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O0aacTh u300peTeHus

Hacrosiiee n3o0peTrenue kacaeTcss NPUMEHEHHs aKTHBHBIX BELIECTB JJISI CTUMYJIMPOBAHUSI MPUPOIHOTO
3aIUTHOTO MEXaHW3Ma PACTCHUH OT BHPYCOB C LENbI0 OOPBOBI ¢ BUPYCHBIMU MH(EKIMSIMH PACTEHUH U CIOCO-
00B 0OpBKOBI C BUPYCHBIMHU MH(DEKIMsIMEU pacTennid. Hactosiee n300peTeHne TakkKe KacaeTcsl MPUMEHEHHS aK-
THUBHBIX BEUIECTB JUI aKTUBH3alMU ocHOoBaHHOTO HA PHK-mHTEpdepernnn npupoaHoro 3alinTHOTO MEXaHH3Ma
(Tarke yka3pIBaeMOTO aBTOpaMH Kak ocHoBaHHBIM Ha PHK-caiimeHCHMHre MPUPOMHBIN 3alIUTHBIA MEXaHW3M)
pacTeHui OT BUPYCOB.

YpoBeHb TEXHUKH

Bupychl pacteHnii SIBISIOTCS IPUYMHON OIPOMHBIX IOTEPh yposkasi BO BceM Mupe. JeHCTBUTENbHO, HEKO-
TOpBIC CEMEHCTBA BUPYCOB, TaKKe, Kak Potyviridae, BBI3BIBAIOT KPUTUYHBIC TIOTCPH YPOXKAs KaK B PA3BUTHIX, TAK
U B pa3BUBAIOLINXCS CTpaHax, Ha (JOHE HENPEPHIBHO PacTyLIUX NMOTPEOHOCTEH B MPOIOBONBCTBHU. [JIst orpaHu-
YeHUs] HTHQUIIMPOBAHUS U PACIPOCTPAHEHHS] BUPYCOB MEPHI 110 3alUTe OT OOJIe3HEH IIIaBHBIM 00pa3oM IMpUHH-
MAIOTCS MyTeM HPOQHUIAKTHKH, TIOCKOJBKY JICUeOHBIC MEPOTIPUSITHS SBIISIOTCS HEA(PPEKTHBHBIMH T MaJI0d (-
(heKTHBHBIMH.

BrIio pacro3HaHO HECKOJBKO COeNWHEHWH il OOpbOBI ¢ BUpycamHu pacTeHumid. B mgokymente WO
2011/030816 mpemaraercs MpUMEHEHHE OINPEACICHHBIX MPOU3BOIHBIX aCKOPOWHOBOW KHUCIOTHI ISl OOPHOBI C
oTIpeJIeICHHBIMH BUpycaMu pacteHuil. B mokymente WO 2012/016048 npennaraercsi mpuMeHeHHEe MOIH(DHIIN-
POBaHHBIX a3uAaMH OMOMOJIEKYJI B Ka4eCTBE aHTUBUPYCHBIX areHTOB, BKIIFOYast OOpr0y ¢ BHpycaMH pacTCHHM.
B moxymente WO 2014/050894 mpennaraercsi mpuMeHEHHE IPYTHX CBI3aHHBIX ¢ aCKOPOWHOBOW KHUCIOTOH CO-
eIMHEHHH U O0pHOBI C BUPYCaMU PaCTEHHH.

B npouecce 3BoITIOIMK PacTEHMsI HAYYHINCH CIIPABIIATHCS C YIPO3aMH, UCIIONB3Ysl CBOM MMEIOIECs B Ha-
JMYUN PECYPCHI M PACIIpeNelisisi UX MEXKAY POCTOM U 3alIUTOW OT OMOTHYECKHMX M abuotmueckux yrpo3. PHK-
CAIlJICHCHHT WTpacT TIaBHYIO POJIb B 3TOM OajJaHCE IMyTeM JUHAMHYCCKOTO CBSI3BIBAHUS MPOTPaMM Pa3BUTHSI U
peakuuii Ha BO3/IeHiCTBUE OKPY’KaIOIIEH Cpelbl C M3MEHEHUSIMH B OKCIIPECCHH TEHOB Uepe3 TPAHCKPHITIIMOHHBIN
caitnencunr reHoB (TGS) u moctTpaHCKpUIIIMOHHBIN caitneHcuHT TeHoB (PTGS). YcToiuuBOCTh pacTeHHiA K
Oomne3HsM 00yCIIOBIIeHa MpeaBAPHUTEIHHO CHOPMHUPOBAHHBIMU OapbepamMH, TOKCHIHBIMH BTOPUIHBIMUA METa00-
JUTaMU U WHAYIUPYEMbIMH 3aIIUTHEIME MeXxaHu3MaMmH. [lociie pacro3HaBaHus MaTOTeHA PACTEHUS 4acTo Mpo-
SBIISTIOT TUIICPYYBCTBUTEIBHYIO PEaKIHIO, KOTOpast MPUBOANT K THOETH KIIETOK B MECTE 3apakKeHHs W MpPenoT-
BpaIaeT pacripocTpaHeHne naroreHa. Kpome toro, BEISIBICHHE MATOTCHA 3aITyCKAET PAa3INIHbBIC HHAYIHPYEMBIC
CHCTEMHBIC CIOCOOBI 3aIIUTHI B YAacTAX PACTEHHUH, OTHAJIEHHBIX OT MECTa MEPBHYHOTO 3apakeHHs. DTOT IIPO-
TIECC, M3BECTHBIM KaK CHUCTEMHOE NMpHoOpeTeHHoe conportuBieHue (SAR), apdexTuBeH Bo MHOTHX BHIAX pacTe-
HUH. JlocTUTHYTast yCTOHYMUBOCTD SIBIISICTCS IOJATOBPEMEHHON M (P PEeKTHBHON NMPOTHB AaibHEHIINX WH(EKIUHA
CO CTOPOHBI IIMPOKOTO Kpyra NMaTOreHoOB, TaKMX, KaK TPHObI, OAKTEpUH U BUPYCHI.

CTpoOmTypHHOBBIH KJacC (YHTHIMAOB BKIIOYAET Pa3JIMUHBbIE CHHTETHYECKHE 3alHIIAIONINE PacTECHHS
COEIMHEHUs C HIMPOKUM crekTpoM. B 2002 r. cTpoOmmypHH MUpakiocTpoOUH NMPOJEMOHCTPHPOBAN CIIOCO0-
HOCTH K ITOBBIIICHUIO YCTOMYUBOCTH Tabaka K WHPHUIIMPOBAHUIO BUpYycoM TabadHoi mo3auku (TMV) wmu mato-
reHoM psioyxu Pseudomonas syringae pv tabaci (Herms et al., Plant Physiology 2002, 130: 120-127). ITupakJo-
CTPOOWH TakKe OBLI CITOCOOEH MOBHIMATh yeTOHIMBOCTSE K TMV B NahG TpaHCTeHHBIX pacTeHHsAX Tabaka, He
CHOCOOHBIX K HAKOIUICHUIO 3HAYUTEIHHOTO KOJIMYECTBA SHIOTCHHONW CANUIMIOBOI KHUCIOTHL. [Inpakmoctpobun
TOBBINIIAET YCTOMYMBOCTh Tabaka k TMV 100 myTeM HEWCTBUS IMOCIE CaTUIMIOBOM KUCIOTHI (SA) B SA-
MeXaHU3ME CHTHAJHM3AlNH, JIN00 ImyTeM (pyHKIHOHUpOoBaHMs He3aBUCHMO OT SA. [locnennee mpenmooxeHne
OoJee BEPOSATHO, MOCKOJIBKY B MHPWIHTPUPOBAHHBIX JIUCTHSIX MAPAKIOCTPOOWH HE BBI3BIBAT HAKOTUIEHUS SA-
MHIYIPYEMBIX CBSI3aHHBIX ¢ naroreHe3oM (PR)-1 GenkoB, KOTOpBIE YacTO UCIOJIB3YIOTCS] B KAUECTBE TPaIUIIH-
OHHBIX MOJICKYJSIPHBIX MapKepoB Juisl SA-MHIYLMPOBAaHHONW YCTOWMYMBOCTH K Oone3HsM. OmuchIBaeTCs IIpUMe-
HEHUE CTPOOMITYpHHOB 1O oTnenbHocTH (HokymeHT WO 01/82701) mnm B cMecu ¢ MetupamoM (okymeHT WO
2007/104669).

Cpenu 3alIMTHBIX peaklui pacTeHui Ha (UTOBUPYCHI MyTh aHTHBUpYcHOro PHK-caitnencunra sBisercs
HanOosee IMUPOKOI CHCTEMOM 3alMThI, BO3AEHCTBYIOIIECH KaK Ha JIOKaJbHOE, TaK U Ha CHCTEMHOE HAaKOILJICHUE
MUPOKOTO Kpyra BupycoB. PHK-caitieHcHHT mipencTaBiseT coO00H MeXaHU3M, MPSMO 3aIIUIAIONINN KISTKH-
X0351€Ba PACTEHUN OT IK30TEHHBIX HYKJIIEHHOBBIX KHCIIOT, BKJIIOUasi BUPYCHI M MIEPEMEIIAIONINECs JIEMEHTHL. JTa
3amuTa 3amyckaercs ayxienodednoir PHK (nuPHK), xoTopas mpoucxomuT oT aMrmuuKanuyd WHBA3WBHBIX
HYKJICHHOBBIX KHCIIOT, KOTOpbhIe 00pabaThIBalOTCA KIIETKOW-XO3IMHOM B Manble HHTepdepupytomue PHK
(MmuPHK), cocrosimue u3 20-24 nyxieotnnos (nt). Otu MuPHK 3aTteM MCTONB3YIOT AJI HanpaBlIEHUs cailieH-
cuara PHK wnu JIHK BupycHoro nim nepemeratomierocs aimemenTa yepe3 PTGS wim TGS cooTBeTCTBEHHO.

PHK-caiineHCcHHT B TAKOM CIIy4ae CTAaHOBUTCS 3(P(PEKTUBHBIM aHTHBUPYCHBIM MEXaHU3MOM, MPH KOTOPOM
mansle uHTepdepupytomue MuPHK, obpaboranusie naiicep (pepMEHTOM M3 MOCPEIHUKOB PEIUIMKAIIMN BHPYC-
HoH npyxuenoueunoit PHK, 3arpyxatot B appexropusie 6enku ARGONAUTE u Bo3Bpamaror Ha renom PHK
BPEIUTENS TS BBI3BIBAHUS €r0 JCrpaJalii. JTa BPOXKACHHAS UMMYHHAs PEAKIHs SBISCTCS YPE3BBIYANHO W3-
MEHYHMBOM, MMOCKOJIbKY, OyAyUr UCKIIIOYHUTEIHHO 3alpOrpaMMUPOBAHHOM 00YCIIOBICHHBIMH CTPYKTYPOH M HYK-
JICOTUAHOW TOCIIEI0BATEILHOCTHI0 TEHOMHBIMIA OCOOCHHOCTSIMU, OHa MOXET OTBe4aTh (PaKTHUYECKH Ha JI000H
BuUpyc pactenuii (Shimura et al., 2011, Biochimica et Biophysica Acta 1809: 601-612).

B nmoareepxknenne BaxHocTu PHK-calineHcuHra juist 3alidThl pacTeHUM pacTEeHUs C HAapYIIEHHOM BbIpa-
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00TKO# M akTUBHOCTHI0 MUPHK SBISFOTCS THIIEPBOCTIPUUMYUBBHIMU K (DUTOBHPYCaM, U HAOOOPOT, Y MHOTHX
BUPYCOB pa3BwiHch cynpeccopsl PHKu ¢ nensio coxpanenns Bupynentoctu (Voinnet O. et al., Nature Review
Microbiology 2013 Nov;11(11): 745-60).

XOTS HEKOTOPBIE COSNHEHNS paHee OBIIIM pacTiO3HAHBI B KAUECTBE MOTCHINAIBHBIX HHIYKTOPOB OIIpeie-
JICHHBIX MEXaHW3MOB 3aIIUTHl PACTEHUH OT BUPYCOB, COXPAHSIETCS MOTPEOHOCTh B 00ECIICUYCHNN aKTHBHBIX Be-
IECTB, MOAXOIAIMINX I CTUMYJIAIAN IPUPOJHBIX MEXaHM3MOB 3alIUThl PACTEHUI OT BUPYCOB, B YACTHOCTH,
JUTSI CTUMYJISIITUM TIIMPOKOTO OCHOBaHHOTO Ha Hecnenudrueckom PHK-calineHcuHre MexaHm3ma 3aiuThl pacTe-
HUH OT BUPYCOB 15t O0PHOBI ¢ BUPYCHBIMHU O0JIE3HIMU pacTEHUH.

