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VY cydacHOMY HayKOBOMY CBITi IOCIITHUKH BCE YACTillle BUCYBAIOTh CLTLCHKOTOCIOIAPCHKY
010TEXHOJIOTI10, a caMe Oy/b-SKY TEXHOJIOTIIO, sIKa BUKOPUCTOBYE JKUB1 OPTaHI3MH YU PEUYOBUHU 3
[IUX OPraHi3MiB Ui BUPOOHUITBA 4M MOIUQIKAIi MPOIYKTY, SIK IHCTPYMEHTY Ui 301IbIICHHS
3arajbHO1 KUIBKOCTI MPOAYKTIB XapuyBaHHs. Takuil miaxig poOUTh CUIBChKE TOCIIONAPCTBO OLIBIIT
CTIMKMM 3 €KOJIOTIYHOi Touku 30py. Came 3aBIsKM TeHHINH iHXEHepii 3 SBWJIACh MOXKJIMBICTh
CTBOPIOBATH HOBI COPTH CUIbCHKOTOCIOAAPCHKUX KYJIBTYp CTIHKHX J0 XBOpPOO, BUTPUBAIUX IO
HECTIPUATHUX TIOTOJHUX YMOB Ta 3JaTHUX Habarato e(eKTHBHIIIe BUKOPUCTOBYBATH IO>KHUBHI
pedoBuHU. B CBiTI CTpIMKOI 3MiHHM KJIIMaTy Ta POCTY HAaceJCHHS IJIaHETH KOHKYPEHIlS 3a OpHI
3eMJIi 301IbIIY€EThCS, 1 caMe OI0TEXHOJIOTIS 37]aTHA JIOTIOMOTTH y Takii 60poTs0Oi [1, 8]. B Toii xe
4ac HE CTUXAIOTh CYMEepPeUKH HaBKOJIO YHCTOI BUTOJH BiJl FTeHETUYHO-MOIM(IKOBAHUX COPTIB [4, 6].
barato XTO0 HEBNEBHEHHM, 1110 €KOHOMIUHI MPUOYTKH BapTi THMX PU3HKIB, sIKi, HA 1X JTYMKY, MOXE
HeCTH C co0or0 MoaudikoBaHAa MPOAYKIis. BkazyloTh Ha PHU3UKM MOB’A3aHI 3 EKOJOTIE€0 Ta
3I0POB’SIM JIFOJIMHH, a TaKOXX Ha TIOCTYIOBE 3HHUIICHHS TPATUIIHHOTO JIpiOHOMACIITAOHOTO
BUpOOHUITBA. TakuM YMHOM, CydacHi 1ebaTu 3 CUThCHKOTOCMOAAPChKOI O10TEXHOJIOTI] MAaKOTh JIBi
JTiaMeTpaJibHO TPOTHJICKHI KOHIIEMIIi: 010TeXHOJIOTIsI BaKJIMBa YaCTHHA PO3BUTKY ab0 cepiio3Ha
3arpo3a TPaauIidHIA CHCTeMI CLIBCBKOTOCIIOAApChKOro BUpOOHUNTBA [5, 7, 9]. Taka cutyamis 3
PI3HOMAHITHICTIO ICHYIOUMX KOHIEMIIH CTIMKOCTI CUTBCHKOTO TOCTIOAPCTBA MOPOIKYE AYMKY IO
11e, 1O CBOIH CyTi, JOBOJI criipHa KoHIen is. [IeBHI HAyKOBIII Ta MPAKTUKW BHUKA3YIOTh TYMKH, IO
OyIIb-KO1 CTIMKOCTI CLIBCHKOTO T'OCIIOJAPCTBA HE ICHYE, a B TOM K€ 4ac 1HII HAIOJIATalOTh HA
TOMY, 1110 KOHIIETILIisl iICHY€, MA€ MPaBoO Ha KUTTS Ta MOBUHHA OyTH peasli3oBaHa Ha MpakTulli. B Toii
Ke 4Jac € 0araTo JoJIel, K1 MOTO/DKYIOThCS 3 CYTHICTIO KOHIICMINii, ajieé He MOXYTh MPHUTH 10
3arajibHOI JYMKH, HIOZ0 TOTO, SIK If0 KOHIEMMLiI0 ciij peanizyBaTH. Came OJHIEI0 3 TakKuX
PO301XKHOCTEH € pojb OIOTEXHONOTIi — y CTBOPEHHI CTIHKMX CHCTEM CLIHCHKOTOCIIOIAPCHKOTO
BUpOOHUITBA [2, 3].

