH OTyplLia B 3allUIIEHHOM IPYHTE K
OMOTHYECKUM 1 a0MOTUYECKHM CTpEccaM MOl BIUSHUEM PETYISTOPOB POCTA.

MeToanKka ONILITOB

Cxema ombITa cOCTOUT U3 TPEX (pakTopoB: Paktop A - Bun termmust: A - CoBpeMeHHas
terumna; Az - [lnénounas rerumna. @axtop b - 'ubpunet orypna Fi: b1 - beneduc, b2 - I'epman,
b3 - lunamut, b4 - CeBepun, bs - Mypaiuka, bs - Konnu. ®axrop B -Perynstops! pocra: B -
upxon, Bz - buonyxc, B3 - Arpoctumyin, B4 — Cununnant. OnsIT 3a10%KEH B YETHIPEXKPATHON
IIOBTOPHOCTH, METOJIOM pPAaHJOMM3UPOBAaHHBIX IOBTOpeHWH. Bpicanky paccanbl B TEIUIMILY
ocymiecTBIsIM 3 utoHs. Paccrosinue mexny pacteHusMu 40 cMm, IByXCTpOUYHasi cXe€Ma MOCaIKU
90x40. T'ycroTa mocajaku 3 pactenus Ha 1 M2, PacTeHust oABA3BIBAIIM K HInajiepe, GopMupoBamm
B 1 crebens. OOmmenpuHaTas arpoTeXHUKa CIyKUJIa 00pa3oM MpH yXoJe 3a KyJIbTypoil. B onbiTe
UCTIONB30BaM TMapTeHokapnuueckue rudbpuabl Fi: beneduc, I'epman, dunamut, CeBepuH,
Konnu, Mypaiuka.

MeTtoauka onpeneneHus1 ypoKaifHOCTH U 0os1e3Heil
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YpoxxallHOCTh ONpEeNsuIi BECOBBIM METOAOM. B mepuon BereTanuu mpoBOAUIH cOOp
TUIO/IOB C KAXKJIOTO PACTEHUs M 3aIMChIBATIU PE3yJIbTaT B )KypHAIL. YPOXKaHHOCTh KaKJ0ro coopa
CYMMHPOBAJI B KOHILIE BETeTalluU pacTeHUs. Maccy Ka)10To Orypla U3MepsIi Ha TEXHUYECKUX
Becax. B TeueHnu Bereraiyu onpenessuia pacTeHue, MOpakeHHOE OOJIE3HbI0 BU3YAIIbHO.

Pe3yiabTarhl

BinsiHue pery/isiTopoB pocTa Ha CoJepKaHHe MUTMEHTOB B JIUCTHAX OIypUa

JUis W3BIEYEHUS TUTMEHTOB W3 JIUCTHEB NPUMEHSIOT TOJSpPHBIE PACTBOPUTENH,
Harnpumep, HanOoJiee YacTo MPUMEHSIOIIMICS - TUIIOBBIM CIIUPT, WIM JJa)Ke CMECh HETIOJIAPHBIX
U TIOJISIPHBIX pacTBOpUTeNei. 3aUKCUPOBAHHBIC JTUCThS IMOMEMIAIOT B SKCUKATOP M XPAHAT B
TEMHOM M NPOXJIAJTHOM MecCTe. BBITSKKY JTHCTHEB MCIOJB3YIOT JJIS KOJTUYECTBEHHOTO aHaIM3a
MUTMEHTOB. KOHIIEHTpAINIO ONPEAeSIOT IPH MOMOIIHU (POTOIEKTpOKoIopuMeTpa [2].

B pesynbTare omneita, y pacTeHUl orypia, o00paboTaHHBIX peryiasTopaMu pocta Llupkon
1 ArpocTuMy1 OBIJIO BBICOKOE KOMYECTBO XJopoduia b. [Tpu npumMeHeHnu peryasTopoB pocTa
KOJINYECTBO XJIOpOGHIIa a ObUIO BHIIIE, YeM B KOHTPOJIbHOM BapuaHTe. CpaBHUBAs pe3yJsbTaT
CYMMBI XJIOpO(HIIJIOB a ¥ b pacTeHnit, 00paboTaHHBIX MpenapaTaMu, ¢ KOHTPOJIbHBIM BAPHAHTOM,
CyMMa XJIOPO(HIIIOB Y NEPBbIX 3HAYUTEIILHO BHIIIIE.

Takum oOpa3om, 00paboTKa peryiaropaMH pocTa pPAacTeHMH Orypla IOBBIIIAET
xsopodui a, xaopopuiur b ¥ KapOTUHOUIBI, COOTBETCTBEHHO Ha: Llupkon - 18%, 15%, 41%;
buonyxce - 0,8%, 6%, 16%; Arpoctumyin - 7%, 26%, 25%; Cunumnant — 16%, 5%, 16%. Jluctes
orypua, o0OpaboTtaHHble mnpenapatamMu LUpkoH © ArpocTHMyJ OTJIMYAIUCh BBICOKUM
CoJiepKaHUEeM KapOTUHOMIOB, IO CPABHEHUIO C KOHTPOJIBHOMN TpyIION

YcTaHOBIIEHHBIE PA3JIMYMA MEXAYy BapUaHTAMU OMBITA TMO3BOJIAIOT 3aKIIOYUTh, YTO BCE
U3ydaeMble Mpenaparbl CIOCOOCTBYIOT COXPAaHEHHUIO KOHIEHTpauuu xyopoguuioB (a + b) y
pacTeHuil orypla B YCIOBUSIX CTpecca, a MPoBeIeHHbIE 00paboTKH 00eCIeunBaloT MO IepKaHIe
(OTOCUHTETHYECKOW aKTUBHOCTH JIMCTHEB.

BinsiHue pery/isiTopoB pocTa Ha Ypo:KaiiHOCTh THOPHIOB Orypua

MaccoBoe co3peBaHue IJI0J0B HAYalIo0Ch 5 uiois. Pacrenus, o0paboTaHHbIE PETyIssTOPOM
pocTa, HAYMHAJIM IUI0JOHOIIEHHE paHbIlIe, YeM B KOHTPOJIE. TO 00eCIeunio MOBHIIIEHUE BBIX0a
panHeil mpoaykiuu. CyIecTBEHHBIE Pa3NUyuusl ¢ KOHTpPOJeM ObUTM MOJY4YEeHbl HAa BapHaHTaX
ombita ¢ 00padoTkoit [upkonom u Arpoctumynom. Ilog BnussHEEM 00pabOTKM mpemapaTaMu
ypoxaitHocTh rudpuna orypua beneduc Fi B coBpeMeHHBIX TEIIMIIAX ¢ KaleIbHBIM OpOIIEHUEM
obuta 10,9-12,0 kr/pactenue, 4ro cymiectBeHHO (Ha 9-20%) mpeBBICHIO KOHTPOJb. Jlyurmmid
pe3yJbTaT MoJIyueH B BapuaHte ¢ 0opadoTkoit Llupkonom, B koTopom npubdaska cocraBuia 20,0%
K KoHTpomto. [lox BiaMsHHEM 0OpabOTKH MpemaparaMu YpOXKalHOCTh Orypla B IUIEHOYHBIX
teruumax oeuta 9,6-11,3 kr/pacteHue, 4To CymecTBeHHO (Ha 6-24%) MpeBBICHUIO KOHTPOJIb.

B xone wuccrnenoBaHuil yCTaHOBICHO CYIIECTBEHHOE BIMSHHUE PETYISTOPOB pocTa U
CIOCOOOB BBIPAIMBAHUSL THMOPUIOB Oryplia Ha ypOKaHOCTh. B COBpeMEHHBIX TEIUIMIaX C
IIPUMEHEHHUEM KareJIbHOTo opoueHus U cyocTpata Cy0muM ypokaiHOCTB OTyplia MoJyyaeTcs Ha
3,5 kr OosiblIe, 4YeM B IIIEHOYHBIX TEIUTUIIAX 32 CUET PETYIUPYEMbIX TEMIIEPATYPHBIX PEKUMOB U
peryIupoBaHus KOMIUIEKCA arpOTEeXHHUUECKUX MEPOTPUSATHA.

[To xoMmIIeKCy HccieayeMbIX (PakTOpOB Uil MPOMBIIUIEHHOTO BBIPALUBAHHUS MOXHO
pexomennoBath rudpuael orypua Fi: beneduc, Jlunamur, a 1uis catoBO10B-JIFOOUTENNEH MTOAXOAST
BCE M3ydaeMble THOpHIBI, TaK Kak 00JaJai0T cOaJlaHCHPOBAHHBIM BKYCOM W IPHUTOTHBI JUIS
nepepadoTKH.

O0paboTka perynasiTopaMu pocTa pacTeHUN OTypIia CIIOCOOCTBYET MOBHIIICHUIO 3aIIUTHBIX
peakiuii U 3aMeUICHUIO TEeMIIOB Pa3BUTHA OOJIE3HU OTypIia, YTO OOECHeYMBAIO MOBBIIICHHE
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BBIXOJa pAaHHEH MPOAYKLHHU U yBEJIWYEHHE YpOoxkallHOCTH B cpenHeM Ha 10% 1o cpaBHEHHIO ¢
KOHTPOJIEM.
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uccineoosamenwvckuil yeump «Kypuamoecxkuit uncmumymy (HUI] «Kypuamoeckuii

uncmumymy — KK PA3),
24903, Poccusa, Kanyxcckaa oonacme, 2. Qonunck, Kueecxkoe wocce, 0.1, k. 1
e-mail: micenyk-anastasi@wmail.ru

CpaBHUTENBHBIA aHAIW3 MOP(GOPHU3HOIOIMYECKHX MapaMeTpoB U YPOBHS YCTOHYHMBOCTHU
Pa3NUYHBIX TEHOTUIIOB Beauveria bassiana x pyHTUIIUAaM TPYIIIBI TPUA30JIOB

JUis n3ydeHus TOTEHIMAajda HCIONB30BaHUS SHTOMOMAToreHHbIX rpubos (OIII) B
MHTETPUPOBAHHON CHUCTEME 3allUThl pacTeHUl HamMH ObUI MPOBEAEH CPAaBHUTEIBHBIN aHAIIN3
MOp(hoPHU3HOIOTUIECKHUX TAPaMETPOB M YPOBHS YCTOHYHMBOCTH pa3IMYHBIX T€HOTUIIOB Beauveria
bassiana x pyHrUIUAAM TPUA30JIEHON TPYIIIHL.

HoBssle renotunsl B. Bassiana: 10M1.1-700, 1M1.2-700, 8M1.2-700 u 8M1.1-850 — Obu1n
IIOJIy4€HbI ITyTEM IaMMa-UHAYLHPOBAHHOIO MyTareHe3a. CyCneH3u0 KOHUAUN U30J19Ta IUKOIO
TUIA TOABEpPrajy raMMa-oOJy4eHHI0 pU KOMHATHOW TemnepaTtype B go3ax 700 u 850 I'p Ha
YHUKaJIbHOM Hay4yHOM ramma-ycraHoBke ['YP-120 (uctounuk — “Co, HUIL] «Kypuarosckuii
uHCTUTYT» — KK PAD). ObnyueHne cycrieH3uu KOHUIMH MPOBOJMIN IIPH MOUTHOCTH 10361 200
I'p/a.

Jis ompeneneHuss aKTUBHOCTH BHEKJIETOYHBIX ()epMEHTOB (TpoTea3bl M JIMIA3bI),
paspylIalonMX KyTHUKYJy HaCEKOMBIX, MCIIOJIb30BAJIM METOJ aHaJIM3a HAa arapoBbIX IUIACTHHAX.
CyOcTpaT [uis OLEHKM aKTUBHOCTU IpOTEa3bl — OO0EPKUPEHHOE MOJIOKO, Ui JIMMa3bl —
nonucop6at-20 (Tween 20). Hanmnuue xomnblia THApOIM3a BOKPYT U30JISTOB B. Bassiana Ha cpene
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CO CIEIHMaTIbHBIM CyOCTpaToM YyKas3blBaja Ha aKTHBHOCTh H3ydaeMoro Qepmenrta. M3omsaThi
MHKYOMpPOBAJIM Ha CEJIEKTUBHBIX Cpelax B TedeHue 6 aHel (2 He3aBHCHUMBIX HKCIEpUMEHTa, 4
HE3aBHCHMBIX TIOBTOPHOCTH Ha KaX/bIil TEHOTHII).