Durypsol

@ur. 1 mokaspiBaeT MPOBOAUMBINA MpHU oMol KoiauuecTBeHHOU [P aHamn3 OTHOCHUTENBHOIO YPOBHS
SUL mPHK B pacrennsix SUC-SUL uepes cemp nHel nocie oopadotkn Tonsko DMSO wmn 06pabotku DFPM,
HopManu3oBaHHOro no EXP10. "Ycbl" mpencTaBisioT cTaHAapTHOE OTKIOHEHHE IS TPEX HE3aBUCUMBIX JKCIIe-
PUMEHTOB.

®ur. 2 npeacTaBnsgeT cpeAHee KOIMMIECTBO 09aroB MHMEKIMH Yepes3 ISITh THEH mocie MHOUIMPOBaHUS Ha
WHOKYJINPOBAHHBIX JIUCTHSX. "YCBI" MPEACTABISIIOT CTAHAAPTHOE OTKIOHEHHE JJIS IBEHAALIATH PACTCHHH.

@Owur. 3 MOSICHSIET OCYIIECTBIsAEMbIC ImyTeM KonmdecTBeHHOU [IIIP ¢ oOpaTHOW TpaHCKPHIIIUEH aHATU3bI
Hakorutennss MPHK HcPro B cucTeMHBIX TKaHSX 4depe3 MIeCTh JHEH IMociie HHPUIMpoBaHus. "Ycbl" MpeacTas-
JISIOT CTaHJAAPTHOE OTKJIOHEHHE JIJIsl TPeX He3aBUCUMBIX pe3ynbraTtoB [11[P.

Onpenenenus

Tepmun "(Ci-Cg)ankun" B KOHTEKCTE JAHHOTO ONHMCAHHS KacaeTcs Pa3BETBICHHON WM JIMHEHHOW ail-
KUJBHOH rpymnmsl, copepxkameit oT 1 go 6 atomoB yrnepona. TunuuneiMu npuMepamu (C;-Cg)ankuma MoryT
OBITh METHII, 3THIJI, H-IIPOTIHJI, i-IIPOTMI U pa3IHYHbIC H30MEPHI OyTHIIA, IIEHTHUIIA WITH TCKCHUIIA.

TepmuH "ranoren" B KOHTEKCTE TAaHHOTO ONMHMCAHMS KacaeTcs aToMa ropa, XjIopa, Hoa Wi Opoma.

Tepmun "(Ci-Cy)ranoankun" B koHTekcTe naHHOTO omnmcaHus kacaeTcs (C;-Cg)anKUIbHON TPYIMIBI, KakK
OTIPEJICJICHO BBIIIE, B KOTOPOH KaK MMUHHMYM OJMH aTOM BOJOPOJa 3aMEHEH Ha aTOM rajoreHa. TUMUYHBIMU
npumepamu (C;-Cq)ramoankuna Mmoryt O0b1Th -CF3,- CH,Cl 1 -CH,-CFs;.

Tepmun "(C;-Co)rimanoankun" B KoHTeKCTe maHHoro omnucanus kacaercs (C;-Cg)adKuIbHON TPYIIIbI, KaK
OTIpeIeNICHO BhIIIE, B KOTOPOI KaK MUHUMYM OJMH aTOM BOJIOPO/a 3aMEHEH Ha IIHAHOTPYIIITY.

Tepmun "(C;-Cy)rmuknoankuin" B KOHTEKCTE NaHHOTO OMUCAHUS KACAeTCS HACHIIIEHHOTO MOHOITMKIIMYE-
CKOTO aTKWJIBHOTO PaJHKajia, B KOTOPOM IIMKIMYECKHH KapKac MMeeT OoT 3 10 6 aToMOB yriepona. THIHIHBIMA
npumepamu " (C3-Cg)uKroankmia" MOTYT OBITh IUKJIOMPOITHI, ITAKIOOYTHI U IIMKJIOTCHTH.

TepmuH "a3a0MIMKIOANKII" B KOHTEKCTE AHHOTO ONMHCAHMS KacaeTcs IMOJHOCTHIO HACBIIIEHHOTO MOHO-
BJICHTHOTO pajiMKaia, cojepskamero or 5 g0 10 aToMoB yriepoga W aToM a3oTa B OWIMKIMYECKOM KOJIbIE.
TunuyepiME ~ npuMepaMu  "azaOunuknoankmwia’  MOryT  ObITh  a3a0mnukio[3.1.0]rekcun, — a3aOuIUK-
10[2.2.1]rentun U a3abunuKIIo[2.2.2 |OKTHIL

Bripaskenne "MoxkeT OBITh 3aMEIIEHHBIM" B KOHTEKCTE JaHHOTO ONHCAHUS (HampuMep, (GeHWI, KOTOPBIH
MOXeET OBITh 3aMEIIEHHBIM) 03HAYaEeT, YTO 3aMELICHHE SBISIETCS HE0O0A3aTeIbHBIM U, TAKMM 00pa3oM, BKIIIOYAET
KaK He3aMeIeHHbIe, TaK W 3aMeIIEeHHbIC aTOMbI WM TPYNIbI (HampuMep, He3aMEeIIeHHBIH U 3aMEIeHHBIH (e-
Hm). Korga arom wim rpynma sBISIOTCS 3aMEIIEHHBIMH, JTI000H BOZOPOA HAa yYKa3aHHOM aToOMe WM TpYIIe
MOJKET OBITh 3aMEHEH Ha 3aMEeCTHUTEINb (BIUIOTH J0 TOTO, YTO KaXKIBIH BOJOPOI MOXET OBITh 3aMEHEH Ha 3aMec-
TUTEIh), IPY yCIOBHH, YTO HOpMAalbHAs BaJCHTHOCTh YKAa3aHHOTO aTOMa WJIM TPYIIBI HE NPEBHIIICHA U B pe-
3yJbTaTe 3aMEIIeHUs 00pa3yeTcsi yCTOHINBOE COCTMHEHNE.

TepmuH "akTHBHOE BEIIECTBO" B KOHTEKCTE AAHHOTO ONMCAaHUs o3Ha4daeT coeauHeHue Qopmynsl (1), kak
OIMCHIBAETCS aBTOPAMH, HIIH JIFOOBIE €T0 CMECH.

IonpoOHoe onncanne u3odpeTeHust

Bruto oOHapyskeHO, uTo coenuueHUs Gopmyisl (1), onmuchiBaeMble aBTOPAaMH, SBISIOTCS ITOIXOISITUMHU
JUTISL CTUMYJISIIIAH TIPUPOTHOTO MEXaHHM3Ma 3aIIUThl PACTCHUH OT BUPYCOB, B YACTHOCTH JIJISl CTUMYJISLIUU OCHO-
BanHoro Ha PHK-caiineHcnHTe MeXaHW3Ma 3alIUTHI PACTCHUIA OT BUPYCOB. TakuM 00pa3oM, cOeTUHEHUs Pop-
myiel (I), onmuchIBaeMble aBTOpaMH, MOTYT OBITh TOJXOSAIIMMHE ISl O0pHOBI ¢ BUPYCHBIMU OOJIE3HSAMHU pacTe-
Hui. TepmuH "60pr0a" B KOHTEKCTE JAHHOTO OMUCAHMS O3HA4YaeT MPO(IIAKTUKY WIIH JICUCHHE.

COOTBETCTBEHHO HACTOSIIEE U300pETEHHE KacaeTcs criocoda 00phOBI ¢ BUPYCHBIMHU OOJIE3HAMHU PACTCHUH,
0oee KOHKPETHO - CIIOCO0a CTUMYJISIINH MIPUPOTHOTO MEXaHU3Ma 3aIIUTH PACTEHUH OT BHPYCOB, B YaCTHOCTH,
CTUMYJISIIIMU ocHOBaHHOTO Ha PHK-calineHcuHre MexaHu3ma 3aluThl pacCTeHHH OT BUPYcoB. CIoco0 BKIIIOYAET
MIPUMEHEHUE T PACTEHU OJTHOTO WM HECKOJbKHUX coequHeHui Gopmysl (1)

O

R~

R2
m,
rae
R1 mpexacrasnsier coboi (heHmI, KOTOPBII MOXKET OBITh 3aMEIIeH OJHUM MM HECKOJBKUMH T'aJoreHaMHu,
HPEANOYTUTEIHHO XJIOPOM U OpoMoM;
R2 mpexncrasnser coboii -NR'R" rpyrmmy, B koTopoit
R' u R" HezaBHCHMO Ipyr OT Apyra BEIOpaHBI U3 TpYyMIBL, K KoTopoit otHOCsTCs (Ci-Cg)ankmn (mpenmoy-
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TUTEJIBEHO METHII, 3THA U H-iponi) U (C;-Ce)ukioankmi (PearmouTHTENFHO C-IIEHTHII), HIIH

R'u R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH NPHUKPEIIISAIOTCS, 00pa3yloT 5- WM 6-4JICHHBII TeTepo-
IIUKJI, BEIOpAHHBIM W3 MHUPPOIUANHA, HMHUIIEPUINHA, MOP(OIMHA WK MHIEPa3uHa, IPUYEM BBIIICYHOMSHYTHIN
TETEePOIMKII MOXET OBITh 3aMEIIeH OJHUM WIIH HECKOJIBKHMH 3aMECTUTEIISIMH, BRIOPAaHHBIMU W3 TPYIIIEL, K KO-
Topoit otHOCsTCS TasioreH, (C;-Cq)ankmt u (C;-Cy)1imaHoamKuiI, UiIun

R'u R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH TMPUKPETUISIIOTCS, 00pa3yroT a3a0nITUKIOANKHI, KOTOPBIH
MokeT ObITh 3amernieH (C;-Cg)raloasIkiiioM, IpeanodTUTeIbHO a3a0uIukio[3.1.0JrekcruroM, KOTOPHI MOKET
65ITh 3aMetieH (C;-Cg)ramoaakuioM.

B HexoTOpBIX BapHaHTaX OCYILECTBICHHS aKTUBHBIM BELIECTBOM siBisieTcsi coennHeHue Gopmyisl (1), B
KOTOPOM

R1 mpencrasisier coboit eHMI1, 3aMEIIeHHbIH OJTHIM WM IByMs T'aJOr€HaMH, HE3aBUCUMO APYT OT Jpyra
BBIOpaHHBIMH U3 XJIOpa WK OpoMa; u/Huin

R2 mpexacrasnser coboii rpynmy -NR'R", B koTopoit

R' n R" HezaBuCHMO Jpyr OT Apyra BEIOpaHbI U3 TPYHIIEL, K KOTOPOI OTHOCATCS METHJI, STHJI, H-TIPOIHI U
IIUKJIOTICHTHI, FITH

R'u R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH MPUKPETUIIOTCS, 00pa3yloT 5- WK 6-WIEHHBIH TeTepo-
IIUKJI, BEIOpAHHBIM W3 MHUPPOIUAWNHA, HMHUIIEPUINHA, MOP(OIMHA WK MHIEPa3uHa, MPUYEM BBIIICYHOMSHYTHIN
TETEePOIMKII MOXET OBITh 3aMEIIeH OJHUM WIIH HECKOJIBKHMH 3aMECTHUTEIISIMH, BRIOPAaHHBIMU W3 TPYIIIHL, K KO-
TOPOH OTHOCSATCSI METHJI, PTOP M IIUAHOITHII, HITH

R' m R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH TPUKPEIUISIIOTCS, 00pasytoT azadburmkino[3.1.0]rexcw,
3ameteHHbIN (C;-Cg)rajJoakuioM, TaKuM Kak TPUPTOPOMETHIL.

B HEKOTOPBIX MPEANOYTHTENBHBIX BapHAaHTaX OCYLIECTBIICHHS aKTUBHBIM BEILECTBOM SIBIISICTCS COEIUHE-
Hue popmyisl (I), B koTopom

R1 BBIOpaH W3 rpynmel, K KOTOpoH oOTHOCATCS 3-xjopodenui, 4-xnopodenun, 4-oOpomodenmn, 2,3-
JuxyiopodeHn U 3,4-1uxsopoheHIIT; W/ HIH

R2 BBIOpan u3 rpymnmsl, k kKoTopoit oTHOCATCS -NEt,, -N(n-Pr),, -N(c-neatun)Me, nunepuaut- 1-wmi, mup-
pomuauH-1-un, N-mopdommuo, 4,4-mudroponunepuauH-1-mwr, — 4-(2-MaHOATHI)-TIMIIepa3uH-1-m1,  2,6-
TUMETHIMOPQOTH-4-11 U 6-(TprudTopoMeTHn )-3-a3adbunmkio[3.1.0]rekc-3-u.

B HEKOTOPHIX BapmaHTax OCYIIECTBICHHS aKTHBHBIM BEIIECTBOM sBIseTcs coenuHenue (opmynst (I), B
kotopoMm R1 u R2 BeIOpaHbl Takum 00pa3om, 4ToObI 00eCTieunBaTh KOHKPETHBIE COSAMHEHHMS, PACKPhIBAEMbIE
aBTOpaMHU HWXe B TaOII. 1.