Jlnst oTpuMaHHSIT MOJKJIMBOCTI OIIIHKM TOTEHIIMHUX HACTIJKIB BIUIMBY O10TE€XHOJIOTII Ha
CTIMKICTh CUIBCBKOTO TOCHOJAPCTBA CJiJ OUIBII PETENbHO BHMBUYATH Ta aHANI3yBaTH CHUCTEMHU
CLTbCHKOTOCTIONIAPCHKOTO BHUPOOHHUIITBA MPOTATOM TEBHOTO dYacy 3 OUIBIIOK JeTali3alli€ro
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Oaratbox (hakTopiB. JloTenep He iICHy€ €MHOTO BU3HAYEHHS CTIMKOCTI CITLCHKOTO TOCIIOAAPCTBA, a
y PI3HHX KOJIaX iCHy€ CBO€ BH3HaueHHs. [{sg aHamisy CTiKOCTI CLICHKOTO TOCHOAPCTBA 1 BIUIUBY
Ha HBOTO OIOTEXHOJOTIA CJiJi BpaxoByBaTh Oe3iu (HaKTOpIB: JIAHIIOT TOCTABKH TEHETHYHO-
MOIU(IKOBAaHUX MPOAYKTIB XapyyBaHHS, 3 JIOCHI/DKEHHSM YCIX eTamiB BiJ oOprasizamii
BUPOOHUIITBA, TIEPEPOOKH 10 po3apiOHOT Toprisii. Ciijl BpaxyBaTH yCiX YYaCHHUKIB OB’ S3aHHUX 3
BUPOIIYBAaHHIM TPaJULIIHUX MPOAYKTIB Ta C 3aCTOCYBAaHHSAM O10TEXHOJOTIUHUX npHuiiomiB. Ciin
BKJIIOYUTH JI0 aHaIi3y TOJITUYHI AaCTEeKTH IIOB’s3aHI 3 IMIIOPTOM Ta EKCIIOPTOM MPOIYKITIi.
OOOB’SI3KOBUM € ydacThb (epMEepChKUX acolliamii, SKi 3aliMalOThCS CaMe OpraHIYHUM
3eMJIEpOOCTBOM, SIKE TMOBHICTIO BHKJIIOYAE O10TEXHOJIOTTYHI TPUHOMH Ta CIPHIIMAE K OTIOHEHTIB Ti
rOCIOJapCTBa, SIKI MAlOTh BETUKUH JTOCB1Jl Y BUKOPUCTaHHI O10TE€XHOJOT .

Ha >xanb, my»e 4dacto, pojib OI0TEXHOJOTIi CIOPOIIY€EThCS IO MUTAHHS TUIIOCIB Ta MIHYCIB
I'MO. [lyxe Oararo mtojieil He BiIOKPEeMITIOIOTh MOHATTS OiotexHounoriid Big I'MO. B Toii xe gac
camMe OIlOTEXHOJIOTiSI MOXE CTaTh  CIocoOOM  CTBOPEHHS  OUIbII  CTIHKOI  CHCTEMH
CUIBCHKOTOCIIOAAPCHKOr0 BUPOOHMITBA. Ll TexHOJNOTi MOXKE CHPUATH CTBOPEHHIO OLUIbII
€KOJIOTIYHO Ta €KOHOMIYHO CTIMKHX CUIBCHKOTOCITOAAPCHKUX CHUCTEM, NMPHUMMAarO4Yu 10 yBaru BCi
PHU3UKU Ta BUTOJH BiJl CTBOPEHUX CUIBCHKOTOCIONAPCHKUX KyIbTyp. Lle myske MIIHO MOB’s3aHO 3
JUCKYCI€I0 TIPO HEOOXITHICTh CTIHKOTO 30LIBIICHHS BUPOOHHUIITBA XapYOBUX MPOMYKTIB JIJIS
3aJJ0BOJICHHS] MaiflOyTHIX MOTPeO y CBITI MPOrHO30BaHUX MPoOIeM 31 3MiHOIO KiliMaTy. Po3pobka ta
CTBOPECHHS TIEBHOI KUIBKOCTI CUIBCBKOTOCIONAPCHKUX KYJIBTYp, SKi OyayTh 3aTpeOyBaHi y
MailOyTHbOMY, MOXXYTh BKJIIOUATH Taki SKOCTI SIK: CTIMKICTh MO PI3HUX BIPYCHHMX Ta TPHOKOBHX
XBOpoO, OyTH CTIMKMMHU O CHEKH Ta MOCYXH, KpalloMy BHUKOPHCTAHHIO MOKMBHUX PEUOBUH 3
PI3HUX IPYHTIB Ta OyTH OUIBII KOPUCHUMHU 3 TOUKU 30py JIETUYHOTO XapyyBaHHS.