TecThl Ha arpecCUBHOCTHh T€HOTUIIOB B. Bassiana pOBOIMIN HA MOJIEIN OOBIKHOBEHHON
3makoBO Tiu (Schizaphis graminum (Rondani)). Jluctes mmenunsr (5-6 cM) cMadyuBaid B
CYCIIEH3UM C KOHMJIMH M30JTa AUKOTO THUIA M raMMa-MyTaHTHBIX JIMHUH, 3aT€M OCTaBIISUIN
MOJICHIXaTh Ha BO3Ayxe. [10ArOTOBIEHHBIE JIMCThS NOMEIIAIH Ha (PUIBTPOBAIbHBIE OyMa)kKHbIC
JUCKHM, CMOYCHHBIC AUCTWLIMPOBAHHOW BOJOM, Ha AHO 4Yawku [letpu. B kaxayroo damky
nomewmanu no 20 ocobeit S. graminum. Ilokasatens LT50 u LT100 onenuBanu npu nomomu
KpuBoil BbDKHMBaeMocTH Karutana-Maiiepa (2 HE3aBUCHMMBIX SKCIIEPUMEHTa, 4 HE3aBUCHUMBIX
MIOBTOPHOCTH Ha Ka)KJIblil FEHOTHII).

JUiss OLIEHKM YyBCTBUTENIBHOCTH PAa3UYHBIX T'€HOTUNOB B. Bassiana ¥ (yHrumuaam
Ipynmbl TPUA30JI0B, BXOIAIIMX B COCTaB KoMMepueckoro npenapata «l'ekara» ((AO «Pupma
Asryct», Poccust) 120 Mkr/n nudenokonazona u 60 MKr/ia TeTpakoHa30Ja) UCIOIb30BAU JIBE
pabourie KOHIIEHTpalluu mpemnapara B cpeae Ha ocHoBe KJIA: 5 % u 8 % ot moneBoro pacxoaa
¢yHrunma s 00paboTKH CeIbCKOXO03UCTBEHHBIX KYJIbTYP 10 HHCTPYKIIMH IPOU3BOIUTEIIS.

CraTucTHdecKuil aHaJIM3 MPOBOAWIM B cpese nporpammuposanust Python Bepcun 3.11.
JUig omnpeneneHuss CTaTUCTUYECKU 3HAUYMMBIX Pa3IMdMil HCIOJIb30BAIM HEMapaMeTpUUYECKUN
cratuctuyeckuid tect U-kpurepuii MaHHa-YuTHU. Pe3ynpraTel, Iie 3Ha4€HWE P MEHBIIEC WU
paBHo 0,05, cunTanu CTAaTUCTUYECKU 3HAYUMBIMHU.

B pesynpraTe aHanu3a HaJW4YMs AKTUBHOCTU IIPOTE€a3bl BBIIBUIM CTATUCTHYECKH
3HAYMMOE CHM)KCHHE aKTHMBHOCTH JAHHBIX (PEPMEHTOB Yy MyTaHTHHIX reHoTurnoB 10M1.1-700 u
8M1.2-700 o cpaBaeHuto ¢ u3oisatom aukoro tumna (WT — wild type). Ctatuctudecku 3HaUUMOE
YBEJIMUEHUE aKTUBHOCTU IpoTeasbl Mo cpaBHeHU0 ¢ WT ormeueHo y renotuna 1M1.2-700.
CraTucTuecku 3HAYMMbIX OTIMYMN MexAy ucciaeayemMpiMu reHorunamu Ol B m3meHeHun
YPOBHSI aKTUBHOCTH BHEKJIETOYHOTO ()epMEHTA JIUTIA3bI BBISIBICHO HE OBLIO.

AHanu3 BBDKMBAEMOCTH Ja0OpaTOpPHON momyisiuuu S. graminum TIOCHE 3apa)KeHUs
H30JIATOM AUKOTO Tuma M reHorunamu 10M1.1-700, 1M1.2-700, 8M1.2-700 u 8M1.1-850 B.
bassiana moxazan, 4yTo BpeMms, 3a KoTopoe norudno 50 % ocobeil mocine WHOKYISAINN JIUCTHEB
MIIEHUIBI KOHUAUAMU pa3audHbix TeHoTumnoB D11, y renotuna 1M1.2-700 coctaBuio 120 4. 3a
BpeMs IpoBeaeHus bnorectupoBanus (8 cyrok) renotursl SM1.1-850 u WT 3a 310 ke Bpems He
cmorim goctudb 100% rmokaszarenss CMEpTHOCTH, YTO CBUICTEIBCTBYET O 00Jiee HU3KOM YPOBHE
arpecCUBHOCTH.

B pesynbrare OIEHKM YyBCTBUTEIBHOCTH HCCIEIYyEMbIX TE€HOTHUIIOB K (yHruImaam
TPHUA30JIbHOM TPYIIBI BBIABICHO, 4YTO 5 % KOHUEHTpanus (QyHrHIHMIa B Cpele OKasaja
CTaTUCTHYECKH 3HAYMMBbIF MHTUOMPYIOUINH 3PPEKT HA POCT U Pa3BUTUE MUIIEIUS Y TEHOTHIIOB
10M1.1-700, 1M1.2-700 n 8MI1.1-850 mo cpaBHenuto c wusonasatom WT. Konuenrpanus
¢GbyHruIMIHOTO Ipemnapara B cpeae 8 % okasajga CTaTUCTUYECKH 3HAUMMOE HETaTUBHOE BIIMSIHUE
Ha BCE MCCIIEAYEMBbIE T€HOTUIIBI. JTO YKa3bIBa€T HA CHM)KEHHYIO YCTOMYMBOCTh 3TUX T€HOTHUIIOB
K QyHruumaHoMmy mpemnapary «l'ekaTa» Mo CpaBHEHHIO C M30JSATOM JHUKOro Tumna B. bassiana,
BBIJICJICHHOTO U3 UMaro CHOMPCKOTo IIEIKOIPsIa.

[Tonmy4yeHHble pe3ynbTaThl MO AKTUBHOCTU (DEPMEHTOB COINIACYIOTCA C JaHHBIMU TI0
OMOTECTUPOBAHMIO arpecCUBHOCTH reHoTuna WT u MmyTtanTHbIX reHoTunoB 10M1.1-700, 1M1.2-
700, 8M1.2-700 nu 8M1.1-850 B. Bassiana na monenu S. graminum. IlonydyeHHbIE NaHHbBIE
MO3BOJIAIOT TPEANOIOKUTb, YTO YpOBEHb arpeccuBHOocTH OIII' cBA3aH € aKTUBHOCTBIO
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BHEKJIETOUHBIX (DepPMEHTOB (JIMIA3bI M MPOTEa3bl), 00CCIEUNBAIOIINX Pa3pyIICHNUE KyTUKYIIbI, H,
Kak ciefcTBue, poHukHoBeHue DIII" B opranusm xo3suHa.

OLIEHKA YCTOMYUBOCTU 'NBPUJIOB IIBETHOI'O
KAPTO®EJIA K PAKY U 30JIOTUCTOM HEMATO/IE C
HNCITOJIb3OBAHUEM JIABOPATOPHBIX METOJOB 1

MOJIEKYJIAPHBIX MAPKEPOB

Kopoaesa A.K., CuBoaanoBa A.b., Manankos B.B.

Deodepanvroe zocyoapcmeennoe 0100x3cemnoe nayutnoe yupesxrcoenue «Deoepanvhulil
uccneoosamenvckuil yenmp xkapmodpensn umenu A.I. Jlopxa» (OI'BHY ®HUI] kapmodghena
um. A.I'. Jlopxa), 140051, Poccua, Mockoeckaa oonacme, /Itodepeykuii paiton, n. Kpackoeo,
ya. Jlopxa, 0. 23, aumepa «By.

Kaprodenp kak npoaoBONbCTBEHHAss KyJIbTypa HMEET OOJBINYI0 3HAYUMOCTH ISt
HaceneHus Poccuu, M pacmMpeHHe acCOpTUMEHTa KapTodens s 310pOBOrO MHTAaHUS, B
COBOKYITHOCTH C YCTOMYMBOCTBIO K PA3JINYHBIM [IATOI'€HAM, SIBJISIETCSI BAYKHOW 3a71auel CEJIEKIINH.

[TpupoaHble aHTOLUMAHUHBI (HIABOHOUIHON T'PYMIBI, KOTOPHIE OMPEACTSIOT Pa3InYHYIO
OKpacKy KOXYpbl M MSKOTH KIIyOHsS, BBINOJIHSIOT TaKXe pOJb AHTHOKCHAAHTOB. [loaTomy
KapTodenb ¢ NUTMEHTUPOBAaHHONH  MSKOTBIO MOXKET HMETh HPEUMYLIECTBO  Iepea
HEOKPALIEHHBIMU COPTaMH B ACIIEKTE 310POBOT0O MUTAHUS.

He MeHee BaXHBIM TNpPU3HAKOM Ui KapTodens SBISAETCS €ro yCTOMYMBOCTh K
¢uTomaroreHaM, OJHMMHU W3 Hanboyiee BPEJOHOCHBIX MATOTCHOB SIBISIFOTCS pak KapTodens
(Bo3Oyaurens — Synchytrium endobioticum ((Schilb.) Percival) n 30510THCTas IUCTOOOpa3yrOMIIas
kaprodensHas Hemarona (Globodera rostochiensis (Woll.) Behr.). YCTOWYHMBOCTh K paKy
KapTodels TaKKe ABIIETCS HEOOXOIUMBIM YCIOBUEM Ul PETHCTPAaLlMi HOBOTO COPTA.

B paGore Obu10 MpoaHaIM3UpOBaHO 38 MEPCIEeKTUBHBIX THOPHIOB IBETHOTO KapTodes
Pa3NUYHOTO TEHETHYECKOTO MPOUCXOXKIACHUS, KOTOpble OBLIM MCKYCCTBEHHO 3apakKECHBI
30JIOTHCTON LUCTOOOPA3yIOIIe HEMATOI0M U pakoM KapTodelns B Ja00paTOPHBIX yCIOBHSAX, a
TaK)K€ OLICHEHbI Ha HAJIMUME MapKEPOB '€HOB YCTOMUMBOCTH K ITaHHBIM [1aTOT€HaM.

JlaGopaTopHoe 3apakeHHEe MPOBOAMIOCH BO BcepoccuilckoM NMyHKTE O HCHBITAHUIO
COPTOB Ha YCTOMUYMBOCTH K PaKy M KapTo(erabHOH HeMaTole B COOTBETCTBUM METOIUKOM [1] B
TEYEHHUH JIBYX JIET.

[To pe3ynbraTam OLIEHKH YCTOWYMBOCTH K paky KapTo(ens BISABICHO 12 yCTOMYUBBIX U
26 BocmpunMuMBBIX 00pa3uoB. [Ipu 3tom 11 u3 12 ycTONHYMBBIX 00pa3lOB OKa3aJHCh TaKkKe
yCTOWUYMBBI U K Hemaroge. Ilo pesynbraram AByXJETHEH OLEHKM YCTOMYMBOCTH K HEMATONE
BBISIBIICHO 24 YCTOWYMBBIX U 14 BOCIPUMMUYHUBBIX 00pa3IOB.

[Tpu mpoBeneHUsT MOJEKYJISIPHO-TEHETHYECKOTO aHaj n3a ObLUTH HCIIOJIb30BAaHbl MapKephl
reHa H/, accolMupoBaHHOTO C YCTOHYMBOCTBIO K MaToTUIy Rol mucroobpasyromieii HeMaTob! -
HI- N146 u HI1-N195. [Ina wuaeHTHHUKAIMKA OJHOTO M3 OCHOBHBIX JOMHUHAHTHBIX T'€HOB
MMMYHUTETa K atotuiy 1 paka xkaprodens (rer Senl) ucnonszoBanu Mapkep Y 1delATT.

Boeigenenne JIHK mpon3Boaminoce M3 MOJIOIBIX JUCTHEB B COOTBETCTBUHU C IKCIIPECC-
MeTozaoM [2]. UneHTuuKano MapkepoB TeHOB OCYIIECTBIIIIN METOAOM MybTUILIeKcHOU TT1P
[3]. IIpoxyxrs! TP pa3mensiiu ¢ moMoIbko 31eKTpodopesa B arapo3HOM Tejie.
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[To utoram wmonexyisipHoro aHanmu3a y 21 u3 38 wuccrnenoBaHHbBIX 00pas3loB ObUIH
BBISIBIIEHBI 00a Mapkepa reHa H1; y 2 o6pasnoB oOHapyskeH Tosibko Mapkep N195. V 15 obpasios
MapKepoB I'eHa YCTOMYMBOCTH K 30JI0TUCTOM KapTo(henbHOM HemaToae o0HapyKeHO He OBLIIO.

