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AKTUBALIS 9KCMNPECCUMN 'EHOB, OBECTEYMBAIOLLIUX MUMMYHHbI OTBET BUHOTPAJIA,
3ACYXOW, BbICOKOU TEMMEPATYPOU N UX KOMBUHALIUEW

Uenb uccrnedogaHus — usyyeHue 8UsHUS 3acyXu, 8bICOKOmMeMnepamypHo20 cmpecca U Ux KoMbUHa-
Yuu Ha mpaHCKPUNYUOHHbIe peakyuu 8uHozpada pasfuyHo20 npoucXoxOeHus, onpedensoujue UMMYH-
HbIl omeem. UccnedosaHue nposedeHO Ha copmax 8uHozpada PasfuyHo20 NPOUCXOXOEHUS 8 MOOENU-
pyembix cmpeccosbix ycnogusix. MemoOs! uccriedosaHusi 0bwenpuHsimbie. [poucxoxoeHue copma eu-
Hoepada OKasbigasno 8/1UsiHUE Ha ycmol4usocmb K pasHbiM cmpeccosbiM hakmopam. Copm KabepHe-
CosUHbOH 8 pasHol cmeneHu nogpexadarncs 3acyxol, 8bICoKol memnepamypoll U ux KOMBUHUPOBaHHbIM
Oelicmeuem (ysenuyeHue EL Ha 22 %). Copma Mondosa u KypyaHckuli nospexdanuck 3acyxol (ysenu-
yeHue EL Ha 21 u 19 % coomeemcmeeHHo), copm Moposko nospexdarcs 3acyxol Ha 31 % u memnepa-
mypol Ha 45 %. OKkcnpeccus 2eHo8 «uMMyHHO020 omgemay PR2, PR3, STS coenacoeaHa ¢ npeobra-
datowell ycmolyugocmbio copma uHoepada K 3acyxe unu 8bicokol memnepamype. [pu KoMbuHUposa-
HUU 3acyXu U 8bICOKOU memnepamypbl ypo8eHb IKcnpeccuu 0aHHbIX 26HO8 CHUXanCcs OMHOCUMESbHO
gosdelicmeusi omOernbHbIX cmpeccos, so3pacmana akcnpeccusi 2eHos NCED u MYC2, komopeie 0byc-
710871U8aI0M OMEEMHY0 peakyuto Ha abuomuyeckuli cmpecc. KaxObili copm demoHCmpuposasn UHOUBU-
OyaribHble 0C06eHHOCMU NPUCNOCOBNEHUS K 3aCyXe, 8bICOKOMEMNEPaMypPHOMY cmpeccy U UX KOMBUHa-
yuu. YemaHosneHo, Ymo 8 ycriogusix 8bICOKUX memnepamyp U 3acyxu 3alyUmHble peakyuu npomus na-
MO2€eH08 aKmUBHO (hyHKUUOHUpPYrom, a KoMbuHUposaHHoe Oelicmsue d8yX (hakmopoe CHUXaem ypO8eHb
«UMMYHHOU» 3auumel COPmMo8 8uHozpada espo-amepukaHckoeo npoucxoxdeHus (Mondosa, Kymysos-
ckuli). [ins copma espo-amypcko20 npoucxoxdeHus Moposko bbuio xapakmepHO nosbIeHUe 3Kcnpec-
cuu 2eHo8 PR5 u PR10, ces3aHHbIX ¢ UMMYHHbIM 0meemom, npu KomMbuHuposaHHom delicmeuu abuomu-
YecKux cmpeccopos, Ymo Moxem obecnedugams yCUneHHbIe 3aWUmHble peakyuu.
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DROUGHT, HIGH TEMPERATURE AND THEIR COMBINATIONS ACTIVATE THE EXPRESSION
OF GENES THAT PROVIDE THE IMMUNE RESPONSE OF GRAPES

The aim of the study is to investigate the effect of drought, high-temperature stress and their combina-
tion on the transcriptional reactions of grapes of different origins that determine the immune response.
The study was conducted on grape varieties of different origins under simulated stress conditions.
The methods of the study are generally accepted. The origin of the grape variety affected resistance to
different stress factors. The Cabernet Sauvignon variety was equally damaged by drought, high tempera-
ture and their combined effect (EL increase by 22 %). The Moldova and Kurchansky varieties were dam-
aged by drought (EL increase by 21 and 19 %, respectively), the Morozko variety was damaged by
drought by 31 % and temperature by 45 %. Expression of the PR2, PR3, STS "immune response" genes is
consistent with the predominant resistance of the grape variety to drought or high temperature. When
drought and high temperature were combined, the expression level of these genes decreased relative to
the effects of individual stresses, while the expression of the NCED and MYC2 genes, which determine the
response to abiotic stress, increased. Each variety demonstrated individual features of adaptation to
drought, high-temperature stress, and their combination. It was found that under conditions of high tem-
peratures and drought, defense reactions against pathogens actively function, and the combined effect of
the two factors reduces the level of "immune" protection of Euro-American grape varieties (Moldova,
Kutuzovsky). The Morozko variety of Euro-Amur origin was characterized by an increase in the expression
of the PR5 and PR10 genes associated with the immune response under the combined effect of abiotic
stressors, which can provide enhanced defense reactions.