He3Baxaroun Ha BeIMUYE3HUN MOTEHITIAT, OI0TEXHOJIOTIS YK€ YacTO CIPUHMAETHCS SIK
ClipHE Ta TONITM30BaHe MMTaHHA. li  BUCBIT/IOIOTH a00 AK BAKIUBY  YACTHHY
CLTBCHKOTOCTIONIAPCHKOI CUCTEMH, a00 HaBITAKH, SIK 3arpo3u Ik cuctemi. IlepiognyHo mocTaroTh
NUTaHHS CTYpOOBAHOCTI 3 MPHUBOAY OloTexHOJOTii Ta i1 HMIMPOKUX MOMKIMBOCTEH, SIKI MOXKYTh
BHKOPHCTOBYBATHCh YYaCHHUKAMU Xap4yOBHUX JIAHIIOTIB. Ha anp aHami3 cuTyarii CBIAYUTH, 110 Y
HaOMKIOMy MailOyTHROMY BUPOOHHUKHM He 0adyaTh CyTTEBUX 3MiH Y MOMIIAAI Ha O10TEXHOJIOTII0, a
3aranbHe HecpuHHATTS MO 31 CTOPOHHU CITOKUBAYIB 3AJTUIIAETHCS BUCOKHM.

OTxe, O6e33anepeyHnM € TOH (akT, 1m0 OI0TEXHOJOTIS BiIIrpaEe CYyTTEBY POJib y CUIBCHKOMY
rocrogapcTBi. BomHowac, s HOro CTIMKOTO PO3BHUTKY Ciifi 00’€THATH HACTYIIHI ACIeKTH:
3JI0pOB’sl JIIOJUHHM Ta OJIarOmoIy4usi HABKOJHMIIHBOTO CEpPEelOBHINA, €KOHOMIYHHUN NMPUOYTOK Ta
ComiaJibHy 1 EKOHOMIYHY crhpaBeUBiCTh. CTIHKUI pO3BUTOK OIOTEXHOJOTIH HE TOBHHEH,
3aJJOBOJIbHSIIOYM TEMEpIlIHI MOTpedU, CTaBUTH TijA 3arpo3y 34aTHICTb MaHOyTHIX IOKOJIHB
3aJI0BOJIBHATH CBOI MOTpeOu. bioTexHooris MOBUMHHA JATH CTIMKICTH CIILCBKOMY TOCIIOJIApPCTBY,
30epiraroud TpHU bOMY MPHPOAHI PECYpPCH, CHPHUSTH aganTaimii 10 [bOr0 HaBKOJIHUIITHHOTO
cepeoBuIla Ta OyTH €KOJOTIYHO ETHYHOIO.
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Global agricultural production must double by 2050 to meet the demands of an increasing
world human population but this challenge is further exacerbated by climate change. Environmental
stress, heat, and drought are key drivers in food security and strongly impacts on crop productivity
[1]. Indirect effects of climate change can also threaten biodiversity by increasing the spread of
novel pathogens and severity of disease outbreaks, or by introducing new species that alter
predation and competition dynamics in communities. Extinction can be avoided by species shifting
their geographical distribution to more favourable habitats, acclimatizing to stressful conditions
through phenotypic plasticity — the ability of one genotype to express different phenotypes in
different environments — or adapting through genetic change [2].

Approaches like transcriptomics, epigenomics, and proteomics enable studying how gene
expression, epigenetic modifications, and protein levels exhibit plastic changes in response to
climatic stresses within single generations before genetic adaptation can occur.

Genomic methods provide powerful tools to investigate how plant species may adapt or be
impacted by global climate change. One approach is to use genome scans and genotype-
environment association studies to identify genetic variants associated with climatic variables like
temperature and precipitation levels. These candidate adaptive variants offer insights into the
potential for genetic adaptation to changing climates across the geographic ranges of plant species.

Genomic vulnerability analysis combines genomic data with environmental data to predict
the extent of genomic maladaptation plant populations may experience under future climate
conditions. This analysis involves modeling the optimal genomic compositions across populations
to assess how much genetic change is required to maintain fitness as climates shift. Studies have
used methods like gradient forest models for this type of predictive analysis.

Time series data provides another means to directly study ongoing evolutionary responses to
climate change in natural plant populations. By measuring allele frequencies across multiple time
points, researchers can correlate genetic changes with environmental variation over the same
timeframe. Some studies have utilized historical DNA samples preserved on natural archives like
tree rings to reconstruct this temporal genomic data.

Beyond adaptation through genetic change, many studies focus on phenotypic plasticity as
an important short-term response mechanism for plants coping with climate change.

Community-level approaches are also employed, such as environmental DNA
metabarcoding to monitor shifts in the composition of plant communities associated with climate
changes over space and time. Ancient DNA from sediments and permafrost allows reconstructing
past plant communities to understand historical community changes linked to past climate
fluctuations.

Furthermore, ionomics is a high-throughput elemental profiling approach which studies the
mechanistic basis in mineral nutrient and of trace elements composition (also known as the ionome)
of living organiss [3]. By coupling genetics with high-throughput elemental profiling, ionomics has
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