N3 Bcex mccnenyeMbix o0pasnoB 89,5% NpoaeMOHCTPUPOBATU UYETKYIO B3aMMOCBS3b
reHOTUNa M (EHOTUNA, TO €CTh HaJU4We MApKEpOB IPH IOATBEPKACHHOW J1a00opaToOpHOM
YCTOMYMBOCTH M HAO0OPOT, MX OTCYTCTBHE MpHU JaOOpaTOPHOH BOCIPHUHUMYHBOCTH, YTO
MOKa3bIBAET BHICOKYIO 3(PPEeKTUBHOCTH UCTIONB30BaHUA MapkepoB N146 u N195 nist BeisBICHUS
TEHETHYECKON yCTOMUMBOCTH KapTO(es K 30JJ0TUCTON HEMATO/IE.

Mapkep Y1delATT rena Sen/ Obim oOHapykeH B reHomax 6 u3 38 wucciemryembix
o0Opa3uoB. Pe3ynbTar CcpaBHMTENBHOM OIEHKM TeHOTUNA M (PEHOTHNA TIOKa3al TOJIBKO
ogHocTOpOoHHee cooTBeTcTBUE Yy 20 m3 38 00pasioB — y BOCHPUUMUHUBBIX IO pe3yJbTaTaM
1a0opaTOpPHOTO 3apakeHus He ObUTo 0OHaApyKEHO Mapkepa B reHome. [Ipu 3ToM 6 00pasios, y
KOTOPBIX Mapkep ObLI JETeKTHPOBAH, OKA3aJHUCh TAKXKE BOCHPUUMYHMBHI K 3a00JEBAHMUIO MO
pesyabTatam jabopaTopHoro 3apaxkeHus. OcranbHble 12 00pa3loB OKa3zaluch YCTOHYMBHI O€3
HaMyusg Mapkepa. Takum o00pa3oM, TONy4YeHHBIE JaHHBIE MOKa3aid Hed(PPEeKTUBHOCTD
ucnonb3oBanuss Mapkepa Y1delATT B kadecTBe TOKa3arenss HAJIWYMSA T'€HETHYECKOM
YCTOMYUBOCTH K paKy KapTodens y pacTeHul U3 Haliel BEIOOPKH.

Cpenu Bcex MpoaHaIn3upPOBaHHBIX 00Pa3IoB Bbienmwimch 8 Tuopuaos: 19 (M16X31TC x
I'anma), 21 (54-10-3 x Teppa po3za), 34 (54-10-3 x Teppa po3za), 39 (M16X31TC x I'ana), 41
(M16X31TC x I'ana), 42 (KC211XV04-10 x I'ana), 49 (726 x 46-98-6), 68 (CeBepHoe CUsIHHE X
Pycckmii cyBenup). DT 00pas3ipl MOKa3aJd OJHOBPEMEHHOE Haluuue J1abopaToOpHOM
YCTOMYUBOCTH K paKy KapTodess U 30J0THCTONW KapTogelbHOW HEMaTojae, a TakkKe HaIu4yHhe
MapKepoB I'eHa yCTOWYMBOCTH H/ B COUETAaHUHU C MUTMEHTHUPOBAHHON MSKOTBIO KITyOHSI.

[Tockonbky B HacTosiiee BpeMsi 0OJbIIOe BHUMAHUE YACSICTCS YIYyYLICHHIO KauecTBa
MUTAHUS U [IBETHOM KapTodensb 00agaeT NOTEHIMAIOM B JAHHOM HAaIlpaBICHUH, OJ1aroiapst ero
BBICOKOM aHTHMOKCHUIAHTHOW AaKTUBHOCTH, Ba)KHO pPACHIMPATH acCOPTUMEHT. Pa3zHooOpasue
I[BETHBIX THOPHIIOB M COPTOB KapTo(dessi, He TOIBKO 00JaJaloNINX HEHHOCTHIO JUIS 310pOBOTO
IIUTaHUs, HO U JEMOHCTPHUPYIOIIMX YCTOMYMBOCTh K Pa3IMYHbIM IATOT€HAaM, MPEACTABIISAET
UHTEPEC AJIs OTPACIIH.

Cnucok JiuTeparTypsbl:

1. MeToauku Mcciae10BaHUi 1O 3amuTe kapTodess ot 6one3Hel, BpenuTeneil, COpHIKOB
n ummyHurery BHUUKX, 1995. - 105 c.

2. Hosaka K. An easy, rapid, and inexpensive DNA extraction method, “one-minute DNA
extraction,” for PCR in potato. Am. J. Potato Res. 2004. 81:17-19

3. Mori K., Sakamoto Y., Mukojima N. et al. Development of a multiplex PCR method for
simultaneous detection of diagnostic DNA markers of five disease and pest resistance genes in
potato. Euphytica 2011. 180: 347-355
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TEXHOJIOTUYECKUE MPUEMBI 3AKJIAJIKA YYACTKOB

TNBPUIN3 AN, OBECIIEYNBAIOIIUE ITOJIYYEHUE
BBICOKOI'O YPOXAS CTEPUJIBHON MATEPUHCKOM JIMHUHA
SIPOBOI'O PATICA LHS-1 HA OCHOBE IIMC «POLIMA»

Kyaunos M.HA'., Topmikos B.A.

1 - Jluneykuii nayuno-ucciedoeamenbckuii uncmumym panca — ¢unuan Pedepanvnozo
20Cy0apcmeeHno20 0100)cemH020 HAYUHO020 yupexcoenusn «DedepanvHulil HAYYHBLIL YEHMD
«Bcepoccuiickuil nayuno-uccnedoeamenbcKuii UHCHUMYm MAcaAuYHbIX Kyaovmyp umenu B.C.
Ilycmogouma» (/IHUUP - punuan OI'GHY ®HI] BHUUMK), /luneyk 398037; E-mail:
info@lniir.ru.

B Mupe orMeuaercst ycTOHYMBOE HapaluBaHUE TPOU3BOICTBA CEMSH COPTOB U THOPUIOB
parnca. IloBblieHHE MX YpPOKAMHOCTH M KayeCTBAa CEMSH SBIIICTCS NPUOPUTETHOM 3ajadeil
COBPEMEHHOI'0 CEMEHOBOACTBA. VCIOab30BaHNue HUTOIIA3MATUYECKOU MYKCKON CTEPUIIBHOCTH
(IMC) 3HauuTEnBHO 0OJETYaeT MPOLECC MOMYyYSHHUs THOPUIOB, CIOCOOCTBYET MOBBIIICHUIO UX
ypoXaiiHOCTH W yiydmeHuio kadectBa ceMmsH [1]. Cpemu pasmuunsix cucreM LIMC oco6o
BbIensgercss cuctema «Polima», koTopas cumrtaercs omHOW 3 Hambonee 3(PPEeKTUBHBIX H
CBSI3aHHA C MUTOXOHIPHAJILHBIM XUMEPHBIM TeHoM orf224 [2].

Ilenbto Hamero uccienoBaHus sBisgercsa: «OnpenesneHne ONTHMaIbHOW TEXHOJIOIMH
3aKJIaJIKM yyacTKa TMOpUIN3allii MaTepHUHCKOHN JuHUHU sipoBoro panca LHS-1 na ocnoBe IIMC
«Polimay», obecneunBatomiero noxydenue 10 30 1y/ra cemsn». VccienoBanue HampaBiIeHO Ha
ONTUMH3AIMIO TEXHOJIOTUYECKUX MPUEMOB 3aKJIAAKH YYaCTKOB TMOPUIM3AINU, BKIIOYAIOLINX
BBIOOpP CPOKOB ITOCEBa, HOPM BBICEBA U CHCTEM YJOOpEHUs, 00€CIeUnBaIONINX MaKCUMAIbHYIO
IIPOAYKTUBHOCTb PACTEHUM M MAaCIIMYHOCTb ceMsIH. [loneBple onbIThI 3aKknaapiBanuch B 2023-2025
IT. B OTJAEIE CEJIEKIMM M CEMEHOBOJCTBA parca JIMImenkoro HayuyHO-HCCIIEI0BATEIbCKOIO
uHcTUTyTa panca — punuana PI'BHY OHI] BHUMMK Ha BbIIIEI0OU€HHOM TKEIOCYTTTHHICTOM
yepHoseme B secocrenu [{UP Poccun.

Coneprxanue rymyca B nouse 5,28-7,81 %, pH — 5,1-6,7, cymma norjoméHHbIX OCHOBaHUI
— 32,0-40,2 mr-3xB./100 T mouBsl %. Meteoponoruueckue ycnous 2023-2025 rr. B Jlunenke B
LIEJIOM  YAOBJIETBOPUTENIBHBIE JUI1  SIPOBOTO  pamnca C  TEMIEPAaTYpHBIM  PEXUMOM,
MOAXOALINM JUISl TaHHOW KybTypsl. Ho, cyliecTBoBasl pUCK BOJHOTO CTpecca B ampesie U Mae
n3-3a 1e(hUIITa OCAKOB.

B ombiTax mpuMeHsUIM TEXHOJIOTHIO BO3/ICNBIBAHMUS, OOLIETIPUHATYIO JIJIsl SPOBOTO parca B
ITYP [3]. 3axmanka ombiTa, PeHOTOTHUESCKHE HAOTIOACHMS, YUSThI, aHAIHU3bI U MAaTEeMAaTUYECKas
00paboTKa JaHHBIX BHITIOJHEHBI C HCIIOIH30BAaHUEM OOIICTPUHSITHIX METOUK [4; 5; 6; 7].

[ToneBoit onbIT ObUT Tpex(akTopHbIA. DakTOp A (IENSHKU MEPBOTO MOPSAAKA) — CPOKU
ceBa: pannuit (18 ampens), cpenuuit (28 anpensi) u no3auuit (22 mas). dDaxrop B (mensuku
BTOPOTO TMOpAAKa) — (OH KOMIUIEKCHBIX YyIOOpEeHHUH, HCIOJIb30BaNach HUTPOAMMOQOCKa
(N15P1sKis) B m3ywaembix moszax: (NPK)so, (NPK)so m (NPK)s + nBykpaTHble HEKOpHEBbBIE
noakopMku buoctumom MacnuuneiM (BHeceHue B (pa3ax OyToHH3aMs U Havano uereHus — 2,0
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n/ra). @akrop C (menssHKU TpeThero mopsaka) — Hopma BeiceBa: 0,5; 0,8 m 1,2 muH. mT./ra
BCXOXKUX CEMSH.

B kauecTBe 00BEKTA UCCIIEAOBAHMS BHICTYIIANIA CTEPHIIbHAS MATEPUHCKAS JIMHUS SIPOBOTO
panca Ha ocHoBe [IMC «Polima» LHS-1, B kauecTBe OMBUIHTENS HCIIOIB30BAIICS COPT SIPOBOTO
parica PaTHUK, SBISIOIIUICS 1S He€ 3aKpenuTeIeM CTEpUIbHOCTU. B ombiTe 66110 36 BApHaHTOB.
Kontponbnsiii Bapuant ombita: ¢on ynoopenus (NPK)s u HOpma BhiceBa 0,8 MuH. mT./ra.
IToBTOpHOCTH OMbITa TPEXKPATHAS.

PanHuii cpok moceBa yBenMUMBal IPOAOKUTEIBHOCTh BErETALIMOHHOIO IMEpUoja y
muaun  LHS-1 go 111 ngueit. Ilo3aHuii moceB XapaKTepU30BAJICS CaMbIM  KOPOTKHM
BEreTAIMOHHBIM MEPUOIOM — 95 nHEH, YCKOPEHHBIM MPOX0XKACHUEM (EHONIOrnYeckux (as, uto
OTPHULATEIBHO MOBJIMSIIO HA YPOKAMHOCTh U3y4aeMOU JIMHUM.

MakcumanbHas yposkailHOCTh MaTtepuHckoil gopmbl LHS-1 monmyuena mpu couetanuu
panHero cpoka moceBa (18 ampensi) ¢ mo3oit komruiekcHbIX ynooOpenmii (NPK)4o + BHeceHme
HEKOpHEBOW MoaKOpMKHU bruoctuma MacnngHoro (103a 2 n/ra) npu HopMe BeiceBa 0,8 MITH.IIT/Ta
— 25,9 1/ra.

Hopwma BriceBa ceMsiH M (pOH yJO0OpEHU MOBIUSIN HA BBICOTY pacTeHuid iuauu LHS-1 n
YCTOMYMBOCTh K MoJieraHuto. Hawmydmas ycToWduBOCTH K mojeranuio (4-4,5 Gamia u3 5)
OTMEUEHA MPHU CPEIHEM CPOKe ceBa (28 ampersi) ¢ BHECEHHEM MOAKOpMKH buoctum Macinnunbiit
(2 n/ra).

Buoxumuueckuii ananu3 cemsH nuHun LHS-1 moka3zai, 4ro HaunOOJbIIas MacIMYHOCTh
cemsH (o 39,4 %) mOCTUTHYTa MPU paHHEM CPOKE CeBa M YIABOCHHOM ()OHE MHHEPAIBHOTO
nutanus (NPK)so. Coneprkanue Oenka mpu 3ToM BapbupoBasio oT 26,7 no 29,2 %, ypoBeHb
TJIIOKO3WHOJIATOB Haxomwics B mpenenax 18-21 mxmons/r. ComepikaHue OJEUHOBON KHCIIOTHI
cocTtaBuiio 62,4 %, 4To SIBIsIETCS BHICOKMM IIOKa3aTeleM KauecTBa Macia.

