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ITPUMEHEHWE AKTUBHBIX BEINECTB /U1 BOPbEEI C BUPYCHOU
HNH®EKIIUEN PACTEHUM

OBJIACTDb U3OBPETEHMUSA

Hactosimee wuso0OpereHue KacaeTrcs NPUMEHEHHs] AKTUBHBIX BEIIECTB IJIs
CTUMYJIMPOBAHUS NMPUPOJHOrO 3aIIUTHOIO MEXaHU3Ma PACTEHUHN OT BUPYCOB C LEJBIO
O6opbOBI ¢ BUPYCHBIMU HHGEKUHSMH PACTEHUH M CIOCOOOB OOpPBOBI C BUPYCHBIMH
uHpexknuamu pacteHnii. Hacrosimee wn3o0OpeTeHUE TakXKe KacaeTrcs MNPUMEHECHUs
AKTUBHBIX BEIIeCTB JJs akKTuBU3auWu oOcHoBaHHOro Ha PHK-uaTepdepenunu
OPUPOJHOTO 3AIIMTHOTO MeXaHu3Ma (Takke yKa3blBAEMOTO aBTOPaMH  Kak
ocHoBaHHbIH Ha PHK-calineHcuHre mpupOmHBIN 3alMUTHBIA MEXaHH3M) PACTEHUH OT
BUPYCOB.

YPOBEHDb TEXHUKH

Bupycbl pacTeHHH ABJISIOTCS NPUYMHOM OrPOMHBIX MOTEPb ypoxKas BO BCEM
mupe. JleWCTBUTENBPHO, HEKOTOpbIE CeMeiCcTBa BUPYCOB, Takue, kak Potyviridae,
BbI3bIBAIOT KPUTHUYHBIE MOTEPU ypoXkKas KaK B PA3BUTBIX, TaK U B Pa3BUBAIOLIUXCS
cTpaHax, Ha ()OHe HEeNpPepbIBHO PacTyWUX MNOTpeOHOCTEHl B mponoBoabCTBUU. [lis
OrpaHUYEHHUs] MHPULHUPOBAHUS M PACIPOCTPAHEHHS BHUPYCOB Mephbl MO 3aIMUTE OT
OonesHel TJIaBHbBIM 0O0pa3oM MPUHUMAIOTCS MyTeM MNPOPUIAKTUKH, IOCKOJIbKY
nedeOHbIe MEPONPUSATHS SBJISIOTCSI HEdPPEKTUBHBIMU MU Mai0d(d(eKTHBHBIMU.

Bbu1o pacno3HaHO HECKOJbKO COeNUHEHUU it OOpbOBI ¢ BUpyCaMH pacTeHuil. B
JOKYMEHTE W02011/030816 npepiaraercs NIPUMEHEHNE OIpENENIEHHBIX
NPOU3BOAHBIX ACKOPOMHOBOW KHCIOTHI IJisi OOpbOBI C ONpeNeNeHHbIMU BHPYCAMH
pacTeHHI. B JOKYMEHTE W02012/016048 npeparaercs IIPUMEHEHUE
MOAUGDUIIMPOBAHHBIX a3UJaMU OHMOMOJIEKYJ B KadeCTBE AHTHUBUPYCHBIX AareHTOB,
BKJIIOUYasi 0opr0y ¢ BUpycamu pacternii. B nokymente W02014/050894 npennaraercs
NpUMEHEHHE JAPYTUX CBS3AHHBIX C ACKOPOMHOBOW KHCJIOTOHW COENMHEHHUH AJs1 OOPBOBI
C BUPyCaMHU PacTEHUM.

B npouecce »>BOMIOLMHM pPACTEHUs HAYYUIUCh CIHPABISATBCS C YrpPO3aMHu,
UCIOJb3Yysl CBOU UMEHINUECS B HAIUYHUU PECYPCHI U pacHpenesisi uX MexXAy pOCTOM U
3aUTON OT OuoTHdeckux u abuorndeckux yrpo3. PHK-calineHCHHT UrpaeT riaBHYIO

pPOJb B 3TOM OananHce nOyTeéM AUHAMHUYCCKOTO CBA3BIBAHUA IMIPOTpaMM pPAa3BUTUA U
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peakiuii Ha BO3NIEHCTBUE OKPYIKAOLIEH Cpeabl ¢ U3MEHEHUSIMU B HKCIPECCHUU T'€HOB
yepe3 TPaHCKPUNIUOHHBIH calneHcHHr reHoB (TGS) u mocTTpaHCKPHUNLIMOHHBIN
caitnencunr reHoB (PTGS). VYcroliuuBocTh pacteHuit k Oosie3HAM 0OyCIOBIEeHA
npeABapuUTEeNbHO CPOPMHPOBAHHBIMU  OapbepaMy, TOKCUYHBIMH  BTOPUYHBIMH
MeTa0ONIUTaMU U UHAYLUPYEMbIMH 3aIUTHBIMU MexaHu3maMmu. ITocie pacrnoszHaBaHus
NaTOr€Ha pacTeHHUs 4YacTO MPOSBISIOT TUIEPUYBCTBUTENBHYIO PpEAKIHUIO, KOTOpas
NPUBOIUT K THOENU KJIETOK B MECTE 3apakeHUsS U NMPEedOTBPAINAET PacIpOCTpaHEHHUE
natoreHa. Kpome TOro, BbISBI€HHE MAaTOr€HA 3aNyCKAaeT pa3ju4YHble UHAYLHPYEMbIe
CUCTEMHBIE CIIOCOOBI 3ALIUTHI B YACTAX PACTEHUH, OTHAJEHHBIX OT MECTa MEPBUYHOTO
3apakeHusl. JTOT  TPOLECC, HW3BECTHBIH KAk CHCTEMHOE NpUOOpEeTeHHOe
conporuBienue (SAR), sddexkTuBen BO MHorMx BHAax pacTeHuih. JloCTUTHyTas
YCTOWYHUBOCTh SBJISIETCA MAOJTOBpeMEHHONH # 3(Q(PeKTUBHONW NPOTHUB AAJbHEHIINX
uH(pEeKIui CO CTOPOHBI MIUPOKOrO KPyra MaTOr€HOB, TAKMX, KaK rpuObl, OakTepuu u
BUPYCBHI.

CtpoOunypuHOBBI Kjacc (QYHTHIUIOB BKJIIOYAET PA3IUYHbIE CHHTETHYECKHE
3alIUIIAIOINNE PACTEHUS] COEUHEHUs ¢ MUPOKUM crekTpoMm. B 2002 r. crpobunypun
NUPAKIOCTPOOUH HPOAEMOHCTPUPOBAJI CIOCOOHOCTH K NOBBIUIEHHID YCTOWYHUBOCTH
tabaka K WHPUOUPOBAHHUIO BUPycOM Tabaunodl mozauku (TMV) wmiam matoreHom
psabyxu Pseudomonas syringae pv tabaci (Herms et al., Plant Physiology 2002, 130:
120 - 127). IupaknocTpoOuH Takxe OblI cCocOOEH MOBBIMLATH YCTOHYUBOCTE K TMV
B NahG TtpaHcreHHbIXx pacTeHHsXx Tabaka, He CIHOCOOHBIX K HAKOIUICHHIO
3HAYUTEJbHOTO KOJHMYECTBA JHAOTEHHOW CANMIMIOBOW KHUCIOTHI. [lupakiocTpoOuH
MOBBILIAET YCTOHYUBOCTHh Tabaka k TMV nubo myTem AeWCTBHS MOCIE CATHIUIOBOM
kucinotrel (SA) B SA-MexaHusMme CHUTHaiIM3aluu, JUOO myTeM (YHKIHUOHUPOBAHUS
HezaBucuMo OT SA. Ilocnmennee mpeamnosokeHue Oojee BEPOSITHO, MOCKOJIBKY B
UHQUIBTPUPOBAHHBIX JIHCThSIX MHPAKJIOCTPOOUH HE BBI3BIBAJ HAaKOIJIECHHs SA-
UHAYLUPYEMBIX CBsi3aHHBIX ¢ mnaroreHe3oM (PR)-1 OenkoB, KOTOpble YacTo
UCIIONB3YIOTCA B KauyeCTBE TPAIULHUOHHBIX MOJIEKYJISPHBIX MapKepoB mis SA-
UHAYLUPOBAHHOW  ycToWumBOCTH K  Oone3nsM. OmnucbiBaeTcs NpPUMEHEHHUE
cTpobunypuHoB mo otaenpHocTH (mokyment WO 01/82701) mnm B cMecu c
metupamoM (nokymeHT WO 2007/104669).

Cpenu 3amUTHBIX peaKUUi pacTeHHH Ha (PUTOBUPYCHI NyTh AHTUBUPYCHOIO
PHK-caitnencunra SIBJISAETCA Hanbouee LIUPOKOH CUCTEMOM 3aLUTBHI,

BOSI[eI\/'ICTBYIO]_HeI‘/'I KaK Ha JIOKAaJIbHOC, TaK U Ha CUCTCMHOC HAKOMNJCHHUEC MHIHUPOKOIro
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kpyra BupycoB. PHK-cailinencunr mnpencraBiasger co0Oil  MeXaHH3M, MPsAMO
3aLUINAKOIIUNA KJIETKU-X035€Ba PAaCTeHUH OT 3K30T€HHBIX HYKJIEMHOBBIX KHCIOT,
BKJIIOYAasi BUPYChl M IMepeMelarIluecss »3JEeMEHThl. JTa 3aljuTa 3alyCKaeTcs
aeyxuenoueunot PHK (guPHK), kotopass mnpoucxogutT oOT aMIIupUKALHUH
MHBA3UBHBIX HYKJEHHOBBIX KHCJOT, KOTOpble 00padaThIBarOTCS KJIETKOW-XO35MHOM B
majnbie uarepdpepupyromue PHK (MuPHK), cocrosimmmue u3 20 - 24 nykineotuaos (nt).
Otu muPHK 3arem wucnonssyror ans HanpasiaeHus caineHcunra PHK wunm JIHK
BUPYCHOrO WJM nepeMmemarouierocss a3jemeHta depe3 PTGS wumu TGS,
COOTBETCTBEHHO.

PHK-calileHCHHT B TakOM cCjydae CTaHOBHUTCS 3(Q(PEeKTUBHBIM aHTHUBUPYCHBIM
MEXaHH3MOM, TpHU KOTOopoM Maible uHtepdpepupyromue MuPHK, obpaboranHble
naiicep GepMeHTOM U3 MOCPETHUKOB pPEIIMKAIMU BUPYCHOU nByxuenoudeuHoi PHK,
3arpyxkaT B 3¢dexrtopurie 6enku ARGONAUTE wu BosBpamarotr Ha reHom PHK
BpeAUTENs IJis BbI3bIBAHUS €ro Aerpajauuu. JTa BpPOXKIAEHHAs MMMyHHas peakLus
SABISIETCA  YPE3BBIYAWHO M3MEHYMBOM, TOCKOJbKY, OyIydH HCKIOYUTEIbHO
3alIpOrpaMMUPOBAHHONU 00yCIIOBICHHBIMU CTPYKTYypOH u HYKJICOTUAHOU
NOCJEOBATEIbHOCTPIO TI€HOMHBIMH  OCOOEHHOCTSIMM, OHAa MOXET OTBEYaTh
daktuyeckn Ha 000 Bupyc pactenuit (Shimura et al., 2011, Biochimica et
Biophysica Acta 1809: 601 - 612).

B noateepxnenue BaxHoctu PHK-calinencuHra nans 3amuTel pacTeHUH,
pacTeHuss ¢ HapyumeHHOW BbIpaboTKONW wuau akTtuBHOCTHO MHPHK sBistoTCs
THIIEPBOCIPUUMYUBBIME K (PUTOBUPYCaM, U Ha00OpPOT, Y MHOTHX BHPYCOB Pa3BUJIHUCH
cynpeccopsl PHKu ¢ nenbio coxpanenusi BupyiaentrHoctu (Voinnet O. et al, Nature
Review Microbiology 2013 Nov;11(11): 745 - 60).

XOTs HEKOTOpble COCOUHEHUS paHee ObLIM pPACMO3HAHbI B  KAa4eCTBE
NOTEHLMAIbHBIX HMHAYKTOPOB OINpeAeNeHHbIX MEXaHHW3MOB 3allUThl PacTeHUH OT
BUPYCOB, COXPaHSIETCs MOTPEOHOCTh B 00ECTIEYEHN U aKTUBHBIX BEILIECTB, MOAXOISIIHX
A7 CTUMYJISILMM TPUPOJHBIX MEXaHU3MOB 3allUThl pPacTeHUW OT BHPYCOB, B
YACTHOCTH, ISl CTUMYJISIUA IIUPOKOTO OCHOBAHHOrO Ha Hecnenuduiueckom PHK-
CalJICHCUHIe MEeXaHH3Ma 3allUThl PACTEHHIH OT BUPYCOB st OOPBOBI C BUPYCHBIMHU
00JIe3HsIMU pPaCTEHHH.