Keywords: grapes, drought, high-temperature stress, combined stress, gene expression, immune re-
sponse, PR genes, NCED, MYC2
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BBepeHue. BuHorpaa — MHOroneTHss CENbCKo-  TeNbHOE BAIUSIHWE HA Pa3BUTME NATOTEHOB B CBSA3Y
XO35MCTBEHHAsA KynbTypa, WMetowas 6onblioe ¢ 0COBEHHOCTAMU (PU3MOMOrNYECKOro oTBeTa pac-
9KOHOMMYECKOE 3HAYEHNE B MMpe. 30Ha BMHOrpa-  TEHWS Ha BOAHbIN aeduunT [5, 6]. Abrotnyeckue
napctea Poccun xapaktepusyetcs yMepeHHO KOH-  BO3LEeNCTBUS MOTYT OKasblBaTb WHrUbupytollee u
TUHEHTANbHbIM KIMMATOM C TEHAEHLMEN yBenuye-  CTUMYNUpYLoLLee BO3AENCTBME HA  «MMMYHHbIN
HWS1 4acTOTbl CTPECCOBLIX siBneHun [1]. OrpaHnye-  cTaTyc» BMHOTPaga W, Kak CrieacTBue, BNMATb Ha
HWe pa3BuTUS  BGONbLUMHCTBA  (DUTOMATOreHOB  MOCredykoLiee pa3BuTe (UTONaToreHoB.
NpoMCXoaUT B YCMOBMSX AeduuuTa 0CagkoB W Llenb uccnegoBaHma — n3yyeHue BIUSHUA 3a-
Temnepatypsl, npesbiwatowen 32-35 °C [2-4].  cyxu, BbICOKOTEMNEPATYPHOrO CTpecca U MUX KOM-
3acyxa ycunusaet pa3suTie bakTepuarnbHOro na-  OuHaUMM Ha TPaHCKPUMLWOHHbIE peakuun BWHO-
ToreHa X. fastidiosa [5], ooHaKko CHUXAET pa3BUTME  rpaja PasnMYHOTO MPOUCXOXAEHWS, Onpedensio-
B03byauTens munabto Plasmopara viticola [6]. Jle-  wue MMMYHHbIN OTBET.

TOM Habntogaetcsd KOMOMHMPOBAHHOE [AeWcTBUE O0bekTbl, MaTepuanbl U metoabl. O6bekTa-
3aCyXu 1 Xapbl, 1 OTBET PACTEHUS HA OAWH CTPeCc- MW UCCReaoBaHns Bbinn pacTeHus BUHOrpada cop-
COBbIVi (hAKTOP MOXET Kak ycunueaTb 3awuTHble ToB KabepHe-CosuHboH (V. vinifera L.), Mongosa
peakuuu NpoTUB APYroro Bo3aencTsus, Tak u oc-  (Cy3anb kapa x Bunnap 6naH), Kytysosckuin (Mon-
nabnatb ux [7] n3-3a NEPeKpbITUS peakuuin Ha oT- pasckum x [latbe ae Cen-Banbe), KypuyaHckui
nenbHble ctpeccopbl [8]. Ctpeccosble peakumm  (Myckat KybaHckuin x CanepaBu ceBepHbin), Mo-
SBNAIOTCA  3aTpaTHbIMWA  npoueccamu, no3toMmy  posko (Muuap x Canepasu CeBEpPHbIN).

NPOUCXOANT «NPUOPUTU3ALMSA» afdanTauum K ToMy OKCMEPUMEHT MPOBOAMN HA CaXEHLAX BUHO-
umv nHomy Bosgenctamio [9, 10]. B ycnosusix Bbl-  rpaga 4-MecsyHOro Bo3pacta B 4-nUTPOBbIX MOpLL-
COKOW TemnepaTypbl pas3BuTWe NaTOreHoB MofgaB- Kax CO CMECbi) KOMMEPYECKOro rpyHTa, Topda M
NEHO BHELLHUMM YCNIOBUSIMM, W MOTPEOHOCTb B UM-  BEPMUMKyNMTa B COOTHOLWEHWMM 2 @ 1 : 1. Okcnepu-
MYHHbIX peakuusix PacTeHWs CHWXaeTCs. 3acyxa MeHTarlbHble YCIOBUS CO34aBanm B KIMMATUYECKOM
OKasblBaeT KaK MOMOXWUTENbHOe, Tak M oTpuua-  kamepe. KoHTponbHble ycnosus — (23 £ 0,5) °C
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aHem 1 (20 £ 0,5) °C Houbto, NOMMB eXeHEBHbIN.
3acyxa — (23 £ 0,5) °C gHem 1 (20 £ 0,5) °C Houblo,
NnonuB OTCYTCTBOBAN B TeyeHue 3 Heaenb. Bbicoko-
TemnepaTypHbIi CTPecC NoadepXuBani B TeYeHue
2 cyt: ¢ 6:00 go 11:00 - 30 °C, ¢ 11:00 go 16:00 -
40 °C, ¢ 16:00 po 20:00 — 30 °C, ¢ 20:00 po 06:00 —
25 °C. lNpn KOMBUHMPOBAHHOM CTPeCcce pacTeHus
2 CyT BbiAEpXMBan B YCIOBUSIX BbICOKOW TeMnepa-
TYpbl Ha (hOHE 3acyxu.