Takum 00pa3oM, ONTUMAJbHbBIE YCIOBHUS AJS 3aKJIaJKU THOPHIM3AIMOHHBIX YYaCTKOB
sposoro parica tuaun LHS-1 va ocHoBe LIMC «Polimay B ycnoBusix L{UP co3narores npu panHem
cpoke moceBa (18-20 ampensi), Hopme BbiceBa (0,8 MIIH. BCXOXKHX CEMSH/Ta W BHECEHUU
KOMIUTIEKCHBIX yno0Openuii B 103e (NPK)s0 B coueranuu ¢ AByKpaTHOW HEKOPHEBOW MOAKOPMKOMH
bruoctumom MacnuysbiM B ¢a3bl OyToHH3anus U Havyaso uBereHus (2 n/ra). KomOuHupoBannoe
npumeHeane (NPK)4 ¢ BHecenmem mnoakopMmku buoctuma MaciuyHoro oOecrieuyuBaer
HaWIy4lllee COYETAHUE YPOKAWHOCTH, MOBBIINIEHUS YCTOMYMBOCTH K IOJETAHUIO M KadyecTBa
MAacJIOCeMsIH, BCIJIEACTBUE ONTHMM3ALMU METa0OoJIM3Ma U CTHUMYJISALUU CTPECCOYCTOWYMBOCTH
pactenuii. Takoe couetanue GakTopoB oOecreynBaeT cTadMiIbHYI0 ypoxkaiHocTs 10 30 1/ra u
BBICOKOE KauyeCTBO MAacJOCEMSH CTEpPWJIbHOM MaTEepHUHCKOM JuMHMM sipoBoro pamnca LHS-1 Ha
ocuoBe LIMC «Polimay.

Cnucok JuTeparTypsbl:

1. ITactyxoB, U. O. CeleKIMOHHO-T€HETUUECKNUE MPUHIUIBI CO3JaHUS I'€TEPO3UCHBIX
ruOpuaoB parca sipooro (Brassica napus L.) B ycnoBusix LlenTpansHo-UepHO3eMHOTO peruona:
cnenuaibHOCcTh 06.01.05 "Cenexkuust ¥ CEeMEHOBOJCTBO CEIbCKOXO3SMCTBEHHBIX pPaCTEHUN':
JHCCepTalsl Ha COUCKAaHHE YYEHOW CTENeHW KaHIuAaTa CeIbCKOXO3SWCTBEHHBIX HayK /
ITactyxoB Urops Onerosuy, 2018. — 135 c.

2. Gaborieau, L. Comparative genomic analysis of the compound Brassica napus Rf locus
/ L. Gaborieau, G.G. Brown / BMC Genomics. — 2016. — Vol. 17, No. 1. — P. 1-15. — DOI
10.1186/s12864-016-3117-0.
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BHUIITH panca. — JIuneux, 2008. — 236 c.

6. HocnexoB b. A. MeTozuka noieBoro omneita (C OCHOBaMU CTaTUCTHYECKOM 00paboTKH
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UCCJIEJOBAHUE MEXAHU3MOB IMOBBIIIEHUAA YCTOMYUBOCTHU
BUHOI'PAJA K ABUOTHYECKHUM CTPECCOPAM C IOMOLIBIO

OU3NOJIOI'MYECKHN AKTUBHbBIX BEHLIECTB

Jlyukmnii E.O., CynasipeBa M.A., bBapanos M.O.
DI'BHY Cegsepo-Kaska3zckuii ghedepanbhuliit HAYYHbBLIL YeHMD CA00800CMEa,
eunozpaoapcmea, eunooenuna (CKOHI[CBB), Kpacnooap, 350901, E-mail:
kubansad@kubannet.ru.

AJnantanoHHbIE MEXaHHW3Mbl y COPTOB BHHOTIPaJa C Pa3IMYHON YCTOHYMBOCTBIO K
HU3KUM TeMIlepaTypaM pa3lU4aloTCs Ha OCHOBE IIOJIyYEHHBIX JaHHBIX (husnonoro-
OMOXMMHUYECKOTO U MOJIEKYJIIPHO-TEHETUYECKOTO aHaIM3a. Y CTAHOBJICHBI TOTEHIMAIBHBIC TeHBI
YIJIEBOAHOTO METa0oIM3Ma, aKTUBUPYIOIIMECS MPHU HM3MEHEHHH TEMIIEpaTyphl OKpY>Karolen
Cpelpl, KOTOpBIE MOTYT CIYXKUThb MapKepaMu HM3MEHEHUS MOPO30CTOMKOCTH BHHOTpPaja.
YcraHoBiieHa 3aBUCUMOCTH dKcnpeccur TeHoB VviRafS u VviGolS ot cHmkeHus Temneparypsl
OKpYKaroIIel cpeibl U MO BO3JACHCTBHEM (DM3HOIOTHYECKUX BelIeCTB. MOpO30CTOMKUI copT
KypuaHckuii xapakTepu30BajCsi BBICOKMM colepxaHueM HeHachlleHHbIX JKK — smHONEeBoM,
JUHOJEHOBOM, B TO BpeMs Kak y MeHee ycroiWuumBoro copra TAHA 33 mnpeobnanana
nalbMUTHHOBas kucnora. Munexc HenacwimenHoctu JKK y copra TAHA 33 Obun Huxe.
[Toka3zaHo, 4TO OOJIBIIIE BCETO K MOBPEXKICHUSIM HU3KHUMHU TEMIepaTypaMu ObLUT MOJIBEPKEH COPT
V. vinifera Mepiio Kak B COCTOSSHUM OPTaHUYECKOTO MOKOsI, TaK M B COCTOSHUH BBIHYKJICHHOTO
IIOKOsI, B MEHBLIEH cTeneHu — copT KypuaHckuii.

O0paboTka KOMIUTIEKCOM (DU3HOJOTHYECKH aKTHBHBIX BEIIECTB METHIDKACMOHATOM, 2,4-
SMHUOPACCUHOIMIOM M TPOJMHOM OKa3bIBaeT IIOJIOKUTEIBHOE BIMSHUE HAa CHIDKEHHE
MIOBPEKAAEMOCTH TKAHEN JINCTA U JIO3bI BUHOTPA/ia, CHU3)KEHUE MHTEHCUBHOCTH OKUCIIUTEIBHOIO
ctpecca (2,4-3mubpaccUHOUA, IPOJIMH) MOBBIIICHUIO YPOBHS PACTBOPUMBIX caxapoB (00paboTka
IIPOJIMHOM) Y HEMOPO30CTOMKOro copta Mepio Kak Ha 3KCIIepUMEHTANbHBIX yepeHkax (-20 °C),
Tak U Ha onHoneTHuX caxeHnax (-10 °C). OOpaboTka KOMOMHAIHEW METHIDKACMOHATa H
NPOJIMHA, A TAKXKE CATMLIMIOBOM KHCIOTHI M MPOJIMHA OJHOJETHUX BETETUPYIOLIMX CAKCHIICB
BUHOTpaZa copra Mepio OKasbIBaeT IOJIOKUTEILHOE BIMSHUE TPU BO3ACUCTBUM HHU3KUX
temneparyp (- 1.5 °C), cHmxass ypoBeHb IOBPEKICHUS TKaHEH, OKUCIMTEIBHOIO CTpecca,
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MIOBBIIIACT COZIEp)KaHHE CBOOOIHBIX aMUHOKHCIIOT, @ TAK)KE YCHIIMBACT SKCIPECCHUIO 3AIIUTHBIX
T'CHOB.

O06paboTka BUHOTPa/a HEYCTOMYMBOTO copTa bapxaTHbIM KOMITIEKCOM (DPHU3HOTOTHYECKU
AKTHBHBIX BEILECTB aPTUHHMHA U MPOJIMHA, METUIDKACMOHATA M MPOJIMHA, a TAKXKE CaTHIMIATa U
NPOJIMHA TO3BOJISET 3aIUTUTH OT TMOBPEKICHUN (DOTOCHHTETHUECKUH ammapara B YCIOBHUSX
KOMOMHAIIMM ~ CTpecca 3acCyXd H  BBICOKOM  TeMmmepaTypbl, IMOBBIIIAET AKTHBHOCTb
AHTUOKCHJIAHTHBIX (PEPMEHTOB, MOBBIIIAET COAEP)KaHUE CBOOOIHBIX aMHUHOKHCIIOT, YCHUIMBAET
HKCHPECCHIO 3aIUTHBIX TEHOB.

Cnucok JiuTeparypsbl:

1. Dami I. Variations of freezing tolerance and sugar concentrations of grape buds in response to
foliar application of abscisic acid. Front. Plant Sci. 2023.14.

2. Ershadi A., Karimi R., Naderi K. Freezing tolerance and its relationship with soluble
carbohydrates, proline and water content in 12 grapevine cultivars. Acta Physiol Plant. 2015. 38:2
3. Gutiérrez-Gamboa G. A review of the use of biostimulants in the vineyard for improved grape
and wine quality: Effects on prevention of grapevine diseases. J. Sci. Food Agric.2019. 99.

4. Hasanuzzaman M. Regulation of Ascorbate-Glutathione Pathway in Mitigating Oxidative
Damage in Plants under Abiotic Stress. Antioxidants (Basel). 2019. 8.

5. Karimi R. Role of exogenous abscisic acid in adapting of ‘Sultana’ grapevine to low-
temperature stress. 2015. 37:8.

PACTEHUSA SKCTPEMO®WJIbl: BUOPECYPC JJIs1 YCTOHUYUBOI'O
CEJIbCKOI'O XO3SIICTBA B YCJOBUSIX MEHAIOIIEIOCH
KIMMATA.

la6anoBa A.E. 1, ABakymoB A./l. 1
1 - ®I'bOY BO «Poccuiickuil cocyoapcmeennslit acpapusiit ynueepcumem — MCXA umenu
K.A. Tumupazeea» (PI'EOY BO PI'AY-MCXA um. K.A. Tumupsazesa), 127434, 2. Mockea,
ya. Tumupazeeckan, 49 E-mail: satira_nm@mail.ru

PacTeHuns-akcTpeMO(puIbl — 3TO PacTeHHUs, CIIOCOOHBIE BBDKHBATh B JKCTPEMaIbHBIX
YCIOBUAX CpEIbl: TNPH BBICOKOW 3aCOJIEHHOCTH II0YB, JEPHUIMTE BOJBI, 3KCTPEMAIbHBIX
TEMIIEpaTypax WM 3arpsA3HEHUM TSDKEIBIMM MeTaulaMM. VX yHUKaidbHBIE aJanTaluu
MPEJCTABISAIOT OTPOMHBIM HHTEpPEC s pEIIeHUs POOIeM COBPEMEHHOTO CEIbCKOT0 X03AHUCTBA.
Lenb paboThl — aHAIN3 MOTEHIMANA PACTCHUNH-IKCTPEMO(DMIIOB KaK pecypca /sl MOBBIIICHHS
YCTOMYMBOCTH arpoli€HO30B B YCJIOBMSIX M3MEHEHUs KiIuMaTa. 3a/lauyd BKIIOYAIOT U3yYEeHUE UX
aJaNTallMOHHBIX MEXAHW3MOB, OLIEHKY BO3MOYKHOCTH HMX MCHOJIb30BAaHUS B CEIEKIUU U
duTopeMeranuy, a TAaKKe aHAJIU3 CBS3aHHBIX C 3TUM PUCKOB.

