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CoBpeMeHHbIE ONOTEXHOJIOTHH, K KOTOPBIM OTHOCHTCS pEIaKTHPOBAaHUE T€HOMA, TIO3BOJISIOT
3HAYUTENbHO YCKOPUTH COBEPIICHCTBOBAHME MPOCTHIX MPU3HAKOB, KOHTPOJIUPYEMBIX OAHUM HIIH
HECKOJIbKUMH TE€HaMH, IpH 3ToM He co3naBasg [ 'M-pactenus. C ucnonszoBanueM CRISPR/Cas9
TexHojoruu penaktupoBanus JHK, Hamu ycmemHo JOCTUTHYyTa OAWHOYHAS M MHOXKCCTBEHHAS
MOTUpUKAIMS HYKIEOTHIHBIX ITOCIIEIOBATEEHOCTEH IeHOB BAYKHBIX 36PHOBBIX KYJIBTYP, TAKUX KaK
Msrkas mmenunna (7Triticum aestivum), nion6a (Triticum dicoccum) u TputHKane (x Triticosecale).
g co3gaHus HOBBIX QJUIETIBHBIX BEPCUM TEHOB MBI HCIONb30BAIM OJUHOYHBIC WU
MOJIMIIUCTPOHHBIE T€HeTH4YecKne KOHCTPYKIuu. OIHOKpaTHOE T€HOMHOE pPeIaKTHPOBaHHE OBLIO
HaIpaBJIeHO Ha HHAYKIMIO HOBBIX HYKJICOTHIHBIX H3MEHEHHI B IPOMOTOPHOM MOCIEA0BATETLHOCTH
perieccuBHOTO reHa vin-Al ¢ TeNbl0 U3MEHEHUS (QYHKIMOHAIBHON aKTHBHOCTH T€HOB VRN,
KOHTPOJIIPYIONINX BpeMsl KOJIOMIEHHS pacTeHHH MATKON mimeHHnbl. C IMOMOIIBI0 TeHETHYEeCKUX
KOHCTPYKLHMH, Hecymux eauHn4Hyto Hampasisitomyro PHK (sgRNA), momyden psa He3aBHCHUMBIX
JIMHUN, COAEPIKAIINX PAa3TUYHbIe HYKICOTHIHbIE N3MEHEHUS, TIPeACTaBIIAoNIe co00i HeGOobIINe
(OIHOHYKJICOTHAHBIE), TaK M MPOTSKEHHbIE MyTalnuu. Ha WX OCHOBE MOJIy4eHBI TOMO3UTOTHBIC
MOMYJIAUUKM MIIeHUIbI M2-M3 ¢ HOBBIMH aJUIeNsIMH, KOTOpbIE HE HMEIOT (EHOTHIIMYECKUX
W3MEHEHUN MO CPABHEHMIO C UCXOJHBIM COPTOM, IIPU 3TOM JEMOHCTPUPYIOT U3MEHEHUE BPEMEHU
KOJIOUIEHUSI U HE COZepXkaT IOCIEeI0BAaTeNbHOCTH «UHCTPYMEHTOB» F€HOMHOTO PEIaKTUPOBAHUA.
Jnst mOCTHKEHUST MHOKECTBEHHOTO (OZHOBPEMEHHOTO) PENaKTHPOBAaHUS Te€HOB, OTBEYAIOIINX 32
COCTaB M CBOMCTBA KpaxMaya 3epeH, TakKhX KakK I'paHyJICBI3BIBAIOIIas chHTa3a Kpaxmaia, (GBSSI),
¢dbepment BeTBiieHns kpaxmana (SBEIla 1-2), cuaTtaza kpaxmaina (SSlla 3—4), n3oamminasza kpaxmana
(ISAI) u perymsrop kpaxmana 1 (RSR1) mocrasisuim B KiteTKH OI0BI M TPUTHKAIIE PA3TTUIHEIC THITHI
MOJIMIIMUCTPOHHBIX KOHCTPYKIMH, COCTOAIIMX W3 JBEHAALATH WM IIeCTH pasnudHbIX SZRNA.
YcnenHas MHAYKIKS HENeBbIX MyTallil ObU1a MoATBepKIeHa ¢ moMolpio NGS Bo Bcex LIENeBbIX
reHax MEepBUYHBIX PACTEHUH MIIEHHIBI, YTO 3HAYUTENBbHO PACIIUpPSET CENEKIMOHHBINA MOTEHIIHAI
HOBBIX AJJICIBbHBIX BApUAHTOB 3HAUYMMBIX T'€HOB. AHAaIU3 IOCTUTHYTHIX PE3yJIbTAaTOB MOHO- U
MIOJINTEHOMHOTO PENaKTUPOBaHUs OyIeT MPEACTAaBICH M WHTEPIPETHPOBAH B CBETE NAbHEUIINX
T€HOMHBIX HCCJIEAOBaHUHN U MEPCIEKTUB IPUMEHEHUS B CEJICKIUU PACTCHUM.
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A new modern technology such as genome editing have made it possible to accelerate
improvement of genetically simple traits, which are controlled or influenced by single or a few genes,
without the concerns associated with the GM crops. Here, we describe the single and multiple
modifying of gene sequences of important cereal crops, such as bread wheat (7Triticum aestivum),
emmer wheat (Triticum dicoccum) and triticale (x Triticosecale) using the CRISPR/Cas9-based
genome editing approach. The single or polycistronic constructs were successfully applied for
creating new allelic versions of genes. The single genomic editing was aimed to induce new
nucleotide changes in the promoter of the recessive vrn-41 gene to modify the functional activity of
VRN genes controlling the heading time of bread wheat plants. A number of independent events
containing different nucleotide changes, varying from small to large indel mutations, have been
generated. M2-M3 transgene-free populations that do not contain the sequence of genomic editing
“tools” were then successfully produced and showed no phenotypic changes compared to the original
cultivar, but demonstrated the changes in the earing time. To achieve multiplex editing of several
genes involved in the grain starch composition and properties, such as the granule bound starch
synthase (GBSSI), the starch branching enzyme (SBEIIa 1-2), the starch synthase (SSIla 3—4), the
starch debranching enzymes of isoamylase (ISAI) and the starch regulator 1 (RSR1) we have
delivered polycistronic construct consisting of twelve or six various sgRNAs into the cells of emmer
wheat and triticale. The generation of genome-edited plants demonstrating the targeted modifications
of native genes was confirmed by NGS. As a result, the panel of new allelic variants of indicated
genes has been significantly expanded. The results will be discussed in terms of future genomic
investigations and application for plant breeding.
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