OUI'YPBI

Qurypa 1 nokasbiBaeT NPOBOAUMBIN NpU noMoiuu konudecrseHunou I[P ananus

otrHocuTenbHOro yposHs SUL MPHK B pactenusax SUC-SUL 4yepes cemb nHell mocie
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obpaborku tospko DMSO wmnu obpaborkm DFPM, nopmanuzosanHoro mo EXP10.
"Vepl"  mpencTaBisIIOT  CTaHAAPTHOE  OTKJIOHEHHWE ANl Tpex  He3aBUCHMBIX
3KCIEPUMEHTOB.

durypa 2 mpenctaBlseT CpeiHee KOJUYEeCTBO O4YaroB MH(EKIuU 4Hepe3 IAThb
AHel mocje MHQUIUPOBAHUS HAa WHOKYJHUPOBAHHBIX JHUCTHSAX. "YCBI" MPEACTaBISIIOT
CTaHAAPTHOE OTKJIOHEHHE JJIsl IBEHAALUAaTU PAaCTEHU.

durypa 3 nmosicHseT ocyuiecTBsieMble myTeM KoaudecTBeHHo# I[P ¢ oOpaTHoii
TpaHckpunuue ananus3bl HakoreHus MPHK HcPro B cucteMHbIX TkaHsSX uepes
mecTh AHEH mocyie nHGuuupoBaHusa. "Ycbl" MPEACTAaBIAIOT CTAHIAPTHOE OTKJIOHEHUE
IJIsl TpeX HE3aBUCUMBIX pe3ynbTaTtos IILP.

OIPEJAEJIEHUA

Tepmun  “(C,-Ce)ankun” B  KOHTEKCTe JAaHHOTO  OMHCAaHUS  KacaeTcs
Pa3BETBJIEHHONW WJIM JIMHEWHOW AJKWJIBHOW IPyNIBI, coaepskameil oT 1 no 6 aToMoB
yraepona. TunuunabiMmu npumepamu (C,-Cglankunaa MoryT OBITH METHJ, 3THI, H-
IPOTUJI, 1-TIPOTUI U PAa3IUYHbIE H30MEPbI OyTHIIA, MEHTUIIA NN FeKCUIA.

TepmuH “rajoreH” B KOHTEKCTE MAAHHOIO OMHCAHHUs KacaeTcs atoma (ropa,
XJjiopa, Hona unu 6poma.

Tepmun “(C,-Cq)ramoankun’ B KOHTEKCTe OaHHOro omnucanus kacaercs (C;-
Cs)ankunbHON TpynIbl, KaKk ONpPEeIeHO BbIlIe, B KOTOPOH KaK MUHHUMYM OJHUH aTOM
BOJIOpOJa 3aMeHeH Ha aToM rajnoreHa. TunuuaeiMu npumepamu (C;-Ce)ramoankuia
moryT ObiTh -CF3,- CH,Cl u -CH,-CF;3.

Tepmun “(C,-C¢)umanoankun’ B KOHTEKCTe HaHHOTrO omucaHusi kacaercs (Ci-
Cs)anKkunpHOW TPYyNIbI, KAK ONMPEIEICHO BbILIE, B KOTOPOW KaK MUHHUMYM OJIHMH aTOM
BOJIOPOJIa 3aME€HEH Ha LUaHOTPYIIIY.

Tepmun “(C3-Co)uuknoankun’ B KOHTEKCTE ITAHHOTO OMHCAHUS KacaeTcs
HACBIIIEHHOTO MOHOIMKJIMYECKOr0 aJKUJIbHOIO pajuKalia, B KOTOPOM LUKJIWYECKUN
Kapkac uMeeT OT 3 no 6 aroMoB yriuepona. TunuyabiMu mnpumepamu “(Cs-
Co)umkioankusia” MOTYT OBbITh IIUKJIOMPOIHUI, HUKIOOYTHI U HUKJIOTEHTHUIL.

Tepmun “azaOunukioankui’ B KOHTEKCTE JaHHOTO ONHUCAHHS KacaeTcs
MOJIHOCTBIO HACBIIIEHHOIO0 MOHOBAJIEHTHOTO pajauKaia, coaepsxkamero or 5 go 10
aTOMOB yIJIEpOJa M aTOM a30Ta B OMLMKINYECKOM KOJble. TUMUYHBIMU NPUMEPaAMHU
“azabunukinoankuna’ MOTYT OBITH azabunukio[3.1.0]rexcumn,

azabunukio[2.2. 1]rentun u azabununkio[2.2.2|oKTHIL
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Bripaxxenue “MokeT OBITH 3aMEMEHHBIM B KOHTEKCTE MAaHHOTO OMHCAHUS
(Hanpumep, GpeHMI, KOTOPBIH MOXET ObITh 3aMEINEHHBIM) O3HA4YaeT, UYTO 3aMelleHue
ABJISETCA HEOOA3aTeIbHBIM U, TAKUM 00pa3oM, BKJIKOUYAET KaK He3aMeI[eHHbIE, TaK U
3aMelIeHHbIE ATOMBI UJIM FPYIIBI (HAapUMep, He3aMeIleHHbIH U 3aMeleHHbIH (eHmI).
Korgna arom unm rpynma sIBJISIIOTCS 3aMEIIEHHBIMH, JIFOOOI BOJOPOX HAa yKa3aHHOM
aTOME€ WJIM TPYyIIe MOXeT ObITb 3aMEHEH Ha 3aMeCTUTeJb (BILUIOTh OO TOTO, 4TO
KOKIBIH BOXOPOA MOXKET OBITh 3aMEHEH Ha 3aMEeCTHUTENb), MPU YCIOBHH, YTO
HOpMajbHAasl BAJEHTHOCTb YKA3aHHOTO aTOMa WJM TPYyNIbl HE TMPEBBbIIIEHA, U B
pe3yJbTaTe 3aMelIeHns1 00pa3yeTcsl yCTOHUYMBOE COSNMHEHHE.

TepMuH “axkTuBHOE BELIECTBO® B KOHTEKCTE€ [AaHHOIO OMNMCAaHUS O3HA4YaeT
coenquHenue ¢popmyisl (I), Kak OMUCHIBAETCS aBTOPAMU, UJTH JTIOObIE €r0 CMeCH.

HOJAPOBHOE OINMCAHUE U3OBPETEHUA

bruto oOHapyskeno, uto coenuHeHus Gopmynsl (I), ommceiBaeMble aBTOpPaMH,
SABJISIOTCS MOAXOASIIUMH ISl CTUMYJISIIUU MIPUPOTHOTO MEXaHU3Ma 3aLIUThl pACTEHU
OT BHUPYCOB, B YaCTHOCTH, MJsl CTUMyJAuuM OCHOBaHHOro Ha PHK-calinencunre
MEeXaHH3Ma 3alIUThl pacTeHHil oT BUpycoB. Takum oOpa3om, coeauHeHUs (OPMYJIbI
(I), onuceiBaeMble aBTOPaMH, MOTYT OBITh MOAXOASIIUMH st OOPbOBI C BUPYCHBIMHU
bonesusmu pacreHuii. TepmuH “60ppOa” B KOHTEKCTE NaHHOTO OMUCAHHS O3HA4YaeT
npopUIAKTUKY HJIH JIEUEHUE.

CooTBeTCTBEHHO, HacToslmee u3o0peTeHHe Kacaercs cmnocoba OopbpOBI ¢
BUPYCHbIMU OOJNIe3HSIMH pacTeHHil, Oojee KOHKpPETHO — crocoba CTHUMYJSILUN
IPUPOJAHOTO MEXaHU3Ma 3aIMUThl PACTEHUH OT BUPYCOB, B YAaCTHOCTHU, CTUMYJALUU
ocHoBaHHOoro Ha PHK-caiinencuHre mexaHu3Ma 3allUThl PAacCTEHUM OT BUPYCOB.

Crocob BkJIIOYaeT MpPUMEHEHHE Jis PACTEHUI OTHOTO MJIM HECKOJBbKHUX COENHHEHHUM
dopmynsr (I):

O
R1 R2
\ /
(I,

rae
- R1 mpexncraBnsier coboii peHmn, KOTOPbIA MOKET ObITh 3aMEIleH OOHUM HIIH
HECKOJIbKUMH TaJIOTeHAMHU, MPEANOUYTHTEIbHO XJIOPOM U OpOMOM,;

- R2 mpencrasnsier coboit —NR’R” rpymnny, B KOTOpPOH:
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- R u R” He3zaBucuMO Apyr OT aApyra BbIOpaHbBl W3 TPYINIBl, K KOTOPOM
otHocsATCs (C1-Co)ankun (NpenmnouTUTENbHO MeTHN, 3Tun u w-nponun) u (Cs-
Ce)uKII0aNKmI (MPEeINOYTUTEbHO C-TIEHTUIT), UIIH

- R’ u R” BmMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPETUISIIOTCS, 00pa3yroT
5- unm 6-uJeHHBIH TeTepOLMKJ, BHIOPAHHBIH W3 NHPPONMANHA, MUIEPHUIHNHA,
MOpP(OJMHA WM THUMEPAa3UHA, MPUYEM BBILICYTOMSHYTBHIH TeTEePOLUKI MOXKET OBbIThb
3aMelleH OJHUM WM HECKOJIbKUMH 3aMECTHTEJISIMH, BBIOPAHHBIMU U3 TPYIIBL, K
kotopoit otHocsaTcs rajoreH, (Ci-Ce)ankun u (C-Ce)unaHOATKIUI, UIH

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIJIIIOTCS, 00pa3yrT
a3a0ULUKIOANKUI, KOTOpbld  Moxker ObiTh  3amemeH  (C;-Cg)ranmoankuiom,
npeano4TuTe b0 azabunukio[3.1.0]rekcunom, KOTopsiii MoxkeT ObITh 3amerneH (Ci-
Cs)ramoankuiom.

B HekoTOphIX BapuUaHTax OCYINECTBJIEHUS AaKTHBHBIM BEIIECTBOM SIBJISIETCS
coenunenue Gopmynsl (I), B koTopom:

- R1 nmpencrasnsier coboii GpeHm, 3aMeIIeHHbIIl OHUM FJIM ABYMsI TaJOT€HAMH,
HE3aBUCHUMO APYT OT Ipyra BIOPAaHHBIMU U3 XJIOpa UK Opoma; u/uiu

- R2 npexncrasnsier coboit rpynny —NR’R”, B koTOpOIii:

)

- R u R” He3zaBucuMoO apyr OT aApyra BbIOpaHbl W3 TPYINIBl, K KOTOPOM
OTHOCSITCS METUJI, 3TUJI, H-TIPOIUI U LUKJIONEHTH, UIIU

- R’ u R” BmMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPETUISIIOTCS, 00pa3yroT
5- unm 6-uJeHHBIH TeTePOLMKJ, BbIOPAHHBI W3 NHPPOJIUAWHA, MUIEPHUINHA,
MOpP(OJIMHA WU THUNEPA3UHA, MPUYEM BBILICYIIOMSHYTBHIH TeTEePOLUKI MOXKET OBbIThb
3aMeIlleH OJHUM WM HECKOJIbKUMH 3aMECTHTEJISIMH, BBIOPAHHBIMH U3 TPYIIBIL, K
KOTOPOW OTHOCSITCSI METHJI, PTOP M LHAHOITUIJI, HIIH

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIJISIOTCS, 00pa3yroT
azabunukio[3.1.0]rekcun, 3amemenHbiii  (C;-Cg)ramoankuaoMm,  TaKuM,  Kak
TpUGTOPOMETHI.

B HEKOTOpPBIX MPENNMOYTHTENbHBIX BAapHUAHTAX OCYLIECTBIEHHS AKTUBHBIM
BEIIECTBOM siBJisieTCs: coequnenne Gopmynsl (I), B KoTOpoM:

- R1 BbIOpaH U3 rpynmel, K KOTOPOH OTHOCATCA 3-xJopodeHusn, 4-xaopodeHu,
4-6pomodenun, 2,3-guxnopodenmn u 3,4-guxaopodeHm; u/uim

- R2 BeiOpan w3 rpynmsel, k kotopoit orHocsaTcs -NEty, -N(n-Pr),, -N(c-

neHTmi1)Me, NUNEepUINH-1-ni, NUPPONUAUH-1 -1, N-mopdonuHo, 4,4-
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audroponunepuuH-1-u, 4-(2-uuaHo3THN)-NMNepa3uH-1-ui, 2,6-
aumetunmopdonuH-4-un u 6-(tpudropomerni)-3-azadbuunkio[3.1.0]rekc-3-ui.

B HekoTOphIX BapuaHTax OCYINECTBJIEHUS AaKTHUBHBIM BEIIECTBOM SIBJISIETCS
coenunenue ¢opmynsl (I), B xoropom R1 u R2 BeIOpaHbl Takum o0Opa3zom, 4TOOBI
ofbecrneunBaTh KOHKPETHbIE COEAUHEHHUs], PACKPbIBAEMble aBTOPAMH HUKe B Tabmnuie 1.

B HEKOTOpPBIX NPEANOYTHUTENbHBIX BapHAHTAX OCYLIECTBJIECHUS AKTHBHBIM
BEIECTBOM siBJisieTcs: coenunenue Gopmysl (I), B KoTOpoM:

- R1 mpencrasnsier coboit 3,4-nuxnopodenun, u R2 npencrasnser coboii 4,4-
audToponunepUIUHII- | -UJT; YIIH

- R1 mnpencraaser coboit 3,4-nuxnopodenun, u R2 mpencrasisier coboii
NUNEepUAUH- 1 -u; unm

- R1 nmpencraBnser coboit 4-Opomodenun, m R2 mnpexcrasiaser coboii
NUNepUANH-1-u.

