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PayminonykiniHOe 3arpsi3HEHUE OKPYKAIOIIEN Cpebl BCJIEJICTBUE TEXHOTEHHBIX aBapUU MOXKET
UMETh HeraTUBHBIE 35KOJIOTUYECKUE IIOCJIEICTBUA A OWOThI M3-3a MAacHITa0OB 3arpsA3HEHUSA U
JUIUTEJIFHOTO IIePUOo/a MOJIypac paluOHYKIN/I0B. YepHOOBLUIbCKAS 30HA OTUYKAEHUSA — PETHOH, CUIIBHO
IoCTpaiaBIIni OT aBapuu 1986 roza, cras ecTecTBEHHOH JiabopaTopuei /i U3yYeHUs BO3/IeUCTBUA
XPOHHUYECKOTO HU3KO/I030BOT0 00JIyuyeHUA OMOJIOTHYECKUX CUCTEM.

YToOBI CIPAaBUTHCA C MOBBINIEHHBIMU YPOBHAMU pafiHallUM, PACTEHUS HCIOJIb3YIOT CJIOXKHbIE
aZlaliTUBHbIE CTpaTeruy, BKJIIOYAsA M3MEHEHUs B CUTHAJIBHBIX MyTAX M MeTaboJnuecKux mpoleccax. B
paMKaxX KOMILJIEKCHOTO HCCJIEZJOBAHHUSA OTBETHBIX PEAKIIUM TPABAHUCTHIX PACTEHUI HAa MOHU3BUPYIOIIEe
oOsiyueHHe U /I BBbIABJIEHUA OHOXUMHUYECKHUX JETEPMUHAHT aJalTallui K JOJITOCPOYHOMY
XPOHUYECKOMY OOJydeHUI0 OB BBIINOJIHEH MeTabO0JIOMHBIM aHAIN3 JIUCThEB THICAYEINCTHUKA
obbsrikHOBeHHOTO (Achillea millefolium L.), mpouspacratorero B YepHOOBUIBCKOIH 30HE OTUYK/IEHUS.

[Tpo6ooT6op 6buT mpoBeneH B uioHe 2021 roxa Ha Teppuropuu [losecckoro rocy1lapcTBEHHOTO
paZayioH 3KOJIOTUYECKOTO 3amoBe/lHMKAa B ['omesnbckoil obsiactu Pecrybsuku bBemapyes, B 30-
KHJIOMETPOBOU 30HE OTUYKAeHUsA. JINCTh OTOMPAIHU C IBYX KOHTPOJIBHBIX YIacTKOB Jlombim u Babuus ¢
(poHOBBIM ypOBHEM pajualuid U Tpex 3arpsa3HeHHbIXx — Macanbl, Kynaxun wu PajuH,
XapaKTepU3yIUMUCA BBICOKUMU YPOBHAMU PaIl0aKTUBHOrO 3arpsa3Henus (3-7 Mx3B/4). Cpasy nocie
otrbopa pacTeHus GUKCUPOBAIH B KUJIKOM a30Te U BIIOCJIEJCTBUU JINODIIN3UPOBAIHN. MeTaboIOMHBIHA
aHayn3 ObLT IPOBeZIEH

IIpU [OMOIIM MeToJia ra3oBoi xpomarorpaduu-macc-ciekrpomerpuu (I'’X-MC) na mpubope
Agilent 7890A ¢ m crnektpoMmeTrpuueckum MojaysaeM Agilent 5975C. PasnesieHue OCyIIECTBIISIOCh Ha
KanuisspHoU KosioHKe RXi-5SilMS, Restek. O6pa6otka manubix ['X-MC aHanu3a npoBeieHa ¢ IIOMOIIBIO
nporpammMbl AMDIS 32, cratuctuyeckas oOpaboTka BU3yaTM3anusa AAHHBIX € IOMOIIBIO IJIaTGOPMBI
Metaboanalyst 6.0.