BaxHOCTh pacTeHUil-3KCTPEeMO(HIIOB Uil CEBCKOTO XO3SIMCTBA MPOSIBISETCS B HECKOJIBKUX
HanpaBJICHUAX. BO-NepBhIX, UCIONb30BaHUE TAIOPHUTOB ISl OCBOCHHUS 3aCOJICHHBIX 3€MENb H
co3llaHusi KOpMOBO# 0a3bl. Hampumep, pacTeHHe coyiepoc BBIPAIMBAIOT HA HEMPUTOAHBIX IS
OOBIYHBIX KYJIBTYpP 3aCOJICHHBIX MTOYBAaX, a €ro OMOMAacCy HMCIOJIB3YIOT Kak KOpM Juisi ckota [1].
Bo-BTophIX, 3kcTeMOpuiIbl 007a1a0T  OOJBIIUM — TIOTEHIIMANIOM JJIsi  CENEKIUA ¢ TeHHOU
MH)KEHEPUH KaK HCTOYHHUK T€HOB YCTOMYMBOCTH K CTPECCOBBIM (hakTopaM. I 'eHbl, oTBeHaromue 3a
YCTOMYUBOCTh K 3aCOJICHHUIO, 3aCyX€ WM APYTUM HEOJArONpUSTHBIM YCIOBHUSM, BBIICISAIOT Y
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JMKHUX 3KCTPEMO(DHUIIOB M BHEAPSIOT B TCHOM CEIbCKOXO3SUCTBECHHBIX KYJIBTYP ISl TIOBBINICHHS
UX BBIHOCIMBOCTU. Tak, T'CHbI, OTBEUAIOIIME 3a COJICYCTOWYHMBOCTH, BBIICISIOT y Talo(puTa
Arabidopsis salsuginea, u BHEAPSIOT UX B T€HOM MIICHUIBI WK TOMAaToB [2]. B-TpeTbux, 310
dbuTopeMuaanus — CICHUAIN3UPOBAHHBIX PACTCHUN JUISI OYMCTKH 3arps3HEHHBIX IOYB OT
TSKEIIBIX METAJUIOB. DTH PACTCHUS MOTJIONMIAIOT U HAKAIUIUBAIOT TOKCHHBI B CBOMX TKAHSX, U UX
MOCJICIOBATEIbHOE BBIpAIIMBAHUE U YOOpKa MO3BOJISAIOT 3()()EKTUBHO OUMINATEH 3arpsi3HCHHBIC
3emiid. Kitaccuueckum mpuMepoM sIBIISICTCS SIpyTKa TOJIeBasi, KoTopasi CrocoOHa HaKaIUIMBaTh B
CBOUX JIUCTBSIX IIUMHK M KaaMuil [3].

Pacrenus-okcTpeMOGUIBl  SIBISIFOTCS.  KJIFOUEBBIM ~ pecypcoM  JUisi  oOecriedeHust
MIPOIOBOJILCTBEHHOM Oe3omacHocTH B XXI Beke. VX u3yueHHe M MCHOIB30BAHUE TO3BOJIIOT
pa3pabarbiBaTh CTpAaTErHH aJaNTalldd CEIhCKOTO XO3SHCTBA K KIMMATHYECKUM H3MEHEHHSIM,
MOBBIIIATH YPOKAWHOCTH HA AETPAIUPOBAHHBIX 3€MIISIX U COKpaIlaTh AaHTPOIIOTEHHYIO HArpy3Ky
Ha arpo’KocucTeMbl. JlanpHeIre uccieJo0BaHus B 3TOM 00JaCTH — HE0OX0IMMOE YCIIOBUE ISt
CO3/IaHUs YCTOHYMBOTO U MIPOAYKTHBHOTO CEIBCKOTO X03SHCTBA Oy AyIIero.

Cnucok JuTeparTypsbl:

1. butapumsunu, C. B. pois GUTOrOpMOHOB M IeHOB UX MeTaboIu3Ma MpH aJanTaluu
pacTeHuil suMeHs K panuanoHHomy Bozzaericteuto / C. B. butapumsuny, 1. FO. Bonkosa, B. C.
Bbonnapenko. — Tekcrt : HenocpeacTBeHHbIH // [X cbe3n obmiecTBa pusnonoros pacreHuii Poccun
«DPu3noNorus pacTeHUH - OCHOBA CO3/1aHUs pacTeHuil Oyaymero». — Kasanp : W3natenbcTBO
Kasanckoro ynusepcurera, 2019. — C. 69.

2. MunubaeBa, ®. B. Pactenus-skcrpemopmmisl: ypoku ycroiumoctu / @. B.
MunubaeBa, R. P. Beckett. — Tekct : HenocpeactBennsiit / IX cbe3n obiiectBa pU3MOIOTOB
pactenuii Poccun «®@usmnonorus pacTeHuil - OCHOBa Co3/1aHus pacTeHui Oyaymiero». — Ka3zanb
: U3narensctBo Kazanckoro ynusepcurera, 2019. — C. 522.

3. Shtangeeva, I. V. About plant species potentially promising for phytoextraction of large
amounts of toxic trace elements / I. V. Shtangeeva. — TekcT : HemocpeaCTBEHHBIH //
Environmental Geochemistry and Health. — 2020. — Ne 10653. — C. 1689-1701.

PA3PABOTKA ITAHEJIM SSR-MAPKEPOB JIJI151 OIIEHKH
YPOBHS THBPUJTHOCTU KOUAHHOM KAITYCTBI (BRASSICA

OLERACEA VAR. CAPITATA)
CtpemoboBckuii U.B., Uepnook A.I'., Jlanno A.A., Camapuna M.A., Kpynun ILIO.,
JuBamyk M.T'.
DI'BHY «Bcepoccuiickuii HAyUHO-UCCA€006aMebCKUIL UHCIUMYm
cenvckoxossaiicmeennoin ouomexuonozuu (PI'bHY BHUUCH), Mockea 127550; E-mail:
iab@iab.ac.ru

Kouannas kamycta (Brassica oleracea var. capitata) 3aHUIMaeT TPEThe MECTO B MUPE TIO
IJIOLAU BO3JEIIbIBAHUS CPEIU BUJIOB CEMEUCTBA Brassicaceae 1 ABIISIETCS BELYIIEH KyJIbTYPOU
sToro cemeiictea B Poccun. B cBsi3u C BbIpakeHHBIM NposiBIeHHEM 3(QekTa rerepo3uca y
KOYaHHOM KaIlyCTbl, COBPEMEHHAs CEJICKLMOHHAs CTpaTerus Kak B Mupe, Tak u B POD
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OpPHEHTUPOBAHA Ha CO3/IaHHE TeTEPO3UCHBIX THOPUIOB F1, MpeBOCXOAAMINX TPaAUIIMOHHbIE COPTa
no cBoed mpoayktuBHOCTH [1]. JIisl OLEHKM YpOBHSA THOPUAHOCTH (THOPUIHON CHIBI), T.C.
KOJIMYECTBA AJUIEJIBHBIX BAPUAHTOB JIOKYCOB, YHACJEIOBAaHHBIX OT KaXKIOIO M3 POAUTENEH,
INPUMEHSIOT CIICIHATU3UPOBAHHbIE MTAHENN MTOIUMOP(HBIX MAPKEPOB. DTH k€ HAOOPHI MapKepPOB
UCTOJNB3YIOTCS TPH TEHOTUIIMPOBAHHS POAMUTENBCKUX JHMHUNH JUII TOJA00pa TeHETHYECKH
HEPOJCTBEHHBIX (hOopM W Makcumm3anuu rereposuca [2]. Ilockonbky K MOAOOHBIM MaHEISM
MapKepoB MPEABSABISIOTCS TaKHe crelnupuueckue TpeOOBaHUS KaK OTCYTCTBHE CIICTIJICHHS C
XO3SIIICTBEHHO-IICHHBIMU TIPU3HAKAMH, MaKCHUMallbHas IUCKPUMUHUpYIoLas (pasjnyaromiast)
CIOCOOHOCTH, BBICOKash MOJIMMOP(HOCTh, MUHUMANBHBIM pa3mep HaOopa W T.I., pa3paboTaHbI
OTAENbHBIE TOAXOJbl K HUX (opMupoBaHUIO. B nanHON paboTe MBI mpeanaraeM aBTOPCKHUN
aIrOpuT™M 1O O0TOOpY maHenun SSR-MapkepoB It OLEHKH YPOBHS THOPUIHOCTU KaIyCTh
0eJI0KOYaHHOW B TIOJIEPIKKY MapKep OIMOCPEIOBAaHHON CENEKIINH JaHHOH KylIbTyphl B PO.

KoHuenTtyanpHO  mpeiiaraeMblii  alropuT™M  MOXHO — TPEACTaBUTh Kak  Habop
MOCTIeIOBATEIbHO BBIMOIHAEMBIX 3TanoB: 1) ¢gopmupoBanue 0a3bl JaHHBIX HM3BECTHHIX SSR-
JIOKYCOB KaIyCThl U yAaJeHue 1yOnukaroB (Hama 6a3a Birouana 583 yHukansHbIX SSR-110KYyCa),
2) cumynsiius in silico TP Ha myne cOopok reHoMa KamycTsl (6 cOopok) u oT6op SSR-110KYyCOB,
ammmuumupyronmx cneunduynsiii [THP npoaykt ontumansHoro it qerekuuu pasmepa B 600
n.H. (180 mokycoB), 3) cokpamienne MaccuBa SSR-110KycoB U 0T60p Hanbosaee HHPOPMATUBHBIX
U3 HUX ¢ wucnoib3oBanueM anroputma RFE (recursive feature elimination) ¢ mommep:kkoi
metonoMm Oyrctpana u 10000 urepammsimu (13 SSR-nokycoB), 4) MackupoBaHre 0TOOpaHHOTO
Habopa JIOKYCOB U €r0 HCKYCCTBEHHOE PACHIMPEHHE 32 CYET TOBTOPHOTO MPUMEHEHUS aIrOpUTMa
RFE (16 SSR-nokycos).

Ha ocHoBanum oroOpanHoro Habopa u3 16 SSR-mokycoB Obutn pa3paboTaHbl
coorBercTBytome [1L[P-mapkepsl. Bamupamust mapkepoB ocymiecTBisuiack Ha 4 ruOpuiax
Kamyctel. [logTBepauBLIMiA CBOIO (DyHKIMOHATBHOCTH Habop I1LIP-MapkepoB ObLT aganTHPOBaH
JUI TIOCTAaHOBKHM (PparMEHTHOTO aHaju3a C MEPCHEKTHBOH €ero mnepeBoja B MYJIbTUILUICKCHBIN
¢dopmar.

PazpabGorannbiii Habop cocrosm u3 16 SSR-mapkepoB, pacmojioKEHHBIX Ha BCeX
XpoMoOcoMax KamycTbl KpoMe 9. MUHUMaIbHOE PACCTOSHUE MEKY NTapoi MapKEpOB COCTABIISAIIO
4,8MIH, YTO yMEHbIIAEeT BEPOSTHOCTh MX (HU3MUecKoro cuemseHus. /[uamason pasmepa I11P
MPOYKTOB JUIs JaHHOTO Habop BapbupoBai ot 131 mo 348 m.H. B xoxe I[P ¢ xaxmoro mapkepa
amruduImupoBaigocs ot 2 10 3 ¢parmentoB. HaGop Obul HamepeHHO cienaH H30bITOYHBIM,
4YTOOBI pa3IMyaTh TeHOTHIIbI, HE MPE/ICTaBICHHBIE B IyOIMYHBIX 0a3aX JaHHBIX.

CpaBHEHUE PKCIIEPUMEHTAIBLHO TOJYUYEHHBIX Pa3MEPOB aMIUIMKOHOB C MPEACKa3aHHBIMU
in silico mMokazano HE3HAYUTEIbHBIC PACXOXKICHUSA: CPEJHEe OTKIOHEHHE COCTaBUIO 3—4 IL.H.
MaxkcumanbsHoe oTkioHeHue (10 m.H.) Ob110 3aUKCHpPOBaHO Il €AMHCTBEHHOTO MapKepa.

[Tpu Bamupanuu Ha 4 rUOpUIAX KaMyCThl MOJUMOP(PHOCTH MPOJEMOHCTpUpOBAIH 6
MapkepoB u3 16. B panpHeileM MIaHUPYETCS PACIIUMPUTH KOJWYECTBO AHAIM3UPYEMBIX
00pa3oB 3a CYET POAUTENBCKHUX JIMHUHM U IPOU3BOJHBIX OT HUX THOPUIOB.

[Tponenannas pabota BeIOMHEHAa B pamkax l'ocymapcrBenHoro 3amanusi FGUM-2024-
0006.

Cnucok JiuTeparTypsbl:

1. Singh H., Sekhon B. S., Kumar P., et al. Genetic mechanisms for hybrid breeding in
vegetable crops. Plants. 2023. 12(12): 2294.
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2. El-Esawi M. A., Germaine K., Bourke P., et al. Genetic diversity and population
structure of Brassica oleracea germplasm in Ireland using SSR markers. C. R. Biol. 2016. 339(3-
4): 133-140.