Coenunenne ¢opmynsl (I), B xotopom RI1 mnpencraBmsier coboit 3,4-
nuxiopodenmi, u R2 npencrasnser coboit nunepuaun-1-umn, nzsectao kak DFPM [5-
(3,4-nuxnopodenun)pypan-2-un]-nunepuanut- 1 -HIMETaHTHOH.

DFPM O6picTpo cHmkaeT ABA-3aBUCHMYI0 3KCIPECCHIO T'€HOB B PAacCTEHHUAX, a
Takke wuHruoupyer ABA-uHayuupyemyro 3akpbiTtocTh ycTbhul. DFPM  Takke
CTUMYJIUPYET SKCIPECCHIO CBSI3aHHBIX C 3allUTOW pAacTeHUH TEeHOB, BKJOYas
PHYTOALEXIN DEFICIENT4 (PAD4)- u ENHANCED DISEASE
SUSCEPTIBILITY1 (EDS1) (Kim et al., Current Biology 2011, 21, 11: 990 - 997).

5-Apundypan-2-tuoamunst  popmyiael  (I) Moryt ObITh COOTBETCTBEHHO
MOJTYY€HBI:

- u3 S-apundypaH-2-kapOOKCaJbAerujoB M aMHHOB MNyTeM pPEaAKLHHU
Bunereponra-Kunnnepa, kak onuceiBaercss B nmyonukaunu Fedorovich, Ganushchak,
Karpyak, Obushchak, Lesyuk, Russian Journal of Organic Chemistry 2007, 43(8),
1190 - 1195[10.1134/S1070428007080180]

- WM MyTe€M THOHUPOBAaHUS (C MPUMEHEHHEM KJIACCHYECKUX CIIOCOOOB, TaKUX,
kak oOpaboTka meHrtacyiabpunom ¢dochopa wunu pearenrom JlaBeccoHa, cm.,
Hanpumep, "Thionation reactions of Lawesson's reagents": Cava, Levinson,
Tetrahedron 1985, 41(22), 5061 - 5087 [10.1016/S0040-4020(01)96753-5])
COOTBETCTBYIOIIUX S-apuidypaH-2-KkapOOKCaMHUIOB, KOTOpbIE, B CBOK OdYepenb,
MOTYT OBITh JIETKO TIOJIYYEHBl H3BECTHBIMH M3 JHUTEpPaTypbl crnocodbamu (cM.,

Hanpumep, Drizin, Gregg, et al., Bioorganic & Medicinal Chemistry 2008, 16(12),



10

15

20

25

30

6379 - 6386 [10.1016/;.bmc.2008.05.003]; Gargano, Perspicace, et al., Furopean
Journal of Medicinal Chemistry 2014, 87,203 -219[10.1016/j.ejmech.2014.09.061]).

O¢¢pexTuBHOE KOJUYECTBO AKTUBHOI'O BEINECTBA, KaK IPaBUJIO, HAHOCAT Ha
pactenus. D¢dQexkTHBHOE KOJHMYECTBO AKTUBHOI'O BELIECTBA, KOTOPOE HAHOCST Ha
pacTeHus, 3aBUCUT OT pPasHBIX (AKTOPOB, TAKMUX, KAK XapaKTep aKTHBHOI'O BEINECTBA,
peuentypa, pacTeHHUs, MOJABEpraeMble JieUeHUIO (MpUpoma paCTEeHUW U YacTH
pacTteHuii), cmoco®0 TpUMEHEeHHs, LeNb JiedeHus (mpoduIaKTUUECKOe MU
TeparneBTUYECKOE) U BHUPYC, MPOTUB KOTOPOTrO HampaBlieHO jedeHue. KonmdecTso,
HAaHOCHMOE Ha pacTeHHE, MOXKET COOTBETCTBEHHO cocTapysATh oT 0,01 mo 5 kr/ra wiu
oT 0,1 1o 3 kr/ra unu ot 0,5 o 2 kr/ra.

Kak ykazaHO BbIlIE, AKTHBHOE BEINECTBO HAHOCIAT HAa pacTeHHs. TepMuH
“pacTeHusi”’ B KOHTEKCTE JAHHOTO OMHCAHUS OXBATHIBAECT PACTEHUS U UX YACTH, TAKHE,
KaK HaJ3€MHbIE U/UJN MOA3EMHBIC YaCTH PACTEHMH, a Takke coOpaHHBIH Martepuan. K
NOA3EMHBIM YacCTsIM PACTEHUH OTHOCSTCS KOPHM, KOPHEBHUINA, KIyOHH, OOKOBBIE
noberu, OTBOAKH U ceMeHa. K HaA3eMHbIM 4acTsIM pacTeHHH OTHOCATCS cTeOnu, Kopa,
noOeru, JUCThbsI, [BETHI, MJIOABI, IIOJOBBIE TeJia, [IBETOHOXKKH, XBOS U BETBU. TakuM
0o0pa3oM, aKTUBHOE BEIIECTBO MOXKET 3(p(PEeKTHUBHO HAHOCUTHCS HAa KOPHHU, KOPHEBUIIA,
KJIyOHU, OOKOBBIE MOOEru, OTBOAKH, CeMeHa, CTe0u, Kopa, moderu, JUCThs, LBETHI,
IUTO/BI, TUIOJIOBBIE TEJa, [IBETOHOXKKH, XBOIO, BETBU U COOpaHHBIA MaTepuas pacTeHUH.
B anprepHAaTHBHBIX BapHaHTaX OCYLIECTBJIEHUs crnoco0 OopbOBI € BUPYCHBIMH
Oone3HsAMM pacTEeHMIl BKJIOUAET NMPUMEHEHHE ONMMChIBAEMOIO aKTHBHOI'O BEIECTBA B
MeCTe MPOU3PACTAHUS U/ UM XPAHEHHS PACTEHHUS.

AKTHBHOE BeHIECTBO MOXKET 3(P(HEKTUBHO MPUMEHSITbCS IJIsI CAMBIX Pa3JIUYHBIX
pacreHuii. Ero mpuMeHSOT AJisi COPTOB PACTEHUI, BhIPAIIUBAEMbIX HUJIH MPUMEHIEMBIX
B KomMMepuecknx wmacmrtabax. OQHAaKO MOJ COpPTaMH pPACTeHUH TakKe MOHUMAIOT
pacTeHHuss ¢ HOBBIMH CBOWCTBAMH, KOTOPbI€ BBIPANIUBAJIUCH MyTE€M TPaIUIUOHHOU
CeJIeKIIUH, TyTeM MyTareHe3a WK MPU MOMOIU TeXHoJorui pekomOunanTHbix JIHK,
U/WJIM PACTEHHS, NMOJYYEHHbIE C TPUMEHEHHEM TPAAULUOHHBIX CIIOCOOOB CENEKIUU U
ONTUMH3AIUN HJIU JPYTUX CIHOCOOOB OMOTEXHOJOrMU M T'€HHOW WHXXEHEPHH, WIIH C
NpUMEHEHHEeM KOMOMHAIM 3TUX CIOCOOO0B; K HUM OTHOCSTCS TPAHCT€HHBIE PACTCHUS
U pacTeHHus, KOTOpble MOTYT WJIHM He MOryT ObIThb 3amumieHbl IlpaBamu
pPacTEeHHEBOAOB-CEIEKIIHOHEPOB.

AKTHBHOE BEILIECTBO TaKKe MOXeT 3 (PEeKTUBHO MPUMEHSTHCS IJII T€HETUYEeCKHU

Moau¢puupoBaHHbix opranusmoB (I'MO). T'eHernuecku MOAMPUIIMPOBAHHBIMU
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pPacTeHUSIMU SIBIAIOTCS PACTEHHS, B KOTOPBIX I'€TEPOJOTHYHBIN IreH ObUI YCTOHYMBO
UHTETrPpUPOBAaH B IeHOM. BripakeHHe “reTepoJOrnyuHbIf reH” MO CYyTH O3HaydaeT IeH,
KOTOpbIH OblT oOecrieueH unm coOpaH 3a mpeaejsaMu pPacTeHUH U NPHU BBEIEHUH B
ANEPHBIM, XJIOPOMJACTHBIH UM MUTOXOHJPUANbHBIH TI'€HOM MPHAAET HOBBIE HIH
yJIy4dLUIeHHble arpOHOMHMYECKHE WJIM Jpyrue CBOWCTBA TPaHCHOPMHPOBAHHOMY
pPacTEeHHIO IyTEeM OSKCIPECCHUU HYXXHOro Oejka MIM NONHIENTHAA WIH NyTeM
NOHWIKAIOIIEH pPEeryJsilui WIH CaWJeHCHHra JPyroro reHa, MPUCYTCTBYIOIIETO B
pacTeHWU, MJIM JPYTUX TEHOB, MPUCYTCTBYIOIIMX B pPAacTeHUU (C NPUMEHEHHUEM,
HarpuMep, aHTUCMBICJIOBON TEXHOJOTHH, TEXHOJOTHH KOCYIPECCHU MJIM TEXHOJOTUHU
PHKu [PHK-unTepdepenuuun]). I'eTeponornuHbiii reH, pPacloJIOKEHHBII B T€HOME,
TaK)K€ Ha3bIBAETCS TPaHCTeHOM. TpaHCreH, oOmnpenenseMblii €ro KOHKPETHBIM
NOJIO)KEHHEM B TE€HOME pAacTeHHUs, HAa3bIBAeTCs COOBITHEM TpaHCHOpPMALUH HIIH
TPAHCTE€HHBIM OOBEKTOM.

Bce pacreHus, uMermue TEHETHYECKHMH MaTepualn, NPUAAIMUNA STHM
pacTeHussM OCOOEHHO MPEANOUTUTENbHBIE IIOJIE3HbIE CBOWCTBA (mpuoOpeTaemble
nyTeM CeJeKIUU W/UIW  BCIEACTBHE NPUMEHEHUS OWOTEXHOJOTHH) MOTYT
obpabaTeiBaThCS C MPUMEHEHHEM OIMUCBIBAEMOTO CITocoda.

PacrenusiMu u copraMu pacTeHUN, KOTOpble MOAOOHBIM O0Opa3oM NOAAAITCS
00paboTKe B COOTBETCTBMH C M300peTeHUEM, SBISAIOTCS PACTEHHs, YCTONYHUBBIE
OIHOMY WJIH HECKOJbKMM aOHOTHUeCKMM cTpeccoBbIM (aktopam. K abuoruueckum
CTPECCOBBIM YCJIOBHUSIM OTHOCSTCS, HANpUMepP, 3acyXa, XOJIOJHbIE HJIH >KapKue
yCJIOBUS, OCMOTHYECKUH cTpecc, 3a00maunBaHue, MOBBILIEHHAS 3aCOJEHHOCTD MOYBBI,
NOBBIIIEHHOE BO3JEHCTBHE MHUHEPAJIOB, O30HHBIE YCJOBHsS, YCJIOBHS MOBBILIEHHOMN
OCBEIEHHOCTH, OTPAHUYEHHBIH JOCTYN K a30THBIM YIOOpPEHHSIM, OTpaHHUYEHHBIH
nocTyn K GpochopHbIM yIOOPEHHUSM WU JUIIEHHE TCHU.

PacTtennsiMu u copraMm pacTeHHH, KOTOpbIe MOJOOHBIM 00pa3oM MOTYT
noABeprarbcst 00paboOTKe B COOTBETCTBUU C H300pETEHHEM, SIBISIIOTCS PACTEHUS,
XapaKTepU3yeMble MNOBBILIEHHON ypokalHOCTBIO. IloBBIIEHHAas ypoOXKaWHOCTb 3TUX
NajJbMOBBIX PACTEHHH MOXKET OBITh PpPE3yJbTaTOM, HampuMep, VJIyYIIeHHOM
¢u3noNOruM pacTeHUi, yIAYYIIEHHOrO pPOCTAa PACTEHHUH W YJIYUYLIEHHOTO Pa3BHUTHUSA
pacreHuii, Hampumep, 3S(PEGEKTHBHOCTH HCTOJIb30BaHUS BOAbI, 3¢(eKTHBHOCTU
yAepKaHHUsS BOABI, YJIYUIIEHHOTO HCIIOJb30BAHMUS a30Ta, YJYUYIIEHHON aCCUMUIISLUU
yrieposa, yAy4IileHHOro (OTOCHHTE3a, MOBBIIEHHON 3P EeKTUBHOCTH NMPOPACTAHUS H

MOOU(pUIIUPOBAHHOTO co3peBaHusi. Kpome ToOro, Ha ypoxkaill MOXKET BJIHSITH
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yIydIIeHHass apXUTEKTypa pacTeHHH (B CTPECCOBBIX M HECTPECCOBBIX YCIOBHSX),
KOTOpasl BKJIKOYAET pPaHHEE LBETEHUE, KOHTPOJb HAaJ LBETEHUEM MIJsl NPOU3BOACTBA
rUOPUAHBIX CEMsH, >KH3HECIIOCOOHOCTb BCXOJOB, pa3Mep pPacTeHUH, KOJUYECTBO
MEXJIOY3JIUI M pacCTOSIHUE MeXJy HHUMHU, POCT KOpHEH, pa3smep CEeMsH, pasMep
IJIOJIOB, pa3Mep CTPYUYKOB, KOJUYECTBO CTPYUYKOB HJIM KOJIOCHEB, KOJIUYECTBO CEMSH
Ha CTPY4YOK HJM KOJOC, Macca CeMsH, MOBBILUIEHHbIH HAJUB 3€pHA, YMEHbLICHHbIN
pa3bpoc ceMsH, YMEHbUIEHHOE pAaCTPECKUBAHUE CTPYUYKOB U YCTOWYHBOCTH K
nojeranu. K ngpyrum cBOWCTBaM ypoxkash OTHOCATCS COCTaB CEMsIH, HalpuMep,
colep:KaHHe YIJIEBOIOB, COAepXKaHWe Oesika, coaepkaHMe W COCTaB Macia,
NUTATENbHASl LEHHOCTb, CHUJKEHHE AaHTUIHMTATENbHBIX COEJUHEHUH, yJIydlleHHas
TEXHOJIOTUYHOCTD U YJIYUYIIE€HHAsl NIPUTOAHOCTDb K XPAHEHHUIO.