B HEKOTOPBIX MPEANIOYTHTENBHBIX BapHaHTaX OCYLIECTBIICHHS! aKTUBHBIM BEIECTBOM SIBIISICTCS COEIUHE-
Hue Gpopmyisl (I), B koTopom

R1 npencrasasier coboit 3,4-nuxnopodenmn, u R2 npencrasiser codoit 4,4-audToponunepuauaui-1-um;
WK

R1 mpexacrasnser codoii 3,4-nuxiopodenun, u R2 nmpencrapinser codoii nunepuant-1-ui; uin

R1 mpexacrasnster coboii 4-6pomodennt, u R2 npencrasnser coboi nunepuauH-1-m.

Coenunenne Gopmynsl (1), B kotopom R1 mpencrasnser coboit 3,4-muxmopodenn, u R2 npeacrapuseT
coboit  mumepumuH-1-win, wm3BectHo Kak DFPM  [5-(3,4-muxmopodenmn)dypan-2-ui]-munepuaua-1-
WIMETaHTHOH.

DFPM oOsicTpo cHmxkaer ABA-3aBHCHMYIO DKCIIPECCHIO TEHOB B PACTCHUSX, a Takke HHrHOupyer ABA-
WHIYIUPYEMYIO 3aKpBITOCTh ycThUll. DFPM Takxke cTUMYIUpPYET 3KCIPECCHIO0 CBSI3aHHBIX C 3aIlIUTON pacTeHUH
renos, Bkmodas PHYTOALEXIN DEFICIENT4 (PAD4)- u ENHANCED DISEASE SUSCEPTIBILITY1
(EDS1) (Kim et al., Current Biology 2011, 21, 11: 990-997).

5-Apundypan-2-tnoamuasl popmyas! (I) MOTYT OBITH COOTBETCTBEHHO IIOJyYEHBI M3 S-apuiudypaH-2-
KapOOKCalIb/IETHA0B U aMHHOB ITyTeM peakuuu Buibrepoara-Kunanepa, kak onucbiBaeTcs B myOnukanuu Fe-
dorovich, Ganushchak, Karpyak, Obushchak, Lesyuk, Russian Journal of Organic Chemistry 2007, 43(8), 1190-
1195 [10.1134/S1070428007080180] win myTeM THOHHPOBAaHHUS (C NMPUMCHCHHEM KIIACCHYECKUX CIIOCOOOB,
Takux kak oOpaboTka meHTacyiabhuaoM ochopa umu pearenToM JlaBeccona; cM., Hanpumep, "Thionation reac-
tions of Lawesson's reagents": Cava, Levinson, Tetrahedron 1985, 41(22), 5061-5087 [10.1016/S0040-
4020(01)96753-5]) coOTBETCTBYIONTUX S-aprindypaH-2-kapOokcaMuI0B, KOTOPEIE, B CBOIO OYepe/lb, MOTYT OBITh
JIETKO TIOJTyYeHBI U3BECTHBIMU M3 JIUTEPATyphl criocodamu (cM., Harpumep, Drizin, Gregg, et al., Bioorganic &
Medicinal Chemistry 2008, 16(12), 6379-6386 [10.1016/j.bmc.2008.05.003]; Gargano, Perspicace, et al., Euro-
pean Journal of Medicinal Chemistry 2014, 87, 203-219 [10.1016/j.ejmech.2014.09.061]).

D¢ exTHBHOE KOINYECTBO aKTHBHOTO BELIECTBA, KaK MPABUIIO, HAHOCST Ha pacTeHus. DPdeKkTHBHOE KO-
JIMYECTBO aKTUBHOTO BEIECTBA, KOTOPOE HAHOCAT Ha PACTEHUs, 3aBHCUT OT pa3HBIX ()aKTOPOB, TAaKUX, KaK Xa-
paxTep aKTUBHOTO BEIECTBA, PELENTypa, PAaCTeHHUs, TI0IBEpraeMble JICUEHHIO (IPUpOoJia PACTEHUI U 9acTH pac-
TEHHH), cII0co0 MPUMEHEHHUS, IENb JIeYeHHs (MPOPHUIaKTHIECKOE WM TEPaNleBTHYECKOE) U BHPYC, MPOTUB KO-
TOPOTO HalpaBJeHo JieueHHe. KosmuecTBo, HAHOCMMOE Ha PAacTEHHE, MOYKET COOTBETCTBEHHO COCTAaBISTH OT
0,01 mo 5 xr/ra wium ot 0,1 g0 3 kr/ra wiu ot 0,5 10 2 Kr/Ta.

Kak ykazaHo BbIIIIe, aKTHBHOE BEIIECTBO HAHOCAT Ha pacTeHus. TepMuH "pacTeHus" B KOHTEKCTE TaHHOTO
OTIMCaHMS OXBATHIBACT PACTEHUS M UX YaCTH, TaKHe KaK HAA3EMHbIC W/MIH MOI3eMHBIE YaCTH PACTEHHM, a TaKKe
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coOpanHbIil Mateprai. K moa3eMHBIM 4acTsM PacTCHUHA OTHOCATCS KOPHH, KOPHEBUINA, KIYOHH, OOKOBBIE TIOOE-
TH, OTBOJKU U ceMeHa. K Ha/Jl3eMHBIM YacTsIM pacTeHHI OTHOCSTCS CTEOIH, KOpa, MOOeTH, TUCThS, IBETHI, TLI0-
IIBI, TUTOJIOBBIE TEJIa, IIBETOHOXKKH, XBOSI 1 BETBH. TakuM 00pa30M, akKTHBHOE BEIIECTBO MOXKET A PEKTHBHO Ha-
HOCHTHCS Ha KOPHH, KOPHEBHIIA, KIIyOHH, OOKOBBIE TIOOETH, OTBOJIKH, CEMEHa, CTeOJIH, Kopa, MOOeTH, JINCThS,
I[BETHI, IUTOIBI, TITIOJIOBBIE TeJa, IIBETOHOXKKH, XBOIO, BETBH M COOpaHHBIN MaTepuai pacTeHHd. B ampTepHaTnB-
HBIX BapUaHTaX OCYIIECTBICHHS CIOCOO OOPHOBI ¢ BUPYCHBIMH OOJIC3HSAMHU PAaCTCHHH BKJIIOYACT MPUMCEHEHHUE
OTIHCBHIBAEMOT0 aKTUBHOTO BEI[ECTBA B MECTE IPOU3PACTAHMUS H/WIHM XPAHCHUS PACTCHHUS.

AKTHBHOE BEIIECTBO MOXKET 3(PPEKTHBHO MPUMEHATHCA JJIS CaMBIX pa3IMYHBIX pacTeHnil. Ero nmpuMens-
FOT JIJIsl COPTOB PACTCHUIA, BRIPANTMBACMBIX WM IPUMCHIEMBIX B KOMMEPUYECKHX Macmradbax. OIHaKo moj cop-
TaMH PacTECHUI TaKKe TMOHMMAIOT PACTCHUS C HOBBIMH CBOWCTBAMH, KOTOPHIC BHIPAIUBAIUCH ITyTEM TPaJUIH-
OHHOW CEJICKIINY, ITyTeM MyTarcHe3a WM IPH MOMOIIU TeXHONOTHH pekomOuHaHTHBIX JIHK, w/unu pacrenus,
MOJYYCHHBIC C IPUMCHEHUEM TPAJIUIMOHHBIX CIIOCOOOB CENICKIUN U ONTUMU3AIMH WU JPYTUX CIIOCO00B OHO-
TEXHOJIOTHH ¥ T¢HHON WHXKCHEPUH, WK ¢ MPUMCHEHUEM KOMOHMHAIUI 3THX CITOCOO0B; K HUIM OTHOCSTCS TPaHC-
TCHHBIC PACTCHHS WM PACTCHHUsS, KOTOPhIC MOTYT WJIM HE MOTYT OBITh 3aIlWIICHBI [IpaBaMu pacTCHHUEBOIOB-
CEJIEKIINOHEPOB.

AKTHBHOE BEIIECTBO TAaK)Ke MOXKeT d()h(HEKTUBHO MPUMEHATHCS ISl TEHETHIECKH MOAUMDUITIPOBAHHBIX Op-
raan3MoB (I'MO). I'eneTndeckn MOITUGUITIPOBAHHBIME PACTEHUSMU SBIISIOTCS PACTEHHS, B KOTOPBIX TE€TEPOIIO-
TUYHBIN TeH OBbLI YCTOWYMBO WHTETPUPOBAH B I'eHOM. BhIpaxkeHHe "TeTepOJIOTMYHBIA TeH" M0 CYyTH O3HavaeT
TeH, KOTOPBIA ObLT oOecriedeH i coOpaH 3a IpenelaMu pacTeHUI W IPH BBEICHHUH B SICPHBIH, XJIOPOIUIACT-
HBIH WM MUTOXOHIPHAJIHHBIN T€HOM MPUIAeT HOBBIC WM YIy4IICHHbIC arpOHOMIYECKUE TN IPYTHE CBOMCTBA
TpaHC(HOPMHUPOBAHHOMY PACTCHUIO ITYTEM SKCIPECCHH HYXKHOTO OeNKa U MOJUICHTHIA WIH MyTeM TOHU-
JKAFOIIEH PEeryJISIMK WU CAiJICHCHHTA IPYTOTo T'eHa, IPUCYTCTBYIONIETO B PACTCHUH, MU JPYTUX TCHOB, MPH-
CYTCTBYIOIINX B PACTCHUU (C MPUMCHEHUEM, HATIPUMED, AaHTUCMBICIIOBON TEXHOJIOTHHU, TEXHOJIOTHU KOCYIIpEC-
cun mn texnonorun PHKu [PHK-unTepdepenun]). I'eTeponornuHblii TeH, pacloiokeHHBIH B TEHOME, TaKKe
Ha3bIBACTCS TPAHCTEHOM. TpaHCIeH, OMpPEaeNACMbIH er0 KOHKPETHBIM IMOJIOKEHHEM B T'EHOME PACTCHUS, HA3bI-
BaeTCsl COOBITHEM TpaHCHOPMAIMH UM TPAHCTEHHBIM OOBEKTOM.

Bce pacTenns, nMeromue TeHETHYECKI MaTepHall, MPUAAIOIINN 3TUM PACTEHISIM OCOOCHHO MPEIIIOYTH-
TEeNbHBIC TIOJIE3HBIE CBOMCTBA (IpHOOpEeTacMble IMyTeM CENICKIINH W/WIIA BCIIEIACTBHE MPUMEHEHUS OHOTEXHOJIO-
THil), MOTYT 00pabaThIBATLCS C IPUMEHEHUEM OITHMCHIBAEMOT'O CIIOCcO0a.

PacrenusiMu 1 copTaMu pacTeHUH, KOTOPBIE MOJAOOHBIM 00pa3oM MOIIAOTCSI 00pabOTKE B COOTBETCTBUH C
n300peTeHneM, SBISIFOTCS PACTEHUs, YCTOHYMBBIC OJHOMY FITH HECKOJIBKIM a0MOTHYECKUM CTPECCOBBIM (haKTO-
pam. K aOHOTHYECKHUM CTPECCOBBIM YCIOBUSM OTHOCSTCS, HAIIPUMED, 3aCyXa, XOJOIHBIC WM JKapKHE YCIOBUS,
OCMOTHYCCKHI CTpecc, 3a00JaunBaHue, TOBBIIICHHAS 3aCOJICHHOCTD ITOYBBI, MOBEIIICHHOE BO3/ICHCTBHE MUHE-
PaJIOB, 030HHBIC YCIIOBHS, YCIOBHS MOBHIIICHHON OCBEIICHHOCTH, OTPAHUYCHHBIN JOCTYI K a30THBIM yIOOpCHU-
SIM, OTPaHIYCHHBIN JOCTYI K (OoCcHOPHBIM YIOOPEHUSIM WITH JIUIIICHUE TCHU.