[MoBpexneHne TKaHeil pacTeHun onpeaensnu
no Bbixody anektponutoB (EL) n3 nuctosbIX auc-
koB Maccor 0,1 I KOHOYKTOMETPUYECKUM METOAOM
[11]. Pa3BuTre OKMCIIUTENBHOMO CTPecca OLeHWBa-
nn B 9KCTpakTe pactutensHon Tkauu 0,5 % TXYK
no copepxanuio ThK-aktueHbIX Bewects (TBARS)
cnektpodotomeTpuyeckum  metogom [12].  Okc-
Npeccuio reHOB onpefensnu MeToAdoM KOMMYecT-
BeHHoi MLP. TotanbHaa PHK BbigeneHa ¢ nomo-

weto  mMoaudmumposanHoro CTAB-metoga [13].

[€H C WCNONMb30BaHWEM KOMMEPYECKMX Habopos
MMLV RT kit (EsporeH) u qPCRmix-HS SYBR
(EBporeH) cornacHo pekoMeHZauusM nNpoW3BOAW-
Tens. OTHOCUTENbHYID 3KCMPECCUI0 TEHOB paccyu-
TbiBanM mMeTogoM 2-8ACt [14], pedpepeHCHbIN reH —
aktop  anoHraumu  a. [locnenoBaTtensHOCTY
npanmepoB reHoB npueedeHol B Tabnuue (F -
npsiMoit npaimep, R — obpatHbIi npaitMep).

Bce namepeHus nposeaeHs! B 3-5 nostopax, B 1
nostope 3 pacteHus. [laHHble npencTaBreHbl Kak
cpenHee + craHgapTHas owwubka. TecT [lyHkaHa
Obin NpoBeAeH AN OLEHKM JOCTOBEPHOCTW pasnu-
YW MeXay BapuaHTamu SKCNepUMEHTa npu YpoBHE
3HaummocTmn Huxe 0,05. Ha pucyHkax LOCTOBEpPHblE
pasnuuus NpeacTaBneHbl B BUAE CTPOYHBIX NATUH-
ckux Oyks. CraTuCTMyeckue pacyeTbl W aHanms
[MaBHbIX KOMMOHEHT BbIMOMHEHbI B Mporpamme
Statistica. Pabota BbinonHeHa Ha 6ase LIKI «Mpu-

Cuntes k[IHK v MNP B peansHoM BpemeHu npose-

BopHo-aHanuTuieckuiny GrHY CKOHLICBB.

HykneotuaHble nocneaoBaTenbHOCTU NpaiMepoB
Nucleotide sequences of primers

F?H F, 23 R, 23

®akTop anoHrauyum a (EFa) .(?AA\é 8'&6 GGTGCTTEA é%g ﬁm éLA TCC GGA
CrunbGercuHTaza (STS) é‘l(’)(Ti ?éA GAT CAC CCA 8;1(-;'?&%(; GGT TCG AAG
XarnkoHcuHTasa (CHS) %';I"TI' gTG GTC GTC TGC '?E]ACGTC GCT GAT GCC
deHunanaHuH-ammmaknnasa (PAL) -(E,Gré 'g%’AAAATG GCG AMA X(C:-(r) %I:TT GFCG CTCTCA
Annenokeng ynknasa (AOC) 8&&%&%& CGAGACCT gg\% 8%\]'-. FT TCCCT6
Annexokeng cuntasa (AOS) Xg? gg GAGAATAAAC 8@8 E&%AAA AGC ACA
CwuHteTasa xacmoHoun-L-amuHokuenot (JAR1) ECT;CC:; GAT CAT GAC TGG %c:;g 882 CCT CAG CAC
TpaHckpunuuoHrHsbIi daktop MYC2 (MYC2) $8¥ 1@ AGGG é; TCTGGTCT ECT;é gGC TGC TCC AAT
TpaHckpunuuorHsblin daktop NPR1 (NPR1) 'CI';CAT(': 'Fép? TAép CGAGCT ’.?.‘.I-l:é ég%-;[l'(';l' GGC TCT
Peujentop ABK (PYL4) %)gg TCG TCC AGC AAA ﬁ(clﬁ X%T CCA TCG CCA
ABK-3aBucumas npotenHkiHasa (SnRK) '.?.‘gg Xﬁ‘g ggc AMAGTG .IT.gﬁ %ﬁ Eg G TCAATG
9-UMC-3MOKCMKAPOTMHOUA AMOKCUreHasa CCTCTGTCT CACCGC |AGAGAGTGATGG
(NCED) AAT GG ACG GGC TG

