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IToBblleHNE YPOKAWHOCTH CeJIbCKOXO3SIMCTBEHHBIX KYJIBTYp fABJAETCA KPUTHYECKH BAXKHBIM JJIf
COBpPEMEHHOT 00IIecTBa, e obeclieueHre ITPOOBOJILCTBEHHON 6e30macHOCTH CTOUT Ha IMEPBOM MeCTe.
VBesmueHne  yuciia  SKCTPEMabHBIX  KJIMMATHYECKUX  YCJIOBUM  yBeJWYMBaeT  Harpy3ku  Ha
CEeJIbCKOXO3SMCTBEHHBIE pACTEHUsA, 4YTO TpedyeT pa3pabo ajanTalMOHHBIX crpareruil. VoHu3upymoomee
uznydyenne (V1) nmomoraeT NIOHATh MeXaHU3MBI, C IIOMOIIbI0 KOTOPBIX pacTeHUs aJanTUPYIOTCS K
aOMOTUYECKUM CTpeccopaM, aKTUBUPYA AHTHOKCHUJAHTHYIO 3aIlUTy W penapanuoHHble MexaHusMmbl JTHK.
fumenp (Hordeum vulgare L.) — BaskHas CeJIbCKOX03SMCTBEHHAS KYJIBTYPa, CITOCOOHAs CTaTh OO'bEKTOM JIJIsSk
MOBBIIIEHUS YPOXKAUHOCTU U YCTOWYHUBOCTU. B HalleM rcciie[loBaHIN MBI IDUMEHUJIN TaMMa-, 3JIeKTPOHHOe U
IIPOTOHHOE H3JIyYeHHe B COUYETAHWU C TPAHCKPUIITOMHBIM AHAJIM30M JUIS BBIABJIEHHSA OOIIMX OTBETHBIX
TPAHCKPUIITOB U OIIeHKHU UX POJIU B PeaKIUAX Ha CTpecc.

Cemena ozumoro sumeHs copra Pokc 1 ObUIM TOCESHBI B TPYHT B TOPIIKaX M IIOMEIIEHBI B
KOHTpOJIUpyeMble yCJIOBUA /i mpopamiuBaHusa. Ha celbMOH JleHb IOcjle IIOCEBA CesHIIbI IIO/IBEPTaIUCh
o0sydeHHIo, a JHCThA ObUIM cOOpaHbI Yepe3 24 yaca Iocje BO3JEeHCTBHUA. PacTeHHA U3 OHOTO TOpIIKA
00BeTUHANINCH B OZ{HY ITpo0y. IIpopocTKy 00sIydaInch y-u3IydyeHneM, 3JeKTPOHAMH U IIPOTOHAMU B 71o3e 15
I'p c ucrosnp3oBaHUEM HCTOUHUKA Y-U3mydeHus "Arat” (n3oton 60C0), TMHEWHOTO YCKOPUTEIA SJIEKTPOHOB
NOVACIl u xommekca mporoHHo# Tepamuu “TIpomereit”. IToproroBka OHOJIMOTEK W CEKBEHHPOBAHUE
ocymiecTBasaauch kommanued “EBporen” (MockBa, Poccus) Ha cucreme Illumina NovaSeq 6000 c
napamerpamu 2 x 150 map ocHoBaHmii. OOpabOTKa IMOJyYEeHHBIX JAHHBIX BKJIIOYaJa KOHTPOJIb KadyecTBa,
unpTpanui0 NPOYTEHHWM HU3KOIO KadyecTBa M HX BbIPDABHUBAHHE C HCIOJIb30BAaHUEM STAJIOHHOIO
TpaHckpunroma sumens (BaRTv2.18). s ananusa guddepeHInaabHON SKCIIPecCu IeHOB UCII0Ib30BaAICH
uHcTpyMeHT DESeq2 c mesipio BBIABJIEHUS T'€HOB, SKCIIPecCUs KOTOPBIX 3HAUUTEIBHO OTJINYAIach MEXKIY
KOHTPOJIBHBIMU U 00JIyd4eHHBIMU 00pa3namMu. AHHOTHPOBAHHbBIE JIaHHBIE aHAJIM3UPOBAJIUCH C IPUMEHEHHEM
6a3 gauubx UniProt u NCBI 1151 mosydeHus AOMIOJTHUTEIBHON HHpOpManyu o 6eskax U ux GyHkouax. J{us
6osiee TIyOOKOrO MOHMMAHUA OHMOJOTHMYECKHUX IIPOIECCOB, 3aTPOHYTHl MOHUBUPYIOIINM H3JIydyeHUeM, ObLI
BBINIOJIHEH (PYHKIMOHAJIBHBIA aHaIW3 OOOTallleHHs C HCIOoJIb30BaHWEeM 0asbl JaHHBIX Gene Ontology.
JuddepeniinanpHbIll aHATIN3 HKCIIPECCUN T'eHOB B PAcTeHUAX IIOC/Ie BO3/AeHCTBUSA raMmMa-, IIPOTOHHOIO U
3JIEKTPOHHOI'O H3JIydeHUs BbIABWI 553 yHUKaJIbHBIX T'eHa C yBeJIMUeHHOH sKcmpeccued u 124 reHa c
MOHIKEHHOH dKcIpeccueil. B pesysiprare cpaBHEHUS TPAHCKPUIIIIMOHHBIX OTBETOB HA TPU BUJA 00JIydeHUs
661710 0OHApY:KeHOo 47 o01mux AuddepeHIuanbH 9KCIPECCHPOBAHHBIX TeHOB (13).