N3YUYEHUSA 'EHOTHUIIOB YEYEBHUIBI B YCJIOBUAX

HEHTPAJIBHOI'O KASAXCTAHA
Xacanosa I'.K.!, :karaes C.A.!, Ky36akosa M.M.!, Cepena T.I'.2
1 - HAO «Ka3axckuit azpomexnuydeckuil uccieoo6amenbCKuil YHUGepCumem um.
C.Ceugpynnunay (KATHY), Acmana 010000; e-mail: khasanova-gulmira@mail.ru

2 — Kapazanounckaa cenvcKoxo3aiucmeennan onsimuan cmanyus um. A.@. Xpucmenko
(KCXO0C), Kapacanounckasa oonacme, 100435; e-mail: sereda _twbk.ru

UeueBunia (Lens culinaris Medik) oOnamaer He TOJBKO BBICOKUMHU MUTATEIbHBIMU
CBOMCTBAaMM, HO U BEJIMKOJICITHON aJallTUBHOCTBIO, YTO JEJIAeT €€ IPUBJICKATEIbHON KYJIbTypOr
JUI pa3IM4HbIX KIMMaTHYECKUX YCJIOBUI. B pernonax ¢ orpaHMYeHHBIMU pecypcamMH BOABI U
ynoOpeHuid dedyeBHIa TpeOyeT 3HAYUTEIHHO MEHBLIEr0 yXOJa IO CPAaBHEHHIO C JAPYTHMH
06000BbIMU KyJibTypaMu. OnHOM M3 BaXHBIX pEIIEHUH oOecredeHus: MPOJOBOJILCTBUEM B
OyayIieM B KIIMMaTHYeCKUX yCnoBusax Kazaxcrana sBisieTcs BbIpallliBaHUE TaKOW KyJIbTYPhI KaK
yeueBula. KynpTuBrnpyemMas 4eueBuIia — 3TO MPOIOBOJIbCTBEHHO-1IEHHAs! M KOPMOBasi KyJIbTypa ¢
OOJIBIITUM U CJIOXKHBIM TeHOMOM [ 1].

Jns  obecneueHUs] yYCTOMYMBOIO pOCTa YpPOXKAMHOCTH HEOOXOAMMO Hapsagy cC
TpaZULIMOHHBIMU METOAAMHU CEJIEKIIUHU UCII0JIb30BATh COBPEMEHHBIE MOJIEKYIISIPHO-TEHETHUECKHE
NpUEMBI Ul  TOBBIIICHHUS YPOXKAMHOCTH  CEJIbCKOXO3SMCTBEHHBIX KyibTyp. PasBurue
MOJICKYJISIPHBIX TEXHOJIOTUH CIIOCOOCTBOBAJIO KaYECTBEHHOMY COBEPIIECTBOBAHUIO TE€HETHKH,
KOTOpast JICKUT B OCHOBE cenekuuu [2]. [l co3nanusi HOBBIX COPTOB YE€UEBUIIBI C KOMILIEKCOM
XO3AWCTBEHHO IIEHHBIX IMPH3HAKOB HEOOXOAWMO TIyOOKOe HM3y4YeHHE HCXOJIHOr0 MarepHaia.
AHanu3 TeHOTHIOB, OTOOPAHHBIX C TOMOUIBIO MOJEKYJISPHO-T€HETHUECKUX MapKepoB, JaeT
BO3MOKHOCTh 00Jiee TOYHO OILICHUTh T€HETUYECKOE pazHoOOpa3ue B M3y4aeMbIX CEJICKIIMOHHBIX
o0pa3liax M OICHUTh BO3MOXKHOE T'E€HETHYECKOE CIICTJICHHE MOJEKYJSPHBIX MapKepoB C
NOTEHLMAJIbHBIMU ~ TE€HAaMH,  KOHTPOJUPYIOIIMMH  XO3AHCTBEHHO-LIEHHbIE  IMPU3HAKH.
I'eHOTMIIMPOBAaHUE PACTEHUI C MOMOIIBI0 MOJIEKYJISIPHBIX MAapKEpPOB MOXKET IIPOBOAUTH TOJIHKO
CIELUAINCT B J1a00OpaTOPUU U T€HOTHUIT HEBO3MOXHO MPEACKa3aTh M0 BHEIIHEMY BHJLy PACTCHUS
B rioJie. OcoObIit UHTEpEC MPEACTABISIIOT MOJIEKYJISIpHbIE MapKepbl, OCHOBAaHHBIE HA COBPEMEHHOM
MeTojie ayenb-cnenuduaeckor komudectBeHHoU TP (ASQ, Allele-specific qPCR), xoTopsiit
aBTOPBI UCIIOJIH30BAJIH paHee [3].

Lenbio wuccnenoBaHus SBIAJIOCH pa3paboTKa M MPHMEHEHHE BBICOKO3((PEKTUBHBIX
MoJieKyJIsIpHbIX SNP-MapkepoB, Ha ocHoBe ASQ Meroma uid HCCIIEIOBAaHUS TE€HETHYECKOIO
NoJUMOp(H3Ma U MOBBIIMIEHUS MPOAYKTUBHOCTH COPTOOOPA3IOB M3 MCHETUYECKUX KOJIICKIHMA
YEUEBULIBI.

MeTtoapl UCCNEIOBaHUNA — TOJEBBIE AKCHEPUMEHTHI M JIAOOpaTOpHBIE HCCIEIOBAHMS,
KOTOpBIE MPoBOIMIH OHOBpeMeHHO. [loceB B Kaparananackoii o6nactu ObuT mpoBesieH 17 masi.
IToaroroBKy nojs ¥ 3aKjaiKy ONbITOB IPOBOJWIN B cOOTBETCTBUU ¢ pekomeHaauusamMu KCXOC.
HccnenoBanus, NOJNEBbIE Y4YEThl, METOAbl OLEHKH IPOBOJWIM COIJIACHO METOANYECKUM
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yKa3aHUsIM 110 HW3YyYEHHIO KOJUIGKIIMM  3€pHOBBIX  0000BBIX  KyabTyp BUP  [4].
DKcIepuMeHTaIbHbIE TaHHbIE 00padaThIBaIM METOAOM IUCIIEPCHOHHOTO aHajiu3a 1o JlocrexoBy
[5]. st MONEKyISIpHO-TEHETHUECKHUX HMCCIIeIOBAaHUI OBLIM UCTIONB30BaHbI 0a3bl maHHBIX NCBI,
a TaKkKe KOMIBIOTEpHBbIE MPOrpaMMbl IpU 00paboTke reHeTnyeckor mHPopmanuu. [IpoBenen
ouonnpopmatuueckuit ananu3 reHoB LcELF3 u LeSOC, KOHTPOIMPYIOUX BpEMsI 3aI[BETAHUS
U BbICOTY npukperuieHus HikHero 606a. IHK Beigensiiu CTAB meronom [6] 1 KOHIIEHTpaLuio
U3MEPSITM C TIOMOIIbI0 cnekTpodoromerpa. Jlns cexBeHupoBanus 1o CoHrepy BHaudaie
npoBowid [P ammnudukanuio GpparMeHTOB H3ydyaeMbIX FT€HOB U CEKBEHUPOBAJIH C MTOMOIIBIO
Habopa pearentoB Brilliant Dye (Nima Gen) na npubope SeqStudio (Thermo Fisher Scientific).
I'enotunupoBanne ASQ meronom [7] mpoBoamnu Ha npudope QuantStudio-7 (Thermo Fisher
Scientific).

B noneBbIX nccnenoBaHusX, MEPBBIE BCXOABI O 00pa3liaM 4e4eBHIIbI IOJTYUYEHbI CO 2 O
10 uronst 2024 r. [ToneBast BCX0KECTh CeMSH B MUTOMHUKE cocTaBuiia oT 53 1o 100%. Haubonee
BBICOKYIO MIOJIEBYIO BCXOXKECTh MMEJH 00pasLibl Y KpyIHOCEeMEeHHOU yeueBuIs 972-1/19, 937, 939
1 936, a y MeKOCEeMEHHOW YeueBHIIbI - 00pa3isl 982-1/6, 928-1 u 929. BereraunoHHbIH nieproa
pacTeHuid y deueBHIlbl cocTaBuwil oT 97 o 101 gueit. BusyanbHO mpoBeeH OCMOTpP COPTOB U
00pa3loB YeUEBHUIbl HA YCTOMYMBOCTH OOJIE3HSAM U BPEIAHUTEISIM Ha ecTecTBeHHOM ¢oHe. Bee
00pa31bl ObUIN YCTOMUMBEI K O0JIE3HIM M BpeUTeNsIM. BricoTa pacTeHuit uedeBHIIbl BapbUpoBaa
ot 18 1o 44 cm. [Ipukpennenune HwkHET0 600a y yedeBuibl coctaBuia oT 9 o 20 cm. 1o BeicoTe
NPUKPEIUICHUsT HIDKHEro ©000a IydmuMHu o0paslaMu Cpequ KPYHMHOCEMEHHOM Ue4eBHIIBI
okazanuck: crannapt Lleipaiiner — 20 cMm, 972 — 19 cm, 971-1 — 18 cm u 973/18 — 18 cMm; y
MEJIKOCEeMEHHOU ueueBHIbl: ctanaapt Kpanuaka — 17 cm, 977/13 — 16 cm, 982-1/6 — 15 cm, 985/2
— 15 cm u 710 — 15 cm. Ilo kKoMIUIEKCY XO3AHCTBEHHO IIEHHBIX IPHU3HAKOB BBIIEIWINCH
cienyromue o0pasiiel: KpynmHoceMsiHHbIE - 972, 973/18, 97-1/17 u 976-1/14, a MenkoceMeHHbIE —
675, 711 u 978-4/11. B paMkax MOJEKYJIIPHO-TEHETUUYECKUX HCCICIOBAHUN MPOBEIN
OouonHpopmaTHuecKkuil aHanu3 OCHOBHBIX T'eHOB, LcELF3 (Early Flowering 3) u LcSOCI
(Suppressor of Overexpression of Constans 1), KOHTPOIUPYIOMIKX BpeMsl 3al[BETAHUS U BBICOTY
NPUKpEIUIeHUs] HIKHEro 000a. OnpeneneHsl pparMeHTs '€HOB, MOAXOIAIINE U AalbHEeHIeH
MOJICKYJISIPHOM paboTHI.

[To npenBaputensHbIM AaHHBIM TeHbl LcELF3 u LeSOCI oxazanuch moiuMopgHBI U
NIPEJCTABICHBI Pa3IMYHBIMHU AJUICISIMU M TalJIOTUIIAMU Y U3yYaeMbIX POAMUTENEH U THOPUIHBIX
noToMCTB. bbiin pa3paboTanbl mpaiMepsl U MPOBEIEHO CEKBEHUPOBaHUE 110 CIHTepy MPOITyKTOB
ammumpukaru [P renoB LcELF3 u LcSOCI y o6pa3nioB M3 KOJJICKIIMH YEYEBUIBI U Y
ponutenbekux Gopm 5 rubpumo. s mpoBeneHHS TEHETUYECKOTO aHaln3a ObLTH BBHIOPAHBI
poauTenbckue GOpMbl — TEHOTHIBI ¢ Pa3HBIMU CPOKAMH 3alIBETAHUS U BHICOTOM MPUKPETICHUS
HwxHero 606a: Flip-92-36L, Flip-96-48L, Kpanunka, ILL-1552, Syrian Local, BexoBckas-1,
Huga-95 u ILL-1992.

HccnenoBanue mpoBeieHO B paMKax MPOEKTa rpaHToBOro (unancuposanuss Komurera
Hayku MuHHCTEpCTBa HAyKH U BbIcIIero oopasoBanust Pecryonmnku Kazaxcran UIPH AP23489286
«Mapkep-onocpe1oBaHHas CeJIeKIHst 00pa30B MUPOBOM KOJUIEKIIUN U THOPUAHBIX MOMYJISIUN
YEUYEBUIIBI 110 T€HAM, KOHTPOJIHMPYIOIIUM BpeMsl 3al[BETaHUsl PACTCHUH U BBICOTY HMPUKPEIUICHHS
HIDKHETo 000ay

Cnucok nurepaTypsl:
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2. Ribaut J.M., Hoisington D. Marker-assisted selection: New tools and strategies // Trends
Plant Sci. — 1998. — V.3. — P.236-239.

3. Jatayev S., Kurishbayev A., ..., Khassanova G. et al. Advantages of Amplifluor-like SNP
markers over KASP in plant genotyping / BMC Plant Biol. —2017. — V.17. — 254.

4. BummnskoBa M.A., CedepoBa U.B., bypasueBa T.B. u np. Komnekiust MupoBbIx
TCHETHYECKUX PECypcoB 3epHOBBIX 0000BbIx BUP: momonmHenue, coxpaHeHHE M HU3yueHHE:
MmeToA.pykoBozacTBo. — CI16.: BUP. —2018. — 143 c.

5. JocnexoB b.A. MeToauka nojeBoro onbita (C OCHOBaMH CTaTUCTHYECKONW 00pabOTKH
pe3ynbTaToB uccaeaoBanuit). — M., 2012. — 352 c.

6. Khassanova G., Kurishbayev A., Jatayev S., et al. Intracellular vesicle trafficking genes,
RabC-GTP, are highly expressed under salinity and rapid dehydration but down-regulated by
drought in leaves of chickpea (Cicer arietinum L.) // Front. Genet. — 2019. — V.10. — 40.