Pactenusi, koropsle MOAOOHBIM 00pa3oM MOTYT MOABEPraTbCs JIEYEHHUIO B
COOTBETCTBUHU C H300pETEHUEM, SIBISAIOTCS THOPUIHBIMU PACTEHUSIMHU, KOTOPBIE YIKe
SKCIPECCUPYIOT XaPAKTEPUCTUKHU TeTEPO3NCa WU THOPUAHOMN CHIIBI, KOTOpasi B LEJIOM
B pe3ysipbTaTe o0ecnedynBaeT IMOBBIIIEHHUE YpPOXKas, MOBBIIEHHE XHU3HECITOCOOHOCTH,
yJIy4dIleHue 3J0POBbsl M YJIYUIIEHHUE YCTOMYMBOCTH K OMOTUYECKUM U aOMOTHYECKUM
ctpeccoBbiM (akTopam. Takume pacTeHHs, Kak MNPABWIO, NOJYYAIOT IMYyTEM
CKpeUIUBaHUs WHOPENHON PpONUTENHCKOW JIMHUU C MYXKCKOH CTEePHJIBHOCTBIO
(’KEHCKOT'0 POAUTENBCKOTO PACTEHMs) C APYyroil MHOpeAHONW POAMTENbCKON JMHUEH ¢
MY)KCKOH (epTUIBHOCTBIO (MYXXCKMM pOIAUTENbCKUM pacTeHuem). [ uOpunHbie
CEeMEeHa, KaK MPaBUJIO, COOMPAIOT U3 PACTEHHH C MYXXCKOH CTEPUIBHOCTHIO M MPOAAIOT
NpOU3BOAUTENSIM. PacTeHUss ¢ MYKCKOW CTepUIbHOCTBIO (HAmpuMmep, KyKypy3a)

HHOrga MOryrT OBITH MOJIY4Y€HblI MNYTEM YAAJICHUA METECIKHU (T. €. MyTeEM

,
MEXaHHYECKOTO yAaJIeHHUS] PEPOAYKTUBHBIX OPraHOB MJIM MYKCKHX IIBETKOB); OJHAKO
qamie MYJKCKasi CTePHJIbHOCTD SIBJISIETCS PE3yJIbTATOM T€HETUYECKUX NETEPMHUHAHT B
reHoMe pacTeHuii. B 3ToM ciydae, B YaCTHOCTH, €CIH CEMEHa SBISIOTCS
JKEeJATEJbHBIM MMPOJYKTOM, KOTOPBIH TOJIKEH ObITh COOpaH ¢ THOPUIHBIX PACTEHHU, ee
OOBIYHO UCIMOJB3YIOT IJISI TOTO, YTOOBI YOEIUTHCS B TOM, YTO MYJKCKasi epTHIBHOCTD
B THOPHIHBIX PACTEHHUSX, COAEPKALIUX TEHETHYECKHE NETEPMUHAHTBHI, OTBEYAIOIINE
32 MYXCKYH CTEPHJIBHOCTb, IIOJIHOCTBIO BOCCTAHOBJIEHA. OJTOr0 JOCTHUTAOT,
yOeauBIINCh B TOM, YTO MYJKCKHE pPAaCTEHHsS HMEIT COOTBETCTBYIOIIHE TE€HBI —
BOCCTAHOBHUTENU  (EPTHIBHOCTH,  CIOCOOHBIE  BOCCTAHABIMBATH  MYJKCKYIO

(I)epTI/IJ'IbHOCTb B FI/I6pI/I)1HbIX pacCcTE€HUAX, COACPKAIUX F'CHETUICCKUE NCTCPMUHAHTHI,

OTBEUAKOIIME 3a MYXKCKYI CTEPUIBHOCTh. [€HeTHueckue HOEeTEPMUHAHTHI JJIs



10

15

20

25

30

11

MYXXCKOW  CTEPUIBHOCTH  MOTYT  HaxOAUThCSI B  nuroruiasme.  Ilpumepsl
LUTOMJIAa3MaTHUYECKONH MyKCcKol crepmibHocTH (CMS) onmuchiBanuch, HampuMep, s
BunoB Brassica (mokymenter WO 1992/005251, WO 1995/009910, WO 1998/27806,
WO 2005/002324, WO 2006/021972 u US 6,229,072). OagHako TreHETHUYECKHE
AETePMHUHAHTBI JJII MY>KCKOW CTEPHJIBHOCTH TAaK)K€ MOTYT HaxOJUTBHCS U B SIIEPHOM
reHoMe. PacTeHust ¢ MyXXCKOHl CTEpHJIBHOCTBIO TAaKKe€ MOTYT OBITh IOJYYEHBI C
NpUMEHEHUEeM CrnocoOOB OMOTEXHOJIOTUM PACTEHHH, TAKUX, KaK FeHHas WHXKECHEPUs.
OcoOeHHO TpeanmoOYTHTENbHBIH  CIOCOO  TOJY4YeHUs PaCTeHHH C  MYXKCKOH
CTepHUJBHOCTBIO omuchiBaeTcss B nokymentre WO 89/10396, B koTOpoMm, Hampumep,
pubOoHyKJiea3a, Takas, Kak OapHa3a, BBIOOPOYHO OKCIPECCUPYETCS B KJETKax
TameTyMa TBhIUMHOK. DEepTUIBHOCTh 3aT€M MOXKET OBITh BOCCTAHOBJIEHA MYyTEM
SKCIPECCUU B KJIETKAX TalmeTyMa HHruOutopa puOOHYKJIeas3bl, TaKOro, Kak OapcTap
(cm., Hampumep, nokymeHT WO 1991/002069).

AKTHBHOE BEILIECTBO SBIAETCA OCOOEHHO NOAXOMSIIHUM st OOprOBI €
BUPYCHBIMU OOJIE3HSIMU CIENYIOIMUX PACTEHHUI: XJOMOK, JIEH, BUHOTPAJ, IJIOAOBbIE
pacTeHusi, OBOLIW, TaKuWe BUIBI, Kak Rosaceae sp. (HampuMmep, CEMEYKOBBIE IJIOABI,
Takue, Kak sI0JOKM U TPYIIH, a Tak)XKe KOCTOUKOBBIE IJIOABI, TaKHe, Kak aOpHUKOCHI,
BHUINHU, MUHJAJb U MEePCUKHU, U COYHBIC IUIOABI, Takue, Kak KiayOHUKa), Ribesioidae
sp., Juglandaceae sp., Betulaceae sp., Anacardiaceae sp., FFagaceae sp., Moraceae
sp., Oleaceae sp., Actinidaceae sp., Lauraceae sp., Musaceae sp. (Hanpuwmep,
OaHaHOBBIE NepeBbs U IulaHTaUuM), Rubiaceae sp. (Hanpumep, xode), Theaceae sp.,
Sterculiceae sp., Rutaceae sp. (Hampumep, JUMOHBI, alejbCUHBI U TperUndpyThI);
Solanaceae sp. (Hanpumep, Tomarsl), Liliaceae sp., Asteraceae sp. (Hanpumep, canar),
Umbelliferae sp., Cruciferae sp., Chenopodiaceae sp., Cucurbitaceae sp. (Hanpumep,
orypusl), Alliaceae sp. (nmanpumep, mnopei, nyk), Papilionaceae sp. (Hampumep,
ropox); OCHOBHBbIE KYJbTYpPHBIE pPAacTEeHHs, Takue, kak Gramineae sp. (Hampumep,
KYKypy3a, JE€PHOBBIE TPaBbl, 3JaKH, TaKHWe, KaK IMIIEHULA, POXKb, PUC, STYIMEHB, OBEC,
npoco U TPUTHUKaleE), Asteraceae sp. (Hampumep, MOACOJHEYHUK), Brassicaceae sp.
(Hanpumep, kamycTta OelOKauaHHas, KanmycTa KPAaCHOKOYaHHAs, OPOKKOJIM, LBETHas
KamycTa, KamycTa OproccenbcKas, IEeKHHCKasl KanycTa, Konbpabu, peauc U MacIudHbINA
pamc, ropuyuma, XpeH u Kpecc), Fabacae sp. (manpumep, ¢aconb, apaxuc),
Papilionaceae sp. (Hanpumep, cos), Solanaceae sp. (Hanpumep, kaptodens),
Chenopodiaceae sp. (Hampumep, caxapHasi CBeKJia, KOPMOBas CBEKJa, JUCTOBAs

CBCKJIa, CTOJIOBAs CBeKJ'Ia); MOJIE3HBIC PACTCHUA U NCKOPATUBHBIC PACTCHUA AJIA CaAOB
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U JIECHBIX MAaCCUBOB, M T'€HETHUYECKHM MOIU(PHUIMPOBAHHBIC COPTA KAXKAOTO M3 STUX
PacTEeHUN.

bonee KOHKpPETHO, aKTUBHOE BELIECTBO SIBJSECTCS MOAXOAAIMUM IJisi OOpbOBI ¢
BUPYCHBIMHU OOJIE3HSIMU OBOILIHBIX PACTEHHI.

AKTHUBHOE BEIIECTBO SIBJISIETCS OCOOEHHO MOAXOAAIMM AJisi OOpbObI C BUPpyCaMu
caeayroumux cemeicts wnu ponos. Caulimoviridae, Geminiviridae, Bromoviridae,
Closteroviridae, Comoviridae Potyviridae, Sequiviridae, Tombusviridae,
Rhabdoviridae, Bunyaviridae, Partitiviridae, Rheoviridae, Capillovirus, Carlavirus,
Enamovirus, Furovirus, Hordeivirus, Idaeovirus, Luteovirus, Marafivirus, Potexvirus,
Sobemovirus, Tenuivirus, Tobamovirus, Tobravirus, Trichovirus, Tymovirus u
Umbravirus.

IIpeanmoyTUTENPHO aKTUBHOE BEIIECTBO MPUMEHSIIOT 1Jisi OOpbOBI C BUpycamu
CIeIVIONIUX BUIIOB. BUPYC MO3AUKU TYPHEINCAa, BUPYC CKIAAYATOCTH TYPHEINCA, BUPYC
MATHUCTOCTH OOOOBBIX CTPYYKOB, BUPYC MO3AHMKH I[IBETHOH KamyCThl, BUPYC TaOadHOU
MO3aUKH, BUPYC KYCTHCTOW KapJIMKOBOCTH TOMATa, BHPYC JIOXMATOH KapJIMKOBOCTHU
puca, BUPyC MO3aUKHU OTypLa, BUPYC JKEITOW KAPJIUKOBOCTU STYMEHS, BUPYC JKEITYXHU
CBEKJIbI, BUPYC JKEJITYXH CajiaTa, BHUPYC MO3aWKH KYKYPY3bl, BUPYC KapJIUKOBOCTH
apaxuca u Y-BHpPyC KapTodens.

