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Momusayus u yenv: Sumenbp (Hordeum vulgare) sisercss OJHOW M3 KITFOUEBBIX
3€PHOBBIX KYJNbTYp, LIMPOKO HCIIOJIB3YEMBIX B CEIbCKOM XO3SIMCTBE M MUILEBON
MPOMBIIIJICHHOCTH. AHAJIN3 TPAHCKPUNTOMHBIX AaHHBIX, MOJYYEHHBIX MPH U3Y4YCHUH
MYTaHTOB stuMeHs 1o reHy HVWinl, koaupyromeMy peryasTopHbli 6elnok cemencTBa
AP2/ERF u ympasnstorieMy OHOCHHTE30M BOCKOB [1], MO3BOJIMII BBIICIHTH YETBIPE
ICHA, MPOSBIIONINX 3HAUYUTEIbHBIE H3MEHEHHUS! JKCIPECCHHM B 3TUX MYyTaHTax
OTHOCUTENIFHO pAacTeHWil JUKOoro Twma. Llenblo JaHHOTO HCCIeNOBaHUS SIBISETCS
MPUMEHEHHUE CHCTEMbl HANpPaBICHHOI'O T'€HOMHOTO PEJaKTHPOBAHUS SIUMEHS COpTa
Golden promise myrem HOKayTa OTOOpAaHHBIX TEHOB, HEMIOCPESICTBEHHO YYACTBYOIIHNX
B MeTa0O0JIU3ME KUPHBIX KUCIIOT. K HUM OTHOCSTCS TeH, KOAUPYOIui muroxpom P450,
Y TPU T€Ha, KOTUPYIOHINX KeToani-KoA-cuHTeTassl.

Memoovr u ancopummer: Jlns paspabotku BekTopoB cuctembl CRISPR/Cas9
WCTIOJIb30BAINCH MOCIIENOBATEILHOCTH I'eHa, Koaupytomero uutoxpom P450, u tpex
T'CHOB, KOJUPYIONIHNX KeToai-KoA-cuHTeTassl, mojydyeHHbIe U3 0a3bl JaHHBIX SIUMEHS
copra Golden promise. IlocienoBaTebHOCTH OBLIH HPOAHATH3UPOBAHBI C TTOMOLIBIO
urctpymentoB Benchling 1 WU-CRISPR mist onpezienenust ONTHMAIBHBIX YIaCTKOB
JUTSL pa3pe3aHus W pa3paboTKU cOOTBETCTBYromuX Hamparisiomux PHK. Bropuunas
cTpykrypa Hanpaisomx PHK Obuia mpenckazana ¢ MCmoiib30BaHUEM MPOTPAMMBI
RNAfold. CkoHcTpyrpoBaHHBIE BEKTOPBI 3KCIPECCHH COACPXKAIU KOIUPYIOLLYO
MocjaeoBaTeNbHOCTh  Hykieasbl Cas9, ONTHMHU3HpPOBAHHYIO UIS  KYKYpY3HI,
nanpasisontyilo PHK u mpomorop U6 mmenwmer Triticum aestivum. ®uxanbHbIe
HabOpbI ObUTH TEpPEeKJIOHMPOBaHbI B OuWHapHbIi BekTop P6i (DNA cloning service,
Hamburg, Germany) u monyuniu nassanus pEK7, pEK13, pEK17, pEK25.
Pesynomamur: Tlonyuennsie Bektopsl dkcnpeccun (PEK7, pEK13, pEK17, pEK25)
OBUTM YCTICNITHO HCIIONIL30BAHBI JUIsl TpaHc(opMalMy He3peNbiX 3apOJbIIIeH SUMEHS
copra Golden promise meromom arpobakrepuanbHOi TpaHcopmanuu. B pesymnbrare
OBUI0O TIONYYEHO HECKOJNBKO TPAaHCTEHHBIX JIMHUH SIMEHST C MYTalusIMH B
COOTBETCTBYIOIIMX TeHax: 23 pacTeHUs-pereHepaHta il TeHa, KOJUPYIOIIETO
nutoxpoM P450; a taxxe 38, 44 u 23 pacTeHus-pereHepaHTa Al TPeX PaziInyHbIX
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reHOB, Komupyromux kertoami-KoA-cunrerassl. [lonydeHHble TpaHCTEHHBIC JUHUU
ssaMeHs OyIyT OXapaKTepU30BaHbI B MOKOJeHUH T1 [uisi aHann3a U3MEHEHUH B COCTaBe
KUPHBIX KUCIIOT 110 CPAaBHEHHIO C KOHTPOJIBHBIME PACTEHUSMHU TUKOTO THIIA.