PacTeHusmMu u coptamu pacTeHU, KOTOPHIC TTOAOOHBIM 00pa30M MOTYT MOJBEPraThCs 0OPAOOTKE B COOT-
BETCTBHU C U300pPCTCHUEM, SIBIIIOTCS PACTCHHS, XapaKTCPU3yeMbIC MOBBIICHHOW YPOKaWHOCTHIO. [1OBBIIICH-
Hasl ypOXKaWHOCTh ATHX TMAJIbMOBBIX PACTEHHHA MOKET OBITh Pe3yabTaTOM, HAIIPUMEp, YIyUIIICHHON (H3HOIOTHI
pacTeHHi, YIyqIIeHHOTO POCTa PACTCHUH W YIYYIICHHOTO Pa3BUTHS PAaCTeHHUH, Hampumep d(H(HEeKTHUBHOCTH UC-
TIOJI30BAaHUS BOJBI, d()(HEKTUBHOCTH yAEpKaHHUS BOJBI, YIYUIICHHOTO HCIOJIB30BAHUS a30Ta, YIyUIIEHHOH ac-
CUMWISIIIAK yTIEPOaa, YIYyUIIEHHOTO ()OTOCHHTE3a, MOBBIMICHHOW 3()()EKTHBHOCTH MPOpACTaHUS ¥ MOAU(HIIH-
poBaHHOTO co3peBaHus. KpoMe Toro, Ha yposkail MOKET BIMATH YIIyUIIEHHAs apXUTEKTypa pacTeHHH (B CTpec-
COBBIX U HECTPECCOBBIX YCIIOBHUSX), KOTOpAsl BKIIOUACT paHHEE [IBETCHHUE, KOHTPOJIb HAJ| IIBETCHUEM LIS IIPOU3-
BOJICTBA TMOPHUIHBIX CEMSH, )KU3HECIIOCOOHOCTh BCXOJOB, pa3Mep PacTCHHM, KOJMYECTBO MEXKIOY3IHIA U pac-
CTOSIHUEC MEXKIy HUMH, POCT KOPHEH, pasMep CeMsH, pa3Mep IUIOA0B, pa3Mep CTPYYKOB, KOJIUICCTBO CTPYYKOB
WA KOJOCHEB, KOJIMUYCCTBO CEMSH Ha CTPYYOK WIJIM KOJOC, MacCa CEMSH, MTOBHINICHHBIN HAIUB 3¢pHA, YMCHb-
IICHHBIA Pa30poCc CeMsiH, YMEHBIIICHHOE PACTPECKUBAHUE CTPYYKOB M YCTOWYMBOCTH K mojeranuio. K mpyrum
CBOWCTBaM ypoxasi OTHOCSITCS COCTaB CEMSH, HAIIPUMEP COJCPIKaHKe YIICBOJIOB, COJEpKaHue Oenka, coaepika-
HHUE W COCTaB Macya, MUTAaTeIbHAs [ICHHOCTh, CHIKCHIE aHTUITUTATEIbHBIX COSANHEHIH, YIyqIIeHHAs TeXHOIIO-
TUYHOCTH H yIy4IIeHHAas IPUTOJHOCTh K XPaHEHHUIO.

Pacrenns, KoTopble TOTOOHEIM 00pa30M MOTYT MOABEPTaThCS JICYCHUIO B COOTBETCTBHH C H300pETCHHEM,
SBIISTIOTCSI THOPUIHBIME PACTEHISIMH, KOTOPBIE YK€ IKCHPECCHPYIOT XapaKTEPUCTUKHU TeTepPO3rca WM THOpH-
HOM CHUIBI, KOTOpas B IIEJIOM B pe3yJibTaTe 00eCIIeYMBAET MOBLIIICHIE YPOrKasi, MOBHIIICHUE KU3HECTIOCOOHOCTH,
yIIydIIeHNe 370POBbS U yIyUIIEHHE YCTOWYMBOCTH K OMOTHYCCKHM M aOHMOTHYECKUM CTPECCOBBIM (hakTopam.
Takue pacTeHus, KaK IMPaBUIO, MOTYYAlOT IMTyTeM CKPEUIMBAHUS WHOPEIHOW POAMTENHCKOMN JTUHUU C MYXCKOH
CTEPUIILHOCTBIO (’KEHCKOTO POJUTEIILCKOTO PACTCHHUS) C IPYTroi HHOPEIHON POAMTEIBECKON JTHMHUCH C MYKCKOM
(hepTUIBHOCTBHIO (MYXKCKHM POJHUTEIBCKHM pacTeHHeM). [ MOpuaHbIe ceMeHa, Kak MPaBHIIO, COOMPAIOT U3 pac-
TEHUA C MYKCKOH CTEPUIILHOCTHIO M MPOJAIOT MPOU3BOAUTEISIM. PacTeHHS C MYKCKOHM CTEPHIIHOCTBIO (Ha-
npuMep, KyKypy3a) HHOTAa MOTYT OBITh MOMYyYCHBI ITyTEM yJAJICHUS METENKH (T.€., TyTeM MEXaHUYECKOro yia-
JICHUSL PENPOAYKTUBHBIX OPTaHOB WIIM MYKCKHX IIBETKOB); OJTHAKO YaIlle MYXKCKasi CTCPUIBHOCTD SIBJISACTCS pe-
3y/IbTaTOM T€HETHYECKHUX JETCPMUHAHT B T€HOME pacTeHuil. B 3TOM cirygae, B 4aCTHOCTH, €CITM ceMeHa SIBIIS-
FOTCS JKETATEeIbHBIM MTPOYKTOM, KOTOPBIH JOJDKEH OBITH COOpaH ¢ THOPUIHBIX PACTCHHM, €€ OOBIYHO HCITOJIb-
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3YIOT ISl TOTO, YTOOBI YOSAUTHCS B TOM, YTO MYKCKasi (PePTHILHOCTh B THOPHIHBIX PACTCHUSIX, COACPIKAIINX
TCHETUYCCKUE JICTCPMUHAHTBI, OTBEYAIOIIUC 32 MYXKCKYIO CTCPHIIBHOCTB, IOJHOCTHIO BOCCTAHOBJICHA. JTOTO
JOCTUTAIOT, YOSIUBIINCH B TOM, YTO MY)KCKHE PAaCTEHHS HMEIOT COOTBETCTBYIOIINE T€HBI-BOCCTAHOBUTEH (ep-
THUJIBHOCTH, CIIOCOOHBIE BOCCTAHABIMBATH MYKCKYIO (DepTHIFHOCTh B THOPHUIHBIX PACTCHUSAX, COACPIKAIINX Te-
HETHYECKHE JEeTEPMHUHAHTHI, OTBEUAIOIINE 32 MYKCKYIO CTEPIIIBHOCTD. | eHeTHUECKHe AeTePMUHAHTHI IS MYK-
CKOM CTEpUJIbHOCTH MOTYT HaXOJUThCA B LUTOIUIazMe. [IpuMepsl UTOMIa3MaTHUYECKON MYKCKON CTEpUIIBHO-
ctu (CMS) onwmceIBaIuCh, Hanpumep, A BuIoB Brassica (moxymentst WO 1992/005251, WO 1995/009910,
WO 1998/27806, WO 2005/002324, WO 2006/021972 u US 6229072). OnHako TeHETUYECKHE NeTCPMUHAHTHI
JUTSL MYKCKOH CTEPHIILHOCTH TaK)KE€ MOTYT HaXOJIUTHCA U B SIACPHOM I'eHOME. PacTeHUs ¢ My} CKOW CTEpUIBHO-
CTBIO TaK)XK€ MOTYT OBITH IMOJyYCHBI C NMIPUMCHCHHEM CIOCOOOB OMOTEXHOJIOTHH PACTCHHMA, TAKUX KaK T'CHHAs
umkeHepus. OcoOOCHHO TPEATIOUTHTEIBHEIN CITOCO0 MOMYYCHUS PACTCHUN C MY)KCKON CTEPHIBHOCTBIO OTIHCHI-
Baercs B jokymente WO 89/10396, B koTopoMm, Harpumep, puOOHyKJieasa, Takasi kKak 0apHa3a, BHIOOPOYHO JKC-
MPECCUPYETCsl B KIETKAX TaleTyMma THIYMHOK. DEepTHIBHOCTh 3aTEM MOXET OBITh BOCCTAHOBJICHA ITyTEM JKC-
MPECCHH B KJIETKAX TalleTyMa HHIHOUTOpa pUOOHYKIIea3kl, TAKOTO Kak O0apcrap (cM., Hampumep, JoKyMeHT WO
1991/002069).

AKTHBHOE BEIIECTBO SABISAETCS 0COOCHHO MOAXOISIINM IJIsi OOPHOBI C BAPYCHBIMU OOJIC3HAMU CIICTYIOIIHX
pacTeHHif: XJIOIOK, JIeH, BUHOTPAl, IUIOJOBBIE PAaCTEHHUs, OBOIIW, TaKWe BHIBI, Kak Rosaceae sp. (Hampmmep,
CEMEUYKOBBIC IIOABI, TAKHE KaK SOJIOKH M TPYIIN, a TAK)KE KOCTOUYKOBBIC TUIOIBI, TaKHE KaK aOpHUKOCHI, BHIITHH,
MUHAJb U TIEPCUKH, U COUHBIC TUTOMIbI, TAKHE Kak KIyOHUKa), Ribesioidae sp., Juglandaceae sp., Betulaceae sp.,
Anacardiaceae sp., Fagaceae sp., Moraceae sp., Oleaceae sp., Actinidaceae sp., Lauraceae sp., Musaceae sp.
(HammpuMep, GaHAHOBEIC ICPEBhs U IUTaHTaIMK), Rubiaceae sp. (Hanpumep, kode), Theaceae sp., Sterculiceae sp.,
Rutaceae sp. (Harmpumep, JTUMOHBI, aleJIbCUHBI U TpeindpyThl); Solanaceae sp. (Hanpumep, Tomathsl), Liliaceae
sp., Asteraceae sp. (Hanpumep, canat), Umbelliferae sp., Cruciferae sp., Chenopodiaceae sp., Cucurbitaceae sp.
(manpumep, orypusl), Alliaceae sp. (Hanpumep, nopei, jiyk), Papilionaceae sp. (Hanpumep, Topox); OCHOBHBIE
KYJIBTYpHBIC pPAacTCHHS, Takue, kak Gramineae sp. (Hampumep, KyKypy3a, ICpHOBBIC TPaBBhI, 3JIAKU, TAKHE KaK
TIIIICHAIIA, POXKb, PHUC, TIMEHB, OBEC, MPOCO U TPUTHKaJE), Asteraceae sp. (Harpumep, MOJICOTHETHHK), Brassica-
ceae sp. (HampuMmep, KamycTa OellokadaHHasl, KalrycTa KpaCHOKOYaHHAs, OPOKKOJIHM, I[BETHAS KaIycTa, Kamycra
OproccenbCcKas, MEKMHCKas KarycTa, KoJIbpadu, pelInuc 1 MacandHbIA paric, TOpUnIia, XpeH u kpecc), Fabacae sp.
(manpumep, dacoms, apaxuc), Papilionaceae sp. (Hanpumep, cost), Solanaceae sp. (Hanpumep, kaptodens), Che-
nopodiaceae sp. (Hampumep, caxapHas CBEKJia, KOpMOBasi CBEKJIA, JINCTOBAs CBEKJIA, CTOJIOBAsl CBEKIIA); IOJIC3-
HBIE PacTEeHUS M ACKOPAaTUBHBIC PACTEHHS JIJIs CalOB M JIECHBIX MACCHBOB; U TEHETHUECKH MOTU(PUIINPOBAHHBIE
COpTa KaXJIOTO U3 ITHX PACTCHUIA.

Bonee KOHKpPETHO, aKTHBHOE BEHICCTBO SBJIACTCS MOAXOISAIINAM s OOpHOBI C BUPYCHBIMH OOJC3HIMH
OBOIIHBIX PACTCHUH.

AKTHBHOE BEIIECTBO SIBISCTCS OCOOCHHO MOAXOIAIIMM JUIss OOpHOBI C BUPYCaMH CICAYIOIIUX CEMCEHCTB
win ponos: Caulimoviridae, Geminiviridae, Bromoviridae, Closteroviridae, Comoviridae Potyviridae, Sequiviri-
dae, Tombusviridae, Rhabdoviridae, Bunyaviridae, Partitiviridae, Rheoviridae, Capillovirus, Carlavirus, En-
amovirus, Furovirus, Hordeivirus, Idaeovirus, Luteovirus, Marafivirus, Potexvirus, Sobemovirus, Tenuivirus,
Tobamovirus, Tobravirus, Trichovirus, Tymovirus u Umbravirus.

[IpeanovYTuTeNnsHO aKTUBHOE BEIIECTBO MPHUMEHSIOT I OOpPHOBI ¢ BUpYCaMH CIEAYIONINX BHIOB: BUPYC
MO3aWKH TYpHEIICa, BUPYC CKJIAAYATOCTH TYpHEICa, BHPYC IATHHUCTOCTH OOOOBBIX CTPYYKOB, BHPYC MO3AaWUKH
IIBETHOW KaIyCThI, BUPYC TAOAYHON MO3aMKH, BUPYC KYCTHUCTON KapJIMKOBOCTH TOMATa, BUPYC JIOXMATOHN KapJin-
KOBOCTH pHCa, BUPYC MO3aUKHU OTYpIa, BUPYC KEITOH KapIMKOBOCTU SUMEHS, BUPYC JKEATYXU CBEKIIBI, BUPYC
JKENTYXH canaTta, BUPYC MO3aUKH KYKYPY3bl, BUPYC KapJIMKOBOCTH apaxuca U Y -BUPYC KapToders.