AKTHBHOE BEIIECTBO HAHOCSIT Ha pPACTeHUs B JIIOOBIX MOAXOAAIMHUX (Popmax.
Hanpumep, akTUBHOE BEIIECTBO MOXET HAHOCUTHCA B (pOpMeE CyCIEeH3UHU, HANpUMeEp,
CyCIIEH3UH Ha BOAHOU HMJIM MacCJsHON OCHOBE, 5MYyJIbCUHU, PACTBOPA, MOPOIIKA, TAKOTO,
KaK CMauyMBaeMbIii MOPOIIOK, TMEHBI, MACThl, I'PaHyJ, MHKPOYACTHIL, a’3pPO30JEH WU
MUKpokancya. Ilogxonsinue KOMIIO3UIMM MPHUTOTABIMBAIOT  TPAAULHMOHHBIMHU
criocobamu. KoMmo3uiuu, BKIOYAKIINE aKTUBHOE BEIIECTBO, MOTYT OBITh TOTOBBIMU
K TPUMEHEHHWK  KOMIIO3MIUSIMH, T. €., KOMIO3ULHSAMH, KOTOPbIE MOTYT
HEMOCPENCTBEHHO HAHOCUTHCS HAa PACTEHUs MPU TOMOIIH COOTBETCTBYIOIIErO
YCTPOMCTBA, UM MOTYT CEPUIHO BBIMYCKATHCS B (POpMe KOHIIEHTPATOB, MOJJIEKAIIUX
pa30aBJEHUIO Tepe] MPUMEHEHUEM,

KoMmo3uuun MOryT BKJIOYATh AKTHBHOE BEIIECTBO, OTAENbHO WJIH B
KOMOWHALMU C JAPYTUMH AaKTUBHBIMH BeIIECTBAMH, TaKHUMH, KaK HWHCEKTHIUIBI,
ATTPAKTAHTBI, CTEPHJIM3ATOPbI, OAKTEPULMABI, aKAPULHAbI, HEMATOLHABI, a TaK¥Ke
(GYHTHOHUAB, BEIIECTBA, PETYJUPYIOIIHE POCT, TepOUOUABl, AHTUOOTHl W/ WU

yaoOpeHus.
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AKTHUBHOE BEILIECTBO UM KOMIO3ULUH, KOTOpPbI€ €ro BKJKYAKT, NPUMEHSIOT
I pacTeHMH  TPAAULMOHHBIMH  CcHocoOaMH, Hampumep, MyTeM  IIOJIUBA,
pa3OpbBI3TUBAaHUS, PACIIBIICHHS, MEJIKOJUCIIEPCHOT O PaClblIeHUsl. AKTHBHOE BEIIECTBO
MOJXKET TMpsIMO MM ONOCPEIOBAHHO HAHOCUTBCS HAa pPAcTEHHs, Cpeny, MecCTO
NpOU3pacTaHUs H/UINW MeCTO XpaHeHus. Hampumep, akTHUBHOE BEIIECTBO MOJXKET
BIIPBICKMBATLCSI B KOPY MJIM TOJ KOPY, BBUIMBATHCS WU Pa3sOpBI3STUBATHCS BOKPYT
pacTeHus Ha IPYHT (MOYBY, MECYAHYIO MMOUYBY, IPaBUIHYIO MOYBY, KAMEHHUCTYIO ITOYBY,
IJIMHUCTYIO TMOYBY WJM CMEUIAHHYI TO4YBY). JpyruM THUIIOM MPUMEHEHHS SIBJISETCS
pa3OpbI3TUBaHNE Ha PAaCTeHUE W €ro 4acTu. B cyxol ¢opMe KOMIO3HUIUS aKTHUBHOTO
BEIECTBA MOJKET OBITh CMENIaHAa ¢ MaTepHaJOM I'pyHTa (MOYBOW, MECYaAaHOW MOYBOM,
rpaBUMHON MOYBOW, KAMEHUCTOW MOYBOH, TJMHHUCTOW MOYBOW WM CMELIAHHOUN
NOYBOH) W/MJIM Ha CceMeHa. AKTHBHOE BEI[ECTBO MOXET NPUMEHSATHCA B
UPPUTALMOHHON CHCTEME, B CYXOH HMJHM B XKUAKOH (opme. AKTHBHOE BEIIECTBO
NPEeANOYTUTENHHO HAHOCAT HA PACTEHHS IMyTeM pa3OpbI3rUBaHMUS.

Hacrosimee n3obperenne Takke KacaeTcsi IPUMEHEHUs] OTTMCBIBAEMBIX aBTOPAMHU
coenuHenuit ¢opmynsl (I), Goppbbl ¢ BUpyCHbIMEH OOJE3HSIMH pacTeHuil, Ooyee
KOHKPETHO — CTUMYJHUPOBaHUS MPUPOAHBIX MEXAHHU3MOM 3aIlUThl PAacTEHUN OT
BUPYCOB, B YaCTHOCTH, CTUMYyJupoBaHus ocHoBaHHOro Ha PHK-calinencunre
MEXaHM3Ma 3allUThl PAaCTEeHUH OT BUPYCOB. PacTeHus u/unu BUPYCHI SBIAIOTCS
TaKMMH, KaK ONHCBHIBAETCS BbIIIE.

Coenunenust ¢popmynabl (I) crumynupyroT ocHoBaHHbIi Ha PHK-caiineHcuHre
ME€XaHHU3M 3allUThl PACTEHUU uepe3 yBeluueHue npoayuuposanHus wmanon PHK.
[IpenmouturenbHo cnocoOHOCTh coenuHenuit Qopmyner (I) nna  yBenudeHus
npoayuupoBanuss Majoii PHK Takxxe MOXET HCHOJAb30BaThCS B TI€HETHUYECKH
MOAUGDHUIIUPOBAHHBIX  PACTEHUSX, TPaHCPOPMHUPOBAHHBIX IOCIEAOBATEIHHOCTHIO
PHKwu, mnpenHasHa4eHHOW Juisi YyJY4YIIEHUsS AarpOHOMHYECKHUX CBOHCTB  W/WJIHU
obecrieueHuss yCTOWYMBOCTH K maroreHaM (Hampumep, Oakrtepusim, rpudam),
YCTOWYHUBOCTh K HACEKOMBIM / BPEAHUTENSAM W/UIN yCTOWYHBOCTH K cTpeccy. Takum
obpa3oMm, HacTosmee U300peTeHHe TakKkKe KacaeTcss MPUMEHEHHUs OJHOro WU
HECKOJbKUX coenuHeHud Qopmynel (I) nna ynydmeHus arpoHOMHYECKHX CBOWCTB
u/unu obecrieueHust yCTOWYMBOCTH K NATOT€HAM, YCTOHYMBOCTH K HAaCEKOMBIM /
BPEIUTENSIM W/UINU YCTOWYHUBOCTH K CTPECCY B TE€HETUYECKH MOAM(PUINPOBAHHBIX
pacreHusix ¢ TpaHchopmanmedr mocaenoBarenpbHocTd PHKwu nyTtem mnoBbllmeHms

nponyuuposanus mainou PHK.
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Hacrosimee wn3obpereHue Takxke Kacaercsa coenuHeHus ¢opmynsl (I) w/mnm
KOMITO3UINHU, KOTOpasi ero BKJ4daer, npuuem coeaunenue Gopmynsl (I) sBusercs

CIENYIOUUM:
S

(@)
R1 2
W R
(D

rae

- R1 mpencrasnser coboii ¢eHus, 3aMeUeHHbIH OIHUM WJIH HECKOJbKUMHU
rajoreHaMH, IPeaNnoOYTHTEIbHO XJIOPOM B OpOMOM;

- R2 mpencrasnsier coboii —NR’R” rpymnny, B KOTOpPOU:

- R u R” He3zaBucuMoO apyr OT aApyra BbIOpaHBl W3 TPYIIBL, K KOTOPOM
otHocsTCsl (C1-Co)ankun (mpenmouTuTeNnbHO MeTHs, 3Tuia U w-nponun) u  (Cs-
Ce)uukoankui (MPeanoOYTUTEbHO C-TIEHTUIT), UITH

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIUITIOTCS, 00pa3yroT
3aMEIIeHHbIH MUNEePUAUH WU MOP(OJUH, MPUYEM BBIEYIOMSIHYTHIH 3aMeIleHHBIH
NUMEPUANH HWIX MOPQONUH 3aMelleH OJHUM HJIM HECKOJbKMMH 3aMECTHTEISMH,
BBIOpAaHHBIMH U3 I'PYNIBI, K KOTOpOo# oTHOCATCS ranored u (C-Ce)ankui, numum

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIUITIOTCS, 00pa3yroT
a3aOuIUKJIOAIKHUJ, KOTOpbli  MoxeT ObiThb  3amemeH  (C;-Cg)ramoaikuiom,
npeano4YTuTebHO a3abunukio[3.1.0]Jrekcunom, KOTopbiii MokeT ObITh 3amenieH (Ci-
Cs)ramoankuiom.

B HekoTOpbIX BapuaHTaX OCYIIECTBICHUS COEIUHEHHUE TMPENCTaBJsieT COOOH
coenuHenue ¢popmysl (I), B kKoTOpOM:

- R1 nmpencransier coboii GpeHm, 3aMeleHHbIHl OHUM HJIM ABYMsI TaJOTE€HAMH,
HE3aBUCUMO APYT OT Apyra BIOPAHHBIMU M3 XJIOpa UK OpoMa; u/uiu

- R2 mpencrasnsier coboii —NR’R” rpynny, B KOTOpOIi:

- R u R” He3aBucuMO apyr OT aApyra BbIOpaHBl W3 TPYIIBL, K KOTOPOW
OTHOCSITCSI METHJI, 3THUJI, H-TIPOTUJ B UKJIONEHTHJI, WU

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIUISTIOTCS, 00pa3yroT
3aMeIIeHHbIH MUNEePUIAUH WU MOP(OJUH, MPUYEM BBIMECYIOMSIHYTHIH 3aMeIleHHbBIH
NUMEPUANH HWIX MOPQONUH 3aMelleH OAHUM MJIH HECKOJIBbKHMH 3aMECTHTEISMH,

BBIOPAaHHBIMH U3 I'PYIIBI, K KOTOPOH OTHOCATCS METHI U PTOP,
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- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIUITIOTCS, 00pa3yroT
azabunukio[3.1.0]rexcun, 3amemenHblii  (C;-C¢)ramoankuiaoMm,  TakKuM,  Kak
TpuGTOPOMETHIL.

B HeKOTOpBIX NpPEeANOYTUTENBHBIX BAapUAHTAX OCYLIECTBIEHUS COENUHEHHE
npezacrtasisier coboli coenuHenune Gopmyinsl (I), B koTOpoMm:

- R1 npencrasasier coboit 3,4-quxnopod eHut;, u/umu

- R2 BweiOpan w3 rpynmbel, k koTopoli orHocsaTcsi -NEt, -N(n-Pr),, -N(c-
nentwin)Me, 4,4-npuptoponunepunuu-l-un, 2,6-gumerunmopdonun-4-un u - 6-
(TpudropomeTnn)-3-azabunukino[3.1.0]rexc-3-mi.

KoMmmno3unusi coriiacHO HacCTOAIMEeMY H300pPETEHUI0 OOBIYHO BKJIKOYAET, MOMHMO
coenuHenuss Qopmynsl (I), OAMH WIUM HECKOJNBKO MPUEMJIEMBIX HOCUTEJIEH, B
YaCTHOCTH, OJUH WJIU HECKOJBKO MPUEMJIEMBIX JJISI CEJIBCKOTO X035CTBA HOCUTENEH.

Hocutenb sABnsieTCs NPUPONHBIM HJIM CHHTETHYECKHM, OPTAHUYECKHM WIIH
HEOPTaHUYECKHM BELIECTBOM, C KOTOPBIM AKTHUBHbIE MHI'PEIHEHTHl CMEIIMBAIOT WU
KOMOMHUPYIOT IS YJYYLIEHWS TPUMEHUMOCTH, B YAaCTHOCTH, IS YJIy4YIIESHUs
HAHECEHMUs] Ha pPACTE€HMs, YaCTU PACTeHUU HAU cemMeHa. HocuTenb, KOTOPBIA MOXKET
OBITH TBEPABIM UIIU KHUAKHUM, KaK MPABUIIO, ABIAETCS HHEPTHBIM.

IIpumepaMu NOAXOASLINX TBEPABIX HOCUTENEH, NMOMHMO MPOYUX, SBISIOTCSH,
aMMOHHEBBIE COJIM, PA3HOBUIHOCTH NMPHUPOJHON TOPHON MYKH, Takue, Kak KaOJHUHBI,
IJIMHBIL, TajbK, MeJ, KBapl, aTTamnyJblUT, MOHTMOPUJUIOHUT WJIH JIHATOMHUT, H
PAa3HOBUJIHOCTH CHHTETUYECKOW TOPHON MYyKH, TakKHe, KaK MeJKOJUCIEepPCHBbIN
KpeMHe3eM, TJIMHO3E€M M CHJIMKAThl. [IpuMepamMu TUNHYHBIX MPUMEHHUMBIX TBEPIbIX
HOCHUTEJIEH IJIs MPHUTOTOBJIEHUS TPaHyJ, MOMHUMO MPOYUX, SIBJSIOTCS H3MEIbYEHHBIC
win (QpakIMOHUPOBAHHBIE TOPHBIE MOPOMABI, TaKHWe, KaK KaJbLUT, MpaMop, MeM3a,
CEeNMHOJIUT U JOJOMHT, CHHTETHYECKHE TI'PAHYJbl HEOPTAHUYECKUX U OPraHHYECKHUX
NOPOIIKOB M TPaHyJbl OPTaHUYECKOrO MaTepualia, Takoro, Kak Oymara, OIHJIKH,
KOKOCOBAsl CKOPJIYIa, KYKYypPy3HbIE MOYATKH U YEPEIIKU TaOAUHBIX JTUCTHEB.

