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ITpo6aeMa yCTOMIMBOCTH KYTbTYPHBIX pACTEHM K 3Kape KaK MeMCTBUIO ITOBBIIICHHBIX TEMITEPATyp BO3ITYy-
Xa, BeIyIlieMy K (prM310oJIornuecKoii 3acyxe, Ype3BbluaitHO aKTyajbHa HE TOJILKO B YCJIOBUSIX ITPOTHO3UPYE-
MO apuan3aly KJIuMarta, HO ¥ TIpY U3yYeHUU JeiCTBUS CPAaBHUTEIBHO KPAaTKOBPEMEHHBIX BOJIH XKaphbl
(heat waves). CoBpeMeHHasl CeJIeKII1s OPUEHTUPOBAaHA HA CO3IaH1E BBICOKOYPOXKAMHBIX XXapOyCTOMYMBBIX
COPTOB KYJIBTYPHBIX PACTEHU I, 0COOEHHO XJIEOHBIX 3JTAKOB KAK OCHOBHOTO MUPOBOTO ITPOIOBOJILCTBEHHO -
ro pecypca. [Ipu ceneKIIMOHHBIX pa3paboTKax HEOOXOAMMO TMPEIBAPUTEIIBHO BBISIBUTD KapOYyCTOMYUBHIC
TeHOTUITBI XJICOHBIX 371aKOB [IJIST UX BKJIIOYEHUS B COOTBETCTBYIOIINE MPOTpaMMBI. B cTaThe maH KpuTHde-
CKMIi aHaJIU3 Psia MPEACTaBICHHBIX B JIUTepaType MOAX0A0B K BBISIBJIEHUIO TAKUX TEHOTUITOB (MOIEIUPO-
BaHME MEUCTBUS CTPECCOBOTO (haKTopa MOBBIIIEHHBIX TEMIIEPATypP BO3AyXa B 3KCITIEPUMEHTAJBHBIX YCIIO-
BMSIX in Situ; UICTIOJIb30BaHUE B TAKMX YCJIOBMSIX ITBUIbHUKOB KaK T€HEPAaTUBHBIX CTPYKTYDP, O0Jiee UyBCTBUTETb-
HBIX K BO3IEHCTBUIO TAHHOTO CTPECCOBOTO (paKkTopa, B CPABHEHUU C BET€TATUBHLIMU OpraHaMM), KOTOPHIE
MOXHO OLIEHUTb KaK MeToaojiorndeckue. Kpome Toro, ¢ mo3uiym onucareabHONR U SKCIIEpUMEHTAIbHOMN 3M-
OGPUOJIOTUM PACTEHUI B KaUeCTBE MEPCIIEKTUBHOTO METOAOJOTMYECKOTO TTOAX0Aa TTPENIOKEHO UCTIOIb30-
BaHME B3aMMOCBSI3aHHBIX KOHIIETLUI (B pa3paboTke T.b. baTbirnHoit): olleHKa MbUIbHUKA KaK CJIOKHOI
WHTETPUPOBAHHOM CUCTEMBI TKaHEel 1 HATMUKWe KPUTHIECKUX CTaIui B pa3BUTUM ITON CUCTEMBI.

Karoueesoie cro6a: abnoTuIeCKUE CTPECCHI, 3Kapa, (U3NO0JIOTrnIecKasl 3acyXa, MOASINPOBAHUE XKaPhl, IbLIb-
HUK KaK MHTeTpUPOBaHHAs CUCTeMa, KPUTUYECKUE CTaIuU Pa3BUTUSI MbUIbHUKA, XJIEOHbIE 3JTaK1
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dusnonornyeckas 3acyxa paclieHUBaeTcs Kak
a0MOTUYECKMIT CTPECCOBBIN (DAaKTOp, IO BO3ICHCTBI-
€M KOTOPOTO pacTeHUs MCHBITHIBAIOT AJUTEIbHBII
BOIHEINA AednIUT B Bo3myxe U IouBe (Zahoor et al.,
2020). 3acyxa MOXeT OBITh BbI3BaHA Pa3IUIHBIMU
MpUYMHAMM, B TOM YMCJIE ASICTBUEM IOBBIILICHHBIX
temmepatyp Bosayxa (Jagadish, 2020; Khan et al.,
2020; Jagadish et al., 2021; Gyawali et al., 2021). IIpo-
0JeMa YCTOMUYMBOCTH KYJILTYPHBIX PACTEHMI K Ta-
KOMY BUIY 3aCyXH (2 MUMEHHO XapOyCTONYUBOCTD)
Ype3BhIYAfHO aKTyalbHa B YCIOBUSX IPOTHO3UPY-
eMoii apumau3auuu kiamMmarta (Hussain et al., 2018;
Climate change..., 2020) u omnpeneisieT HEOOXOmIM-
MOCTb MHOTOUMCJIEHHBIX UCCJIEIOBAHUI, CTaBSIINX
LICJIbIO BBISIBUTH Pa3JIMYHBIE acHEKThl BO3IEHCTBUS
BBICOKOTEMITEpATYPHOI 3aCyXM Ha POCT U Pa3BUTHUE
pactenuit (Raveena et al., 2019; Sakkar et al., 2019;

Sallam et al., 2019; Sattar et al., 2019; Lamers et al.,
2020; Chowdhury et al., 2021; Gyawali et al., 2021;
Zhan et al., 2022).

Bonbiiioe 3HaueHUWe HcCcaeqoBaTeIIMU B BTO
CBSI3U MpUIAETCd U U3YyUYEHMIO NAeHCTBUS Ha pacTe-
HUS TaK Ha3bIBa€MbIX BOJIH kaphsl (heat waves) — oT-
HOCUTEJILHO KPaTKOBPEMEHHOI'O BO3JEMCTBUSI TEM-
repaTyp Bo3ayxa Beillle ontuMaibHbIX (Liet al., 2020) —
JIOCTATOYHO PaCpPOCTPAHEHHBIX HE TOJIBKO B 3aCyIILI-
BbIX, HO W TIOJY3acylUIMBbIX pernoHax. CTtpeccoBasi
peakiivsi pacCTeHUII Ha BO3EMUCTBHE TaKUX BOJIH aK-
TUBHO aHaJIM3UPYETCS B COBPEMEHHON JIUTeparype.
Tak, B penakTOpCcKOii CTaTbe CMELMAbHOTO BBITyCKa
KypHaua “Plant, cell & environment” (2021, V. 44, Ne 7)
MOTYEePKMBACTCS OOJIBIION MHTEPEC NCCIeaOBaTENCH
K KPaTKOCPOUHBIM U JOJTOCPOYHBIM MOCHEACTBUSIM
X BO3AEHCTBUS — OT KJIETOUHOTO YPOBHS 10 YPOBHS
akocucteM (Jagadish et al., 2021).
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B murepatype npencraBieHO HeMajo paboT, Imo-
CBSIIIIEHHBIX aHAJIU3Y CITOCOOOB MPEOIOJCHUST CaMU-
MU paCTEHUSIMU BO3JEiICTBIUSI aOMOTUYECKOTO CTPEC-
COBOTO (haKTOpa 3aCyXu, BHI3BAHHOM ITOBBIIIEHHBIMU
TeMIieparypamMy Bo3ayxa. DTO U CTpaTeruy n30eraHus
3acyxu (Basu et al., 2016; Jagadish, 2020), u peanu3a-
UST pa3IUIHBIX MOP(OIOTNIEeCKNX, (PU3MOIOTHYEe-
CKMX M OMOXMMHWYECKUX afalTallMOHHBIX MEXaHU3MOB
(Yadav, Sharma, 2016; Plant life..., 2020; Jogawat et al.,
2021; Kandel, 2021; Yadav et al., 2021; Kumar et al.,
2022; Marone et al., 2022). B To ke BpeMsI 1 COBpeMeH-
Hasl CeJICKIINSI OPUEHTUPOBAaHA Ha CO3IaHKE BBICOKO-
YPOXAMHBIX KapOyCTOMUYMBBIX COPTOB KYJIbTYPHBIX
pacTeHuit, 0COOEHHO XJEeOHBIX 3J1aKOB KaK OCHOB-
HOI0O MHPOBOIO IIPOJOBOJILCTBEHHOIO pecypca. B
9TOII 001acT pa3padaThHIBAIOTCS HAIIpaBICHMS Ce-
JIEKIIMU Kak TpanunuoHHble (parasues, 2019; Ab-
dolshahi et al., 2015), Tak 1 OCHOBaHHBIE HAa JAHHBIX,
MMOJIYYeHHBIX METOHAMU KYIbTYPHL in Vitro KIIETOK,
TKaHei 1 OpraHoB, F€HHOI UHXKEHEPUU, peAaKTUPOBa-
HUS TeHOMa, a Takke omics-meromamu (dyOpoBHas,
2017; INuxkaino u ap., 2020; Khan et al., 2019; Maleki et
al., 2019; Leng, Zhao, 2020; Liu et al., 2020; Guo et al.,
2021; Wu et al., 2022). Ilpu Bcex HampaBleHUSIX Ce-
JIEKITMOHHBIX pa3pabOTOK HEOOXOIMMO MpeaBapu-
TEJIbHO BBISIBUTH 3KapOYCTONYMBBIE TCHOTUITBI XJIeO-
HBIX 3JIAKOB JIJISI BKITFOYEHMS UX B COOTBETCTBYIOLLIMC
IIpOrpaMMBbl.