AKTHBHOE BEIIECTBO HAHOCAT HA PACTCHUS B JOOBIX mojaxomsmmx (gopmax. Hampumep, akTuBHOE Belie-
CTBO MOJXKET HAHOCHUTHLCS B (POpPME CYCIICH3UH, HAPHMEP, CYCIICH3UU HA BOJHOW WJIM MACJISTHON OCHOBE, dMYJIb-
CHUH, PacTBOpPA, MOPOIIKA, TAKOTO, KAK CMaYHBACMEIN IMOPOIIOK, MIEHBI, ITACTHI, TPAHYJI, MUKPOYACTHII, a3P030JIeH
WIA MHUKpPOKAncyll. [loaxonsime KOMITO3UIMU TPUTOTABIUBAIOT TPATUIMOHHBEIME criocoOamu. Kommo3suimw,
BKITIOYAIOIINE aKTHBHOE BEIIECTBO, MOTYT OBITH TOTOBBIMH K NPHIMEHEHHIO KOMIIO3UIMSIMH, T. €., KOMITO3HIINS-
MH, KOTOPbIE MOTYT HETIOCPEICTBEHHO HAHOCHUTHCS Ha PACTCHHUS MPH IOMOIIN COOTBETCTBYIOIIETO YCTPOMCTBA,
WIIA MOTYT CEpHIHO BBIITYCKaThCA B (hOpMe KOHIICHTPATOB, MOUICKAIIIX pa30aBIICHHUIO ITepe ]l IPUMEHEHHEM.

Komnozuiun MOTryT BKIIOYaTh aKTHBHOE BEIIECTBO, OTACIHHO MIIM B KOMOMHAINH C IPYTUMH aKTHBHBIMH
BEIIECTBAMH, TAKUMH KaK HHCEKTHIHIBI, aTTPAKTAHTHI, CTEPHIIN3ATOPHI, OaKTEPHUIINABI, aKapUIUIBI, HEMaTOIIH-
IIbI, & TaKKe (QYHTHIMIBI, BEMIECTBA, PETYIUPYIOIINE POCT, TepOUITUABI, aHTHIOTHI H/WIIA yIOOpEHHUS.

AKTHBHOE BEIIECTBO WJIM KOMITO3UIIMH, KOTOPBIC €r0 BKIIIOYAIOT, IPUMEHSIOT JUI PACTCHUN TPaJUIIOH-
HBIMHU CIIOCO0aMHU, HAIIPUMED, ITyTEM IMOJINBA, Pa30PBI3THBAHUS, PACTIBUICHUS, MEITKOAUCIICPCHOTO PACIIBLICHHUS.
AKTHBHOE BEIIECTBO MOXKET NPSMO WM OTOCPEIOBAHHO HAHOCHTHCS HA PACTEHHS, CPEIy, MECTO MpOou3pacra-
HUS W/WIU MeCTO XpaHeHus. HampuMep, akTHBHOE BEIIECTBO MOXKET BIPBICKUBATHECS B KOPY WIIH MOJ KOPY, BBI-
JIMBATHCS WK Pa3OpBI3TUBATHCS BOKPYT PAaCTCHUS HA TPYHT (MIOYBY, IECUYAHYIO MMOYBY, TPABUITHYIO TIOYBY, Ka-
MEHHCTYIO MTOYBY, MIMHUCTYIO TIOYBY WJIM CMEIIAHHYIO TIOYBY). [IpyruM THIIOM IPUMEHCHHS SBISCTCS Pa3OpbhI3-
THUBaHME HA PACTCHHE M ero JacTH. B cyxoi (opMe KOMIO3HITHSA aKTUBHOTO BEIIECTBA MOXKET OBITh CMEIIaHa C
MaTepHuaJoM TpyHTa (ITOYBOM, IMECYAHOW IMOYBON, TPABUIHON IMOYBOM, KAMEHUCTOHN IMOYBON, TIIMHUCTON TTOYBOH
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WA CMEIIAHHOW TIOYBOH) W/WIIM Ha CEMEHAa. AKTHBHOE BEIICCTBO MOXKET NMPUMEHATHCS B MPPUTAIIMOHHON CHC-
TeMe, B CyXOH WK B XUAKOH (hopMe. AKTHBHOE BEHICCTBO MPEANOYTUTESIFHO HAHOCAT Ha PACTCHUS ITyTEM Pas3-
OpbI3rUBaHUS.

Hacrosmee n3o0pereHne Takke KacaeTcs NMPUMEHEHHS OMUCHIBAEMBIX aBTOPAMH COSIWHEHWH (OPMYIIBI
(I), 60prOBI ¢ BUPYCHBIME OOJIE3HSIMH pacTeHUH, 00JIee KOHKPETHO - CTUMYJIUPOBAHUS MTPUPOIHBIX MEXaHU3MOB
3aIUTHl PACTEHUH OT BUPYCOB, B YACTHOCTH CTUMYJIHpPOBaHUs ocHOBaHHOTO Ha PHK-caiineHcuHre mexanusma
3aIIUTHI PACTEHUH OT BUPYCOB. PacTeHus W/nim BUPYCHI SBISIOTCS TAKIAMH, KaK OMUCHIBACTCA BBIIIE.

Coenunennst popmynsl (I) ctumynupyiot ocHoBaHHBI Ha PHK-caitneHcrHre MexaHW3M 3alUThl pacTeHUH
yepe3 yBenuueHnue npoxyuupoBanus mamoi PHK. IpenmouturensHo ciocoOHOCTh coenuHeHuid Gopmyisr (1)
JUIL yBeNWUYCeHHs TpoaynupoBanus manoii PHK Takke MOXET UCIONB30BaThCS B TCHETUYECKH MOAUDUIIUPO-
BaHHBIX PACTCHUSX, TPAHC(POPMHUPOBAHHBIX MOCNeAoBaTeNpHOCTRI0O PHKY, npeaHa3sHaueHHOW TS YITydIICHUS
ArpOHOMHYCCKHUX CBOWCTB W/WJIM OOCCIICYCHUS YCTOMYMBOCTU K MAaTOTeHAM (HampuMmep, OakTepusM, Tpudam),
YCTOMYHUBOCTH K HACEKOMBIM/BPEIUTEIISIM H/HITH YCTOHYHUBOCTH K cTpeccy. TakuM oOpa3oM, HacTosiiee u300pe-
TEHHE TAKKE KAcaeTcsl MPUMEHEHHs OJTHOTO U HECKOJNBKUX coeauHeHuil hopmynsl (1) mms ymydmenus arpo-
HOMUYECKHX CBOWCTB W/WiIM oOOeCledeHns YCTOWYMBOCTH K IIaTOTEHaM, YCTOHYMBOCTH K HACEKO-
MBIM/BPEIUTEISAM W/HIN YyCTOMYMBOCTH K CTPECCY B TEHETUYECKH MOAU(DUITMPOBAHHBIX PACTCHHUAX C TpaHCPOp-
Manueint nocnegoatenbHocT PHKY mytem noBeienus npoayurposanus manoit PHK.

Hacrosimmee n3o0pereHue Takke kacaercsi coenmuHeHus Gopmynsl (I) w/wmum KOMIO3WUIMH, KOTOpasl €ro
BKITIOUAET, MpUIeM coeuHeHne popmyisl (I) SBIsSETCS CIIeTyIOmNM:

S

R1\<€])LR2
)

rIe

R1 mpexacrasnsier coboit (heHm, 3aMEIIeHHbI OTHUM HJIM HECKOJIBKUMH TaJOTeHaMH, MPEANOYTUTEIHHO
XJIOPOM U OpoMoM;

R2 npexacrasnster codoii -NR'R" rpymty, B koTopoit

R'u R" He3aBHucHMO Npyr OT Apyra BeIOpaHbl n3 Tpynisl, K KoTopoit otHocsTCs (C1-Co)anku (mpeanoyTu-
TENBHO METHII, 3TWIT ¥ H-TTportiin) | (C;-Ce)IMKI0ATKIII (IPEANOYTHTENBHO C-TIEHTHIT), WIIN

R' u R" BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHM MPUKPEIUIIOTCS, 00pa3yloT 3aMeIleHHBIH THIIEPUIUH
Wi MOpGONMH, MPUYEM BBIIIEYIOMSHYTHIH 3aMEIICHHBIA MUNEPUIUH WX MOPGONMH 3aMEIleH OJHUM HIIH
HECKOJIbKUMH 3aMECTUTEISIMHU, BRIOPAHHBIMH U3 TPYIIIEI, K KOTOpoii oTHOCsTCS ranoreH u (C;-Cg)ankun, nim

R'u R" BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHH NMPUKPETUIIOTCS, 00pa3yIoT a3a0UITUKIOATKAI, KOTOPBIH
MoxkeT ObITh 3amernieH (C;-Cg)raJloalIkiiioM, IpearnouTUTeIbHO a3a0uIukio[3.1.0JrekcruroM, KOTOPHI MOKET
6bITh 3aMerieH (C;-Cg)ramoaakuioM.

B HEKOTOpBIX BapHaHTax OCYIIECTBICHHUS COSIMHEHHE MPEACTaBIsieT coool coemunenue Gopmynsr (1), B
KOTOPOM

R1 mpencrassier coboit eHMI1, 3aMEIIEHHbIH OJTHIUM WM IByMs T'aJOr€HaMH, HE3aBUCUMO APYT OT Jpyra
BBIOpaHHBIMH U3 XJIOpa WK OpoMa; u/Huin

R2 npeacrasnster codoii -NR'R" rpymty, B kKoTopoit

R' n R" He3aBHCHUMO APYT OT Apyra BBIOpaHBI M3 TPYIIIEI, K KOTOPOH OTHOCSATCS METHII, 3THI, H-TIPOIHI U
IUKJIOTICHTHI, WA

R' u R" BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHH NPHUKPETUIIOTCS, 00pa3yIoT 3aMEIIeHHBIA TUTIEPUIAH
Wil MOpGONMH, MPUYEM BBIIIEYIOMSHYTHIH 3aMEIICHHBIA MUNEPUINH WX MOPGONMH 3aMEIleH OJHUM HIIH
HECKOJIbKUMH 3aMECTHUTEISIMH, BBIOPAHHBIMU U3 TPYIIIBI, K KOTOPOH OTHOCATCSI METUII U (pTop,

R' m R" BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHH MPHUKPEIUIAIOTCS, 00pa3yioT azadunukino[3.1.0]rexcw,
3amerneHHbIH (C-Cg)rayoankuiom, TaKUM Kak TpU(QTOPOMETHIL.

B HEKOTOPBIX MPENIOYTUTENEHBIX BapHAHTAX OCYIIECTBICHHS COESANHEHUE MTPECTaBIIET OO0 coeTiHe-
Hue popmyisl (I), B koTopom

R1 mpexacrasnser coboii 3,4-nuxiaopodenu; n/mim

R2 BeIOpan w3 rpymmel, k kotopoir oTHOciaTtcs -NEt;, -N(n-Pr),, -N(c-nmertmm)Me, 4,4-
mudroponunepunun-1-umn, 2,6-aumernimMoponmH-4-un u 6-(tpudTopomerin)-3-azadunukiio|3.1.0]rexc-3-ni.

Komro3umust corimacHo HacToseMy H300peTeHNI0 OOBIYHO BKIIIOYAET HOMHUMO coenuHeHus Gopmysst (1)
OJIH WJIX HECKOJIBKO NMPHEMIIEMBIX HOCHUTENEH, B YaCTHOCTH OAWH WM HECKOIBKO MPHEMIIEMBIX [UISl CEIBCKOTO
X031CTBa HOCUTENEH.

Hocwurens sBisieTcss NpUPOJHBIM WIN CHHTETHYECKUM, OPTAaHHYECKUM HIIH HEOPTAaHWYECKUM BEIIECTBOM, C
KOTOPBIM aKTHBHBIE MHTPEAMEHTHl CMEIINBAIOT WM KOMOWHHUPYIOT ISl yIyqIIeHUs] IPUMEHUMOCTH, B YaCTHO-
CTH AJSI yNyYIICHUs] HAHECCHHS Ha PACTEHUs, YaCTH PacTeHWH i ceMeHa. Hocurenb, KOTOPBIH MOXET OBITH
TBEPABIM WIIH KHUIKUM, KaK IIPABUIIO, SIBIIICTCS HHEPTHBIM.

[MpumepaMn NOAXOASIIMX TBEPIBIX HOCUTEIEH, TIOMUMO INPOYNX, SBISIOTCS, aMMOHHEBBIE COJIH, Pa3HO-
BUIHOCTH IPUPOJTHOM TOPHON MYKH, TaKHe KaK KAaOJIHMHBI, TIIMHBI, TaJIbK, MEJI, KBapll, aTTaIyJIbI'UT, MOHTMOPHII-
JIOHWUT WIH JTUaTOMUT, U PA3HOBUIHOCTH CHHTETHYECKOM TOPHOH MYKH, TaKHe KaK MEJIKOIMCIEPCHBIH KpeMHe-
3eM, IVIMHO3eM M CWJIMKATHL. [IprMepamMy THITMYHBIX NPUMEHHMBIX TBEPABIX HOCHUTEIEW s NPUTOTOBIICHUS
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TpaHyJ, MOMHMO MPOYHUX, SBISIOTCS WU3MEIBYCHHBIC WM (DPAKIMOHUPOBAHHBIC TOPHBIC MOPOJBI, TAaKHUE Kak
KaJbIIUT, MPaMop, IeM3a, CCIMUOIUT U JOJIOMHUT, CHHTCTHUCCKUE TPAaHYJIBl HEOPTaHUYECCKUX U OPTraHMYCCKUX
MIOPOIIKOB M TPAHYJIBI OPTaHMYECKOT0 MaTepualia, TaKoro Kak Oymara, OIMIKH, KOKOCOBas CKOPIyIa, KyKypy3-
HBIE TIOYaTKH U YePeIIKH TaOaYHbIX JINCTHEB.