[IpumepaMu MOAXOASLINX KUAKUX HOCHTEJNIEH, MOMUMO MPOYHUX, SIBJISIIOTCS BOAA,
NOJISIPHBIE W HENOJSIpPHbIE OPraHWYEeCKHEe XHMHYECKHE JKUIKOCTH, HAIMPUMEpP, U3
KJlacca apOMaTHYeCKUX U HEapOMAaTHYECKHX  yIJIEeBOAOPOAOB  (TakMX, Kak
LUKJIOT€KCAaH, mapaduHbl, AaJKMIOEH30Jbl, KCHJIOJN, TOJNYOJ, aJKUJIHA(PTAIUHBI,
XJIOpPHBIE COENMHEHHs apOMAaTHYECKUX WU alu(aTUUeCKHX YrieBONOPOIOB, TAKHE,
KaK XJOPOOEH30Jbl, XJIOPO3TUJIEHbl WIH METHJIEHXJIOPHUA), CHUPTBl U MOJUOJBI

(koTopble HEOOs3aTENbHO TAKXKE MOTYT OBITh 3aMEIIEHHBIMU, 3TEPUPUIUPOBAHHBIMU
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u/unu 3CcTepuUIUPOBAHHBIMU, HampuMmep, OyTaHOJ WIU TJIHKOJb), KETOHBI (Takue,
KaK aleTOH, MEeTHJ3TUIKETOH, METHIN300yTHUJIKETOH, LHMKJIOTN€KCAaHOH), CIIOXKHbIE
s3¢upel (BkIOYas XUPbI U Macna) U (moau)3pupbl, He3aMEIleHHbIE U 3aMelLIeHHbIE
aMUHBI, aMmuabl (Takue, Kak auMmeTuiadopmamun), Jaktambl (Takue, Kak N-
ANKUIMUPPOJHUIOHBI) U  JIAKTOHBI, CyJiabQOHBI M cyiabdokcuabl (Takue, Kak
aumetuncyiabpokcun). Hocurenap Takke MOXET OBITh CKHKEHHBIM Ta3000pa3HBIM
pacuIupuTeseM, T. €., JKHIKOCTbIO, KOTOpasi sIBJSETCS ra3000pa3Holl MpHu CTaHAAPTHOM
TeMIepaType W Npu CTAHAAPTHOM AABJICHUH, HAIPUMEP, a3PO30JIbHbIE MPOTMEJICHTHI,
TaKue, KaK rajJoyrieBoAoOpoabl, OyTaH, MPONaH, a30T U AUOKCUA yIiIepoaa.

Kommo3unusi Takke MOKET BKJIOYAaTh OAWH WJIH HECKOJIBKO MPHEMIIEMBIX
BCIIOMOTATENbHBIX BEIIECTB, TPAAULHOHHO NPHUMEHSIEMBIX JJIs1 pPEeLenTHPOBAHUS
KOMIO3UIUK (HAampuUMep, arpoOXMMHUYECKMX KOMIIO3MIMN), TAaKUX, KakK OJHAa WJIHU
HECKOJIbKO MOBEPXHOCTHO-aKTHBHBIX BELIECTB.

[IpumepaMu TOAXOASLINX TMOBEPXHOCTHO-AKTUBHBIX BEINECTB MOTYT OBITh
SMYJIbTaTOPBI U/UJIM IEHOOOPa30BaATEH, TUCTIEPTAaTOPhl I CMAadYNBAIOLINE BEIIECTBA,
obnanaromyue MOHHBIMH M HEHMOHHBIMU CBOWCTBAMH, UM UX cMecH. X mpumepamu
MOTYT OBITh COJH MOJHAKPHIOBON KHCJIOTHI, COJIU JUTHOCYIb()OHOBONW KUCIOTHI, COJHU
benoncynbpoHOBOI KHCJIOTBI U HaTanuHCyNb(pOHOBOM KHCJIOTHI,
NOJIMKOH/IEHCAThI ATUJICH- W/UJIU NPONUIEHOKCUAA C XKUPHBIMU CIIUPTAMU, KUPHBIMHU
KHCIIOTAMH HJIM KUPHBIMH aMHUHAMH (MTOJIHMOKCHITHICHOBBIE 3(UPBI JKUPHBIX KHCIOT,
MOJIMOKCUATUIIEHOBbIE b upsI KUPHBIX CIIUPTOB, HampuMmep,
ANKUJIAPUJINIOJNUTIUKONIEBble 3(pUpPhI), 3amelleHHblie (eHOJabl (MPEeANnOUYTHTENIbHO
ankuideHonsl uiau  apuideHonsr), comu 3PUPOB  CYIb(YOSHTAPHON KHCIOTHI,
NpOM3BOAHBIE TaypuHa (NMPEONOYTHTENBbHO aJKuiTaypatbl), GochopHbie >PUPBI
MOJIM3 TOKCUIIMPOBAHHBIX CIIUPTOB WU (EHOJIOB, KUPHBIE CIOXKHBIE 3(HUPHI MOJUOJIOB
U TaypUHOBBIE NMPOU3BOJHBIC COCINMHEHHH, COAepKamux cyiabdaTbl, Cyiab(OHATH U
dochaTe, Hampumep, AaNKHIAPHINOIUIIIHUKOJNEBbIe 3(QUPBI,  AJKWICYJIb(OHATHI,
ankuiICcynbdpaTel, apuiacyiabpoHaThl, OENKOBBIE THUAPOIU3ATHI, JUTHOCYJIb(OHUTHBIE
oTpaboTaHHBIE INEJOKH U METHJILEIUII0I03a. [IOBepXHOCTHO-AaKTUBHOE BEIIECTBO, KaK
NpaBWJIO, NPUMEHSIIOT B Clly4ae, KOrAa AKTUBHbIH WHIPENHEHT W/UIU HOCHTEIb
ABJISIETCS HEPACTBOPUMBIM B BOJE, a HAHECEHHE OCYINECTBJISIIOT C BOXOW. B Takux
CIydasiX KOJUYECTBO MOBEPXHOCTHO-AKTUBHBIX BEIIECTB, KaK MPABUIIO, COCTABISAET OT

5 mo 40 % o mMacce KOMITO3UIIUU.
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JlpyruMu  mpuMepaMu  BCIIOMOTATEJIbHBIX  BEIIECTB, KOTOpbIE  SBJISIOTCS
TPAIULUOHHBIMU [JIs PELEeNTHPOBAHUS arpOXMMUYECKHX KOMIIO3MLHI, MOTYT OBITH
BOJOOTTAJKUBAKOIUE JOOABKHM, CHKKATHBbBI, CBS3YIOIINE BellecTBa (aAre3uB, areHT,
NPUIAOMIUH JTUIKOCTh, GUKCUPYIOIIUI areHT, Takoi, kKak KapOOKCUMETHUIILENITI0I03a,
NPUPOAHBbIE U CUHTETUYECKHE MOJUMEpPHl B (JOpMEe MOPOIIKOB, IPaHYJ HIJIH JIATEKCOB,
Takue, Kak ryMMHapaOuK, MOJUBHHIJIOBBII CHUPT W MOJMBHUHHIIALETAT, NPUPOIHBIE
dochonunuabl, Takue, kak nedanuHbl U JCIUTUHBI, U CUHTEeTHYECKHE (ochomumubl,
NOJIMBUHUJMUPPOIUIOH, TOJUBUHUIIAIETAT, TOJHUBUHUJIOBBIN CHOHPT M THIO03a),
3aryCTUTENH, CTaOMIN3aTOPhI (HAmpUMep, XOJOIHBbIE CTAOMIM3aTOPBI, KOHCEPBAHTHI,
AHTUOKCHUJIAHTBI, CBETOCTAOMJIM3ATOPbI HJIM JAPYTCHE€  areHThl, YJIy4IIarlIue
XUMHYECKYIO W/MIN PU3UUECKYI0 YCTOHYMBOCTD), KPACUTENH HJIM NMUTMEHTHI (Takue,
KaK HEOpPraHMYeCKHe NUTMEHTHI, HAalpUMep, OKCHJ JKeje3a, OKCHUI THUTaHa W
OepnuHCKasi Nla3ypb, OpPraHMYECKHUE KPACUTENH, HAaNpUMep, alu3apuH, a30 W
MeTAIOPTATOMAHUHOBBIE  KPACUTEJH), NPOTHBOBCIEHUBATENN  (HAIpPUMeED,
CUJIMKOHOBBIE MPOTHUBOBCIIEHUBATENN M CTE€apaT MarHus), KOHCEPBAHTHI (Hampumep,
nuxiopodpeH u moaydopmanb OEH3UIOBOTO CHHUPTA), BTOPHUUHBIE 3aryCTHTEIH
(mpoW3BOAHBIE  IEJJIIOJIO3bI, TMPOU3BONHBIE  AKPUJIOBOW  KHCIOTBHI, KCaHTaH,
MOAU(DUIIMPOBAHHBIE TJIMHBI U MEJKOAUCIIEPCHBIH KpPEeMHeE3eM), KJIeHKue BeIlecTBa,
rub0epesIuHbl U TEXHOJIOTHYeCKHe N00aBKU, MUHEpaJbHbIE U PACTUTEJIbHBIE Maclia,
OTIYLIKHM, BOCKM M IHUTATEJbHbIE BEIEeCTBA (BKJIIOYAsl MHKPOSJEMEHTBI, TaKue, Kak
COJM ’Keje3a, MapraHua, Oopa, menu, koOajabTa, MOJIUOAEHA W IMHKA), 3ALIUTHbBIE
KOJUIOMIBI, THKCOTPOIHBIE BEIIECTBA, IEHETPAHTHI, CEKBECTPAHTbI u
KOMILJIeKcooOpa3zoBarenu. BpiOOp HOcUTes el W/MIM BCIOMOTaTeNbHBIX BEIIECTB
3aBHUCUT OT TNPEOyCMOTPEHHOIO peXHUMa TMPUMEHEHUsS KOMIO3HIUH W/ HJIH OT
(HU3UUEeCKNX CBOMCTB aKTUBHOTO(BIX ) HHI'peAUEHTA(OB).

Kak ObUTO YyIOMSIHYTO BBIIIE, H3BECTHO, YTO PACTEHHUs UCTHONB3YIOT NyTh PHK-
CAWJICHCUHTA JJIS 3aIMUThl OT BTOPKEHHS BUPYCOB. Y MIIEKOMUTAKIIHUX, 10 HEAABHETO
oTkpbIiTus, onucanuoro 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), y4yeHble MOTJiH
NOATBEPINUTD JHIIb T'eHHO-peryisaTopuyo ponb PHKwu. Temeps Y. Li et al. u P. V.
Maillard et al. monrBepaunu, yro PHKu takke neiicTByeTr Kak aHTUBHUPYCHBIA OTBET Y
miekonuTaromux. Takum obpaszom, coenuneHus ¢opmynbl (I) Moryr mpumeHsAThHCS

AJIs  CTUMYJHMPOBAHUA TMPUPOAHOI0 3aMHUTHOIO MEXdHHU3MAa MICKOIMHUTAKIUX OT
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BUPYCOB, B YaCTHOCTHU, AJs CTUMYyJHUpOBaHUs OcHOBaHHOro Ha PHK-calinencunre
MEeXaHH3Ma 3aLIUThl MJIEKOMUTAKIINX OT BUPYCOB.

Takum oOpa3zom, HacrosImee H300peTeHHE TakXKe KacaeTcss COeIUHEHU
dopmynsl (I), onuceiBaemMble aBTOpaMH, AJIsl IPUMEHEHHS B KaueCTBE MEAUKAMEHTA, B
YACTHOCTH, JJIs IPUMEHEHHUsI B JICUCHUH WM TPO(HUIAKTHKE BUPYCHBIX HH(EKINH.

OnuceiBaemoe aBTopamu coenuHenue ¢opmynasl (I) MokeT NpPUMEHSTHCS
corlacHO cnoco0y JieyeHUss UM NOpOPUIAKTHKH BHPYCHOW uHpekuuu vy
MJIEKOTIUTAIO IUX, KOTOPBIM BKJIOYAET BBEICHHE MJICKOMHUTAKIIEMY, KOTOPBIH B 3TOM
Hyknaaetcs, 3p(eKTUBHOTO KoyuuecTBa coenuHeHus ¢opmynsl (I), omuceiBaemoro
apropaM. TepMHuH “MJIeKONHUTAKOIINE B KOHTEKCTE JAHHOTO OMUCAHHUS BKJIOYAET
YeJOBEKa.

Hacrosimee nzobperenne noapodHee MOSCHIETCS MPU MOMOIIHU MPEACTABIEHHBIX
HUJKE TIPUMEPOB.

IHPUMEPBI

IIpumep 1: Pacno3HaBaHHe MOAVJSITOPOB MeXaHH3MAa CAHJEHCHHIa

PACTEHHH — HCIIOJb30BaHue penoprepubix pacrenui SUC-SUL

IIyts PHK-caiinencuHra pacTeHusi MOKHO JIETKO OTCJIEIUTh C UCIOJb30BAHUEM
ONpENENeHHbIX HCKYCCTBEHHO CO3JAaHHBIX pPENOPTEPHBIX PpACTEHUI, Ha3bIBA€MbIX
"penoprepubiMu pactrenusimu SUC-SUL Arabidopsis" (Dunoyer et al., Nat. Genet. 37,
1356 - 1360, 2005).

Penoprepubie pactrenuss SUC-SUL Arabidopsis sBIAOTCS TpaHCTEHHBIMHU
pacTeHUsIMU, HKChpeccupyrmumu ayxuenoueunyrww PHK ¢ uHBepTUpOBaHHBIM
noeropoM (IR), mpenHasHauyeHHyr st HauenuBaHus Ha TpaHckpunt SULPHUR
(SUL) B cocynucroii cucteme mnoa koutposiem mnpomoropa SUC2 (Truernit ef al.,
Planta 196(3), 564 - 570, 1995). bynyuu skcnpeccupoBannoii, APHK npeoOpasyercs
B Manbie wuHTepdepupyromue PHK, HampaBasiomyro HEKJIETOYHbIH aBTOHOMHBIN
NOCTTPAHCKPUNLIMOHHBIN calineHcuHr reHoB TpaHckpunta SULPHUR, B cBomwo
odepenb, BbI3bIBas XJOPO3 BeH. llockonbky HaOmOmaeMbli XJIOpPO3 SABISETCS
pesynpTaToMm caitnmeHcunra TtpaHckpunta SULPHUR, pacnpoctpanenue xyoposa,
HaOJro1aeMoe HEMOCPENCTBEHHO HAa PACTEHUAX, KOPPENUpPYeT C HHTEHCHpHKaAIUEeH
nytu PHK-calinencuHra Ha MOJIEKyJAPHOM YPOBHE.