ABK anbaervpokcupasa (AAO3) ﬁ% Cé(éT TCAGGGTTC QEAC CT:ACG ATACGTTTC
Benok Tennosoro wwoka (HSP17) ﬁgﬁ éﬁﬁ éGA GCC AGA ﬁg’é gﬁg GAA GCG
OcMoTHH (OSM) é(é]% %XA ACT TCG ATG g%(% (é#A TTC GGC TAA
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1 - OKOléanue mabn.
MaTorenes-cesisaHHbIA 6enok 1 (PR1) ggg ﬁGA ACTCIC LAG %(.:éo‘gf-r ACAGTGTCG
B-1,3-rmiokaHasa (PR2) Xg_(lf‘ _'l_FéST TTACTC GGC _?(T:_(? gEG ATTTCC TGT
Xuurasa (PR3) gﬁgr%%A TGT GTC TCC ;(l'_ié éXC CAATGC TGT
TaymaTtuH-nofo6HbIn Benok (PRS) -CIZE%%CC CCCAGC TAT %%A‘ g$ CAAGTTG CAG
PuBoHykneasa-nopobHbii 6enok (PR10) 281 EAA GGG CGG CAA ggé ;%\é %\GG TGT

PesynbTathbl U ux obcyxaeHune. Bocnpummym-
BOCTb COPTOB BMHOrpaja K BO3AENCTBUIO CTPECCO-
POB ONpeaensnv No YPOBHIO NOBPEXAEHNS TKAHEN
Ha OCHOBe Bblxofda anekTponutos (EL) u crenenu
NEPEKMCHOTO OKUCNEHWNS NUMUAOB Ha OCHOBE CO-
nepxanus TBK-akTuBHbIX coeauHeHnin (TBARS).
[Ons copta KabepHe-CoBMHLOH Bbifl XapakTepeH
BblpaxeHHbIn pocT EL npu Bcex Tunax Bo3gemncT-
BMS, MPU 3TOM pasHuLia Mexay HUMKU OTCYTCTBOBa-
na. Copta MongoBsa v KypyaHckuit noBpexganucb
3acyxon, coptT Mopo3ko 6Gonblue noBpexgancs
BbICOKOW TeEMnepaTypon. Takne oCoBeHHOCTU Mo-
YT 0ObACHATLCS HacneayembiMM OT BMAOB pofa
Vitis ceBepoamMepuKaHCKoro NpOMCXOXAEHUS BbICO-
KO 3acyXo- M XapoCTOMKOCTbO ans Mongosbl u
HWU3KOM XapOCTOMKOCTbIO V. amurensis ons copta
Moposko [15, 16]. EL B nuctbsx coptoB Mongosa,
KypuaHckuin 1 Mopo3ko 6bin Huxe npu KOMOUHM-

20

POBaHHOM [E/CTBUW 3aCyxW W BbICOKOW Temnepa-
TYpbl, YeM Npu LeiAcTBUN Hanbonee noBpexgato-
wero crtpeccopa (puc. 1, A), 4to mMoxeTt o6bsic-
HATLCS 3aKanuMBaHWEM paCTEHUN 3acyxou nepen
TemnepaTypHbIM Bo3gencTanem [17].

3acyxa He Bnusina Ha cogepxaHune TBARS vy
coptoB KabepHe-CoBUHLOH 1 Moposko, nposouu-
poBarna pocT OKuUCIUTENbHbIX mpoueccoB y Morn-
noBbl 1 KypyaHckoro. [Mpu BbiCOKOTEMNEPATYPHOM
Bo3gencTBun TBARS 6bino Huxe nnbo paBHoO Ta-
KOBOMY Y BMHOTpaja Ha hoHe 3acyxu, a Npu Kom-
OMHMpOBaHHOM CTpecce Habnaanoch BbIPAXKEH-
Hoe yBenuyeHue cogepxanus TBARS, uto cauge-
TENbCTBYET O 3HAYMTENbHOM reHepaumn A®K
(puc. 1, B), koTopas moxeT ObiTb 0BycnosneHa
WHMMOMPOBAHMEM aHTUOKCUOAHTHBIX (hepMEHTOB
n3bbiTkom H202 [18, 19] u npeBbiweHnem cnocob-
HOCTW pacTeHus K agantauum [20].

50

;
b b
18 45
{{]}) % aaa g 5 b
16 FhE b b 2 40 -
0 g c &
14 I[ ab b s 35 = b
a b gb - g i
a B a
& 12 } 0 ab : 3 30 a b
N a Ta a = i; ¢ B b
10 5 [{ { 8 25
8 ézo 3 2
a b a
6 15 b b
a
4 10
2 5
0 0
MmHITMMHTMmH[TMMH[TMMHIT P el T A o B o e R B e e A o B e e Rl S
fag] = o o o nln :iﬂ nlﬂ ol'w ﬂlﬁ
Kab. Moz, Kyt Kyp. Mop. Kab. Mouna. Kyt Kyp. Mop.