Be3yciioBHO, BBHISIBIISAT XKapOyCTOMYMBBIE TEHOTH-
ITBI 3JTAKOB CJIEIYeT B MOJIEBBIX YCIOBUSIX TP HETIO-
CPEICTBEHHOM BO3ACHCTBUU CTpPECCOBOro (hakropa
MTOBBIIIIECHHBIX TeMITepaTyp Bosmyxa. OMHAKO TaKoTo
pona WCCaemoBaHUSI CPaBHUTEIBHO HEMHOTOUYMCIICH-
el (IlamanuH u ap., 2016; AmaGyiieB u ap., 2019;
Prasad et al., 2017; Lv et al., 2018; Lawas et al., 2019;
Demydov et al., 2021; ElI-Mowafi et al., 2021 ; Ali, Ak-
mal, 2022), MoCKOAbKY OrpaHUYE€Hbl 3HAYUTEIbHbBI-
MU METOONYECKUMHU TPYIHOCTSIMH: KOPOTKHI Be-
TeTallMOHHBIN Ce30H, HEBO3MOXHOCTD CO3IaTh KOH-
TPOJIb MPOBOAVMBIX SKCIIEPUMEHTOB, TPYAOEMKOCTh
HabmoneHnit 11 1p. Kpome Toro, rom oT roma MoTyT Me-
HATBCS XapaKTep M CTEIeHb BO3ACHCTBUS N3yIaeMO-
IO CTpeccoBOro ¢akTopa.

INepcnieKTUBHOE HaTIpaBJIEHUE BHISIBJICHUS XKapo-
YCTOMYMBBIX T€HOTUTIOB 3JIJAKOB COCTOWUT B MCHOJIb-
30BaHUU JAHHBIX, MMOJIYYEHHBIX B 3KCIIEPUMEHTAb-
HBIX YCIIOBUSIX in Situ (KIIMMaTUYEeCKUe KaMephl, hu-
TOTPOHBI, TEIUIUIIBI). DTOMY BOMPOCY TMOCBSIIEHa
OOIIMpHENIIasg JUTepaTypa, IPU 3TOM MPEIIOXKCHBI
HEKOTOPBIE TTOIXOIbI, KOTOPHIE MOXKHO PACLCHUTh KaK
MeTonosiornueckue. Lleab naHHO# cTaThu, SIBISIIOLIETH -
cs1 TIPOIOKEHEM IIUKJIa 0630poB aBTopoB (Kpyriosa
n nap., 2018; 3unarymmunaa, 2020; Kpyrnosa, 3uHa-
tyumHa, 2021; Kruglova et al., 2018; Kruglova, Zinatul-
lina, 2022), cOCTOUT B KpUTUIECKOM aHAJIM3e 000C-
HOBaHMS psAla METOIOJIOTUYECKUX TTOIXOIOB K 3KC-
NepUMEHTAJIbHOMY BBHISIBJIECHUIO XapOYCTONYMBBIX
TeHOTHUITIOB 3J1aKOB Ha OCHOBE MCITOJIb30BAHUS Ta-
KUX T€HEPATUBHBIX CTPYKTYP, KaK IMbUIbHUKH.
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OTMeTUM, 4TO B CTaThe NMPUBEAEHBI TaHHbIE MTpe-
UMYIIECTBEHHO IOCIEIHUX MSTH JIET, XOTS B JIMTEPA-
Type TIPENCTaBIIeH OOJBIIION SKCTIEPUMEHTAIbHBIN Ma-
TepUaJI 110 3TOI TEME, MTOJTYYECHHBIN B pa3HbIC TOIbI.

CraTbsl mocBslIeHa 95-1eTUIo Co THS POXKICHUS
yi.-kop. PAH TatbsHbl bopucoBHBl baTbhirnHoit
(1927—-2015), BHecIIel 3HAYUTEIbHBINA BKJIad B pa3pa-
0OTKY METOIOJOTUM U3YYEHUST Pa3IMUHBIX TeHEpaTHB-
HBIX U SMOPUOHAJIbHBIX CTPYKTYP LIBETKOBBIX PACTEHUIA.

HEKOTOPBIE METOIAOJIOTUYECKUE
moaxoJbl K BbIABIIEHUIO
XKAPOYCTOMYUBBIX TEHOTUITOB
XJIEBHBIX 3JIAKOB

Modeauposanue 6o3deiicmeus cmpeccogozo
gakmopa nosvlueHHbIX MeMnepamyp 6030yxa
8 IKCNePUMEHMANbHBIX YCA08USX in Situ

OavH U3 NpeACcTaBICHHBIX B JIUTEPAType ITOAXO0-
JIOB TIPU BBISBIIEHUU XApPOYCTOMUMBBIX T€HOTUIIOB
XJIEOHBIX 3JJAKOB — UCHOJIb30BaHUE KIMMATUYECKUX
Kamep, GUTOTPOHOB U TETLIUII.

ITo oTHOIIEHUIO K M3YYEHMIO TEeHCTBUS TTOBBIIIICH-
HBIX TEMIIEpaTyp BO3/Iyxa, TAKOI MOAX0/, 6€3yCIOBHO,
METOIOJIOTUYECKH BepeH. JecTBUTETbHO, DKCITE -
PUMEHTAJIbHBIE YCIIOBUS i Sifu, TIO3BOJILIOIIUE 3a-
IaTh KOHTPOJIUPYEMBII peXXUM TeMIIepaTyp BO3oyxa
BBIIIIE ONTUMAJIBHBIX, HAIOT BO3MOXHOCTh MOIETH-
poBaTh BO3IEMCTBUE TAKOTO BUIA 3aCyXW W BbISIBUTh
JKapoyCTOMIMBEIE TeHOTHUITEL. KpoMe Toro, Ha TipuMepe
MHOTHUX CEJIbCKOXO3SICTBEHHBIX KYJIBTYP, B TOM UMCJIIe
3n1akoB (Liu et al., 2018; Qaseem et al., 2018; Li et al.,
2020; Bras et al., 2021; Da Costa et al., 2021; Langridge,
Reynolds, 2021), mpoaeMOHCTPUPOBAHO CXOICTBO
OTBETHBIX peakKUi pa3INnYHbIX OPTaHOB PaCTeHU I
KaK Ha OTHOCUTEJbHO KpaTKOBpEMEHHOE, TaK M
IUTATEJTEHOE CTPECCOBOE BO3NCMCTBUE TMOBBIIICHHBIX
TeMrepaTyp BO3ayxa. DTO MO3BOJISIET MCCIICAOBATh B
MOJIETBHBIX YCIIOBUSIX ik Sifu aTaITUBHBIE MOJICKYJISIP-
HbIe, KJICTOYHBIE 1 TKAaHEBbIE MEXaHU3MBI XKapo- 1 3a-
cyxoycroiynBoctu pacteHuii (Yadav et al., 2019; Za-
hoor et al., 2020; Wu et al., 2021; Chen et al., 2022),
3HaHUE O KOTOPBIX KpaitHe BaXKHO JIJIsl COBPEMEHHBIX
CEJIEKIIMOHHBIX MCCIIETOBaHMIA.

OCHOBHBIM K€ MPEUMYILIECTBOM TaKOTO MOAXO0-
J1a, TI0 HalleMy MHEHMIO, CJIeAyeT CUYMTAThb CXOICTBO
MOp(OreHeTUYECKUX peaKI1ii BCETO paCTeHUSI B €CTe -
CTBEHHBIX i1 ViVo U 9KCTIEPUMEHTAIbHBIX (B TOM UKCIIe
CTPECCOBBIX) in Situ YCIOBUSIX, COIVIACHO MPUHLUITY
YHHUBepcaJlbHOCTU Mop(doreHe3a pacteHuit (baTbi-
ruHa, 2014).
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Hcnonvzosanue 6 modenbHbix IKCHepUMEHMAX N Situ
NbLIBHUKOG KAK 2eHepamuHblX CmMpyKmyp, Haubonee
YYECMBUMENbHBIX K 8030€iiCEUI0 NOGbIUIEHHbBIX
memnepamyp 6030yxa

st BBISIBIECHUS XapOyCTOMUYMBBIX I€HOTUIIOB
XJIEOHBIX 3JITAKOB B MOACIbHBIX DKCIIEPUMEHTAX i Situ
B JINTEepaType MPEIIoKEeH TTOAXO0N, COCTOSIIIUMI B UC-
MOJIb30BAHUU TILIJIBHUKOB, M 3TOT MOAXOM TaKXe
MOXHO CUMTATh METOHOJIOTUYECKIM.

M3BecTHO, 4TO MBUILHUK IIPENCTABIISIET CO00i1 (hep-
TWJIbHYIO YaCTh THIYMHKU, B MUKPOCIIOPAHTUSIX KOTO-
poii MPOUCXOAUT MUKPOCIIOPOTeHe3, 00pa3yroTes 1
CO3peBalOT IbUIbLIEBbIE 3€pHA, coaepKalllue MYyXK-
CKue raMeThl — ciepMuu. B cdhopMupoBaHHOM BUIE
9Ta reHepaTuBHAs CTPYKTypa MpencTaBieHa HeGOob-
IIUM YUCJIOM TKaHe# (crmoporeHHasi TKaHb U TKaHU
CTEHKM THE3[a: TaleTyM, SHIOTCLUI, CPEOAHUI CIIOH,
9K30TeLMI1), UMEIoIINX ob1ee mpoucxoxacHue (Ka-
mennHa, 2009; Astrand et al., 2021).