Buvigoowi: B pesynmpTaTe maHHOTO WCCIEAOBAaHUS OblIa YCIENIHO pa3padoTaHa u
npumeHeHa cucrema CRISPR/Cas9 s penakrupoBanus reHoMa stamens copta Golden
Promise ¢ 1enabl0 HOKayTa I'HOB, HEMOCPEJACTBEHHO BOBJICYCHHBIX B METAOOIH3M
KUPHBIX KHCIIOT, BKIIOYas TeH, Koaupyroomui mutoxpom P450, m Tpm reHa,
kogupyromue  keroarmi-KoA-cunteraspl.  boimu  momydeHbl  MHOTOYHCIICHHBIC
HE3aBHCHUMbBIC TPAHCTCHHBIC JMHUM SYMCHS C MYTallUsMU B YKa3aHHBIX T'CHaX,
MPEACTABIISIIOIINE LICHHBIN MaTepral AJsl JATbHEUIIUX UCCIEAOBAHUM U MaHUITYJIALHNA
¢ OMOCHHTE30M >KHMPHBIX KHCJIOT B SUYMEHE C IEIbI0 YIYUIICHUS KAa4eCTBEHHBIX
XapaKTEepUCTUK 3TOW BaXXHOW CEJNBbCKOXO3AMCTBEHHOW KynbTypbl. llomyueHHble
pe3ynbTaThl OTKPBHIBAIOT IEPCHEKTHUBBI I CO3AAHWS HOBBIX COPTOB SUMEHS C
VIYYIIEHHBIMH ~ XapaKTePUCTHKAMH W MOTYT  3HAYUTENIbHO  CIIOCOOCTBOBATh
YBETUUEHHIO () (EKTUBHOCTH CEIHCKOTO XO3SIHCTRA.

Qunarncuposanue. Pabota BemoaHeHa mpu noaaepxke PHD Ne 21-66-00012.
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Motivation and Aim: Barley (Hordeum vulgare) is one of the key cereal crops widely
used in agriculture and the food industry. The analysis of transcriptomic data obtained
from studying barley mutants for the HvWin1 gene, encoding a regulatory protein of the
AP2/ERF family and involved in wax biosynthesis [1], identified four genes that
significantly changed their expression in these mutants. The aim of this study was to
apply targeted genome editing in barley, specifically knockout of the selected genes
directly involved in fatty acid metabolism. These genes include the cytochrome P450
gene and three genes encoding ketoacyl-CoA synthetases.

Methods and Algorithms: To develop CRISPR/Cas9 vector constructs, gene sequences
encoding cytochrome P450 and three genes encoding ketoacyl-CoA synthetases were
utilized. These sequences were obtained from the database of cultivar Golden promise.
The sequences were analyzed using Benchling and WU-CRISPR tools to identify
optimal cleavage sites and design corresponding guide RNAs (gRNAS). The secondary
structure of the gRNAs was predicted using the RNAfold program. The constructed
expression vectors contained the coding sequence of Cas9 nuclease optimized for maize,
along with the gRNA and the U6 promoter from Triticum aestivum. The final constructs
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were re-cloned into the binary vector p6i (DNA cloning service, Hamburg, Germany)
and designated as pEK7, pEK13, pEK17, and pEK25.

Results: The obtained expression vectors (pEK7, pEK13, pEK17, pEK25) were
successfully utilized for the transformation of immature embryos of Golden promise
barley using the Agrobacterium-mediated transformation method. As a result, several
transgenic barley lines carrying mutations in the respective genes were obtained:
23 regenerated plants for the cytochrome P450 gene; as well as 38, 44, and
23 regenerated plants for the three different genes encoding ketoacyl-CoA synthetases.
These generated transgenic barley lines will be characterized in the T1 generation to
analyze changes in fatty acid composition compared to wild-type control plants.
Conclusion: As a result of this study, a successful CRISPR/Cas9 system was developed
and applied for genome editing in Golden promise barley, aiming to knock out genes
directly involved in fatty acid metabolism, including the cytochrome P450 gene and
three genes encoding ketoacyl-CoA synthetases. Numerous independent transgenic
barley lines carrying mutations in these genes were generated, providing valuable
material for further research and manipulation of fatty acid biosynthesis in barley to
improve its qualitative traits. These findings open up avenues for developing new barley
cultivars with enhanced characteristics, contributing significantly to agricultural
efficiency.

Funding: The study is supported by the Russian Science Foundation (grant number 21-
66-00012).
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