Puc. 1. Bbixod anekmponumos (A) u codepxaHue MIA (b) 8 nucmbsx suHo2pada
(namuHckumu bykeamu 0603Ha4YeHbl 3Ha4UMble CMamuCmu4ecKue pasnudus Mexdy eapuaHmamu
cmpeccopos no omaensHomy copmy npu p = 0,05)

Electrolyte output (A) and MDA content (B) in grape leaves
(Latin letters indlicate significant statistical differences between the variants
of stressors for a particular variety at p = 0.05)
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CornacHo aHanusy rnaBHbIX KOMMOHEHT, pas-
[EeneHne COpTOB BUHOTpaZa B YCMOBUSX 3acCyXu,
TEemMnepaTypHOro cTpecca v npu ux kKoMbuHUpoBa-
HWW MO SKCMPECCUN EHOB, Y4aCTBYIOLMX B UMMYH-
HbIX peakumsix, ObIno NpeacTaBneHo rnaBHoN KOM-
noHexton 1 (PC1), n pons o6bscCHEHHOM aucnep-
cum coctasuna 45 %. Hanbonbwwun sknag B PC1
BHOCAT M3MeHeHuss akcnpeccum reHos MYC2,
NCED, PR1, SnRK, PYL4, STS, JAR1. [Ina copToB
KyTy3oBckuit 1 KypyaHckuin BbIno BbIpaXeHo 3Ha-
YnTeNlbHOEe CMELLEHWe MO TMaBHOW KOMMOHEHTE 2
(PC2), roe HanbonbluMin BKNaL BHOCUIM M3MEHE-
HWA pasnnuus B akcnpeccun reHos CHS (46 %),

PR10 (37 %), PR3 (37 %), PR5 (29 %). Pasnuuus
no rnaBHbIM KOMMOHeHTaM Yy copToB KabepHe-
CoBUMHLOH 1 MongoBa MUHUMArbHbI, @ Y COPTOB
Moposko 1 KyTysoBckuiA Habnoganucb CyLiecT-
BEHHbIE M3MEHEHUSI MO BO3LENCTBMEM CTPECCO-
poB (puc. 2).

l'edbl NCED, SnRK, PYL4 obecneunBatot cuH-
Te3 M peuenuymo abcymsoson kucnotbl (ABK),
JAR1, MYC2 - CUHTE3 U CUrHAMMHT XaCMOHOBOM
kucnotbl, PR1, 2, 3, 5, 10 — naToreHe3-CcBA3aHHbIe
Benku, obecneumBaloline noAaBneHne pocta W
pa3BuTMs natoreHo., reHbl STS, CHS n PAL - re-
Hbl (heHONbBHOr0 06MEHa pacTeHuN.

5 e 7 E3,T AOS ==6% E
ais I 4
4 » Mongosa . 16%
A Kyi)‘lchmﬁ PAL = 18%
3 * Moposk NPR] [ 8%
S Mopozko PRI0O 19%
© 5 AAQ3 e 0%
X T PRS e 21%
|©] T ] 3+T PR3 e 22%
2k -2 3 3 : osM 4%
0 \ L] AOC 124%
3, |3+T a3 JARI 25%
3+T q° i STS 127%
1 T : PYL4 1 27%
27%
SnRK 128%
2 T PRI 128%
3+T NCED 128%
-3 - MYC2 129%
-4 -2 0PC1 2] 4 6 0% 10% 20% 30%

(45%)

Puc. 2. AHanus enasHbIx KOMNOHEHM copmog 8uHozpada nocre 8030elicmeusi 3acyXu, 8bICOKOL
memnepamypsbi u ux codemaHusi (A): PC1 - anasHasi komnoHeHma 1; PC2 — enagHas KOMnOHeHma 2;
3 - 3acyxa; T — memnepamypHbili cmpecc; 3 + T — kombuHUpogaHHoe delicmeue 3acyxu u memnepa-

mypHO20 cmpecca (koaghguyueHm obwsicHeHHoU oucnepcuu PC1 = 45 %, koaghgpuyueHm obbsCHeHHOU
ducnepcuu PC2 = 16 %, 8knad omHocumenbsHol akcnpeccuu 19 2eHoe 6 enasHyto komnoHeHmy 1 (B))

Analysis of the main components of grape varieties after exposure to drought, high temperature and their
combination (A): PC1 - main component 1; PC2 — main component 2; H - drought; T — temperature
stress; H + T — combined effect of drought and temperature stress (coefficient of explained dispersion
PC1 = 45 %, coefficient of explained PC2 variance = 16 %, contribution of the relative expression of
19 genes to the main component 1 (b))

OKCMPECCHS TEHOB «MMMYHUTETaY 3HAYUTENBHO
OTNM4Yanacb Mexgy CcopTamu BWHOTpaga kak mno
OTHOCUTENbHOMY YPOBHIO, TaK 1 MO HanMYuMio unm
OTCYTCTBMIO Pa3HMLbl MpU BO3LEACTBAW PasHbIX
CTPeccopoB. Jkcnpeccust BOMbLUMHCTBA EHOB CY-
LeCTBEHHO BO3pacTana npu BO3AENCTBUK CTpec-
COpOB, 3a UCKITIOYeHeM aKcnpeccum reHos PYL4 un
PR10, korga u3meHeHust Obinu nnMbo MUHMMAIb-
HbIMK, MO0 HabMIOAANOCH CHMKEHWE MX 3KCnpec-
cum (puc. 3).