B pesynbTaTe MHOTOYMCIEHHBIX UCCIENOBAHMIA,
IMIPOBEJICHHBIX KaK B €CTECTBEHHBIX YCIIOBUSX iN ViVo,
TakK U B 9KCIIEPUMEHTAX A Sifu, yCTAHOBJIEHO, YTO Op-
raHbl 3JTaKOB ITO-Pa3HOMY pPearupyloT Ha CTPECCOBOE
BO3JIEMICTBME Xaphbl, TP 3TOM MMEHHO LIBETOK 1 €ro
yacTu 00Jiee UYBCTBUTEIbHBI K ITOBBIIIEHHBIM TEM-
reparypam BO3ayxa, IO CPaBHEHUIO C BEreTATUBHBI-
mu opranamu (Mesihovic et al., 2016; Fdbian et al.,
2019; Jagadish, 2020; Sinha et al., 2021). OcobeHHO
BOCHPUMMYMBLI K BLICOKMM TeMIlepaTypaM BO3IyXa
neutbHUKK (Matsui, Hasegawa, 2019; Yu et al., 2019;
Fernandez-Gdémez et al., 2020; Browne et al., 2021;
Khlaimongkhon et al., 2021; Kumar et al., 2022). Pa3-
BUTHE NBLIBLIEBOTO 3¢pHA OLICHMBAETCS B 3TOM CBA3U
Kax “camoe cinaboe 38eHo” (Lohani et al., 2020, c. 558),
MMOCKOJIbKY MHIOYLUPYeMOoe TeMITepaTypHBIM CTpec-
COBBIM (DAKTOPOM CHUKEHME KM3HECITOCOOHOCTU
MBUIBIBI, BIUIOTH 10 ee ctepuiabHocTU (Feng et al.,
2018; Begcy et al., 2019; Schindfessel et al., 2021; Ullah
et al., 2022), 0e3ycJIOBHO, 3HAYUTESITLHO BIIMSIET Ha pe-
MPOIYKTUBHEINA ycnex (Zhang et al., 2018; Bheemana-
halli et al., 2020; van Es, 2020; Hu et al., 2021). B nemom,
PEMPOIYKTUBHYIO CTAAUIO C 3TUX TMO3ULIMI OTHO-
CAT K KPUTUYECKHUM IePUOTaM OHTOreHe3a pacre-
Huit (Zhang et al., 2021).

DKCIIEpUMEHTAJIBHO BEISIBJICHO, YTO ONTHMAajlb-
Hasl TeMIlepaTypa Bo3ayxa s pa3BUTUS TTbLUILHUKOB
3n1akoB coctapisieT 24—28°C (Khan et al., 2020).
Temneparypa Ha 5—15°C BbIIIE 3TOTO ITOKAa3aTells,
Jlaxke MpU KPaTKOBPEMEHHOM BO3IEHCTBUU B YCIO-
BUSIX KakK in vivo, TaK W In Situ, BbI3bIBAET CTPECC B
NBUIBHUKAX, YTO IIPUBOAUT K HETaTUBHBIM M3MEHE-
HUSIM UX (PU3UOJIOro-0MOXUMUYECKUX (YBEJIMUECHUE
colepxkKaHMsI TOPMOHa cTpecca abCLM30BOI KHCIIO-
ThI, CUHTE3 aKTUBHBIX (pOpM KHUCIOpoga U OEIKOB
TETUIOBOTO III0Ka, Ae3aKTHUBALUSA (pepMEeHTOB (HOTO-
CUHTEe3a, HapylIeHUE JUIIMIHOTO U YIJIEBOTHOTO 00-
MEHa, CHIDKEHHE YPOBHSI MUTOXOHAPHUAIBHOIO ObIXa-
HUS U IP.) U MOJIEKYJIIPHO-TEHETUYECKMX (HapyIIeHUe
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9KCIIPECCUU I€HOB, yYaCTBYIOIIMX B PETYJISIIIMU TPAHC-
KPUIILIMW, TPAHCIIOpTa U MeTaboaM3Ma 3-UHAOIMITYK-
CYCHOM 1 TMOOEPEIITMHOBOI KMCIIOT KaK BaXKHEMIIINX
TopMOHOB MopdoreHeza M Ap.) Iokaszarejeil. Takoe
TeMIlepaTypHOe BO3/IeiCTBYE BEAET U K HAPYIICHUIO
psina Mopdonorndeckux (MOsIBICHNE MBUILLEBHIX 3¢-
pEH, AerpaarpoOBaBIIMX Ha TOM WJIM UHOM CTaauu pa3-
BUTHSI) U aXe KOJMYECTBEHHBIX (YMEHBIIIEHUE KO-
Jm4ecTBa (pepTWIBHBIX IBUIBLEBBIX 3€pPEH B 3PEJIOM
NbUTbHUKE) TTapaMeTpoB. [leTaIbHbIN aHAJIN3 3THUX BO-
MPOCOB Ha MPUMEPE Pa3IMYHBIX PACTEHUA, B TOM YMC-
JIe 3J1aKOB, IIPEACTaBJIEH BO MHOTHX 0030pax MOCJIeI-
Hux net (Kpyrnosa, 20226; Gahlaut et al., 2016; Me-
sihovich et al., 2016; Baillo et al., 2019; Kimotho et al.,
2019; Bheemanahalli et al., 2020; Lohani et al., 2020;
Khan et al., 2020; Chaturvedi et al., 2021; Gyawali et al.,
2021; Zhang et al., 2021), 1 MbI OTCbhLIIaeM 3aHTEPE-
COBAHHOTO YMTATesd KaK K 3TUM 0030paM, TaK U K
BKJIIOYCHHBIM B HUX ITyOJIMKAIIMSIM.

B 10 ke BpeMs1 XxoTeJIoCh OB 00paTUTh 0CO00E BHU-
MaHue Ha MEePCIEeKTUBHBIN, M0 HAllleMy MHEHUIO, Me-
TOJOJOTMYECKU TTOAXON — CpPaBHEHME HEKOTOPBIX
MOJIEKYJISIPHO-TEHETUYECKUX TOoKa3aTeaeil TbUIbHU-
KOB 3aBEJIOMO KapOYCTOMUMBBIX U KapOUyBCTBUTEIb-
HBIX COPTOB 3J1aKOB NP BO3J€HCTBUU BHICOKOTEM -
nepaTypHOIo cTpecca B 9KCIIEpUMEHTAX in Situ. DTOT
MOAXOJ HAIPSIMYIO HE CBsI3aH C BBISIBJIEHHUEM Ka-
POYCTOUUYMBBIX TEHOTUIIOB, OTHAKO MO3BOJISIET BbI-
SIBUTb T€Hbl U T€HHbIE CETU, UMEIOIIMEe pelllaoliee
3HauYeHHe B afalTallui PaCTEHUI K BBICOKUM TeMIIe-
parypam Bo3ayxa. [TonydyeHHble JaHHbIE BaXXHbI He
TOJILKO B 1LIEJISIX MOJIEKYJISIDHOI CeJIeKLIMU XXapo-
YCTOMYMBBIX TEHOTUIIOB 3JIaKOB, HO 1 B UBYYEHUHU Te-
HETUYEeCKUX 0COOEHHOCTe pa3BUTHUS T'eHEepaTUB-
HBIX CTPYKTYP PACTEHUI B BKCTPEeMalbHbBIX YCJIO-
BUsiX. Tak, y )XapoycTOHUMBOTO cOpTa puca MeTOI0M
PHK-cexBeHrpoBaHUsI 3peJIbIX ITbIBHUKOB BBISIBIICHA
aKTUBU3ALIUS psiia TeHOB, KOMUPYIOIINUX OSJIKU-11Iare-
poHEHI TerioBoro 1oka (Gonzalez-Schain et al., 2016).
HMcnonb3oBaHre HaOOPOB TPAHCKPUIITOMHBIX JaH-
HBIX, TIOJIyYEHHBIX HA OCHOBE UCIOJIb30BaHWSI MUKPO-
yuIioB U pe3ynbTatoB PHK -cekBeHrpoBaHUS bLIbHY -
KOB KapOYCTOMUMBBIX COPTOB 3TOTO XK€ 3JlaKa, MO3BO-
JIJIO BBISIBUTH 45 T€HOB-KAHIMIATOB JIJIs YCKOPEHHOM
ceJIeKIIMM TeHOTUIIOB, YCTOWUMBBIX K ape. Ilpu
9TOM HCCJIEOBATENIM BbICKa3aJId MHEHUE O CYIIeCTBO-
BaHUM y prca PErYJISITOPHOTO MEXaHU3Ma CMSITYCHUS
CTPECCOBOTO BO3IEHCTBUSI TOBBILIEHHBIX TeMIlepa-
TYp BO3IyXa Ha penpoaykKTuBHOI ctanuu (Raza et al.,
2020). TpaHCKpUNTOMHBI aHAJIM3 BBISIBUJI PSIIT 9KC-
MpeccUpyeMbIX B MbIJIbHUKAX KapOyCTOMUUBBIX COP-
TOB TILLIEHUIIbl KJIIOUEBbIX F€HOB, YYaCTBYIOIIUX HeE
TOJIBKO B pPeaklMU Ha TeMIIEpaTypHbIA IIOK ITyTeM
aKTUBAILIMM OMOCUHTE3a HEKOTOPbIX TOPMOHOB (ayK-
CHUH, 9TUJIEH, THOOEpesJINH), HO U B pa3BUTHU MbLIb-
HukoB (Browne et al., 2021). MHTEepecHO, YTO U B MO~
JIEBBIX YCJIOBUSIX 3aCYX1 KCIPECCHUsI TeHOB OMOCUHTE3a
TOpPMOHa cTpecca abCIIM30BOI KUCIOThl MHAYLIMPOBA-
JIach CUJIbHEE B MBIJIBHUKAX XapOyCTOMYUBBIX COP-
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TOB IIIICHUIIB, B CPABHEHWH C MBUTbHUKAMM XKapo-
YyBCTBUTEIBHBIX cOpTOB (Zhang et al., 2021).