[TpumepaMn TOAXOMAMNX JKAIKIX HOCHUTENEH, MOMUMO TPOYHX, SIBISIOTCS BOJA, MOJISIPHBIE W HETOJISIp-
HBIE OPTaHUYECKHE XUMHUIECKHE KUAKOCTH, HAallpUMep, U3 Kjlacca apOMaTHYECKIX U HEapOMAaTHIEeCKUX YTIIEBO-
JOpOJOB (TakWX KaK IUKJIOTeKCaH, mapaduHbl, aJKIIOCH30JIbI, KCUION, TONYOJ, aJIKMIHA(TAIHHBI, XJIOPHEIE
COCIMHEHUS apOMATHYECKUX FUIH aln(paTHYECKNX YTIEBOJOPOAOB, TaKHE, KaK XJIOPOOEH3O0IBI, XJIOPOITHICHBI
WA METWICHXJIOPHU), CIIUPTHI U MOJHONEI (KOTOPBIE HEO0SI3aTEIFHO TaKXKE MOTYT OBITh 3aMEIICHHBIMU, 3TCPH-
(bUIMPOBAHHBIMU W/ 3CTCPU(DUIIUPOBAHHBIMU, HATIPUMED, OYTAHOJ WM TIMKOJb), KETOHBI (TaKUe, KaK arle-
TOH, METHJI3TWIKCTOH, METHIN300yTHIIKETOH, IUKIOTEKCAHOH), CIIOKHBIC 3QUPHI (BKIOYAs XKHUPBI U Macliia) U
(monm)3¢upsl, He3aMeIICHHBIC U 3aMEIICHHBIC AMUHBI, aMUJIBI (TaKue, KaKk JUMETHI(HOpPMAMI), TaKTaMbl (Ta-
Kre, Kak N-aJKWIMAPPOIUIOHBI) U JTaKTOHBI, CYIb(POHBI U CYIb(OKCHIBI (TaKue, KaK AUMETHICYIb(POKCH).
Hocwurenb Taxoke MOXET OBITh CKMIKEHHBIM ra3000pa3HbIM PACIIMPHUTEINIEM, T.€., JKHIKOCTBIO, KOTOpast sIBISICTCS
ra3000pa3HOl NPY CTAaHIAPTHOW TEMIIepaType M MpH CTAaHIAPTHOM JaBJICHUH, HAIIPUMEP adpO30JbHBIE TIPOTIET-
JICHTHI, TAKHE KaK raJoyTIeBOIOPOAbI, OyTaH, IPOMaH, a30T U JUOKCH yTIIepoa.

Kommozumust Takke MOXKET BKIIOYaTh ONWH WM HECKOJIBKO TPHEMJICMBIX BCIIOMOTATEIbHBIX BEIIECTB,
TPaTUIIMOHHO MPHUMEHSIEMBIX IS PEUENTHPOBAHNS KOMIO3MIHN (HAIpUMEp, arpOXUMHYECKIX KOMITO3HIN),
TaKWX KaK OJTHO MJIM HECKOJBKO MOBEPXHOCTHO-aKTHBHEIX BEILIECTB.

[IpumepaMu MOIXOAAIINX MOBEPXHOCTHO-AKTHBHBIX BEIIECTB MOTYT OBITh AMYJBIaTOPhI H/HIIN IIEHO00pa-
30BaTeNH, AUCIICPraToOphl WM CMAaYHBAIONINC BEIICCTBA, O0NAAIONINC MOHHBIMA M HCHMOHHBIMH CBOWCTBAMH,
WK uX cMecH. VX mpuMepaMu MOTYT OBITh COJTU TOJIMAKPIIIOBON KUCIOTHI, COJH JIMTHOCYJIE()OHOBOM KHCIIOTHI,
coi (peHONCYTH(OHOBON KHCIOTHl WM HA()TATHHCYIH(OHOBON KHCIOTHI, TMOJIMKOHACHCATHI ITHJICH- W/WIA
MPOTHIICHOKCU/IA C KUPHBIMHU CIIUPTAMU, )KUPHBIMHA KHCJIOTAMH WM KUPHBIMA aMUHAMU (TIOJIMOKCHATUIICHO-
BbIC 3(PHPBI JKUPHBIX KHUCIOT, TOTHOKCHITUICHOBEIC A(PUPHI )KUPHBIX CITUPTOB, HATPUMED, ATKAITAPUITOIUIIIH-
KOJIEBBIE D(UPHI), 3aMelIeHHbIe (HEeHOJBI (MIPEAMOYTUTENHHO ANKWI(GEHONBI WK apriheHOIb), colu 3PUpoB
Cynb(HOSHTAPHON KHCIIOTHI, MPOU3BOJHBIE TaypuHa (MPEAMOYTUTEIBHO ANKMITAYypaThl), (hochopHbIe dPUPHI
TOJIMA TOKCUIIMPOBAHHBIX CHUPTOB WM (DEHOJIOB, KUPHBIC CIOXHBIE Y(HPHI IOIHOJIOB U TAyPHHOBBIE MPOU3-
BOJIHBIE COCIMHEHUH, coaepkamux cyabdarel, CyabhoHaTel U GocdaThl, HAMPUMED ATKHIAPHITIOIUTINKOIE-
BbIe AUPHI, ANKIICYJIb()OHATHI, aTKWICYIb(aThl, apuiICyIb(HoHATHI, OSIKOBBIE THAPOINU3ATHI, JTUTHOCYIb(OHT-
HBIE OTPaOOTaHHBIC MIETOKH M METHIIIEIUII0N03a. [[0BEpXHOCTHO-aKTHBHOE BEIIECTBO, KaK IPABHIIO, TIPUMEHS-
0T B CJIyyae, KOT/Ia aKTHBHBIA MHIPCAMCHT W/WIIM HOCUTEINh SBISCTCS HEPACTBOPUMBIM B BOJIC, & HAHECCHHE
OCYIIECTBIISIIOT C BOJOW. B Takux ciry4asx KOJIMYECTBO MOBEPXHOCTHO-aKTHUBHBIX BEIECTB, KaK MPaBHIIO, CO-
ctaBisieT oT 5 10 40 mac.% KOMIIO3ULIUY.

Jpyrumu npuMepaMu BCIIOMOTATEIBHBIX BEIIECTB, KOTOPHIC ABISIOTCSA TPAJAUIUOHHBIMU IS PELEHTHPO-
BaHUS arpOXMMHUYECKUX KOMIIO3UIUH, MOTYT OBITh BOJOOTTAJIKHBAIOIIKC NOOABKU, CHUKKATHBEI, CBS3YIOIIUE
BeIIeCTBa (a[re3uB, arcHT, MPUIAOIIAN JTUIKOCTh, (PUKCUPYIONIUI areHT, TAKOH Kak KapOOKCHMETHIICILTIONIO-
3a, IPUPOIHBIE U CHHTETHYCCKHE TOIMMEPEI B OpMe TOPOIIKOB, TpaHyJl WIX JIATEKCOB, TaKWEe KaK TyMMHapa-
OWK, TOJIMBUHIIIOBHIN CIIMPT ¥ MOJWBUHIIIAIIETAT, IPUPOAHBIE (pochOIUIUIbI, TaKue Kak Ie(aTnHbl U JICIUTH-
HBI, U CHHTETHYEeCKHE (HOCHONUTIABI, TOIMBHHUIITUPPOIHIOH, TOJMBUHIIIAICTAT, MTOJUBHHWIOBEIH CIHPT U
THJI03Q), 3aTYCTUTENH, CTaOMIM3aTOpHl (HAallpUMep, XOJIOIHBIE CTAOMIIN3aTOPEI, KOHCEPBAHTHI, AHTHOKCHIAHTHL,
CBETOCTAOMIIM3ATOPHl WJIM JIPYTHUE areHThI, YIy4IIaoIne XUMHUYECKYIO0 W/WIN (PU3NIECKYIO0 YCTOMYUBOCTD),
KPaCHUTENIU WU MATMEHTHI (TaKKue, KaKk HEOPTaHWYECKHUE TMUTMCHTHI, HAIPIMEP OKCHUJI JKeJie3a, OKCH]l THTaHa U
OepirHCKas 1a3yph; OPraHMYCCKIE KPACHUTEIN, HATIPUMED alU3apyH, a30 U METaIO(TaIOIMaHUHOBEIC KPaCH-
TENH), MPOTHBOBCIICHUBATENN (HANIPUMEDP, CHIMKOHOBEIC MPOTHBOBCIICHUBATEIN M CTeapaT MarHus), KOHCEp-
BaHTHI (HanpuMmep, TuxiaopodeH u noayhopMas OSH3UIOBOTO CITUPTA), BTOPHYHBIC 3aryCTUTENH (IIPOU3BOIHBIC
[EILTEOJIO3BI, MPOU3BOHBIC aKPHIOBOH KHCJIOTHI, KCAHTaH, MOTU(DHUIMPOBAHHBIC TIIMHBI M MEIKOIUCIICPCHBIN
KpeMHe3eM), KIeHKIEe BelecTBa, THOOepeIUIMHBI U TEXHOJIOTHYECKUE 100aBKH, MUHEPAJIbHBIE U PACTHTEIBHBIE
Macla, OTAYIIKH, BOCKH M MHUTATEeIbHBIC BEIIECTBA (BKIIOYAas MUKPODJIEMEHTHI, TAKHE KaK COJH JKejle3a, Map-
raHma, 6opa, Menu, KobabTa, MOITHOJACHA M ITUHKA), 3alTUTHBIE KOJUIOWIBI, THKCOTPOITHBIC BEIIECTBA, MECHET-
PaHTBI, CEKBECTPAHTHI M KOMIUIEKCOOOpazoBaTeny. BeiOop HocHuTenel W/MiIN BCIIOMOTATENFHBIX BEIIECTB 3aBH-
CHUT OT NPEIYCMOTPEHHOTO PEXMMa NMPUMEHEHHS KOMIIO3UITNH W/WIH OT (PU3MYECKUX CBOMCTB aKTUBHOTO(BIX)
WHTpeaneHTa(0B).

Kax ObuT0 yIOMSIHYTO BEIIIE, U3BECTHO, YTO PACTEHHS HCIONB3YIOT MyTh PHK-calineHcuHra miist 3ammThl
OT BTOP)KCHUS BUPYCOB. Y MIJIEKOIUTAIOUIMX JI0 HEJIABHETO OTKPHITHS, onucanHoro Y. Li et al. u P. V. Maillard
et al. (Y. Li et al., Science, 342: 231-234, 2013; P. V. Maillard et al., Science, 342: 235-238, 2013), y4eHsie
MOTJIM HOATBEPIMTH JIMIIb TeHHO-peryisTopHyto pons PHKu. Teneps Y. Li et al. u P. V. Maillard et al. mon-
TBepaniH, uto PHKu Taxke neficTByeT Kak aHTHBUPYCHBIN OTBET Y MJIEKOIIUTAIOMNX. TakuM oOpazom, coenu-
HeHus Gpopmynbl (I) MOTYT IPUMEHSATHCS ISl CTUMYJIMPOBAHUS MIPUPOTHOTO 3AIMUTHOTO MEXaHU3Ma MIICKOIIH-
TAIOMIUX OT BUPYCOB, B YACTHOCTH JIJIsl CTUMYIUPOBAHUS OCHOBaHHOTO Ha PHK-calineHcuHre MexaHU3Ma 3a1u-
THI MJIGKOITUTAIONINX OT BUPYCOB.

Hacrosmee m300peTenne moapoOHee MOSACHASTCS MPY HOMOIIH ITPEACTABICHHBIX HIKE PHIMEPOB.
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IIpumepnt

[Mpumep 1. Pacrio3naBanne MOIYIATOPOB MEXaHU3Ma CAMJICHCUHI'a PACTEHHH - MCIIOJIb30BaHUE PEropTep-
HbIX pactennit SUC-SUL

ITyte PHK-calineHcuHra pacteHusi MOXXHO JIETKO OTCIEAUTH C UCIIOJIB30BAHUEM OIPEACIICHHBIX UCKYCCT-
BEHHO CO3[aHHBIX PETOPTEPHBIX PACTeHUH, Ha3bIBaeMbIX "pernoptepHbiMu pacTeHmsiMH SUC-SUL Arabidopsis"
(Dunoyer et al., Nat. Genet. 37, 1356-1360, 2005).