B pesynbrare I'X-MC anasmza 0bU10 mosiydeHo okoso 750 coemuHeHu. C TOMOIIBIO TTOJIX0/IOB
MYyJIbTUBADUAHTHOM CTAaTHUCTHKU U UWePapXUYECKON KJacTepu3aluy II0Ka3aHa BapuabeIbHOCTh
MeTabouTHBIX poduiel B obpasnax A. millefolium. B pesynpraTe aHann3a MeTabOJINMYECKUX ITyTen
IIOKa3aHbl U3MEHEeHUsI B MeTaboIu3Me MPOTEMHOTeHHBIX aMUHOKHUCIIOT, TAKUX KaK apruHUH, TJIMIUH,
CEpPUH, TPEOHUH U IPOJIMH. BbUIM BBHIABJIEHBI KJIIOUEBble META0OJIUTHI, CBA3aHHBIE C MOOMIHU3AIVEN
a30THOr0 OOMeHa, OTBETOM KJIETOYHOU CTEHKU Ha HOBpexzeHusd, 3p@eKTUBHOCTBI0 (OTOCHHTE3A U
CTPECCOBBIMH PEaKIUSAMU, KOTOpbIe, KaK IpezIosaratbcs, BoByiedeHbl B oTBeT A. millefolium nHa
XpOHUYECKHEe paJiualluoOHHOe BozjeiicTBue. [lojlyueHHBIE pe3yJIbTaThl BHOCAT BKJIAJ B IIOHUMaHUE
MEeXaHU3MOB aJIalTallUl pAacTeHUN K JJINTEJIbHBIM AaHTPOIIOTeHHBIM BO3/EHCTBUAM U OOOCHOBAHUIO
HOBBIX IIPUHITUIIOB 3KOJIOTUYECKOTO PeTyJIUPOBAHUS.

HccnenoBanue MpoBeeHO TIPU MOAJIEP:KKe rpaHTa Poccuiickoro HayuyHoro ¢onza No 20-74-
10004 «AnmamTUBHBIE pEAKIUM TPaBAHUCTBIX PACTEHUU Ha WOHHU3UPYIOIee HU3JIydeHHE. B TIOUCKE
KaH/IUJIATHBIX MOJIEKYJI YCTOMUNBOCTU a0MOTUYECKUM CTPECCOPAM».
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Radioactive contamination of the environment due to technological accidents can have negative
ecological consequences for biota due to the scale of pollution and the long half-lives of radionuclides. The
Chernobyl Exclusion Zone, a region heavily affected by the 1986 accident, has become a natural laboratory
for studying the effects of chronic low-dose radiation on biological systems. To cope with elevated radiation
levels, plants employ complex adaptive strategies, including changes in signaling pathways and metabolic
processes. As part of a comprehensive study on the responses of herbaceous plants to ionizing radiation
and to identify the biochemical determinants of adaptation to long-term chronic exposure, a
metabolomicanalysis of the leaves of common yarrow (Achillea millefolium L.) growing in the Chernobyl
Exclusion Zone was conducted.

Sampling was conducted in June 2021 in the territory of the Polesie State Radiation and Ecological
Reserve in the Gomel Region of the Republic of Belarus, within the 30-kilometer exclusion zone. Leaves
were collected from two control plots, Lomish and Babchin, which had background radiation levels, and
from three contaminated plots —Masany, Kulazhin, and Radin—characterized by high levels of radioactive
contamination (3-7 uSv/h). Immediately after sampling, the plants were frozen in liquid nitrogen and
subsequently freeze-dried. Metabolomic analysis was performed using gas chromatography-mass
spectrometry (GC-MS) on an Agilent 7890A with an Agilent 5975C mass spectrometric module. Separation
was carried out on an Rxi-5SilMS capillary column from Restek. Data processing of the GC-MS analysis
was conducted using the AMDIS 32 software, and statistical processing and visualization of the data were
performed using the Metaboanalyst 6.0.

As a result of the GC-MS analysis, approximately 750 compounds were identified. Using
multivariate statistical approaches and hierarchical clustering, the variability of metabolite profiles
in A. millefolium samples was demonstrated. The analysis of metabolic pathways revealed changes in the
metabolism of proteinogenic amino acids such as arginine, glycine, serine, threonine, and proline. Key
metabolites related to nitrogen mobilization, cell wall response to damage, photosynthesis efficiency, and
stress reactions were identified, which are believed to be involved in A. millefolium's response to chronic
radiation exposure. The findings contribute to the understanding of the mechanisms of plant adaptation
to prolonged anthropogenic impacts and provide a basis for new principles of ecological regulation.
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“Adaptive responses of herbaceous plants to ionizing radiation: in search of candidate molecules for
resistance to abiotic stressors”.
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