CpaBHUTENbHBIM aHAIM3 MOKa3aTesieil MbUIbHU-
KOB 3aBEJIOMO >KapOyCTOMUYMBBIX U KapOUyBCTBUTE/Ib-
HbBIX COPTOB 3JIaKOB B YCJIOBUSIX BEICOKOTEMITEPATypHO-
IO BKCIEPUMEHTAIILHOTO CTpecca in Situ TPOBOAMUTCS 1
10 HEKOTOPBhIM (PU3UOJIOrO-OMOXMMUYECKUM T1apa-
MeTpam. Tak, y XKapOoyCTOHYMBOTO U XKapOYyBCTBU-
TeJIbHOTO COPTOB prca B YCJIOBHUSIX TEMJIOBOTO CTpeC-
ca BbISIBJICHBI KOHTPACTHBIE METa00JIOMHBIE UBMEHE-
HUSl B OopraHax LBeTKa (BKJIouasi MbUIbHUKM), TIPU
3TOM UJEHTUPUILIMPOBAHBI MeTaboIMUeCKue MapKe-
pBI, OTpEeAesIolIne PENMPOAYKTUBHBIN yCIeX, Mpo-
JIEeMOHCTpUPOBaHa BaxKHasl poJib MeTaboIM3Ma caxa-
poB B (hOPMUPOBAHUU KAPOYCTOMUUBOCTU 1LIBETKOB
(Li et al., 2015). MeTogoM Macc-CIEKTpOMETPUM B 00-
paboTaHHOI BHICOKUMMU TeMIIepaTypaMu 3peJioi MbLIb-
1€ KapoyCTOMUMBOIO copTa puca IOKa3aHO 3HauM-
TeJIbHOE coaepKaHue ochaTUIAINHO3UTONA (TTpe-
IIECTBEHHUK (pochonHO3UTHAA, UHIYLIUPYIOIIETO
rnepejgavyy CUrHajaoOB IJisi MpOpacTaHUs TMbUIbIIbI),
MPU MOJHOM €ro OTCYTCTBUU B MbUIbLIE KapOuyB-
ctBuTesbHOro copta (Wada et al., 2020). MHTepecHo,
YyTO naxe 6e3 BhICOKOTEMITEpATypHOIO BO3eHCTBUS
MeTabonueckoe MpodUuInpoBaHue MbJILHUKOB Xa-
POUYBCTBUTEILHOTO COPTa MILIEHUIIbI BbISIBUJIO 3HA-
YUTEJBbHOE COJIEp>KaHUE B HUX Psila aMUHOKHUCIIOT U
rOpMOHa cTpecca abCLIM30BOM KUCJIOThI MTPU HEBbI-
COKOM cofiepXXaHWUU TMOJMaMUHOB U OPTaHUYECKUX
kucyioT (Bheemanahalli et al., 2020); aHajiorudHbIe
pe3yabTaThl MoydeHbl 17151 pruca (Zhang et al 2021).

Bce a1 pe3ynpraThl CBUAETENBCTBYIOT B MOJIB3Y
BO3MOXHOCTH BBISIBJICHUSI B YCJIOBUSIX in Situ CTICII-
(bUYeCcKIX MOJIEKYJISIpHO-TeHETHYeCKUX,/(PU3N0I0T0-
OMOXMMMYECKIX MapKepoB KaK TS pa3pabOTKH CITO-
COOOB TIOBBILIEHUSI YCTOMYMBOCTH 3JIaKOB K TeTLIO-
BOMY CTpeCCY, TaK U UIST OBICTPOI TMarHOCTUKH 3Ka-
POYCTOMYMBBIX TEHOTUTIOB B CEJIEKIIMOHHBIX IIETISTX.

Hcnonvzosanue konyenyuil smopuosoeuy pacmeHuil
8 oueHKe CImpecco8oeo 8030elicmaUs NOGbIULIEHHbBIX
memnepamyp 8030yxXa Ha NbLIBHUKU 31AK08 in Situ

I[Ib11BPHUK — TIpeAMET UCCISIOBAaHUN 3MOPHOIO-
ruu pactenuit (Kamenuna, 2009). [TosTomy eliie on-
HHUM METOAOJOTMYECKUM MOAXOI0M K BBISIBICHUIO
2KapoyCTOMYMBBIX TEHOTUIIOB 3JIAKOB B 9KCIIEPUMEH -
TaJbHBIX YCIOBUSIX in Situ, IO HAlIEeMy Ipeajioxe-
HHIO, MOXET CTaTh NCIOJIb30BaH1E pa3pabOTaHHBIX C
MO3UIIUU OIUCATEBHOMN U SKCIIEPUMEHTAIILHON 9M -
OpHOJIOTUM pacCTeHUII B3aMMOCBSI3aHHBIX KOHIICII-
[MIi: OLIEHKA IMbUIbHUKA KaK MHTETpUPOBAHHOI CUCTe-
Mbl M aHAJIU3 KPUTUYECKUX CTAAUI pa3BUTUS DTON
reHepaTUBHOII CTPYKTYPHIL.

O0e »TH KOHLEIIUU JeTaJbHO pa3padoTaHBI
T.b. bateirnHoit (o6o61meHue: barbiruna, 2014). Hc-
clemoBaTelb paccMaTpPUBAaeT IMBUIBHUK ITBETKOBBIX
pacTeHUi KaK CJIOXKHYIO MHTETPUPOBAHHYIO CUCTEMY,
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MPEACTaBICHHYIO CJIECIYIOLIMMU 3JIEeMEHTaMU: CIIOPO-
TreHHasl TKaHb U TKaHU CTEHKM rHe3/1a NbIJIbHUKA (Tare-
TYM, BHOOTELMIi, CpedHMII CJIOii, BK30TeLuii), IIpu
5TOM CBOIMCTBA IIbIJILHUKA KAaK CUCTEMbI HE CBOJMMBI K
IPOCTON CyMMe€ CBOMCTB 3JIEMEHTOB-TKAHEM.

B pesynbrare meTanbHOrO LIUTOTMCTOJIOTMYECKOTO
aHaJIu3a Pa3BUBAIOIIMXCS MbUTBHUKOB MILIEHULIBI BbI-
sasieHo (bateirmHa, 2014), 4TO KJIIETKM CITOPOTeHHOM
TKaHU U TKaHeil CTEHKU THe31a, TTPOUCXOISIINEe OT
OO0ILIMX MHULIMAJIEH, C CAMBIX paHHUX CTaauit MOpdo-
reHesa pa3BUBAIOTCS B3aUMOCBSI3aHO U COIPSIKEH-
HO, MOP(OJIOTMYECKHU U CTPYKTYPHO IOCTUTASI BBICO-
KOM crieMaau3aliuu, CBSI3aHHOM C BBITTOJTHEHUEM UX
OCHOBHBIX (pyHKI1IMi. Kaxnast u3 TkaHeil CTeHKU rHe3-
J1a TIbUTbHUKA UTPaET CBOIO POJIb B XOI€ PAa3BUTHUSI CITO-
POTEeHHBIX KJIETOK, MAIOIIMX HAyajao MbLIbLIEBLIM 3€p-
HaMm. MccnenoBareneM caesiad BbIBOI O TOM, UTO TTbLJIb-
HUKM KaK MHTErpUpPOBAHHBIC CTPYKTYpPhI 00JIanaoT
OOLIIMMU PEryJsITOpPHBIMU MEXaHU3MaMU U €IUHBIM
PUTMOM Pa3BUTUS DJIEMEHTOB, TIPU 3TOM HOPMaJIb-
HbIM X0l Pa3BUTHUS KJIETOK CIOPOT€HHOM TKAHU, Aa-
IOIIMX HAYaJIo MbUIbLEBLIM 3€pHaM, 3aBUCUT OT HOP-
MaJIbHOTO (DYHKIIMOHUPOBAHUS KJIETOK BCeX TKaHel
CTEHKM THe3lla B Mpeaeaax CUCTEMbI NbUJIbHUKA MO
MPUHLIMITY YaCTH U LIeJIOTO.

IMonrBepxkaeHne TAKOM OOITHOCTU PETYISITOPHBIX
MEXaHU3MOB Pa3BUTHUS JIICMECHTOB-TKAaHEell B eMMHOM
CHCTEME NBUIBHMKA MOXXHO BUAETh, HAIIPUMED, B PsI-
JIe TIyOIVKaluii, BBIMIOJIHEHHBIX Ha MpUMepe puca,
XOTSI cCaMM aBTOPHI MOHSATHE “cHUCTeMa” II0 OTHOIIIE-
HUIO K NBUJIBHUKY HE MCIIOJNB3YIOT. Tak, BBISIBIIEHO,
YTO KJIIOUYEeBbIe TeHBI MOP( OreHe3a NbIJIbHUKA 3TOTO
3JlaKa aKTMBHUPYIOTCS KacKagHO CTPOTO Ha Ompele-
JICHHBIX CcTamusx muddepeHInalmy TKaHeW CTEHKU
rHe3/1a MbUTbHUKA B KOOPAWHAIIH C TIpolieccaMi MUK-
pocriopo- M MUKporaMeroreHesa (Zhang et al., 2011),
BO3MOXHO, II0 IPUHIIMIY OOpaTHOM CBSI3U, KaK 3TO
rmokasaHo s apaéugorncuca (Huang et al., 2016). B
paborte, ITOCBAIIEHHOI aHAIN3Y y9aCTUS B pa3BUTUU
nbUIbHMKA puca porenHkrnHasbel OsCPK29, nokaza-
HO, 4TO 3TOT (pepMEHT B HOpME BbIpabATHIBACTCSI B 3pe-
JIBIX IBUIBLEBBIX 3€pHAX, TOINa KakK ITOAaBJICHUE €ro
(GYHKIIMOHUPOBAHUS IIPUBOIUT HE TOJIBKO K (DOPMU-
POBaHMIO HEXKM3HECTTOCOOHBIX MBUTBLIEBBIX 36PEH 3a
CUeT HapylIeHWI pa3BUTHUS MHTUHBI B IX 000JI0YKAaX,
HO M K aHOMAJIUSIM B CTPYKTYp€ KJIIETOK SHIOTEIIUS
(Ranjan et al., 2022). Sdpxuii npuMep CUCTEMHOCTH
NBUIBHMKA (M HE TOJIBKO 3J1aKOB) — IOerpamalus KJie-
TOK TaleTyMa Ha CTaIuM 3PeJIoro ITbUIbHMKA, KOILIa
OTITaJaeT HEOOXOAMMOCTh B TTOCTaBKE MUTATEIBHBIX
BEIECTB 13 3TOM TKAaHW B pa3BUBAIOIINECS MBLIbIIC-
BbI€ 3€pHA; MHOTMMM aBTOpPaMHU Aerpamalis KISTOK
TareTyMa B 3peJIoM IMbIJIBHUKE paclieHUBaeTCs KakK 3a-
nporpaMmMupoBaHHas rudeb — anonTto3 (Khan et al.,
2021; Guo et al., 2022). bonee Toro, 3amepxkKa aerpa-
Jalny KJIETOK TareTyMa BelleT K JAerpafaliui U 3pe-
JIBIX ITBUIBLEBEIX 3€peH, KaK 3TO BBISIBJICHO y pHca
(Lei et al., 2022). Ha mpumepe IeHUIIBI HEOOXOMM-
MOCTb CUCTEMHOTO TIOAX0Aa MPOAEMOHCTPUPOBAHA U
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TT0 OTHOIIIEHUIO K MCCIICTOBAHUSM ITBLTHHIKOB B YCITO-
BUSIX KYAbTypHl in vitro (KpyrnoBa, 3MHaTy/UIMHA,
2018). ITokazaHO TakXKe, YTO MbUTBHUK KaK COCTaBHAasI
YacCTh BXOIUT B CUICTEMY THIUMHKMY, SIBIIIOIIYIOCS 21~
MEHTOM LIBETKA, KOTOPbIA M caM SIBISIETCSI CIIOXHOM
CUCTEMOI OPTaHOB U, B CBOIO 04Yepeb, IIPEACTABIISIET
coboit yacTb cuctembl pacteHus (Kpyriosa, 2022a).

