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PayiukanpHOE CHMKEHNE BPEIOHOCHOCTH BUPYCHBIX HH(MEKITUN Y C/X KyJIbTYP BO3MOXKHO TOJIBKO
IIPU CO3/IAaHUU YCTONYMBOU reHeTUUECKON PE3UCTEHTHOCTU pacTeHui. V3-3a 3aBUCHMOCTH BHUPYCOB OT
TPAHCJIAIMOHHOTO U TPAHCKPHUIIIIMOHHOTO alllIapaToOB PACTEHUA-X035IUMHA, U3MeHeHne QyHKITMOHAIbHOU
AKTUBHOCTU T'€HOB, KOAUPYIOIINX UX KOMIIOHEHTHI, MOXKeT 00eClIeUnTh TeHETUYECKYI0 YCTOMYUBOCTD K
BUpPYcHOU nuHdeknuu. B Hamell paboTe 714 OydeHUs pacTeHui KapTodesisa ycTOWUUBBIX K BUpycy PVY,
OJIHOTO U3 Haubosiee BPEJOHOCHBIX BUPYCHBIX IIATOTEHOB, MBI UCIIOJIb30BAJIN /IBA T€HHO-UHKEHEPHBIX
noaxo/ia. IlepBoiii ocHOBaH Ha ucnosib3oBaHnu PHK-uHTepeHbepeHITMOHHBIX IINMUIEYHBIX KOHCTPYKITUH
JUIST 3aMaTIMBaHUA TeHOB (haKTOPOB MHUITHANNU TpaHcasanuu elF4EL u elF4E2. Bropoii - Ha BHECEHUH
HOKAYTHBIX MyTaIlUi B ITOCJIEI0BATEIbHOCTUA 3TUX T'€HOB C IIOMOII[bI0 CUCTEMBI PeJJaKTUPOBAHUSA TeHOMA
CRISPR/Cas9. CpaBHUTEeIbHBIN aHAIN3 TPAHCTEHHBIX paCTeHUI KapTodesis MokKasas, 4To YyCTOHYUBOCTh
k 3apakeHuro mrammamu PVYNTN u PVYO ompenesnsercs BbIGOpOM IPOMOTOpA /ISl SKCIPECCUU
uHTepGhEPEHITMOHHON KacceThl. Psjl TpaHCreHHBIX JTUHUH, B KOTOPhIX RNAI mmuibka Haxoiuaach Moy
nmpoMoTopoM StLhca, IeMOHCTPHUPOBAIN IOUTH ITOJTHOE OTCYTCTBHE XapaKTEPHBIX IPU3HAKOB BUPYCHOU
WHQEKIINY B TeYeHHe TPeX-IIeCTH HeJesb mocie 3apakeHus. HosepH Osior m RNAiseq aHaIu3bI
MIOATBEPAWIIN, YTO YCTOMUUBOCTD fABJIAETCS CJIe/ICTBUEM HaKOIUIeHUsA MHTepdepupyoomux Maasix PHK,
COOTBETCTBYIOIIUX TocsaeaoBarebHOCTAM elFAEL u elF4E2. TpaHCKpUIITOMHBIA aHAIN3 MOKa3aJsl, YTo
HOK/layH reHoB elFAE BbI3Bas u3MeHeHue uddepeHIUaTbHON 3KCIPECCUU OKOJIO 6 ThIC. T€HOB, UTO
MIpUBeJIO K pAAYy GeHOTUIINYNECKUX M3MEeHEHUM, B OCHOBHOM CBSI3aHHBIX C Pa3BUTHEM IeHepaTUBHBIX
OpraHOB, IIPU 3TOM KIyOHeoOpa3oBaHUe He IOCTPAaI0. AHAJIOTUYHbIE U3MeHeHUs ObLTN 0OHAPYKEHBI Y
BUPYCOYCTOMYUBBIX PACTEHUH, IIOJIyUeHHBIX B pe3yJbTaTe HokayTa ajuiesneii elF4E1 u elFAE2 ¢ momoipio
CRISPR/Cas9. IIpu 3TOM OAHO- U JIByX-aJIJIeJIbHbIE MyTallUN B TeHaX He MPUBOAWIN K YCTOWUYUBOCTH,
TorJla Kak Haysnume 3-4 HOKayTHbIX asuieseid elF4E obecrieunBajsio OIIyTUMYIO PE3UCTEHTHOCTh K
3apakeHr0 PVY. YCTONYUBOCTh TPAHCTEHHBIX M T€HOMHO OTPEJAaKTUPOBAHHBIX PACTEHHUIN CTAOWIBHO
COXPAaHsIACh B JAJIbHENIITNX reHepanuax, MOJyYeHHBIX U3 KIyOHeH.
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A radical reduction in harmful viral infections of crops is possible only through strong genetic
resistance of plants. Viruses reproduce via the translational and transcriptional apparatus of the host plant,
so changing the functional activity of the genes encoding their components can provide genetic resistance.
In our work, two gene engineering approaches have been used to obtain resistance to PVY, one of the most
harmful viral pathogens of potato. The first approach involves the transfer of RNA interference hairpin
constructs to suppress the genes encoding the translation initiation factors elF4E1 and elF4E2. The second
approach is the induction of knockout mutations in the sequence of the same genes using the
CRISPR/Cas9 editing system.

It was found that resistance to infection by PVYNTN and PVYO strains is determined by the choice
of a promoter to drive the RNA interference expression cassette. A number of transgenic lines expressing
the RNAI hairpin under the StLhca promoter showed no viral symptoms for three to six weeks after
infection. Northern blotting and RNAI analysis confirmed that resistance was associated with the
accumulation of small interfering RNAs corresponding to the elF4E1 and elF4E2 sequences.

Transcriptomic analysis showed that elF4E gene knock-down caused changes in the differential
expression of more than 6,000 genes. This resulted in a number of phenotypic changes, mainly related to
the development of generative organs, while tuber formation was not affected.

Similar changes were found in virus-resistant plants obtained by knocking out elF4E1 and elF4E2
alleles using CRISPR/Cas9. Single- and dual-allelic mutations did not confer resistance, whereas the
presence of 3-4 knockout alleles of the el FAE genes provided resistance to PVY infection. The resistance of
transgenic and genome-edited plants was stably maintained in subsequent vegetative generations obtained
from tubers.
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