Pemoprepusie pactenuss SUC-SUL Arabidopsis SIBISIFOTCS TPAaHCTEHHBIMH PACTEHHSIMH, SKCIPECCUPYIO-
mmu aByxienodeunyto PHK ¢ maBepTHpoBanHbIM TIoBTOpOM (IR), mpeaHasHadeHHYIO JUIsl HAllSIMBAHWS Ha
tpanckpunt SULPHUR (SUL) B cocynuctoit cucteme nox koutposem npomoropa SUC2 (Truernit et al., Planta
196(3), 564-570, 1995). Byayun skcmpeccupoBannoit, miPHK mnpeoOpasyeTcs B Manbsle HHTEpPEpUPYIOIIHE
PHK, nanpaBnstomy:0 HEKJIETOYHBIH aBTOHOMHBIM MOCTTPAHCKPUIIMOHHBIN CalIEHCHHT I'€HOB TPAaHCKPUITA
SULPHUR, B cBOI0 04epenp, BBI3bIBas XJI0p0o3 BeH. [1ocKonbKy HaOMI0qaeMBblil XJIOPO3 SIBISIETCSI pE3yIbTaTOM
caiinnencunra tpanckpunra SULPHUR, pacnpoctpanenue xinopo3sa, Ha0ogaeMoe HEToCpeICTBEHHO Ha pacTe-
HUSX, KoppenupyeT ¢ unTeHcudukanueid myrn PHK-cainencunra Ha MoJIeKyJISIpHOM ypOBHE.

Cestampl A. thaliana gepes msaTh IHEH mociie mpopacTaHus (n=6) ONMPBHICKUBAIIN Pa3HBIMH PACTBOPAMH, CO-
nepxarmmmu 300 9./MITH aKTUBHOW MOJIEKYJIBI B COOTBETCTBHHM C H300pETEHHEM, C IUMETUIICYIHGOKCHUIAOM
(DMSO) 5% u npenBapuTEeIHHO CMEIIaHHONH KOMIO3HIINEH CTaHAAPTHOTO AMyNbrupyeMoro konuneHrpata (EC)
(6 cesHueB/ucbITanme). JIsa Kax a0l MOJIEKYJbI BBITIONHSUIA YeThIpe MoBTOpa. KOHTpOIBHBIE pacTeHHs 00pa-
OarpBamy Tobk0o DMSO (uMmuTHpOoBaHHOE JeueHue pacTeHui). Dh(GEKT OT JeUeHUsT PelopPTEPHBIX PACTEHUH
SUC-SUL onenuBanu depe3 14 mHel mocie JiedeHUs MO TPAHCUUTIOMUHAIIMEH M 3aIMCHIBAIH B ITH(PPOBOM
(opmare nmpu MOMOIIM CTEPEOMHUKPOCKONA MyTEM HU3MEPEHUS ITOBEPXHOCTH M MHTEHCUBHOCTH XJIOPOTHUYECKOH
30HBI (TIpoIeHTa XJ10po3a). [IpoBoMIN 1Ba HE3aBUCHMBIX 3KCIIEPHUMEHTA C LENBI0 OLEHKH CPEAHETO MPOLEHTa
XJIOPO3a JUIsl KayKA0H MOJIEKYJIBI.

Pesynprarel mokazaHel Hwke B Tabn. 1. Jlewenwe ¢ mpumenenmem 300 u./mma DFPM ([5-(3,4-
JIUXJIopodeHnT)pypaH-2-mi |IMIepUINH- | -UJIMETaHTHOHA) U €ro aHaJoTOB IPUBOJMIIO K 3HAYUTEIHHOMY IIO-
BBIIIICHUIO MIPOIICHTA XJIOPO3a, YTO MOATBEPKIANI0 aKTUBHOCTh aKTHBHOTO BEIIECTBA B KaUeCTBE MpeIIIoiarae-
MbIX MolHbIX ycunuteneit PHK-caitnencunra.

C menmpl0 OTCEMBAHHS MOJIEKYJ, NEHCTBYIOIIMX TPSMO Ha TPOMOTOp, a He Ha Mexanm3sm PHK-
caiffleHCHHTa, aKTUBHBIC BEIIECTBA, PACIO3HAHHBIE KaK CHOCOOHBIE yBEIHMYMBATH MOBEPXHOCTh M MHTCHCHB-
HOCTB XJIOPOTHYECKOI 30HBI 3aT€M HCITBITHIBAJIN HAa BTOPOM JTalle Ha HEKOTOPHIX PETIOPTEPHBIX pacTeHMsIX At-
SUC2-GFP, xotopsle crieruduaecku naroT nHpopMannio 06 akTuBHocTH ipomotopa SUC2 (Wright et al., Plant
Physiol. 131, 1555-1565, 2003).

Tabmuna 1. Ouenka DFPM (coenunenne ID Ne 3) u ero ananoros B penoprepHbix pactenusix SUC-SUL.
YpoBeHs XJI0OpO3a pacTeHHUs, [T0JBEPTHYTOI0 MIMUTHPOBAHHOMY JIedeHHI0, focTrrai 10%.

S
R1\<j)LR2
ID [R1 R2 Cpenuuit %
XJI0p03a
1 |3,4-nuxnopodenun 4,4-audroponunepuaun-1-un 54,9
2 |4-6pomodeHun INunepuaun-1-un 52,6
3 |3,4-nuxnopodenun MNunepuaun-1-un 48,0
4 |3-xaopodenun INunepuaun-1-un 47.8
5 [3.4-nuxnopodenun N-Mopdoanno 453
6 [4-xmopodenna 4-(2-unanosTHI)-IUNMEepas3uH-1 -1 39.1
7 |3,4-nuxnopodeHun N-(c-I[learnn)Me 33.8
8 [3.4-guxnopodenna MNupponuaun-1-un 333
9 [3.4-guxnopodennn 6-(TpudropomveThm)-3- 31,7
azabunukao[3.1.0]rexc-3-un
10 |3,4-guxaopodenun N-(n-Pr), 30,8
11 |3.4-guxmopodeuun 2,6-aumeruamopdonun-4-ua 25,5
12 |3.,4-guxnopodennn Net, 234
13 |3.4-auxaopodenun 4-(2-unanostun)-nunepasuH-1-ua 223

[Ipumep 2. [ToaTBepxkaeHNE MOJEKYIAPHOTO 3P PeKTa MOIYIATOPOB CAMICHCHHTA

Yceunmuaromiee Bnusiane DFPM Ha mexannm3m PHKu Obio moarBepkaeHO Ha GEHOTHITUYECKOM U MOJIe-
KyssipaoM ypoBHsX. Pactrennss SUC-SUL Arabidopsis 4eThIpeXMecsITHOTO BO3pacTa Ha CTAJIHH PO3ETKU OTPHI-
ckuBami DFPM B xommdectBe 200 u./mmH. Yepes cemb AHEH mocie JiedeHHs Oblo oOHapyxeHo, yto DFMP
BBI3BIBACT sIBHOE pacrpoctpaHeHne PHKu-3aBHCHMOTO XJIOpPOTHYECKOTO (PCHOTHIIA B JKMIIKAX, KOTOPHIH HE Ha-
Oroancs nmpu NpuMeHeHUH ToIbko DMSO (MMUTAIIMOHHEIH KOHTPOJIB).

Hapm3emHBIC TKaHM pacTeHUI COOMpANTH M aHAJIH3UPOBATH Ha MOJCKYSIPHOM YPOBHE C MIPUMCHEHUEM Me-
TOJIOJIOTHI CYIIECTBYIOUIETO YPOBHS TEXHUKU. BU3yanbHOE pacipoCTpaHEHUE XJI0P03a KOPPEIUPOBAIO CO CHU-
>)keHueM ypoBHel TpaHckpunta SUL, cormacHo ananu3y ¢ npuMeHneHueMm konudectBeHHoil [P B peambHOM
BpemeHH (ur. 1), a Taxke cHibkeHHeM ypoBHs Oenka SUL, KOTOpBIA KOJMYECTBEHHO ONPENEISICS TPH BEC-
TepH-OnoTTHHTE. Kpome Toro, 3TH 3¢dexTsl ObIIM CBS3aHBI C TMEpPEHAKOIIeHHEeM 2 1-HyKIeoTHaHOH U 24-
nykineotuaaoit MUPHK SUL u3 tpancrennsix SUL. Bmecte oti manHble moaTrBepxaaoT, uto DFPM BhI3bIBaeT
nyte PHKu pactenus.
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[Mpumep 3. AaruBupycHas 3 (HEeKTHBHOCTH MOIYIIATOPOB cailfieHcHuHra B pacteHnH Arabidopsis

Bupyc mo3auku Typuenca (TuMV) otHocurcs k Potyviridae, HanOonbineMy ceMeicTBY U3 N3BECTHBIX BH-
PYCOB pacTeHHil. ITOT BUPYC MHPUIMPYET IMUPOKUH KPYyT pacTeHHH, B yacTHOCTH Brassicaceae. 'enom TuMV
COCTOUT U3 MOJIEKYJIBI TIOJOKUTENbHO-TIONsIpHON onHotneniodeunoit PHK (+ onPHK). AnTtuBupycHyoo 3¢ dek-
TBHOCTF DFMP ncnbIThIBaNM npu momontu GryopecteHTHO MeueHHoro nmoTuBupyca (TuMV-GFP) ms Touno-
TO OIpeaeNeHIsI KOHKPETHOTO BPEMEHH U MECTa BO3HHKHOBEHUS BO3ICHCTBHUS MOJICKYJ BO BpPEMs IIEPBHYHOTO
WHQHUIUPOBAHUS BUPYCOM, a TAKXKE €r0 MECTHOT'O MIJIM CHCTEMHOTO PacIpOCTPaHCHHUS.

Pacrenust Arabidopsis onpeickuBanu, npuMenss 100 wru 200 u./motHr DFMP 3a 3 gast 10 HHOUITMpOBAHUS
pacrennii Bupycom TuMV-GFP. Tutpsr Bupyca m3Mepsiin myreM konmdectBenHoit TP w/unmm HakommeHuns
BUPYCHOTO O€JKa IIpU BECTEPH-OJIOTTHHTE U MyTEM MOJcYeTa KOJIMYECTBA 04aroB MEPBUYHOTO HHOHUIIMPOBAHMS
B ynbTpagHrosieToBoM cBeTe B cimydae TuMV-GFP.

DFPM npuBOAMT K SIBHOMY CHHKEHHIO HAaKOTUIEHHS TUTPOB BUpYca Yepe3 IATh AHEH 1mocie nHPHUIUpoBa-
HUS Ha pacTeHusx Arabidopsis. CHulbHOE CHIDKEHHE HAKOIUICHHS BHpYCa MOCIEA0BATEIIFHO HAOIIONANIOCH TIPH
TuMV-GFP kak Ha MHOKYJIHPOBaHHBIX JIUCTBSAX ((Ur. 2), TaK U HA CUCTEMHBIX TKaHAX mnocie jedenuss DFPM,
COTJIACHO U3MEPEHHOMY CHIDKEHHIO HakotuieHus: TuMV-nipousBoanoit HcPro MPHK (¢wur. 3).

[Tono6HBIE pe3ynbTaThl oTydainu pu DFPM ¢ HepoaCcTBEHHBIMHU BUpYCaMH, TAKUMHU KaK BUPYC CKIIaada-
toctr TypHerica (TCV) u Bupyc mo3anku 1BeTHOH KamycThl (CaMV). TCV otHocuTcs k cemeiictBy Tombus-
viridae u MHQUIMPYET pa3HbIe TUIBI PACTCHHIA, BKIItoUas oOmre pacTutenbHbie Moaenu A. thaliana n N. ben-
thamiana. Ero reHOM IpencTaBiseT elle oAuH MpUMep BUpYyca ¢ MOJOKUTEIbHO-TIoJsIpHON nenbio PHK. CaMV
oTHOCHUTCS K cemericTBy Caulimoviridae. OH nHGUITUPYET MpeUMYIIIeCTBEHHO Brassicaceae, Takue Kak TypHETIC
M KalycTa, HO Takke crocobeH mHpuimpoBath A. thaliana. CaMV cocToUT U3 IBYXLEMOYEYHONH MOJICKYIIBI
JHK.

Jleuenne ¢ npumenennem DFPM B konmuectBe 100 4./MitH. Bener k CHIBHOMY CHIDKCHHIO HAKOIUICHUS
BUpYyCa KaK Ha MHOKYJIMPOBAHHBIX JIUCTBSIX, TAaK M HA CUCTEMHBIX TKAHSIX, COIVIACHO N3MEPCHHOMY CHHMXEHHIO
HakomneHuss TCV-npousBonnoi P38 MPHK nu CaMV-npoussognoit P6 MPHK.

[Ipumep 4. AutTuBupycHas 3¢ (HEeKTUBHOCTH MOIYJISTOPOB CAMJICHCHHTA HA PACTCHUSIX COU

Bupyc marauctoctn 6060BbIX cTpyukoB (BPMV) sBiisseTcst pacTUTENBHBIM IMAaTOTEHHBIM BUPYCOM CEeMeH-
ctBa Comoviridae. DToT BUpyc nHpHUIEPYET OOOOBBIE pacTeHUs, B 9aCTHOCTH coto. ['eHom BPMV coctout m3
JIBOMHOW MOJIEKYJIBI MONOXKHUTENbHO-TTONIsIpHOM oaHoneniodeynoit PHK (+ onPHK). Antuupycuyto ¢ dekTus-
HOCTh YCHWJINTENICH CallJICHCHHTA HUCIBITBIBAIM TP IMTOMOIIU (IYyOPECIIECHTHO MEYEHHOTO KomMoBHpyca (BPMV-
GFP) mist TOYHOTO ompeneneHus] KOHKPETHOTO BPEMEHH W MecTa BO3SHHKHOBCHHS BO3JCHCTBHS MOJEKYT BO
BpeMsI IEPBUYHOTO HH(PHUINUPOBAHUSI BUPYCOM, @ TAKKE €r0 MECTHOTO MJIM CHCTEMHOT'O PaclipOCTpaHEHUSL.