7. Sweetman C., Khassanova G., Miller T.K., et al. Salt-induced expression of intracellular
vesicle tracking genes, CaRab-GTP, and their association with Na* accumulation in leaves of
chickpea (Cicer arietinum L.) // BMC Plant Biol. — 2020. — V.20. — 183.

ONTUMM3ALIUS MPOTOKOJIA CIIUABPUAUHT A TBEPIOM
MIIEHULBI 3A CYET YBEJIUYEHUS JOJU JAJBHETO KPACHOI'O
CBETA B CHEKTPE ONITUYECKOTI'O U3JIYUYEHUS

Busaxuna J1.0.!, Haramosa B.M.!, Pagzenuene C.!, Baunkos A.O.!, MunbkoBa
SI.B.!, Ceucrynosa H.IO.!, KouemkoBa A.A.!, SInosckuii A.C.2, JuBamyk M.I'.!
1 - ®I'BHY «Bcepoccuiickuit HaQyYHO-UCC1€008aMeNbCKUL UHCIUNY M
cenbvckoxosaiicmeennoin ouomexnonozuuy (PI'bHY BHHHUCE), Mockea 127550;
2 - ®I'BHY Hayuonanovnwiit yenmp 3epua umenu Il I1. Jlykovanenxko (OI'GHY HI[3
um. ILII. Jlykvaunenko), Kpacnooap 350012
E-mail: dasha.biz@mail.ru

Teépnas mmenuna (7riticum durum Dest.) sBisercs oIHON M3 BaXKHEHIIMX 3€PHOBBIX
KylabTyp B Mupe. OnHaKko, TpaJWLMOHHBIE METOJbI CEJIEKIMM, HAIpPaBJICHHBIE HA IOJIy4YEHUE
YUCTBIX JIMHUN, OTJIMYAKOTCS BBICOKOM TPYAOEMKOCTBIO, 4YTO 3HAUYMUTEIBHO 3aMEIJIET
CEeNEKIMOHHBIA Tporiecc. Takum oOpa3oM, CHHIOPUAMHT BBICTYNAET KpailHE MepCreKTUBHBIM
noAXoA0M. JlaHHBIM METOJ MOAPAa3yMEBAET CO3AAHUE KOHTPOIHUPYEMBIX YCIOBUN OKPYKAIOIIECH
Cpenbl, KOTOpBIE LEJICHAIPABICHHO YCKOPSIOT IIEPEXOJ PACTEHUHM OT BEreTaTUBHOM K
reHepaTuBHOM (aze pa3BuTus [1]. B ocHOBe cucTemMbl CliMI0pUINHTA PSIJT TAKKX TTAPAMETPOB, KaK
¢doroneproma, TeMnepaTypHbIN PeKUM, CIIEKTPaIbHBIN COCTaB, HHTEHCUBHOCTH CBETA, BIIAYKHOCTb,
pasMep TOpIIKAa M COCTaB CcyOcTpara. YUuTBIBas KPUTHUYECKH BAKHYIO POJb (UTOXPOMHOM
CHCTEMBI B PETYJISIUH [[BETCHUS, B JAHHOM HCCJIEIOBAHUN OCHOBHOE BHUMAaHHUE OBLIO YAEICHO
aHaIM3y NMPUMEHEHMs IalbHEr0 KPacHOTo CBeTa Ha (PM3MOJIOTHYECKHE OCOOCHHOCTH TBEPIOU
numeHunsl. MccnenoBaHuii Ha JJaHHYHO TEMAaTHKy JOCTaTOYHO MHOIO, HO B  YCJIOBMSX
cnuaAOpUIMHTa pabOThl €IUHUYHEIE, HAPUMED, 10 TpuTHKane [2]. I]ensto nanHoii paboTh ObLIA
ONTUMH3AIMS POTOKOJIA CUIAOPUANHTA TBEPAOH MIIICHUIIBI 32 CUET OILICHKH BIIMSHUS KayecTBa
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CBETOBOT'O CIIEKTpPa, B YaCTHOCTHU cooTHomeHus kpacHoro (K) u nansuero xkpacuoro (1K) cera,
Y THIIA UCTIOJIb3YeMOTO cyOcTpara.

OKcrepuMEHTAIbHbIE PACTEHHs BBIPAILIMBAIN B TPEX PA3IMUYHBIX CBETOBBIX PEXKUMAX C
ucnonb3oBaHueMm kpacHoro ceera (K, 660 um) u manpHero kpacnoro ceera (K, 730 um): 1)
K/JIK= 3,75 (K>[K); 2) K/AK = 0,8 (K=K); 3) K/AK= 0,3 (K<IK).

[Tonmy4yeHHble pe3yabTaThl HATJIATHO MPOAEMOHCTPHPOBAIHM, YTO Hambosiee ObICTpoe
JOCTIDKEHHE (a3 KOoJIOIIeHUs U 1BeTeHus Habmonanocsk npu pexxume K/JIK = 0,3. Konkpernsie
JaHHBIE TIOKA3aJIH, YTO B 3aBUCUMOCTH OT THIIa CyOcTpara, Kojomenue Hacrynano Ha 4,0-7,1 aas
paHbllle, a nBeTeHHUE Ha 4,1—4,2 nHs paHbIlle 10 CPABHEHUIO CO CIIEKTPOM C MUHUMAJIbHOM 101U
nansHero kpacHoro csera (K/JIK = 3,75). I[Ipu npomexxyrounom cBeroBoM pesxume (K/JIK = 0,8)
pacteHus 3auBeranu Ha 2,6—3,6 qHS paHblle KOHTPOJIBHOM rpynmbl. Takum oOpa3oM, MOXKHO
CKa3aTh, YTO NMPHMEHEHHE CIIEKTpa ¢ MpeodiiaganueM aajabHero kpacHoro ceeta (K/JIK = 0,3)
MO3BOJISIET COKPATUTh BETE€TATUBHBIN IIUKJ TBEPAON MIIEHUIBI B cpeiHeM Ha 4,1-4.,2 nHs.

Ba)xHO OTMETUTh, YTO HCIOJB30BAHUE JAJIBHETO KpPACHOTO CBETA B CHUCTEME
CIUAOPUAMHTA HMMEJO  ONpeleNEHHble TOCIEACTBHS. BpIpamuBaHue pacTeHUH  MMOX
cnekrpasibHibiM coctaBoM K/JIK = 0,3 mpuBeno K CHMXEHHMIO KOJMYECTBa 3EPEH B KOJIOCE U
YMEHBIICHUIO €ro JUIMHBL. B TO ke Bpems Obul 3adukcupoBaH poct macchl 1000 3&peH, uTo
YKa3bIBa€T Ha IepepaclpelielieHue pecypcoB pacTeHus. I[loMuMO cokpaleHus nepuona
OHTOTEHE3a, B X0/I€ MCCIIEI0BAHNI ObLIa MPOJEMOHCTPUPOBAHA PEreHepalluoOHHas CIOCOOHOCTh
pacTeHuil, He OTJIMYAIOLIAsICS OT KOHTPOJIS, YTO SBISIETCA KPUTUUECKU BaXKHBIM (PAKTOPOM IS
YCIICIIHOTO MPOJODKEHUS CENEKIUH 110 METOAY MHIUBUAYaIbHOTO OTOOpa OT OJHOTO 3€pHa B
paMKax CriuI0pUANHTA.

Hccneoosanue noodepaicano Poccutickum Hayunvim @onoom Ne 24-16-00274.

Cnucok JiuTeparTypsbl:

1. A.G. Chernook, A.O. Blinkov, D.O. Bizyakina, A.G. Marenkova, A.A. Lappo,
V.M. Nagamova, A.S. Zelenina, V.A. Korobkova, N.Yu. Svistunova, S. Radzeniece,
A.A. Kocheshkova, M.G. Divashuk Development of speed breeding protocols for cereal crops
2025. 246.

2. A. O. biiunkos, B. M. Haramoga, f. B. MunbskoBa, H. FO. CsucryHnosa, C. Panzenuere,
A. A. Kouemkosa, H. H. Cnenmos, A. B. ®peiimanc, B. B. [lanuenko, A I'. Yepnook, I'. W.
Kapnos, M. I. J[luBamyk. VYBeJIWYeHHE [OJIM JAJIBHEIO KpPAacHOTO CBETa COKpAlaeT
BEreTalMOHHBIN MIEpUOJ] TPUTHKAJIE B YCIOBUAX ciuaOpuaunra, 2025. 29(6): 896-904.

OCOBEHHOCTHU HACJIEJOBAHUSA ITPU3HAKOB Y PBI’KUKA
IHHOCEBHOI'O CAMELINA SATIVA (L.) CRANTZ

Becenkun A.A.!, Kozenxopa IL.W.2, Paxuna ILJL!, Jle6enesa M.B.!, Tapanos B.B.!

1 — ®eoepanvnoe 2ocyoapcmeennoe 0100)3cemHoe HAYUHOE YupercoeHue
“Bcepoccuiickuii HayYHo-uccie008amenbCKull UHCIUMYM CelbCKOX03AUCMEEHHOIL
ouomexnonozuu” (OI'6HY BHHHUCBH), 127550, Poccuiickaa @edepayus, Mockea, yi.
Tumupsazeeckas, 0. 42

2 — @eodepanvhoe zocyoapcmeeHHnoe 0100xcemnoe 00pazoeameibHoe yupexcoeHue
evicuie2o oopazosanua "' Poccuiickuil 2ocyoapcmeennniit azpapusiii ynugepcumem — MCXA
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umenu K.A. Tumupsaszeea" ('bOY «PI'AY-MCXA umenu K. A. Tumupazeea BO»), 127434,
Poccuiickaa @eoepayusn, Mockea, yn. Tumupaszeeckas, 0. 49

BBenenme. Porokuk moceBHou (Camelina sativa) — OIHOIETHEE pPACTCHHE CEM.
Brassicaceae. PpXMKOBOE Macilo UCTOPUYECKU MCIIONB30BAJIOCH B MHULLY, @ B HAIIM JHU €MY
HAIIOCh emlé OJHO MPUMEHEHHE — MPOM3BOJCTBO aBHALIMOHHOrO OuoToruimBa. Halmionaercs
MOBBIIICHHBIA HMHTEPEC K JAaHHOW KyJIbTYpe HMHTEpPEC K JAHHOW KYJBType KaK CO CTOPOHBI
IIPOU3BOJUTEINIEH, TaK U CO CTOPOHBI CEJIEKIMOHEPOB. 3a mociaeaHue roasl B Poccn u apyrux
CTpaHax MHpa ObUIM CO3JaHBI JAECATKHA HOBBIX COPTOB PBDKMKA IMOCEBHOTO: O3UMBIX H SIPOBBIX.
OnHako cenekiust KyJIbTypbl CHJIBHO OCJIOXHSAETCS HeOoraTbIM TIeHO(OHIOM, a TaKkxke
rekcarionaHocTbio Buaa [1]. Kpome toro, mis npoBeneHUs] yCHEIHONW CeNEeKIIMOHHONW PaboThI
HE00X0IMMO 3HaHUE OCOOCHHOCTEN HacJeI0BaHUs IPU3HAKOB, YEMY U MOCBsIIEHa 3Ta paboTa.

Bo Bpemst onbITOB 110 arpoOakTepruatbHOM TpaHChOpMAaLUU Y pa3IMYHBIX COPTOB PhIKUKA
HaMH ObLTH 3aMEYeHbl HeXapaKTepHbIEC pacleIICHHs TPU3HAKOB Y MOTOMKOB TPaHC(OPMAHTOB.
MBI npeanonoKuiau, 4T0 3TU OTKIOHEHMS CBSA3aHBI C IOJUIUIOUIHOCTBIO KYJIBTYPbl U MOLYT
HACJIEA0BaThCs U3 IIOKOJICHUS B IIOKOJICHUE.