IMpemnoxen (barbirnta, 2014) ocoObIit acIeKT HUC-
CIIeNOBaHUII — NpPHMMEHEHME KOHIIETIIWU NbUIbHUKA
KaK MHTETPUPOBAHHOM CUCTEMBI K U3yYEHUIO MOpP-
¢doreHesa 3TUX TeHEPATUBHBIX CTPYKTYP HE TOJILKO B
€CTECTBEHHBIX YCJIIOBUSIX, HO U B YCIIOBUSIX 9KCIIEPH-
MEHTOB, IIPOBOAUMBIX C YY4E€TOM TOro, 4ro mudde-
peHIMaMs TKaHel MbUIbHMKA IIPOTEKAeT B YCIOBU-
SIX TIBUIbBHMK—OKpYXalolasi cpena. B KOHTeKcTe
JIAaHHOM CTaThM 3TO O3HAYaeT HEOOXOIMMOCTD UCCIIe-
JIOBAHUSI CTPECCOBOTO BO3IEMCTBUS iM Sifu TIOBBIIIICH -
HBIX TEeMIIepaTyp BO3[Iyxa Ha MBIJIBHUK 3JIaKOB KakK
WHTETPUPOBAHHYIO CUCTEMY. B TO ke BpeMsi aHaIu3
3HAYUTEJILHOTO 00beMa JIUTECPATyPHBIX NCTOYHUKOB
10 3TOI TEME CBUAECTEIBCTBYET, UTO MCCIEIOBATENN,
KakK IMpaBWIo, HE PaCLEHUBAIOT MbUJIBHUKHU 3JIaKOB,
HaXOMSIINUXCS B YCJIOBUSIX IOBBIIICHHBIX TeMIIepa-
TYp BO3dyXa, B KAUeCTBE MHTETPUPOBAHHBIX CUCTEM.
bonee Toro, aBTopsl OOJBIIMHCTBA padOT aHAIU3HU-
PYIOT CTPECCOBBIE PEAKIIMU TOJIBKO PAa3BUBAIOIIUXCS
MBUIBLEBBIX 3epeH 0e3 OLICHKM M3MEHEHMI cTraTyca
TKaHel CTeHKU THe3a ITbUTbHMKA. K penkum nckimo-
YEeHMSIM MOXXHO OTHECTU Pe3yJIbTaThl UCCIIENIOBAaHUMI
MBUIBHUKOB pHCa, CHElUaJIbHO HAIlpaBJICHHBLIX Ha
OLICHKY AeTpajaluu o4 ICUCTBUEM in Situ BBICOKMX
TeMIIepaTyp BO3ayXa TKaHEW CTEHKMW T'He3la MbLIb-
HYKa U B IIepBYyl0 odyepenb Taneryma (Matsui et al.,
2005). B 0630pHOoii padote (Zhang et al., 2021) coo6-
IIAeTCS O BIMSIHUU TEIJIOBOIO CTPecca Ha MHOTHE
MPOLIECChl PA3BUTUS MBUILHUKOB psifa 371aKOB, B TOM
yuciie Ha YHKIIMU TKaHEW CTeHKU THe31a (0coOeH-
HO TamneTyMa M 3K30TeLHs), IPUBOIUTCS aHAIU3 Ha-
PYIIEHMS 3KCIIPECCUN COOTBETCTBYIOIINX T€HOB, OI-
HaKo MOHSITHE “crUcTeMa NbLIBHUKA” aBTOPHI HE MC-
MOJIB3YIOT.

IMpennoxeHo (barbirnHa, 2014) MoaenupoBaHue
pa3BUTHS MBUILHUKOB HAa OCHOBE JaHHBIX MOpdodu-
3MOJIOTUYECKOTO MCCIEAOBAHUS 3TUX TeHEPATUBHBIX
CTPYKTYp B €CTECTBEHHBIX YCIIOBUSIX BO BpeMms IO-
cJieloBaTeIbHbBIX cTanuii pa3BuTusi. Kak cBumeTeab-
CTBYeT aHAIM3 OOJBIIOr0 KOJUUYECTBA JUTEPaATYPHBIX
WCTOYHUKOB, BOIIPOCY CTAAUAHOCTH Pa3BUTUSI TTbLIb-
HMKa 371aKOB DKCIIEPUMEHTATOPaMH B LICJIOM yACseT-
CSI IOCTaTOYHOE BHUMAHUE, YTO OOYCIJIOBJICHO METOIM -
YECKOI HeOOXOIMMOCTBIO MIPU ITPOBEICHUM CEJIEKII-
OHHO-TEHETUUYECKUX, MOJIEKYJISIPHO-TEeHETUUECKUX,
OuoTexHoJorn4eckux uccaegoBanuii (Browne et al.,
2018; Tang et al., 2018; Pan et al., 2020; Sun S. et al.,
2021; Sun Y. et al., 2021). B To e BpeMs ucciaeaoBa-
TeJIN, KaK IMPpaBUJIO, HE paCCMaTPUBAIOT MBUIBHUKU KaK
WHTETPUPOBAHHBIE CUCTEMBI, HE YUHUTHLIBAIOT TECHBIE
B3aMMOOTHOIIEHUS pa3BUBAIOIIUXCS COPOTEHHOM
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TKAHU U TKaHEW CTEHKM THe3/1a MbUJIbHUKA, a BO IJ1a-
BY yIJia CTaBAT TOJIBKO pa3BUTHEC IIBUILLIECBOTO 3€PHA.

OnHako psia myOIMKaluii COCTaBIIsIeT UCKITIOUCHUE.

Tak, Ipu uccliefOBAHUY Pa3BUTHS MBIJIBHUKA PU-
ca 0cob0oe BHUMAaHME YAEJIEHO KII0UeBBIM F'eHaM, UT-
palollMM pEelIaoIIyl0 pojib B Pa3BUTUU HE TOJBKO
MBbUIBIIBEI, HO M TKAaHEW CTeHKU THe3na MbUIbHMKA Ha
14 BeImeieHHBIX aBTOpaMu cranusix (Zhang et al., 2011).

YV puca ke BbISIBJICHbI TPAHCKPUILIMOHHbBIE (haK-
TOPHI, XapaKTepHBIe IS Pa3INYHBIX TKaHeil IMbLTb-
HUWKAa Ha ITSITH CTAOUSIX Pa3BUTHS, BBIICIIEHHBIX aBTO-
pamu (Liu et al., 2022).

B pabGore, BeIITOTHEHHOI HA IpUMEpPE MIIEHUIIBI,
SIMEHs, prca W KyKypy3bl, M3ydeHa TUHaAMHUKa Ha-
koruieHust Manbix PHK Bo Bcex TKaHSIX TBUIBHUKOB B
TeUYeHUE BBIACISIEMbIX UCCIeI0BATeISIMIA IIPEMEitoT-
YeCKOi, MEMOTUYECKOM U TIOCTMEHOTUYECKOM CTaguit
(Bélander et al., 2020).

BrickazaHo MHEHUE O TOM, YTO BBICOKHE TEeMITe-
paTypbl BO3IyXa HETaTUBHO BJIMSIIOT Ha MTbUIbHUKU B
xone Bcex cramuii passutus (Laza et al., 2022). C
5TUM MHEHMEM Helb3sl He cornacuthesd. B To ke Bpe-
Msl, C TO3UILINU 3MOPUOJIOTUN pacTeHUI B Mopgore-
He3e IMbUTBHUKOB KaK MHTETPUPOBAHHBIX CHCTEM BhIIE-
JISTIIOT TaK Ha3bIBaeMbIe KPUTUYECKUE CTAIUN PA3BUTHS
Ha OCHOBAaHUU KPUTEPUS TTOBBILLIEHHON YyBCTBUTEb-
HOCTH TIBIJIBHYKA K BO3IEUCTBUIO BHEIITHUX CTPECCO-
BhIX (pakTopoB (bareiruna, 2014; Kpyriosa, 20226).
OTMeTHM, 4TO KPUTEPUI1 MOBBIIIIEHHO! YyBCTBUTEIb-
HOCTU OPraHOB PacTeHUil K BHEIITHEMY CTPECCOBOMY
BO3IEMCTBUIO HA OTIpeIelIEeHHBIX CTAAUSIX Pa3BUTHS,
npenaoKeHHbIN ene B KoHile XIX B. (bpoyHos, 1897,
no: Ceetios, 1960), pa3pabaTeIBaeTCs1 U 110 OTHOIIIE-
HUIO K pa3BUTUIO 3apoakbliieil pactenuii (bateirnna,
2014; Kpyrmnosa u ap., 2020, 2022; Kruglova et al., 2020)
n xuBoTHBIX (CBemioB, 1960; Severtsova, Severtsov,
2011, 2012, 2013).