HoHusupyioliee usjiydeHue BO3JelcTByeT Ha KJIETKM pacTeHUH, IPUBOASA K IpeBpalleHUIo
HEeUTpaJIbHBIX aTOMOB U MOJIEKYJ B HX aKTUBHble (OPMBI. DTOT MeXaHU3M IPUBOJAUT K Pa3INYHBIM
6uonormyeckuM dddexram, BrIOYad MOAU(PUKAUIO CHUTHAIN3ANMOHHBIX KAaCKaZloB B PACTEHUAX U
WH/JYKIUIO OKUCJIUTEJIBHOIO CTpecca, YTo, B CBOIO OuYepeb, YBeJIWUYMBAET IIPOAYKIUIO aKTHUBHBIX (HOpM
kuciaopona (A®K). CymiectByer CBUIETEIHCTBO O TOM, 4YTO OayjiaHC (PUTOTOPMOHOB HW3MEHSIETCA IO
BO3JIEICTBHEM paZaliud. B Hammx AaHHBIX 0coOOe BHUMAHHUE YZEJIeHO IBYM TeHaM C IIOBBIIIEHHOM
DKCIIpeCcCUel, BOBJIEYEHHBIM B OMOCHHTE3 U CUTHaIU3anuio aykcuaa: AOA8I6YNSL (peaknus Ha MPOTOHHOE U
3yieKTpoHHOe wu3nydeHne) u AOA8I6XJC3 (oTBer Ha HJIEKTPOHHOE U TraMMa-uaiaydeHue). JlaHHbIE
HCCIJIEZIOBAHUH [TOTYEPKUBAIOT BAYKHOCTD AyKCHHOB B PETYJIAINN CTPECCOBBIX Peakuil y pacreHnil. Konebanus
u nuddepeHIATBHOE pacIIpe/iesIeHNe AQyKCUHA B TKAHA KOHTPOJIMPYIOT Pa3HOOOpas3Hble IPOIECChI PA3BUTHA,
aZlaliTUPys POCT U MOPGOJIOTHIO pacTeHUH K U3MEHAIOIMIIMCS YCJIOBUAM OKpYsKalollel cpenibl. Pa3inyHble
9KOJIOTMYECKHUe U SHZOTeHHble CUT'HAJIbI MOTYT HHTEIPUPOBAThCS B U3MEHEH paclipeie/ieHUs ayKCUHA, BN
Ha JIOKQJIBHBIA OMOCHHTE3 U MEXKKJIETOYHBIN TPAHCIOPT ayKCHHA. B OTBeT Ha MOHU3UpYIOIee U3JIydeHUe
JVHAMHPKA ayKCHHA aCCOIMMPOBAHA C SABJIEHUEM PAIMAIIMOHHOTO TOPMe3Nca, KOTOPOe IIPEeZCTaBIIsAeT coO0H
CTUMYJIAIIUIO POCTA IIOCJIe BO3/eicTBUA HU3KOU 103bI paguanuu. KpoMe Toro, aykcMHOBas CUTHAIU3AIMA UTD
3HAYUTEJIBHYI0O POJIb B MexaHu3Max Boccra”HossieHuA JJHK u ocraHOBKHM KileToyHOro muksia. Takske Mbl
obOHapyxkun skcrnpeccuio Oera-raysakro3uzassl (AOA816X415), mMOKa3bIBAIOIIYI0 BaXKHYI0 B3aMMOCBA3b C
¢uroropmonamu. HepnaBHue wucciefjoBaHUS IOAYEPKUBAIOT PETYJIANUI0 CHHTE3a IeJUII0JI03bl U
PACIIOJIOKEHUs MUKPOTPYOOUEeK B TEPBUYHON KJIETOUHOW CTEHKEe I107] BO3JeHCTBHEM (UTOTOPMOHOB B
YCJIOBUAX cTpecca.
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Increasing agricultural crop yields is critically important for modern society, where ensuring food
security is a top priority. The increasing frequency of extreme climatic conditions places additional stress
on agricultural plants, necessitating the development of adaptive strategies. lonizing radiation (IR) aids in
understanding the mechanisms by which plants adapt to abiotic stressors by activating antioxidant
defenses and DNA repair mechanisms. BarleyH(ordeum vulgare L.) is an important agricultural crop that
has the potential to be a target for yield improvement and resilience enhancement. In our study, we applied
gamma, electron, and proton radiation in combination with transcriptomic analysis to identify common
responsive transcripts and assess their roles in stress reactions.