Martepunansl u MeToabl. VccaenoBanuch pacTeHus 3 SpOBBIX COPTOB PhIKHUKA TOCEBHOIO
cenexrun BHUVIMK nmenu B.C.ITYCTOBOWTA: Omuu, Mccnnbkynen u Kpucramn. Pacrenus
MOJIBEPraJIuCh arpodakTepuabHoi Tpancopmanueit meronom floral dip (morpyskeHue conBeTHit
B cycneH3un arpobaktepuil. Mcmonp3oBanics mramm EHA105 ¢ BekTopoMm, copepiKamium
penoprepuyto kaccetry RUBY [3] mox 35s mpomoyrepoMm, a Takke I€éH YCTOMYHMBOCTU K
rurpomuniray. RUBY npencrasnsier co6oit kacceTy U3 TpEX reHOB, BRIpaOaTHIBAIOLINX TUTMEHT
CBEeKIJIbI OeranmanH. Y pbDKuKa skcrpeccuss RUBY mposiBiasieTcss m3MEHEHUEM IBeTa KOpHEH u
CeMsH Ha TEMHO-KPACHbBIM, YTO MO3BOJSIET JIETKO OTOMpaTh TpaHCTeHHble pacTeHus. Dakt
TpaHcreHosa noaresepxaancs meroaom [11P, a Takxke ciocOOHOCTBIO CeMsIH MpopacTaTh Ha MS
cpeze ¢ THTPOMUIIMHOM B KOHIIGHTpauuu 22,5 Mr/i1, r'yOUTenbHOM 17151 0ObIYHBIX pacTenuit. [locie
MWIOTHOTO JKCIEPHUMEHTa MO TpaHchopMalyu OBLJIO TMOJyYE€HO HECKOJIBKO TEMHO-KPACHBIX
cemsH. lllects U3 HUX OBLIM MPOPOLICHBI, YTOOBI OLEHUTHh HACKOJIBKO NMPHU3HAK Nepeaa&Tcs 1Mo
HacnencTBy. Cpeau npodMx BbLAEIAIOCH pacTeHue copra Mcemnbkynen. OHO UMENO HE TOJIBKO
KpPacHBIMH KOPHH, HO U ceMsi10d. JINCThs 1 cTe0nu pacTeHus ObUTH 3eEHBIMH, HO OT HEro OBbLIO
B JAJIbHEWIIEM NOIy4eHO 44 TEMHO-KpacHbIX ceMeHU U 40 ceMsIH CTaHJapTHON OKpPacKH (PiKUX).
Camelina sativa SBISETCS CaMOOIIBUTUTENIEM, U TaKO€ pPaCHpelesieHHe Ka3aloch CTPaHHBIM.
Oxuganoch yBUAETHh paclIeIUICHHE MOTOMCTBA B KjlaccuueckoMm cooTHoieHuu 3:1. Ux stux 44
TEMHO-KPACHBIX CEMsIH OTOOpaiM TIOJIOBHHY, YTOOBI OICHUTH pAacUICIICHHE IPH3HAKOB B
cieayiomieM mokojeHuu. Cratuctuueckas o0pabOTKa  JaHHBIX — OCYIIECTBISUIOCH  C
UCIIOJb30BaHUEM KpuTepus xu-kBaapar (y?) [Tupcona.

PesyabTarhl. B pesynpraTe BhIpOCIO AeBiATHaAuarh pacreHui. lllects u3 HUX, Kak U
02KMAANI0Ch, coaepkaiu Jo0Kyc RUBY B roMO3UTIOTHOM COCTOSIHUU U JaJIi CEMEHA TOJIBKO TEMHO-
KpacHOTo 1BeTa 0e3 Kakux-mmoo pacmieruienuii. OctanpHble 13 pactenuit mpoussenu ot 18 mo
1055 cemsiH o0oux 1BETOB B mpuMepHOM cooTHomeHnun 30:70 mis kaxaoro pactenus. Bcero
obu10 moy4yeHo 4306 kpacubix cemsH u 1786 peokux (70,7% : 29,3%). bblio 04eBUIHBIM, YTO
9TO CTATUCTMUYECKHU OTJIMYAETCS OT CTaHAApTHOro pacnpezneneHus 75% : 25%, u aHanu3 xu-
KBaJlpaT 3TO MOATBEPAMII. bbUIO BBIIBUHYTO NPEAIOI0KEHUE, YTO Y 3TO MIPU3HAK pacIIpeAeIsaTcs
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B cooTHomieHMH 599:225 wnmm 407:169. D10 COOTHOLIEHUS BCTPEYArOTCS B IOTOMCTBE
aBTOTPETPAIUIONIHBIX BUAOB CO CIy4alHOM XpOMAaTUAHBIM pacnpeaeneHun wim  50%
KPOCCHHTOBEPOM MEXJy TI'€HOM U LEHTpOMepod cooTBeTCTBeHHO [3]. CTraTucTuyecku
noaTrBepausiock cooTHouieHue 407:169. [lpuyeM TeopeTHUECKH OXKUIAEMOE pacIpeiesieHHue
(4305:1787) ornuuanock ot Habr0HaeMoro Beero B 1 cemst! Tak kak pacTeHUs! pOCIH B COCETHUX
ropIkax, OTCIoJa MOKHO CJEJIaTh 3aKI0YEHHE, YTO A0S MEPEKPECTHOTO ONBUICHUS Y PhIKUKA
HUYTOKHO MaJia, 10 KpaifHel Mepe B J1a00paTOPHBIX YCIOBUSIX.

BbiBoA. Y pBDKHMKAa TIOCEBHOIO MOHOTCHHBIE IPU3HAKM MOTYT HAacleloBaTbcs B
cootHomieHuu 70,7% : 29,3%, 4ro XapakTepHO A aBTOTETparuionnoB. OAHAKO PBIKUK —
ABIIsETCA ayyiorekcarionaoM. Kak e o0bsicHUT Takoe pacnpeaeneHue? J{eno B ToM, 4TO TEHOM
C. sativa coctout u3 Tpéx cyoreHomoB. OUH U3 HUX OYCHb MOXOK HA TEHOM TUKOPACTYILEro
Buna Camelina hispida, a 1Ba Apyrux rOMOJIOTHYHBI MEXKLy cOOO0M M MOXO0KM Ha T€HOM APYToro
nukopactymero Buaa Camelina neglecta [4]. Xpomocomsl cyorenoma, moxosxkero Ha C. neglecta,
M0 BCEH BHUIUMOCTH MOTYT B3aMMOJICHCTBOBATH MEXIy CO0OW BO BpeMs Meio3a, oOpasys
KBaJ[PUBAJICHTHI, YTO XapaKTEPHO AJISl aBTOTETPAIIONA0B. [Ipr 3TOM HapymiaeTcsi 3aKOH 4aCTOTHI
raMeT, YTO MPUBOJIUT K HEMEH/IEJIEBCKUM PACIIPEICIICHUSIM ITPU3HAKOB B TOTOMCTBE.
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Beenenne.CrebneBas pxaunHa (Puccinia graminis f. sp. tritici) (Pgt) — 3To duTonaToreHHsIit
o6uotpodHsbIif TpHO U3 oTAENa 6a3UAOMHIIETOB, KOTOPBIM MPUHAIUIEKHUT K ceMeiicTBy Puccinia u
BBICTYIAE€T B KAaueCTBE CEPbE3HOH yrpo3bl A celbcKoro xossiictsa. Ilatoren mnduuupyer
MHO’K€CTBO BUJOB 371aK0B. B 1999 r. B Yranae orMedeHo MosiBJieHHE HOBOI arpeCCUBHOM pachl,
nosyuuBiied HazBanue Ug99 (TTKSK), xoropast nmopasmia copra nueHunsl ¢ reHom Sr31, a
MO3/IHEE MOSIBUIIUCH €€ OUOTuIbl, nopaxaromiue copra ¢ renamu Sr24 (TTKST) u Sr36 (TTTSK).
[Torepu yposkast mpu SNUPUTOTUN packl cTebeBo pxaBunHbl Ug99 Ha BOCIPUUMYMBBIX COpPTaX
nocturanu 80 % u Gonee. K Hactosmemy Bpemenu paca Ug99 pacmpocTpaHeHa B cTpaHax
bnmxnero BocToka M MHUrpUpyeT K CpeJHEa3MaTCKUM CTpaHaM, BO3MOXKEH €€ 3aHOC U B
Poccuiickyro @enepanuto yepes Ypan u 3anagayro Cuoups.

Marepuansl. McnionszoBanu nomyisiuu Puccinia graminis f. sp. tritici 2022-2023 romos:

CapatoBckyto cobpannyto ¢ copta @aBopur Ha onbiTHOM noie PI'BHY ®AHIL FOro-Bocroka
VY IIbSIHOBCKYIO TIOMYJISIMIO MATOr€Ha, COOPaHHYIO Ha ONMBITHOM mose YibsiHoBckoro HUNMCX —

¢unmana CamHI] PAH, o TarapcTaHCKyIo MOMyJSIMIO ¢ copta Momss —onstHoe mone TAT
HUNCX.

Xon paboThl. AKTyanbHOCTh EjKEroHO BO3HMKAIOT HOBBIE packl MYTHPOBAaHHOTO Tpuoda,
MIOPAKAOIIETO PaHEEe YCTOMYUBBIE K HEMY COpTa IMUICHUIBl. Tak Kak MPOU3BOACTBO IIICHULIBI
HEIMOCPEACTBEHHO BBI3BIBACT 3HAYUTEIIbHBIE 3KOHOMMUYECKHUE IIOCIEACTBUS BO BCEM MHPE, TO
aKTyaJbHOCTh HCCIENIOBaHUSA OOYCJIOBJICHa HEOOXOIUMOCTBIO M3Y4YEHHS TE€HETHYECKOU
CTPYKTYpbl MOIYJALMHA MaToreHa no npusHaky BupyiaeHTHoctu u JIHK mapkepam. Ilens
HCCIeN0BaHus

[Tpoananu3upoBaTh CTPYKTYpy HOMYJSIHA cTebseBoil pxaBunHbl Puccinia graminis f. sp. tritici
110 Npu3HaKy BupyiaeHTHOCTH U RAPD u SSR- nokycam.

Pesynbrarsl

1. AHanu3 TOJYYEHHBIX pE3yJbTaTOB IOKa3ajl 3HAUYUTENBHOE pPa3HOOOpa3ue TEeHETHYECKHX
noauMopdu3mMoB BHYTpH nomyiisinuii Puccinia graminis f. sp. tritici, kak B 2022 rony, Tak 1 B

2023 romy. Taxxke OBUIO OTMEUEHBI pa3Iuuus Mexay nonyiasuusamMu u3 CapaTOBCKOM,
VYnbsHoBcko obnactelt u Pecrybnuku TaTapcTaH, 4TO MOXKET yKa3bIBaTh, Kak O IPUCYTCTBUU Ha
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tepputopun [IOBOIKBS pasHBIX CyONOMyJSLMNA MAaTOreHa, Tak M O BO3MOXKHOM 3aHOCE Ha
tepputoputo CapaToBCKON 00JacTH BHUPYJIEHTHBIX pac MAaTOreHa ¢ BO3AYIIHBIMH MaccaMH
(anemoxopust) yepe3 Kacnuiickoe Mope u3 cTpaH A3uu.

Omnpenenenbl 3QGEKTUBHBIE TEHbl YCTOMYMBOCTH K MOBOJIKCKUM MOIMYJISIIMSIM TaToreHa: Sr2

compl, Sr13, Sr26, Sr31, Sr32, Sr35 u coueranus Sr24+31, Sr36+31, Sr26+9g, Sr17+13, Sr33+5.

B Caparosckoii nmomymsiuun P. graminis f. sp. tritici BeisiBinensl arpeccuBHble pacsl TTTTF u
TTTTP. B 2023 roay yBeIUYUIIOCh KOJWYECTBO M3OJISITOB C TEHOM BUPYJIEHTHOCTH p24, 4TO
TpeOyeT KOHTPOJIS 3a CENEKIMOHHBIM IpolieccoM. PeKoMeHIyeTcs MCIoib30BaTh reH Sr24 B
coyetanuu ¢ Sr31, Sr2, Sr26 B CeNeKIMOHHBIX NpOrpaMMax Ha YCTOWYMBOCTH K CTeOJIeBOU
pkaBunHe. OTCYTCTBUE U30JISITOB, BUPYJIEHTHBIX K Sr31 yka3biBaeT Ha orcyTcTBHe pacsl Ug99 B
IToBomxbe.

C nmomompio RAPD u SSR npoananu3upoBaHa reHeTHYECKask CTPYKTypa Momyssiuuid rpubda P.
graminis f. sp. tritici. OnpeneneHn nmonMMOp(hU3M MO STHM JIOKycaM, a TakKe T'eHEeTHYecKas
muddepeHnmanus Mexay nomyssiuusaMu rpuda 2022 u 2023 rogos. B 2022 roxy nokasaHo, 4To
capaTOBCKasl U YJIbSHOBCKas MOMyJsinuM P. graminis pa3znuyanuch 1o BUpyJeHTHOCTH U RAPD-
nokycam. B 2023 rony renetnueckas auddepennunanyst mo SSR-1okycam Mexay NOMyIsSIUSIMH
rpuba 6buta oT cpeaneit 10 cuibHOM. [lo RAPD-110Kycam Mexay capaToBCKOM M YJIbSTHOBCKOM
oMy UMM naToreHa uHAekc Fst = 0,24, 4To yKa3blBaeT Ha CWJIBHYIO T€HETHYECKYIO
muddepeHnmauo. 3T0 MOXKET OBITh CBSI3aHO € reorpapuuecKko M30JsIIMel U Pa3InyusiMU B
YCIIOBUSX OOUTAHHUS.
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