Tunbl CTPECCOPOB WHULMMPOBANK pasnnins B
YPOBHE 3KCMPEecCuM FeHOB Yy BMHOrpaga. Y copra
KabepHe-CoBuHbOH Habniopanach pasHuua B 9KC-
npeccum 3 TeHOB Mpy pasHbiX CTPECCOBbLIX YCMO-
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BusX, y coptoB Mongosa v KyTy30BCKu — 8 reHoB,
y KypuyaHckoro CTpeccoBble BO3QEMCTBMS  MO-
pa3HOMY W3MEHSIN YPOBEHb SKCMPECCUM S TEHOB, a
y copta Mopo3ko — 13 reHoB. B ycroBusix KoMOMHM-
POBAHHOMO CTpecca MpOoSBAISANMCL Pa3nuuns B 3KC-
npeccun reHa NCED, a y cOpTOB MeXBMOOBOMO
npoucxoxaerns u MYC2. [laHHble pasnuuus Obiim
COrnacoBaHbl CO 3HAYUTESbHLIM YBEMUYEHNEM CO-
nepxaHus TBARS, xapaktepusytolmm passuTie
BTOPWYHOrO OKucnuTensHoro crpecca. ABK — Beay-
LM PErynaTop OTBETHBIX peaKLmin Ha 3acyxy v Ten-
NOBON CTPECC, U KIOYEBbIM (hepMEHTOM, onpee-
naowwmm duocnHtes ABK, aBnsietcs 9-Luc-anokcu-
kapotuHougaunokcureHasa (NCED) [21]. Mpwu 3apa-
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KEHWM BUHOTpada ouamymoMm Habniogaetcs Bbipa-
KEHHOE YBENnuUYeHe JKCMPecCUn reHoB, CBA3AHHbIX
B TOM YuCre ¢ CMHTE30M 1 curHanuHrom ABK [22], a
aKk3oreHHas obpaboTka ABK noBblwana ycronyu-
BOCTb BMHOTpaga K MWnablo, 4TO 06YCroBneHo
B3aWMOLENCTBMEM PErYNIATOPHbIX MyTEN XacMoHaTa
n ABK nocpepctsom PYL4 [23]. B 1O xe Bpems B
3aBMCMMOCTM OT KOMOWHALMM BHELUHMX YCIIOBWN
ABK MOXeT noaaBnsTb 3KCMPECCUIo reHOB, CBS3aH-
HbIX C CUHTE30M W CUTHaNIWHIOM CanuLMnoBON,
KACMOHOBOW KMCMOT W 3TWUSIEHA — KITKOYEBbIX pery-
NATOPOB «MMMYHHOW peakuuny pacteHun [22, 24], u
cogepxarne ABK 3HaYMMO BblLLE Y YyBCTBUTENBHO-
ro K MUNObl0 copTa BUHOrpada B CpPaBHEHUW C yC-
TOMYMBLIM cOpTOM [25]. ®akTop TpaHCKpunLmmn
MYC2 sBnsieTcs OCHOBHbLIM PErynsTopoM CuUrHasb-
HOW BETBW XaCMOHOBOW KMCIOTbI, Y4acTBYHOLLEN B
OTBETHbIX peakUMsX Ha MHOXECTBEHHble CTPecco-
Bble (haKTopbl, rnaBHbIM 0BpasoMm GuoThYeckue.
MYC2 uHayumMpyeT 3KChpeccuio reHos, obecneum-
BalOLUMX CMHTE3 W TPaHCHOPMALMIO XaCMOHOBOW
KACIOTbI, a MPOMEXYTOYHOE COEAMHEHWE B LEemw
0Bpa3oBaHusi KacCMOHOBOW KWCIOTbl — 12-0kcodu-
TOOMEHOBAs KUCMOTa — YCUNMBAET 3akpblBaHue yc-
TbWL 1 MOBLILLAET 3aCYXOyCTOMYMBOCTL [26]. Kom-
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OVMHMpOBaHHOE [ENCTBME 3acyXM W xapbl y BCEX
“3y4yaeMblX COPTOB BWHOrpada OKasblBaeT CyLLeCT-
BEHHYIO HarpysKy Ha pacTeHusi, YTo MposiBNSeTcs B
3almTHON peakumn, perynupyemon ABK. [ins cop-
TOB MEXBWZOBOTO MPOUCXOXAEHNS BbINo xapakTep-
HO YCUIEHWe 3alUMTHbIX peakuuit nocpeacTBoM
KaCMOHaT-3aBUCUMbIX NPOLIECCOB.