CesHusl A. thaliana 4epe3 nsaTh qHEH mocie nmpopactaHus (n=60) ONMPbICKUBAJIH
pasHbIMH pacTBOopamu, coxepxamumu 300 9./MIH. AKTHBHOW MOJIEKYJbl B

COOTBETCTBHUU C wu3zoOpereHueMm, ¢ aumerwicyiabpokcunom (DMSO) 5 % u
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OpeaBapUTENbHO  CMEINAHHOW  KOMIO3MOUEH  CTaHAApTHOrO  3MYJIbTHPYEMOTO
koHuneHntpara (EC) (6 cesHueB / ucnbiTanue). Jns kaxgol MOJIEKYJbl BbIIOJIHSIU
yeTbipe mnoBTopa. KoHTponpHble pacTeHuss oOpabareiBanu  Tonbko DMSO
(umMuTHpOBaHHOE JeueHHEe pacTeHuil). DPdexT oT JedeHus penopTepHbIX pPaCTeHUN
SUC-SUL ouenuBanu uyepe3 14 nHeil mocie jedeHUs MOJ TpaHCHJUIIOMUHALUEH U
3anuchiBaiu B 1uppoBoM ¢opmMaTre NpPH IMOMOIIM CTEPEOMHUKPOCKONA IyTeM
U3MEPEHHs] TOBEPXHOCTU U UHTEHCHUBHOCTH XJOPOTHYECKOW 30HBI (MpPOIEHTA
xjopo3a). IIpoBoaunu nBa HE3aBUCUMBIX 3KCIEPUMEHTA C LEJbI OLEHKH CPEIHEero
NPOLIEHTA XJIOPO3a IJIsl KAKIOH MOJIEKYJIBI.

PesynbraThl mokasansl Huke B Tabnune 1. Jleuenne ¢ npumenernem 300 4./miH.
DFPM ([5-(3,4-nuxnopodenun)pypaH-2-ui|-nunepuant-1-niIMEeTaHTHOHA) U  €ro
aHAJIOrOB MPHUBOAMIO K 3HAYUTEIbHOMY I[IOBBIIICHUIO TMPOLEHTAa XJIOPO3a, HYTO
NOATBEPIKIANIO AKTUBHOCTh AaKTHBHOIO BELIECTBA B KA4eCTBE IMPEANOJIaraeMbIX
MowHbIX ycunurtenein PHK-calinencunra.

C menbro OTCEHMBAHMS MOJEKYJ, NEHCTBYIOIIUX MPSIMO Ha NMPOMOTOpP, a HE Ha
mexanu3M PHK-caiineHCHHra, aKTHBHBIE BEIIECTBA, PACHO3HAHHbIE KaK CIIOCOOHBIE
yBEJIMYUBATh TOBEPXHOCTb M HHTEHCHBHOCTb XJOPOTHYECKOW 30HBI 3aTeM
HCIIBITBIBAJIM HA BTOPOM 3Talle Ha HEKOTOpbIX penopTepHbix pacTeHusx AtSUC2-GFP,
KOTOpble crneuuduueckn nawT uHbopManuro o0 aktuBHocTH mnpomotopa SUC2
(Wright et al., Plant Physiol. 131, 1555 - 1565, 2003).

Tabauna 1: onenka DFPM  (coenubenue ID Ne 3) u ero aHajoros B

penoprepubix pacteHusx SUC-SUL. VpoBeHb XJIOpO3a pPACTEHHs. IIOJABEPTHYTOLO

AMHUTHPOBAHHOMY JieueHur, nocturaj 10 %.

S
R1 \O R2
ID|R1 R2 Cpeauuii %
XJI0po3a
1 |3.4-puxnopodeHun 4.,4-mudroponunepuauH-1-nn 54.9
2 |4-6pomodenun IMunepuann-1-nn 52,6
3 |3.4-puxaopodeHun IMunepuann-1-nn 48.0
4 |3-xmopodeHun IMunepuann-1-nn 47.8
5 |3.4-puxaopodeHun N-Mopdonuno 45,3
6 |4-xaopodeHunn 4-(2-mma”odTHN)-UNepa3uH-1 -un 39,1
7 |3.,4-auxaopodeHun N-(c-lIleatun)Me 33,8
8 [3.,4-auxnopodeHun IMTupponuaun-1-un 33,3
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ID|R1 R2 Cpeauuii %
XJ0po3a
9 |3,4-auxnopodeHun 6-(TpudropomeTni)-3- 31,7
azadunukio[3.1.0]rexc-3-un
10 | 3,4-auxnopodenun N-(n-Pr), 30,8
11 |3,4-quxaopodenun 2,6-gumetunmMopdonuH-4-un 25,5
12 |3,4-quxaopodeHun Net, 23,4
13 | 3,4-aquxnopodennn 4-(2-1MaHOATUT)-TIUIICPA3HH- 1 -1 22.3

Ilpumep 2: IloaTBepxaeHHEe MOJIEKRYJAPHOro 3¢ dexTta MOAYJISATOPOB

CAWJICHCHHTI A

Ycunuparomee Biausuue DFPM nHa mexanusm PHKwu Oblio monTBep:kAeHO Ha
¢enorunuueckoM u MoJjekyiasipHoM ypoBHsX. Pacrenuss SUC-SUL  Arabidopsis
YETBIPEXMECSYHOr 0 BO3pacTa Ha cTaauu pos3erku onpbeickusanu DFPM B konudectse
200 u./mnH. Yepe3s cemp nHell mocne JjedeHus Obuto oOHapykeHo, uro DFMP
BBI3BIBAET siBHOE pacmpocTpaHenue PHKwu-3aBucumoro xjmoporudeckoro GpeHoTHna B
KUJIKaX, KOTOPbIA HE HaOmoaancs npu npuMeHeHun Tojabko DM SO (MMuTanuoHHBIH
KOHTPOJIb).

HanzemHble TkaHu pacTeHHH coOHWpany M AaHAIM3UPOBAJIU HA MOJIEKYJISIPHOM
YPOBHE C IPUMEHEHUEM METOJOJIOTHUH CYIIECTBYKINEr0 YPOBHs TEXHUKU. Busyanbnoe
pacnpoCTpaHEHUE XJIOPO3a KOpPPEIUPOBAIO CO CHHMXKEHUEM YPOBHEH TPaHCKPUIITA
SUL, cornacHo aHanu3y ¢ npuMeHeHueMm koandecrBeHHou I[P B peanbHOM BpeMeHU
(Purypa 1), a Takxke cHuxkeHuem ypoBHs Oenka SUL, KOTOpBIH KOJHUYECTBEHHO
ompenensacs npu BectepH-OmoTTHHTE. Kpome Toro, stu 3¢ dekTsl ObUTH CBSI3aHBI C
nepeHakoriennem 21-wykneorupHo u  24-mykneorugnoin muPHK SUL  wu3
TpaHcreHHbIX SUL. Bmecte 3Tu manHble moaTBep:kaarT, 4To DFPM BbI3bIBaeT myTh
PHKwu pactenus.

Ilpumep 3 : AHTHBHUpPYCHASE 3()(DEKTHBHOCTL MOAVJISTOPOB CAHJEHCHHIA B

pactennu Arabidopsis

Bupyc mosauku typremnca (TuMV) ortHocutcs k Potyviridae, nHaubonbremy
CEeMEICTBY M3 HM3BECTHBIX BHUPYCOB PACTEHHH. DTOT BUPYC HHOHUIUPYET IMHUPOKHUM
Kpyr pacTeHul, B 4acTHOCTH, Brassicaceae. I'enom TuMV cocTOUT U3 MOJIEKYJIbI
noyiokuTeNnpHO-noysipHoit  ogHouenoueyHod PHK (+ ouPHK). ArTHBHpYCHYIO
s¢ppextuBHocTe DFMP wucneiTeiBanm npu mnomMomu  (PIyOpPEeCHEHTHO MEUYEHHOTO
notusupyca (TuMV-GFP) nnst Touroro onpeneneHuss KOHKPETHOTO BPEMEHH U MECTa
BO3HUKHOBEHHUSI BO3JEHCTBHUS MOJIEKYJ BO BpeMs IMEPBUYHOrO HHPUIUPOBAHUSA

BHUPYCOM, a TaKX€ €ro MECTHOTO UJIU CUCTEMHOT'O PaACIIPOCTPAaHCHUS.
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Pacrenus Arabidopsis onpeickuBanu, npumenss 100 umu 200 u./mna. DFMP 3a
3 nHsA no uHpuuupoBaHusa pacteHuil supycom TuMV-GFP. Tutpel Bupyca usmepsnu
nyreM konudecTtBeHHOHW IIIIP wu/unu HakomjgeHuss BUpPYCHOTo Oejka INpPU BECTEpH-
OJIOTTHUHIe U MyTeM IMOJCYEeTa KOJUYECTBA O4YAroB NEpPBUYHOr0 MHPULUPOBAHUS B
ynbTpaduoneToBoM csere B ciydae TuMV-GFP.

DFPM npuBoAUT K SIBHOMY CHUJKEHHUIO HAKOIUIEHUs TUTPOB BUPyCa depe3 IsTh
aHeW mocie uHPUUUPOBaHUS Ha pacteHusx Arabidopsis. CunbHOE CHUXEHHE
HAaKOIUIEHUS BHpyCa TMocienoBaTeNbHo Habmwomanoch npu TuMV-GFP kak Ha
WHOKYJIHPOBAHHBIX JUCTBAX (Purypa 2), Tak ¥ HA CUCTEMHBIX TKAHSX MMOCJIE JICUSHUsI
DFPM, cornacHO U3MEpPEHHOMY CHUXE€HUIO HakomieHus TuMV-npoussoanoit HcPro
MPHK (@urypa 3).

[TonoOHble pe3ynbTarhl mosay4anu npu DFPM ¢ HeponcTBEHHBIMH BHPYCaMH,
TaKUMH, Kak eupyc ckaaduamocmu mypnenca (TCV) u supyc moszauxu yeemnoi
kanycmer (CaMV). TCV otHocutcs kx cemeiictBy Tombusviridae m wHpuuupyer
pa3Hble THIBI PACTEHHWH, BKJIOUas o0mue pacturenbpHble monenu A. thaliana u N.
benthamiana. ETo reHOM NpeACTaBIsieT elle OAUH NMPUMEpP BUPYCA C MOJIOKUTEIbHO-
nonsipaoii  nensto PHK. CaMV otHocutrcs k cemeiictsy Caulimoviridae. OH
uHQUIUpYeT NpeuMyLIeCTBEHHO Brassicaceae, Takue, Kak TypHENC M KamycTa, HO
Takke crnocoben uHpunuposath A. thaliana. CaMV coCTOUT W3 ABYXLENOUYEYHOU
mogekyabl JJTHK.

Jleuenune ¢ npumeHenueM DFPM B konuvectse 100 u./mnH. BeneT k cunmpHOMY
CHM)KEHHMI0 HAaKOIUIEHHMsl BHUpPyCa KakK Ha HMHOKYJIHUPOBAHHBIX JIUCTbSIX, TaK U Ha
CUCTEMHBIX TKaHfAX, COlJaCHO U3MEpPEeHHOMY CHUkeHuio HakomieHus TCV-
npoussoaHoi P38 MPHK u CaMV-npoussoanoii P6 MPHK.

Ilpumep 4: AuTUBHPYCHASA 3((DEKTHBHOCTHL MOAVJISITOPOB CANJEHCHHIAa Ha

PACTCHHSAX COM

Bupyc mnsatHucroctu 6000BbIX cTpyukoB (BPMV) sBisiercs pacTUTENbHBIM
MaToreHHBIM BHpycoM cemeiictBa Comoviridae. DtoT BUpyc mHPuuupyer 6000BbBIE
pacTeHusi, B 4acTHOCTH, cow. ['enom BPMV coctour wu3 nABOWHON MOJIEKYJIbI
noyiokuTenpHO-noysipHoit  ogHouenoueyHod PHK (+ ouPHK). ArTHBUpYCHYIO
3} PeKTUBHOCTD YCHIIMTENEH CalIEHCUHTa UCTIBITHIBAIN MPU MOMOIIHN (PIyOpECIEeHTHO
meueHHOro komoBupyc (BPMV-GFP) nnsa TouHOro ompeneneHuss KOHKPETHOTO
BPEMEHU M MeCTa BO3HHUKHOBEHHUS BO3JEHCTBUS MOJIEKYJ BO BpEeMs NEPBHYHOTO

MHQUIIMPOBAHUS BUPYCOM, a TAK)KE €r0 MECTHOTO UJIM CUCTEMHOTIO PacIpOCTPaHEHHUS.
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Pacrennss com omnpseickuBainu ¢ npuMmeHenuem 100 wmnm 200 u./mnH. DFPM n
NpeIBapUTEIbHO CMEIIAaHHOW KoMmo3uuuu smyjbrupyemoro konunenrpara (EC) 3a
neHb 10 uHpuIupoBaHus pacteHuil Bupycom BPMV-GFP. JIns xaxaoro cocTosiHUsA
HCIIOJNIBb30BaNU ABeHaauaTh peniaukatoB. DFPM Bener k sIBHOMY CHMIKEHHUIO 4MCJA
pacTeHuil, JOeMOHCTpupywmux cumntombl BPMV, u  sgBHOMYy CHHXEHUIO
bayopecuenuuu BPMV Ha pacTeHusx coum 4yepe3 ceMb JHEH mocie MHPUIUPOBAHUS
cou (Tabnumna 2).