Seeds of winter barley variety Fox 1 were sown in soil in pots and placed under controlled conditions
for germination. On the seventh day after sowing, the seedlings were irradiated, and leaves were collected
24 hours post-exposure. Plants from a single pot were combined into a single sample. The seedlings were
irradiated with y-radiation, electrons, and protons at a dose of 15 Gy using the y-radiation source "Agat"
(isotope 60C0), the linear electron accelerator NOVACLL, and the "Prometheus" proton therapy complex.

Library preparation and sequencing were performed by EvroGen (Moscow, Russia) on the Illumina
NovaSeq 6000 system with 2 x 150 base pair parameters. The data processing included quality control,
filtering out low-quality reads, and aligning them with the reference transcriptome of barley (BaRTv2.18).
The DESeq2 tool was utilized for differential gene expression analysis to identify genes whose expression
significantly differed between control and irradiated samples. Annotated data were analyzed using the
UniProt and NCBI databases to obtain additional information about proteins and their functions. To gain
a deeper understanding of the biological processes affected by ionizing radiation, functional enrichment
analysis was conducted using the Gene Ontology database.

Differential gene expression analysis in plants exposed to gamma, proton, and electron radiation
revealed 553 unique genes with increased expression and 124 genes with decreased expression. A
comparative analysis of transcriptional responses to the three types of irradiation identified 47 common
differentially expressed genes (DEGSs). lonizing radiation affects plant cells, leading to the conversion of
neutral atoms and molecules into their active forms. This mechanism results in various biological effects,
including the modification of signaling cascades in plants and the induction of oxidative stress, which in
turn increases the production of reactive oxygen species (ROS). There is evidence that the balance of
phytohormones is altered in response to radiation. Our data focus on two genes with increased expression
involved in auxin biosynthesis and signaling: AOA8I6YNS8L (responsive to proton and electron radiation)
and AOA8I6XJC3 (responsive to electron and gamma radiation). The findings highlight the significance of
auxins in regulating stress responses in plants. Fluctuations and differential distribution of auxins in
tissues control a variety of developmental processes, adapting plant growth and morphology to chang
environmental conditions. Various ecological and endogenous signals can be integrated into changes in
auxin distribution, influencing local biosynthesis and intercellular transport of auxins. In response to
ionizing radiation, the dynamics of auxin are associated with the phenomenon of radiation hormesis,
which refers to the stimulation of growth following exposure to low doses of radiation. Additionally, auxin
signaling plays a significant role in the mechanisms of DNA repair and cell cycle arrest. We also observed
the expression of beta-galactosidase (AOA816X415), indicating an important relationship with
phytohormones. Recent studies emphasize the regulation of cellulose synthesis and the arrangement of
microtubules in the primary cell wall under the influence of phytohormones during stress conditions.
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