Moz BO3genCTBMEM 3acyxu Habnoaanu 3HauMmo
Gonblumnii ypoBeHb akcnpeccun reHoB PR1, PR2,
PR3, PAL, STS, CHS y Mopo3ko, 4To 6bino corna-
COBaHO C MeHbLUEN BOCTPUUMYMBOCTBID COpTa K
neduumuty Bodbl. MeHee BOCMPUUMYMBLINA K TeMMe-
paTypHbIM BO3ZencTBuAM copT MongoBa LEMOHCT-
pupoBan boree BbIpaXXEHHOE YBENNYEHWE 3KCTpec-
cum reHoB PR2, PR3, PR5, STS, CHS B ycrnosusx
BbICOKOW Temnepatypbl. Y copta KyTy3oBCKWiA, KO-
TOpbIA MPaKTUYECKN He MOBpeXdancs 3acyxom u
BbICOKOW TEMMepaTypon B CPAaBHEHWUN C KOHTPOIEM,
OMHAKOBO BbICOKMM Obln  YPOBEHb 3KCMpeccuu
PR2, PR3 u STS. [ina copTa eBpo-amypcKoro
npoucxoxaeHnst Moposko xapakTepHO NOBbILUEHWE
akcnpeccun reHoB PR5 n PR10, cBsizaHHbIX € UM-
MYyHHbIM OTBETOM, NPY KOMBUHUPOBAHHOM LEACTBUM
abuoTNYECKMX CTPECCOPOB.
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Puc. 3. OmHocumenbHasi 3KCnPeCccusi 2eH08, y4acmaylouiUux 8 OmEemHbIX peakyusix Ha buomuyeckuli
CMPECC, 8 YCI08USIX 3aCyXU, 8bICOKOMeEMNepamypHo20 cmpecca u ux kombuHayuu: 3 — 3acyxa;
T — memnepamypHbIli cmpecc; 3 + T — KoMbUHUPoBaHHOe delicmeue 3acyxu U memnepamypHo20
cmpecca (namuHckumu bykeamu 0603HayeHb! 3Ha4UMbIe Cmamucmu4yeckue pasudus 3KCnpeccuu
2eHo8 8uHoepada mex0dy eosdelicmauem pasHbix munog cmpeccopos npu p = 0,05)

Relative expression of genes involved in responses to biotic stress in conditions of drought, high-
temperature stress and their combinations: 3 — drought; T — temperature stress; 3 + T — combined
effect of drought and temperature stress (Latin letters indicate significant statistical differences in gene
expression of grapes between the effects of different types of stressors at P = 0.05)
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CrunbbeHcuHTasbl (STS) ocywecTBnsoT 6uo-
CWMHTE3 CTUNLOEHOB — (HEHOMbHBLIX COEAVHEHWN,
obragatLmx MHOXeCTBEHHbIMW B1UONOrNYeCKUMM
dyHKUMaMK.  Hanbonee wu3yyeHHbIM  SBRSIETCS
BNUsiHWE CTUNBOEHOB Ha YCTOMYMBOCTb BUHOrpasda
K 3apaxeHuto utonatoreHamu [27], ogHako Benu-
Ka WX pofb B YCTOMYMBOCTU K abUOTUYECKM
cTpeccam, 0bycnoBrneHHas y4acTMeM B KOHTpore
AO®K [28]. BbIno nokasaHo, 4TO Y TPaHCrEHHbIX
pacTeHuin Tabaka C BbICOKOW YCTONYMBOCTBLIO K Na-
TOreHaM W BbICOKOTEMMEPATYPHOMY CTpeccy Cy-
LecTBEHHO Bo3pacTana akcnpeccuss PR3, obyc-
noeneHHas bonee MHTEHCMBHOM reHepaumen AOK
[29]. B ycnosusix 6uotudeckoro ctpecca PR2 u
PR3 akcnpeccupytoTcs B OTBET Ha CUrHasbl xac-
MoHoBoW kucnotbl [30], koTopas cBsfidaHa B TOM
yucrne ¢ OTBETHLIMU peakuusiMu Ha 3acyxy. bbino
nokasaHo, 4to 6onee BbICOKOE —cofepxaHue
CTUNBLOEHOBbIX (DUTOANEKCUHOB U MOBbILIEHHAS
akcnpecens PR2 v xuTuHa3 Bbinu xapakTepHb! 4ns
copTa C BbICOKOW YCTOMYMBOCTBK K 3acyxe W
Botrytis cinerea [31, 32].