Tabnuna 2: Cuuxkenue cumnromoB BMPV u dayopecueHuu noclie jieueHus ¢

npuMenenueM 100 u 200 u./mjau DFPM

Jleuenue IIpoueHT pacTenui, Cpennuii npoueHTt
OeMOHCTpUpyromux cumnromsel BPMV |dayopecnieriiuu BPMV

BOJA 83 % 46 %

Komnozunus EC 63 % 31 %

DFPM, 100 u./maH. |55 % 31 %

DFPM, 200 u./maH. |10 % 6 %
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OOPMVYIJIA U30BPETEHM A

1. Cnoco0 OopbOBI ¢ BUPYCHBIMH OOJIE3HSIMH PACTEHUH, BKJIOYAO UM

NpUMEHEHUE IJIs paCTE€HUH 10 MeHbIell Mepe onHoro coequHeHus ¢popmyasl (I):

S

O
R1 R2
\
M

rae

- R1 mpencrasnsier coboii ¢peHUN, KOTOPBIH MOXKET ObITh 3aMELIeH OAHUM HIIH
HECKOJIbKMMH raJloreHaMu;

- R2 mpencrasnsier coboii —NR’R” rpymnny, B KOTOpPOU:

- R” mw R” He3aBUCHMO Apyr OT Ipyra BBIOMpPAIOT W3 TPYINBL, K KOTOPOH
otHocsTCs (C1-Co)ankun u (C3-Ce)UHKIOATKUI, HITU

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIUITIOTCS, 00pa3yroT
5- unu G6-4NeHHBIM reTepOLUKI, KOTOPBIH BBIOUPAOT U3 MUPPOJUANHA, MUIEPUIHNHA,
MOp}OJIMHA WU NUIMEPA3UHA, NPUYEM BBIIIEYIOMSHYTBII TeTE€POLUKI MOXKET OBITh
3aMelleH OAHUM WM HECKOJBKHUMHU 3aMECTHUTENSMHU, KOTOPbIe BBIOUPAIOT M3 TPYIIIIH,
K Kotopoit orHOcsATcs rajoreH, (C;-Ce)ankmn u (C-Cq)unaHoankui, uin

- R’ u R” BmecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPETUISIIOTCS, 00pa3yroT

a3a0MIUKIJIOATKHI, KOTOPbIH MOKeT ObITh 3aMelneH (Ci-Ce)ranoaskuiom.

2. Cnoco6 mo n. 1, ornuuaromuiics TeM, yto R1 BrIOMpaOT M3 rpymnmbl, K
KOTOpOH  oTHOcsiTcss  3-xjopodenmn, 4-xmopodpenun, 4-Opomodenmn, 2,3-

nuxnopodenun u 3,4-guxnopodenunn.

3. Cnocob6 mo mm. 1 wmnm 2, oThuyaroimuics TeMm, 4yto R2 BeIOUpamT U3
Ipynmel, K KOTopoit oTHOcsTcss —Nety, -N(n-Pr),, -N(c-neatun)Me, nunepuaus-1-u,
nupponuauH-1-un, N-mopdonuno, 4,4-nudroponunepuanH-1-un, 4-(2-uHaHOITHII)-
nunepasuH-1-un, 2,6-nuMeTunMopdonuH-4-uin u 6-(TpudTopomerun)-3-

azabunmkio[3.1.0]rexc-3-u.
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4. Cnocob6 mo nrobOomy w3 NMyHKTOB ¢ 1 mo 3, OTIMYAIOUIUKICA TE€M, HYTO
O6opbpba OCHOBaHA HA CTHUMYJHPOBAHHU MPUPOIHOrO 3ALIUTHOTO MEXaHU3Ma PACTEHHUI

OT BUPYCOB.

5. Crnoco6 mo m. 4, oTiauYarOUUHCS TeM, YTO HNPUPOIHBIH 3aLUTHBINA
MEXaHH3M pacTeHUH OT BHUPYCOB TMpencTtaBiser coboil ocHoBaHHb Ha PHK-

CallJIeHCUHI€ MEXaHU3M 3aIUThl PACTEHUH.

6. Cnocob mo nrboMy M3 TpenbIAyIUX MYHKTOB, OTJIHUYAIOIIUNCS TEM, YTO

BBILIEYTOMSIHY TBIH CTIOCO0 MpeacTaBisieT co00i mMpopuIakTHIECKHH crioco0.

7. Cnoco0b mo nroboMy M3 MpenbIAyIUX MYHKTOB, OTIHUYAMIUNCS TeM, YTO
BBIIIEYTOMSIHYThI€ PACTEHUSI BBIOUPAIOT M3 TPYIINbI, K KOTOPOH OTHOCSTCS XJIOTOK,
JIeH, BUHOTpak, MJIOJOBbIE PAaCTEHHs, OBOINH, KyJIbTypHbIE PAaCTEHUsS, NEKOPATHBHbBIE
pacTeHus AJs CaAOB M JECHBIX MAaCCHBOB U I'€HETHYECKH MOAU(PUIIMPOBAHHBIE COPTA

Ka)KI0TO U3 OTUX PACTEHUM.

8. Cnoco0b mo nroboMy M3 NpenbiAyIUX MYHKTOB, OTJIHUYAIOUIUICA TEM, YTO
BBILIEYIOMSIHYTbI€ PACTEHUs BBIOMPAIOT U3 I'PYMIIBI, K KOTOPOH oTHOCATCA 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., Cruciferae sp., Chenopodiaceae sp., Cucurbitaceae
sp., Alliaceae sp., Papilionaceae sp., Asteraceae sp., Brassicaceae sp., Fabacae sp.,

Papilionaceae sp., Solanaceae sp. u Chenopodiaceae sp..

9. Cnoco0b mo nroboMy M3 MPenbIAyIUX MYHKTOB, OTJIHUYAIOMIUICS T€M, YTO
BBIIIEYITIOMSIHYThI€ BHUPYCHI BBIOUPAIOT U3 TPYIIIbI, K KOTOPOH OTHOCSTCS CIIEAYIOIIHe
cemeticta wiu ponsl: Caulimoviridae, Geminiviridae, Bromoviridae, Closteroviridae,
Comoviridae Potyviridae, Sequiviridae, Tombusviridae, Rhabdoviridae,
Bunyaviridae, Partitiviridae, Rheoviridae, Capillovirus, Carlavirus, Enamovirus,
Furovirus,  Hordeivirus, Idaeovirus, Luteovirus, Marafivirus, Potexvirus,
Sobemovirus, Tenuivirus, Tobamovirus, Tobravirus, Trichovirus, Tymovirus u

Umbravirus.
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10.  Cnocob mo nro0oMy U3 NMpeablAyIIuX MYHKTOB, OTIMYAKOLIUNACSA TE€M, YTO
BBIIIEYIOMSIHYTbI€ BUPYCHI BBIOUPAIOT M3 TPYHNIbl, K KOTOPOH OTHOCATCS BHPYC
MO3aUKH TypHEICa, BHPYC CKJIAAYaTOCTH TYpPHEINCa, BUPYC MIATHUCTOCTH OOOOBBIX
CTPY4YKOB, BHUPYC MO3aUKHM I[BETHOH KamyCTbl, BUPYC TabayHOW MO3aMKH, BUPYC
KYCTUCTOH KAapJIMKOBOCTU TOMAaTa, BUPYC JIOXMAaTOH KapJIUMKOBOCTH pHCA, BUPYC
MO3aUMKHU OTrypLa, BUPYC JKEJITOW KAPIUKOBOCTU SIUMEHS, BUPYC JKEITYXHU CBEKJIBI,
BUPYC JKEITYXH C€ajaTa, BUPYC MO3AaUKHM KYKYpPYy3bl, BUPYC KapJIUKOBOCTHU apaxuca u

Y-Bupyc kaprodens.

11. Cnocob mo ar00oMy U3 NMpenbAyIIUX MYHKTOB, OTIHYAKLIANACS TE€M, YTO

coenuHenue ¢popmyusl (I) HAaHOCAT MyTeM pa3OpBI3TUBAHUS HA PACTEHHS.

12.  Cnocob mo nmrodoMy W3 MPenbIIyIUuX NYHKTOB, OTJIUYAKUIUNCS TEM, YTO
coenuHenue (opmynabl (I) HaHOCAT Ha pacTeHUs B KOJUYECTBE, COCTABJISIOMEM OT

0,01 mo 5 kr/ra.

13.  Ilpumenenue coenunenus popmyasl (1), kak onpeneneno B nm. 1, 2 wnu 3,

AJIst CTUMYJIUPOBAHUS NMPUPOAHOIO 3alllUTHOIO MEXaHU3MaA paCTeHI/II\/’I OT BUPYCOB.

14. Ilpumenenue mno n. 13 pana crumynuposaHuss ocHoBaHHOoro Ha PHK-

CalJIECHCUHT€ MeXaHU3Ma 3allUThl PACTEHUI.

15. Tlpumenenue coenunenus popmyasl (1), kak onpeneneno B nm. 1, 2 wiu 3,
11l YIYYIIEHHS] arpPOHOMHUYECKUX CBOMCTB WM/MJU st oOeCreueHus: yCTOHWYUBOCTH K
NaTOr€HaM, HAaCEKOMBIM, BPEIHUTENSAM, H/UIHU JJsi oOecCredeHuss YCTOWYMBOCTH K
CTpeccy B TE€HETHYEeCKHM MOIU(PULUHUPOBAHHBIX PACTEHUSAX C TpaHchopMamuen

nociienoBarenbHoctu PHKuU.

16. Coenunenne Gopmyisl (I):
S

O
R1 R2
\
(I,
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rue

- R1 mpencrasnsier coOoit ¢eHus, 3aMeUeHHbIH OIHUM WJIH HECKOJbKHUMH
rajoreHaMu,

- R2 mpencrapisier coboit —-NR’R” rpynny, B KOTOpPOIi:

- R’ m R” He3aBucumo Ipyr OT Apyra BBIOMPAIOT W3 TPYNIbl, K KOTOPOH
otHocsTCs (C1-Co)ankua u (Cs-Cg)UMKIOATKUI, UITH

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHHU MPUKPEIUISIOTCS, 00pa3yroT
3aMelIeHHbId MUNEePUIAUH WU MOP(OJUH, MPUYEM BBIMIEYIOMSIHYTHIN 3aMelleHHbIH
NUMEPUANH WIH MOPQONUH 3aMelleH OJAHUM HJIM HECKOJbKHMH 3aMECTHTEISIMH,
KOTOpbI€ BBIOMPAOT U3 TPYIIIBI, K KOTOpOH oTHOCATCs ranoreH u (C-Ce)ankui, uimu

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPUKPEIUITIOTCS, 00pa3yroT

a3a0MLUKII0ANKUI, KOTOPBIH MoXeT ObITh 3aMetneH (C;-Cs)ranoankuiom.

17.  Coenunenne popmynsl (I):
S

o
R1 R2
-/
(n,

rae

- R1 mpencrasasier coboit peHnn, KOTOpbIH MOXKeT OBbITh 3aMEIEeH OJAHUM HJIH
HECKOJIbKMMH TaJIOT€HAMU,

- R2 mpencrasiasier coboit —-NR’R” rpynny, B KOTOpPOIi:

- R” u R” He3aBUCMMO JApyr OT Jpyra BBIOMPAIOT W3 TPYMIbl, K KOTOPOH
otHocsaTCs (C1-Ce)ankun u (Cs-Cg)UMKIOATKIUI, UITH

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPUKPEIUISIOTCS, 00pa3yroT
5- unau G6-4JIeHHBIN reTePOLUKI, KOTOPBIH BBIOUPAOT U3 MUPPOJIUAWHA, MUIEPUIHHA,
MOp(OIMHA WU THUIMEPA3UHA, MPUYEM BBIIICYIIOMSHYTBIH TeTEPOLUKI MOXKET OBbITh
3aMeIeH OAHUM UIJIM HECKOJbKHUMHU 3aMECTHTENSMHU, KOTOPbIE BBIOUPAIOT M3 TPYIIIIHL,
K kKotopoit otHocsaTcs rajioreH, (Ci-Ce)ankun u (C-Co)unaHoanKui, uin

- R’ u R” BMecTe ¢ aTOMOM a30Ta, K KOTOPOMY OHU MPHUKPEIUITIOTCS, 00pa3yroT
a3a0MLUKI0ANKII, KOTOPBIH MOXeT ObITh 3aMeteH (C-Cq)ranoankunom;

AJIst IPUMEHCHUS B KAUECTBC MEAUKAMCHTA.
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