Pactenus con onprickuBanu ¢ npuMenenueM 100 wau 200 u./vitH DFPM u nipeaBapuTenbHO CMEIIaHHOM
KOMITO3MIIMH 3Mysisrupyemoro konnentpara (EC) 3a nens 1o nnpunuposanust pactenuii Bupycom BPMV-GFP.
s KaXJI0ro COCTOSHHS HMCIOJIB30BANIM ABEHAAaTh peruinkatoB. DFPM Bener k SBHOMY CHM)KEHHMIO YHCIIa
pacTeHuni, JeMOHCTpUpYIoMKX cuMntToMsl BPMV, 1 ssBHOMY cHIpkeHnIo ¢uryopecueHund BPMYV Ha pactenusix
COM 4epe3 ceMb JHei mocie HHGUIMPOBaHUS cor (Talum. 2).

Ta6muma 2. Camxenne cumntomoB BMPV u diyopecuieHniny nocie Je4eHust ¢
npumenenreM 100 u 200 u./Mma DFPM

Jleuenue IIpouent pacTtenui, Cpennuii IpOIEHT
JeMOHCTpUpymux cumnromel BPMV |dayopecuenuuu BPMV
BOZIA 83 % 46 %
Komnoszumus EC 63 % 31 %
DFPM, 100 q./man. |55 % 31 %
DFPM, 200 u./maH. |10 % 6 %
OOPMVIIA U30BPETEHUA

1. Cnoco6 OOpBOBI ¢ BUPYCHBIMU OOJIC3HSIMH PACTCHUMN, BKIIOYAIONIUI HAHECCHUE HAa PACTCHHS 110 MEHbB-

mIeit Mepe ogHOro coenuHeHus popmyasl (1)
S
O,
R1
~r

)

rIe

R1 mpexacrasnsier coboii eHnIT, KOTOPBIH MOXKET OBITH 3aMENICH OJAHUM WJIM HECKOJIBKUMHU I'aJJOTeHaMU;

R2 npexacrasnster codoii -NR'R" rpymry, B kKoTopoit

R' u R" HezaBHCHMO Ipyr OT Ipyra BBIOMpAIOT W3 rpymnnbl, K koTopoil oTHOCATCS (C;-Cg)ankmn u (Cs-
Ce)IUKIIOANKII, UITH

R' u R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH NPHUKPEIUIAIOTCS, 00pa3yIoT 5- WM 6-4JICHHBII TeTepo-
IIUKJI, KOTOPBIA BEIOMPAIOT M3 MUPPONIMANHA, TUIIEPUANHA, MOP(OINHA WIH ITUIEpa3nHa, IPUYEM BBIIICYTOMSI-
HYTBII TE€TEPOIMKI MOXKET OBITh 3aMEIIEH OIHUM MM HECKOJIBKHMH 3aMECTHUTEISIMH, KOTOPBIC BBIOMPAIOT W3
TPYIIBI, K KOTOpo# oTHOCATCS rajioreH, (C-Cgq)ankmi u (C;-Cq)IIHaHOATKII, UITH
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R' u R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH IPHKPEIUIIOTCS, 00pa3ytoT azabunukiio[3.1.0]rexcu,
a3a0ounukio[2.2. 1 rentun wiu azadbuukio[2.2.2JokTwi, TAe yKa3aHHbIA a3aburmkiio[3.1.0]rexcun, a3aOunuk-
n0[2.2. 1 renrtun win a3abumKITo[2.2.2 JokTr MoxkeT ObITh 3amertieH (C;-Cq)ramoamkuiom.

2. Crmoco6 mo m.l, ommmyarommiics Tem, 4To R1 BBEIOMpalOT W3 TPyNmbl, K KOTOPOH OTHOCATCS 3-
xyopodennn, 4-xnopodennn, 4-6pomodennn, 2,3-nuxopodenun u 3,4-muxiIopodeHuUI.

3. Cnoco6 mo m.1 wim 2, oTaudaromuics TeM, 9To R2 BBIOMpAIOT W3 TPYIIBI, K KOTOPOH OTHOCSTCS
-NEt,, -N(n-Pr)2, -N(c-mentwn)Me, mnunepuawH-l-un,  mmpponuauH-1-un,  N-mopdommuo,  4,4-
mudToponUIepuanH-1-un, 4-(2-maHodTHI)Iunepasun-1-ui, 2,6-nuMetuaMophomH-4-un U 6-(TpudTopo-
MeTHN)-3-a3a0unukino[3.1.0]rexc-3-um.

4. Cnoco6 mno sobomy u3 1. 1-3, ommyaromuiicss TeM, 94To 60pb0a OCHOBaHA HAa CTUMYJIMPOBAHUH IIPHU-
POIHOTO 3alIUTHOTO MEXaHU3Ma PACTCHHUI OT BUPYCOB.

5. Cnoco6 no mn.4, oTAMYarOUIMACS TEM, YTO MPUPOMHBIN 3alIUTHBIA MEXaHM3M PacTEHHH OT BUPYCOB
npejcTaBisieT co0oi ocHoBaHHBIN Ha PHK-caiineHcHHre MeXaHU3M 3alUThl PaCTCHUIA.

6. Crioco6 no mr000My M3 TPEABIAYIINX ITyHKTOB, OTIMYAIOMINICS TEM, YTO BBIIICYIIOMSHYTBIH CIIOCO0
MPECTaBIseT CO00H MPOPUITAKTHIESCKHHA CITOCO0.

7. Cnoco0 mo mo60oMy U3 MPEABIIYINX ITyHKTOB, OTIMYAIONIUICS TEM, 9TO BBIIICYIIOMSHYTHIE PACTCHHS
BBIOMPAIOT U3 TPYIIHBI, K KOTOPOH OTHOCSTCS XJIOIOK, JICH, BUHOTPAJ, TUIOIOBBIE PACTEHHUS, OBOIIH, KYJIbTYpHBIE
pacTeHus, IeKOpaTUBHBIC PACTEHUS IJIS CaZloB M JIGCHBIX MAaCCHBOB W T€HETHYECKH MOIH(DHUINPOBAHHEIE COPTa
KaXXJIOTO U3 3TUX PacTeHUM.

8. Croco6 1o r060My M3 MPEABIAYIINX MYHKTOB, OTIMYAIONIUNACS TeM, YTO BBIMICYTIOMSHYTHIE PACTCHHS
BBIOMPAIOT M3 TPYMIIBL, K KOTOpoif oTHocsTcst Ribesioidae sp., Juglandaceae sp., Betulaceae sp., Anacardiaceae
sp., Fagaceae sp., Moraceae sp., Oleaceae sp., Actinidaceae sp., Lauraceae sp., Musaceae sp., Rubiaceae sp.,
Theaceae sp., Sterculiceae sp., Rutaceae sp.; Solanaceae sp., Liliaceae sp., Asteraceae sp., Umbelliferae sp., Cru-
ciferae sp., Chenopodiaceae sp., Cucurbitaceae sp., Alliaceae sp., Papilionaceae sp., Brassicaceae sp. u Fabacae
sp.

9. Croco6 1o r060My U3 MPEABIAYIINX MYHKTOB, OTJIHYAIONTHICS TEM, YTO BBIIICYITOMSHYTHIE BUPYCHI
BBEIOMPAIOT U3 TPYIIIBI, K KOTOPOUW OTHOCATCS Cleayromue ceMeicTBa mim poasl: Caulimoviridae, Geminiviridae,
Bromoviridae, Closteroviridae, Comoviridae Potyviridae, Sequiviridae, Tombusviridae, Rhabdoviridae, Bun-
yaviridae, Partitiviridae, Rheoviridae, Capillovirus, Carlavirus, Enamovirus, Furovirus, Hordeivirus, Idaeovirus,
Luteovirus, Marafivirus, Potexvirus, Sobemovirus, Tenuivirus, Tobamovirus, Tobravirus, Trichovirus, Tymovi-
rus u Umbravirus.

10. Cnoco6 mo mob6oMy K3 MPEIBIAYIINX MYHKTOB, OTIMYAONIUIACS TEM, YTO BBIIICYTIOMSIHYTHIC BHPYCHI
BBIOUPAIOT M3 TPYIIIBI, K KOTOPOH OTHOCSATCS BUPYC MO3aWKH TypHEIICA, BUPYC CKIaM4aTOCTH TypHEICa, BUPYC
MSTHUCTOCTH OOOOBBIX CTPYYKOB, BUPYC MO3aWKH IIBETHOW KAaIlyCThI, BUPYC TaODAYHON MO3aMKH, BUPYC KYCTH-
CTOH KapJIMKOBOCTH TOMATa, BUPYC JIOXMATOH KapJIMKOBOCTH PUCA, BUPYC MO3AUKH OT'YpPIla, BUPYC KEITOH Kap-
JIMKOBOCTH SIYMEHS, BUPYC KEATYXU CBEKIIBI, BUPYC JKEITYXH CajaTa, BUPYC MO3aWKH KyKYpY3bl, BUPYC Kapiu-
KOBOCTH apaxuca u Y -BUpYC KapToders.

11. Cnoco6 mo moOoMy W3 MPEeNbIAYIIUX MyHKTOB, OTIMYAIOIMIUNACS TeM, 4To coeauHenune Gopmyisl (1)
HAHOCST ITyTeM pa3OpbI3TUBaHUs HA PACTCHUS.

12. Cnoco6 mo mo0oMy W3 MPENbIAYIIUX MyHKTOB, OTJIMYAIOIMIUNACS TeM, 4To coeauHenune Gopmyisl (1)
HAHOCAT Ha pacTEHUsS B KOJIMUECTBE, cocTaBisromeM oT 0,01 1o 5 kr/ra.

13. Tlpumenenue coenuuenust popmynsl (1), kak onpeneneno B .1, 2 win 3, A7 CTUMYJIUPOBAHUS TIPH-
POIHOTO 3aIllIUTHOTO MEXaHW3Ma PACTCHHUI OT BUPYCOB.

14. Tlpumenenue no n.13 qia ctuMynupoBaHus ocHOBaHHOTO Ha PHK-calineHcuHre MexaHu3Ma 3aIlUThI
pacTeHuil.

15. Ilpumenenue coeaunenus: popmyisl (1), kak onpeneneHo B mi. 1, 2 wau 3, 1uIs yay4nieHUs] arpOHOMH-
YECKMX CBOWCTB W/HJIM Ui OOCCIICUCHHS YCTOWYMBOCTH K IATOTCHAM, HACEKOMBIM, BPCIMUTEIISAM, W/ JUIS
00eCTeYeHHsT YCTOHYHNBOCTH K CTPECCY B TCHETHUYCCKH MOJU(PHUIIMPOBAHHBIX PACTCHUSIX C TpaHC(hOpMaIHeH mo-
cnenosatesnsHocT PHKwU.

16. Coenunenne dpopmyisr (1)
S

R1 \° v R2
m,

rmie

R1 npencrasnsier coboit GpeHwI, 3aMEICHABIN OJJHUM HJIM HECKOJLKAUMH TaJIOTCHAMU;

R2 npencrasnsier coboit -NR'R" rpymmy, B koTopoit

R' u R" He3aBucuMO Apyr OT Apyra BHIOMparoT U3 rpymibl, kK koTopoir otHOCATCS (Ci-Cg)amkun u (Cs-
Co)ITUKITOATKA, WITH

R' u R" BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHH MPHUKPETUIIIOTCS, 00pa3yIoT 3aMeIIeHHBIA TUTIEPHIAH
WK MOPQOIHH, TPUYEM BBIIICYIOMSHYTHIA 3aMEIICHHBIN MUTICPUINH WIA MOP(OIHH 3aMEIICH OIHHM WA
HECKOJBKUMH 3aMECTUTEIISIMHU, KOTOPHIC BBIOMPAIOT U3 IPYIIIEI, K KOTOPOH oTHOCsATCs ranoreH U (C;-Cgq)amku,
WK

-10 -



034906

R' u R" BMecTe ¢ aToMOM a30Ta, K KOTOPOMY OHH IIPHKPEIUIAIOTCS, 00pa3ytoT azadburukiio[3.1.0]rexcu,
a3a0unukio[2.2. 1 rentun wiau azadbuukio[2.2.2JoKTwi, TAe yKa3aHHbIA a3a0burmkiio[3.1.0]rexcun, a3aOunuk-
n0[2.2. 1 renrtun win azabumKIo[2.2.2 JokTii MoxeT ObITh 3amertieH (C;-Cq)ramoamkuiom.
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