CormacHO aHajau3y JUMTEepaTypHBIX NaHHBIX, Ha
OCHOBaHUM KPUTEPUsl TOBBIIIEHHONH 4YBCTBUTEb-
HOCTH IThLTbHMKA K BO3AEMCTBUIO BHEIITHUX CTPECCO-
BBIX (paKTOPOB B KaUECTBE KPUTUUECKUX MOKHO BbI-
JIEeJINTh NBE CTaAuU Pa3BUTUS ITON TeHepaTUBHOM
CTPYKTYPHI Y 3]1aKOB.

OnHa M3 TaKUX CTaguil COOTBETCTBYET MEHO3y
MUKPOCHOPOUMUTOB. M3ydeHUIO0 3KCIEPUMEHTAIb-
HOTO CTPECCOBOIO BO3NEWCTBUSA in Situ BBICOKUMU
TeMIepaTypaMu BO3Ayxa Ha MEMOTUYECKUE MblIb-
HMKU 3J1aKOB MOCBSIIIEHO HEMAaJIO UCCIIeTOBaAaHUM.
Tak, akcTpeMalbHOE TeMIIepaTypHOE BO3IEMCTBUE
Ha NbUIbHUKHA SYMEHS BO BpeMsl Meio3a IPUBOANUIO
K TIpeKpalleHn0 OMOCUHTE3a ayKCMHOB B MUKPO-
CIIOPOLIMTAX, K OCTAHOBKE SKCIIPECCUU T€HOB, y4acT-
Bytolux B perumkaimu JIHK, B oTnenbHbIX cirydasx —
K O10KMpoBaHUIO MelioTndeckoro aeieHus (Lohani
etal., 2020). Meiiotuueckue adbeppalum (HeperyJsip-
Hasl cerperaunus XpoMocoM, o0pa3oBaHUE MEXXPO-
MOCOMHBIX MOCTHUKOB M MMKPOSIAEp), UHIAYLUPYE-
Mbl€ 3KCIIEPUMEHTAIBHBIM TEILJIOBBIM CTPECCOM, BbI-
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SIBJIeHBI B MUKpocItiopouuTtax puca (Endo et al., 2009) u
mueHulbl (Omidi et al., 2014). YcraHoBIeHO, YTO
MUKPOCITIOPOLUTHI TIIEHUIBI OCOOEHHO 4YYBCTBU-
TeJIbHBI K BEICOKMM TeMIIepaTypaM BO BpeMs AByX a3
Melio3a — uHTepdassl U aenroreHsl (Draeger, Moore,
2017). Meito3 oka3zajcs 6osiee ysi3BUMOI K Bo3eii-
CTBUIO ITOBBIIIIEHHBIX TeMIIEpaTyp cTagueil pa3Bu-
TUS NbUIbHUKA MIIEHUIIbI, B CDABHEHUU C LIBETE-
HUEeM (COOTBETCTBYET CTAaAUM 3PEJIOTO MbUILLIEBOTO
3epHa) (Bokshi et al., 2021). [eiictBue in situ naxe
YMEPEHHO BBICOKUX TEMIIEpaTyp BO3IyXa Ha IbLIb-
HUKHW KYKYpPY3bl, CoIepxXalllue IMPOAYKT Meiio3a —
TeTpaabl MUKPOCIIOpP, IPUBEIIO K aHOMAJIUSIM MOpP-
dosorum 3THX KJIETOK, K HApyHIeHUSIM B HUX OMO-
CUHTE3a KpaxmaJjia U JUMUI0B, a TAKXKe K CHUKEHUIO
¢dbepMEeHTATUBHOM AaKTUBHOCTU U K JEKOHACHCAIIUU
JIHK (Begcy et al., 2019); aBTopbI Ha3BaJIM 3Ty CTAAUIO
pPa3sBUTUS NBUILHUKA BHICOKOUYBCTBUTEIBHOM, 4YTO
BIIOJTHE COOTBETCTBYET TEPMHUHY “KpuUTHdecKass”. AHa-
JIOTUYHBIE JaHHBIE MOJYYEHBI IJIs1 TeTpaa MUKPO-
CIOP B IMbUILHUKAX STYMEHS MOCJIe KPATKOBPEMEHHO-
r'o BO3IEUCTBUSI YMEPEHHO BBICOKUX TEMITEPATYP BO3-
nyxa (32°C), npu 3ToM Tubeab TeTpal MUKPOCIIOP
BBI3LIBAIOT HapyIIeHUsI (POPMUPOBAHUS KAJLIO3HOMI
00o0J10uKM, OKpyxKaromieit Terpansl (Schindfessel et al.,
2021). Takue HapylieHusT (POPMUPOBAHUS KaJLJIO3-
HOIT 000JIOUKH, TI0 HAIllEMy MHEHMIO, MOXHO paclie-
HUBaTh KaK MPOSBIICHUE HAPYILIEHUSI CUCTEMBI TThUThb-
HMKa 101 BO3AeCTBEM TeMIIepaTypHOTIo cTpecca,
MOCKOJBbKY OMOCHUHTE3 Kajjlo3bl OCYILECTBISIETCS
npu ydactuu tareryMma (Kamenuna, 2009). Ionteep-
XKIEeHUST HApYLICHUST CUCTEMBbI ITbUIbHUKA B YCJIOBUSIX
MOBBILLIEHHBIX TEMITEPATYP BO3MYyXA i Sifi MOXKHO BUAEThH
Y B TAHHBIX [10 aHOMAaIUSIM AU depeHIIMALIAN TaTIeTyMa
B MBUTBHUKAX PYICa, TIICHULIBI U STIMEHSI, BIUTOTh IO Jie-
rpafgalvy 3TOM TKAHU, MPUBOAMBIIEA B KOHEYHOM
cyeTe K CTepWJIbHOCTHY ITbUIBIEI (Zhang et al., 2021).

OTMeTnM, YTO HApYyIISHNS CUCTEMBI ITBUTLHUKA BBI-
SIBJIEHBI Y psifia 3J1aKOB U MO, ICUCTBUEM UCKYCCTBEHHO-
ro JeduimTa BoObl B 3KCIIEPUMEHTAX M Sifu; TAKOM Jie-
GULIMT IPHUBOIMII HE TOIBKO K aHOMAaTLHOM BaKyoJI3a-
LM KJIETOK TaneTymMa, HO U aHOMaJIbHOMY YBEJTUYEHUIO
pa3MepoB KJIETOK CPEIHETO CJIOS, a B LIEJIOM TaK>Ke BbI-
3bIBaJI CTEPUIILHOCTD MbUIbLILL (Yu et al., 2019).

AHAJIOTUIHBIE PEe3yIbTAThl TOJYIeHBI W TION BO3-
JIEHCTBUEM CTPecCOBOro (hakTopa Xojoaa Ha MeMoTHU-
yeckue MbUTbHUKY prca (Gonzalez-Schain et al., 2019).

AHanu3 TaKWX JaHHBIX TMO3BOJISIET BbICKA3aTh
MnpennojaoxeHue o6 OO6ITHOCTU KJIETOUHBIX U TKaHe-
BBIX MEXaHU3MOB JIefiICTBUST PA3JIUUYHBIX CTPECCOBBIX
¢dakTOpOB Ha TBUIBHUKMU PaCTeHUIi, OCOOEHHO BO
BpeMS UX KPUTUUYECKUX CTaauii pa3BuTusi. B moab3y
3TOTO TPEANOJI0XKEHHUSI CBUAETEIbCTBYIOT U JaHHbIE
II0 CTPECCOBOII peaKIMu NBUILHUKOB Arabidopsis
thaliana Ha cTaguu Meilo3a B OTBET Ha IEHICTBUE TEM-
repaTryp BblllIe TOPOTOBBIX: METOAOM (DIIyOpECUEHT-
HOM TMOpUAN3ALINN in Situ B MUKPOCIIOPOLIUTAX 3TO-
IO PacTeHMs TaKKe BbISIBJIEHBI HAPYILIEHUS U PACXOX-
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JIeHUsI XxpoMocoM, u mutokuHesa (Lei et al., 2020), kak
3TO YCTAHOBJIEHO 11 MUKpocnopoluToB puca (En-
do et al., 2009) u nenuisl (Omidi et al., 2014).

OnHako 11 OKOHYATEJIbHOTO BHIBOAA 00 OOIITHO-
CTH MEXaHU3MOB BO3JCUCTBUSI PA3IMUYHBIX CTPECCO-
BBIX (DAKTOPOB HA MBIJIBHUKU PACTEHUI BO BpEeMSI NX
KPUTHYECKUX CTaauil pa3BUTUS TPEOYIOTCS IOIIOJI-
HUTEIbHBIE CBEIEHUS.

J1s1 31aKOB TOCTATOYHO yOeOUTEIbHO ITOKa3aHa
ellle oofHa KpUTU4YecKas CTaaus pa3BUTHUA ITbUIbHUKA,
KOTOpasi COOTBETCTBYET MUTO3y MUKPOCIOpP. BhIsIB-
JIEHO, 4YTO CTpeccoBas o0paboTKa in Situ BBICOKOM
TEMIIEpATypOii MBJIbHUKOB pUCa, CONEPXKAIIIUX MU-
TOTUYECKU JEJISIIECs] MUKPOCIIOPHI, TIPUBOAMIA K
CHMZKEHMIO KM3HECIIOCOOHOCTY IThUIBIBI /WU Ha-
PYIIEHUIO €€ CIIOCOOHOCTM IIpOpacTaThb Ha PBLUIbILIE
(Das et al., 2014; Khlaimongkhon et al., 2021). s
ATOTIO Xe 371aKa IIPUBOISITCS CBEAeHMS 00 MHAYIIUPO-
BaHHBIX BBICOKOTEMIIEPATYPHBIM CTPECCOM aHOMAJIHSIX
HE TOJIbKO MMTO3a MUKPOCIIOpP, HO U TKaHEi CTeHKU
rHe31a IMBUIBHYKA: YTOIIIeHE 000I09eK KIIETOK 9K30-
Telusi, HEpaBHOMEPHOE pacnpeecHue Tejiel] You-
ma B kJieTkax tTanetyma (Hu et al., 2021); u B aToMm
MOXHO BUIETh OTPaXXeHWE HapyLIEHU CTPYKTYpPHI
BCEro MbUIbHUKA KaK CUCTEMBI.

ITo oTHOIIEHMIO K ITBUIBHUKAM psifa 3J1aKOB IO-
KazaHa UX ocobas yI3BUMOCTb Ha CTaAUU MUTO3a
MUKPOCHOP K Ne(ULIUTY BOIbI, KOPPEIUPYIOIIEMY
¢ 3acyxoii (Yu et al., 2019).

BaxHo 0O6patuTh BHUMaHME Ha TO, YTO KPUTHI-
HOCTb TIBLJILHMKA Ha CTaJNU, COOTBETCTBYIOIICH MUK-
pocriope, oTMeueHa U Y My>KCKO-CTEpUJIbHOTO MyTaHTa
puca paal (post-meiosis abnormal anther 1) 6e3 BHeI-
HETO CTPECCOBOI0 BO3JEHCTBUS, TP 3TOM BBISIBJIC-
HbI KaK aHOMaJIuK (popMuUpylollIeiicss SK3UHbI 000-
JIOYKU MUKPOCTIOP, TaK M AeTpamamis KJIETOK Tarle-
tyma (Lei et al., 2022).

IMonTBepxneHNsT KPUTUIECKON CTaIUM pa3BUTUS
MBUTbHUKA 3JIAKOB, COOTBETCTBYIOIIEN CTAI MUKPO-
CTIOPbI, MOXXHO BHUAETb U pe3yJbTaTaX dKCIIEpUMEH-
TaJIbHBIX UCCJIEAOBAHUI OMOIOTMIECKOro (hpeHOMEHa
aHIporeHe3a in vitro (B Apyroii TEpMUHOJIOTUU — aH-
JIPOKJIMHUU), COCTOSIIIIETO B MEPEKITIOUEHUM TIpOrpaM-
MbI Pa3BUTHSI MUKPOCTIOPHI C OOBIYHOTO TaMeTO(UTHO-
'O ITyTU, TPUBOJISIILIETO K 00pa30BaHIO 3pEJIOTO Mblb-
1IEBOT'O 3€pHa, HA UHAYLIMPOBAHHBIA CTPECCOM in Situ
(B TOM 4YHCJIe BHICOKOTEMIIEPATYPHBIM) CIIOPO(MUT-
HBI{ MyTbh, BEAYLIMA K (pOPMUPOBAHUIO PACTEHUSI-
pereHepaHTa B YCIOBUSIX in vitro u ex vitro (Kpyrnosa,
2019; Bednarek et al., 2021; Kanbar et al., 2021). Uc-
clie0BaHMs B 3TOI 00JIaCTU MOCBSIIEHBI HE TOJIbKO
OLIEHKE HA 3TOU CTauU CTPECCOBOTO BO3NECUCTBUS
BBICOKMX TeMIlepaTyp Ha MbUIbHWUKHW 3JIAKOB, HO U
aHaAJIN3Y CTPYKTYPBI MUKPOCTIOPHI, KOTOPYIO MPEIJTO-
JKEHO OTHOCUTh K CTBOJIOBbIM KieTkaMm (batbirmHa,
2014). Tak, nj1st OIIEHUIBI YCTAHOBJIEHO, YTO BBICOKO-
TeMIIepaTyPHbIil pexXrM Bo3neicTsus in situ (32—34°C
B T€UEHUE YETHIPEX CYTOK) HA MbUIbHUKU UHAYLIAPY-
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eT cnopodUTHBIA MopdoreHe3 MuKpocnops! ([1bsi-
yyK U 1p., 2019). Takoe Bo3aeiicTBUE BbI3bIBAET UH-
TYKIMWIO CUHTE3a OEJIKOB TEIJIOBOTO 1110Ka, KOTOPHIE,
JIeCTBYSI KaK MOJICKYJISIPHBIE IIATIePOHbI, OJI0KUPY-
IOT TporpamMmy ramMeTroduTHoON muddepeHInalInn
mukpoctiopsl (Bednarek et al., 2021) u, mo-BUIMMO-
MY, CO37al0T BO3MOXHOCTb peaau3aluu cropopur-
HoIt nuddepeHIan MUKPOCIIOPHI KaK CTBOJIOBOI
KJ1eTk. MopdoreHeTueckasi KOMIIETEHTHOCTD K IIe-
PEKITIOUEHMIO Pa3BUTHSI HA CITOPOMUTHBIN ITyTh MOP-
doreHesa omnpeaesieTcss CTPYKTYPHOI OpraHU3aLueii
MUKPOCTIOPbI, TNIABHBIM 00pa30oM HaJIMUMEM KPYITHOI
LIEHTPaJIbHOI BaKyOJI1, UTO, ITO-BUAUMOMY, U OIIpe-
JIeJISIeT ee MOBBIIIEHHYIO YyBCTBUTEIHLHOCTD K CTPECCO-
BOMY BO3IEHCTBUIO; KPOME TOTO, TeMIIEpaTypHbIi
CTpecc MHAYLUPYET OTXOXKIEHNE MUKPOCITOP OT CTEH-
KU TIBIJTbHUKA, HAapyIllasi TeM caMbIM OOIILYI0 MHTETpU-
POBaHHOCTh CTPYKTYpHI TbUIbHMKA (BaThirHa u Op.,
2010; Kpyrnoga, 2019).

Takum o6pa3oM, MOXHO MoJiaraTh, 4YTO B Pe3yJib-
TaTe BHITTOJHEHHbBIX 9KCIIEPUMEHTOB IOCTATOYHO J10-
CTOBEPHO BBISIBJIEHBI 1B€ KPUTUUYECKUE CTaIuN pas3-
BUTHSI CUCTEMBI MIbUTbHUKA 371AaKOB, BO BpEMSI KOTOPBIX
9TU TeHEePaTUBHbIE CTPYKTYPbl OCOOEHHO YyBCTBUTE b~
HbI K 9KCIIEPUMEHTAIBHOMY AEUCTBUIO i1 Sifii BBICOKOM
TeMIlepaTypbl Bo3yXa. DTU CTaauU COOTBETCTBYIOT
CcTaausIM Meko3a MUKPOCTIOPOLIMTOB U MUTO3a MUK-
pocriop. Takue pe3yabTaTbl BIIOJIHE OXWAAEMbI, MO-
CKOJIbKY HETaTMBHOE BO3IIEMCTBUE Pa3IMUHBIX aOMOTU-
YECKMX CTPECCOB Ha MPOLIECChl Meli03a U MUTO3a yCTa-
HoBJeHO 111 MHorux pacteHuii (Fuchs et al., 2018).
IMTo-BunuMoMy, MOXXHO OOHApPYXKUTh U ApPyTUe KpU-
TUYECKUE CTAJWU Pa3BUTUS TbLUIbHUKA 3JIAKOB, UC-
XOJISl U3 KPUTEPHS MOBBIIIIEHHON UyBCTBUTEILHOCTH
K BO3JIEUCTBUIO CTPECCOBOTO (haKTopa BHICOKOU TeM-
neparypsl Bo3ayxa in situ. OqIHaAKO B 3TOM OTHOIIIe-
HUU ApyTUe CTaAuu MopgoreHe3a MbUIbHUKA 3]TaKOB
WU3y4eHbl B 3HAUYUTEILHO MEHbIIIEH CTeTeHU, uccie-
JIOBaHMUSI MOCBSIIIEHBI IJTAaBHBIM 00pa3oM aHOM AN -
sIM B MpOpAcTaHWUU 3PEJbIX TMbUIBLEBBIX 3€PEH
(Coast et al., 2016; Zhang et al., 2018; Fabian et al.,
2019; Fedotova et al., 2020), To ecTh 0€3 yyeTa cOCTO-
SIHUSI TKaHel CTeHKU rHe3la MbUTbHUKA.

B menom ciaenyeT oTMETUTD, UTO CTEIIEHD U3YYeH-
HOCTH 1 IbUTbHUKA 3JIAKOB KaK MHTEIrPUPOBAHHOM CHU-
CTEMBI TKAHEM, U KPUTUUYECKUX CTaAuiA pa3BUTHUS STOMU
CUCTEMBI B SKCIIEPUMEHTAIbHBIX YCIOBHUSX MOBBIICH-
HBIX TEMIIEPATYP BO3AYyXA ix Sift CPABHUTEIBHO HEBEJIN -
Ka. B To xxe BpeMs Kak CHCTeMHasl OLI€HKA ITbUIbHMKA,
TaK M BbISIBJICHHUE KPUTUYECKUX CTaauii MopgoreHesa
9TOI T€HEePAaTUBHOM CTPYKTYPbl MOTYT CIIyXXWUTb METO-
JIOJIOTUYECKHUM MOAXOIOM HE TOJBKO MPHY BBISIBJICHUU
)KEIpOyCTOﬁ‘[VIBbIX I'€HOTUIIOB, HO U B IIOHUMAaHNU ME-
XaHM3MOB OTBETHBIX PeaKIIMii KJIETOK 1 TKaHEeU pacTe-
HUI HA pa3JIMUHbIE CTPECCOBbIE BO3IEHCTBUS.

YCITEXY COBPEMEHHOM BUOJIOTUH

SAKJIIOYEHHME

IIpobinema ycTOMUYMBOCTU KYJIbTYPHBIX pacTeHU
K a0OMOTUYECKOMY CTpPeCcCOBOMY (pakTopy (pU3MOJIO-
TMYECKOM 3aCyXxu, BbBI3BAHHOI JE€WCTBMEM BbICOKMX
TeMIeparyp Bo3ayxa, IIpUBJIEKAET OOIbIIOE BHUMAHUE
HUCCIIeAoBaTeNIeii BCEr0 MMpa, YTO HEYAMBUTEIBHO B
YCJIOBUSIX TIPOTHO3UPYEMOIi apuanu3aluy Kjiumara.

ZKapoycToitunBOCTh pacTeHU — CJIOXKHBINA MPO-
liecc, ompeaesieMblii MHOTUMU T€HETUUYECKUMU U
anureHeTnyeckumu daxkropamu. s BbIsIBIEHUS
T€HOTUIIOB KYJbTYPHBIX PACTEHUI B CEJIEKIIMOHHBIX
LIEJISIX CO3JaHUST KapOYCTOMUMBBIX BBICOKOMPOIYK-
TUBHBIX COPTOB HEOOXOAMMBI pa3paboTKa 1 NMpuBJe-
YyeHMe pas3IMYHbIX NOAX0A0B. Tak, Wi XJIEOHbIX 371a-
KOB TIPEJIOXKEHBI CIEAYIOLINE MOAX0Ibl, paClieHUBa-
eMble B JaHHOM 0030pe KakK METOHO0JIOTUYECKUE:
a) MOJeJIMPOBaHME BO3AEUCTBUSI CTpEeCCOBOro hak-
TOpa MOBBIIIEHHBIX TEMIIepaTyp BO3/yXa B 9KCIEepU-
MEHTAJIbHBIX YCIOBUSX in Situ (KIUMaTudeckue Ka-
Mepbl, GUTOTPOHBI, TSTUIMIILI); O0) UCITOJIb30BaHNUE B
MOJIEJIbHBIX BKCIIEpUMEHTAaX in Situ MbUILHUKOB KaK
TeHEPaTUBHBIX CTPYKTYp, Haubojee YyBCTBUTEJb-
HBIX K IeAICTBUIO MOBBIILIEHHBIX TEMIIEpaTyp BO3IyXa,
B TOM YMCJIE€ TTbUIbHUKOB XapOyCTOMUMBBIX U Kapo-
YyBCTBUTENbHBIX COPTOB, TO €CTh KOHTPACTHBIX MO OT-
HOILICHUIO K M3y4aeMOMY CTpeccoBoMy dakTopy. Ta-
K1e METOIO0JOTMYECKIE MTOIXOIbI MOTYyYMIIN TOCTATOY-
Hoe OOOCHOBaHWE B COBPEMEHHBIX HCCIAEIOBAHMSIX
XJICOHBIX 3J1aKOB. B nuTepaType npeacraBjieHO 3Ha-
YUTETbHOE KOJIMYECTBO PaOOT, MOCBSIIIEHHBIX UCTTONb-
30BaHUIO MbUTBHUKOB MIIEHULIBI, KYKYPY3bl 1 OCOOEH-
HO pHca B 9KCIIEPUMEHTAJILHOM OLIEHKE IEMCTBUSI BbI-
COKUX TEMIIEPATYD BO31yXa B YCIIOBUSX N Situ.

Becbma mepcrnekKTUBHBIM B 3TOif 00JIacTU, Ha
Halll B3IV, SIBJIsSIeTCS MpUBIICUeHNE pa3paboTaH-
HOTO C MO3WLIUX OMNUCATEIbHOU M 3KCIIEPUMEHTAb-
HOIf 3MOpPUOJIOTUM PACTEHUU METOIO0JOTUYECKOTO
MOOX0Oa, COCTOSIIIETO B WCIOJIb30BaHMMU B3aMMOCBS -
3aHHBIX KOHLIETILMA: OLIEHKA MbIJIbHUKA KaK CJIOX-
HOMW MHTETPUPOBAHHOI CUCTEMbI TKAHEH U HAJIUYUe
KPUTUYECKMX CTaIWii B pa3BUTUH 3TOl cucTteMbl (ba-
TeITUHA, 2014). DTN KOHIESNIINY MOJTYININ SKCIIEPU -
MEHTaJIbHOE MOATBEPKIeHUE. B TO 3Xe BpeMst KpUTU-
YeCKUI aHaJIM3 OOILIMPHBIX JTUTEPATYPHBIX JAaHHBIX,
MOJyYEHHBIX Ha MpUMEpe XJIEOHBIX 3J1aKOB, CBUIIE-
TEJILCTBYET O TOM, YTO OOJIBIIMHCTBO MCCJIen0oBaTe-
JIE IpU U3YYEHUHU CTPECCOBBIX PEAKIINI NbUIBHUKOB
B MOJICIbHBIX 3KCHEPUMEHTUIBHBIX YCJIOBHUSIX BBICO-
KOTEMIIEPATYPHOIO BO3NCUCTBUS in Situ aHAIU3UDPY-
10T TOJIBKO pa3BUTHUE MbUIbLIEBBIX 3€pEH, HE MIPUHU-
Masi BO BHUMaHUE COCTOSTHUE TKaHE CTEHKU THe3aa
NBUIBHUKA, B3aMMOACHCTBUE UX KaK IPYT C APYTOM,
TaK U C Pa3BUBAIOLIVMUCS IbUIbLEBBIMU 3€PHAMMU.
Muaye roBopsi, 3TU reHepaTUBHBIE CTPYKTYPhI, KaK
MpaBUJIO, HE paCCMaTPUBAIOTCSI SKCIIEPUMEHTAaTOpa-
MM KaK CJIOXHbIE MHTETPUPOBAHHbIE CUCTEMbI IPU
OILIEHKE BO3AEMCTBUS Ha HMX aOMOTUYECKOTO BBHICO-
KOTeMIIepaTypHOI'0o CTpeccoBoro ¢axkropa. Mopgo-
TOoM 143
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reHe3 IMbUIbHMUKA MPEACTABISICT COO0M CIIOXKHBIN JHA-
MUWYHBIA ITPOLIECC, TPOTEKAIOIIMI B JOCTATOYHO KO-
POTKHME CPOKM, UTO OCJIOXKHSIET UCIIOIb30BaHUE ITOTO
MeTomoJiornyeckoro nomxoga. Ho, Tem He MeHee, He-
obxomuMa ero JajgbHeuIIas pa3padoTKa, a TakKkKe ero
aKTUBHOE IIPUMEHEHUE B BBISIBJICHUM KapOYCTONYM-
BBIX TEHOTHUIIOB 1 HE TOJIHKO I10 OTHOIIIEHUIO K 3JIaKaM.

BaxxHo momuepKHyTh, UYTO paCCMOTPEHHBIE B CTa-
Th€ OKCIICPUMEHTAJIbHbIC NCCJIICAO0OBAaHUW S ITbIJIbHNKOB
XJICOHBIX 3JIAKOB COCPEIOTOYEHBI Ha M3y4eHUU BO3-
JeHACTBUS €eIMHUIHOIO a0MOTUYECKOTO CTpecca 3acy-
XU, BbI3BAHHOTO ITOBBILIEHHONW TEMIIEpaTypOii BO3-
JIyXa, TOrJa KakK B IIOJIEBBIX YCIIOBUSIX OMHOBPEMEHHO
JIEMCTBYET MHOXKECTBO CTPECCOB M MX KOMOWHAIIWIA.
IIpoaHanu3upoBaHHBIE METOHOJOTUUYECKUE IMOIXO-
JIbI MOTYT CITOCOOCTBOBATh IIOHMMAaHMIO MEXaHU3MOB
BJIMSTHUSI MHOKE€CTBEHHBIX CTPECCOBBIX (DAKTOPOB HA
pPasBUTHUEC MNbUIBHUKOB W BbIABJICHUIO BO3MOXHBIX
KJTIOYEBBIX T€HOB WJIM T€HHBIX CETe KOMILISKCHOM
CTPECCOBOM YCTOMYUBOCTHU.
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Some Methodological Approaches to the Identification of Heat Resistant
Genotypes of Cultivated Plants (on the Example of Cereals)
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The problem of cultivated plants resistance to heat as the effect of high air temperatures leading to physiolog-
ical drought is extremely relevant not only in the conditions of predicted climate aridization, but also when
studying the effects of relatively short-term “heat waves”. Modern breeding is focused on the creation of high-
yielding heat-resistant varieties of cultivated plants, especially cereals as the main world food resource.
During breeding developments, it is necessary to first identify heat-resistant cereal genotypes for their inser-
tion in the appropriate programs. The article provides a critical analysis of a number of approaches presented
in the literature to identify such genotypes (modeling of the effect of the high temperature stress factor in ex-
perimental conditions in sifu; the use of anthers in such conditions as the generative structures more sensitive
to the effects of this stress factor in comparison with vegetative organs), which can be assessed as method-
ological. In addition, from the standpoint of descriptive and experimental plant embryology, the use of inter-
related concepts (developed by T.B. Batygina, 2014 and earlier) is proposed as the promising methodological
approach: the assessment of the anther as the complex integrated tissue system and the presence of critical
stages in the development of this system.

Kewwords: abiotic stresses, heat, physiological drought, heat modeling, anther as integrated system, critical
stages of anther development, cereals
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