3aknoyeHue. [lpoucxoxoeHne copta BUHO-
rpafa Okasblano BIUSHWE Ha YCTOMYMBOCTb K
pasHbIM CcTpeccoBblx aktopam. CopT KabepHe-
COBWHBOH B pPaBHOW CTeNeHU noBpexaarncs 3acy-
XOW, BbICOKOM TEMMepPaTypon 1 UX KOMOMHUPOBAH-

HbiM peincTeuem. Copta Mongosa u KypyaHckui
nospexganvchb 3acyxoi, copT Moposko — 3acyxou
Ha 31 % w Temnepatypon Ha 45 %. Jkcnpeccus
reHoB «MMMyHHoro oteeta» PR2, PR3, STS cor-
nacoBaHa ¢ npeobragatoLen YCTOMUMBOCTbIO COp-
Ta BUHOrpaga K 3acyxe Uru BbICOKOM TemMnepaTtype.
MMpy KOMBUHMPOBAHMM 3aCyXM U BLICOKOW TeMNepa-
TYpbl YPOBEHb AKCMPECCUN LaHHbIX TEHOB CHUXKas-
CSl OTHOCUTESIbHO BO3AEMCTBUSA OTAEMbHbIX CTPec-
coB, ¥ Bo3pactana akcnpeccusi reHoB NCED u
MYC2, koTopble 0ByCrOBNMBAOT OTBETHYID peak-
umo Ha abuotuueckuin ctpecc. Kaxabin copT ae-
MOHCTpUpOBan WHAMBMAYamnbHble  OCOHBEHHOCTM
npucnocobnexns K 3acyxe, BbICOKOTEMNEPATYpHO-
My CTpeccy M ux komBuHaumu. B ycrosusix Bbico-
KX TemnepaTyp ¥ 3acyxv 3alluTHble peakuuu npo-
TUB NATOTEHOB aKTUBHO (PYHKLIMOHMPYIOT, @ KOMBU-
HUPOBaHHOE AeNCTBME [BYX (DaKTOPOB CHWKAET
YPOBEHb «MMMYHHOM» 3aLLUWTbl COPTOB BMHOrPaja
eBpo-aMepyuKaHcKkoro npoucxoxaeHns (Mongosa,
KyTy3oBckuit). [Ins copta eBpo-amypckoro npomc-
xoxgeHns Moposko xapaKkTepHO MOBbILLEHWe 3KC-
npeccun reHos PRS 1 PR10, cBsisaHHbIX C UMMYH-
HbIM OTBETOM, MpU KOMOMHMPOBAHHOM [AENCTBIAU
aburoTMYeCKMX CTPeCccopoB, YTO MoxeT obecneyu-
BaTb YCUIEHHbIE 3aLUTHbIE PeaKLnu.

Cnu1CcoK MCTOYHUKOB

Metpos B.C., Anennukosa I'.1O., Hosukosa J1.10., n ap. BnusiHne n3meHeHun knumara Ha peHono-
o BuHorpaga // Mnoposoacteo v BuHorpagapcteo Kora Poceun. 2019. Ne 57 (3). C. 29-50. DOI:
10.30679/2219-5335-2019-3-57-29-50. EDN: HDLGEU.

Thind T.S., Arora J K., Mohan C., et al. Epidemiology of powdery mildew, downy mildew and anthrac-
nose diseases of grapevine // Diseases of fruits and vegetables. 2004. Vol. 1. P. 621-638. DOI:
10.1007/1-4020-2606-4_14.

Baron C., Domke N., Beinhofer M., et al. Elevated temperature differentially affects virulence, VirB
protein accumulation, and T-pilus formation in different Agrobacterium tumefaciens and Agrobacte-
rium vitis strains // Journal of bacteriology. 2001. Dec. P. 6852-6861. DOI: 10.1128/JB.183.23.6852-
6861.2001.

Feil H., Purcel A. Temperature-dependent growth and survival of Xylella fastidiosa in vitro and in pot-
ted grapevines // Plant Disease. 2001. Vol. 85, Ne 12. P. 1230-1234. DOI: 10.1094/PDIS.2001.
85.12.1230.

Valero M., Ibafiez A., Morte A. Effects of high vineyard temperatures on the grapevine leafroll asso-
ciated virus elimination from Vitis vinifera L. cv. Napoleon tissue cultures // Scientia Horticulturae.
2003. Vol. 97, Ne 3-4. P. 289-296. DOI: 10.1016/S0304-4238(02)00212-1. EDN: BFVHKP.

Choi H.-K., landolino A., da Silva F.G., et al. Water deficit modulates the response of Vitis vinifera to
the Pierce’s disease pathogen Xylella fastidiosa // Molecular Plant-Microbe Interactions. 2013.
Vol. 26, Ne 6. P. 643-657. DOI: 10.1094/MPMI-09-12-0217-R. EDN: ROUEEZ.

Heyman L., Chrysargyris A., Demeestere K., et al. Responses to drought stress modulate the suscep-
tibility to Plasmopara viticola in Vitis vinifera self-rooted cuttings // Plants. 2021. Ne 10. P. 273. DOI:
10.3390/plants10020273. EDN: SWHCJI.

47



Becmuuk, KpacTAY. 2025. Ne 3 (216)

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gupta A., Senthil-Kumar M. Concurrent stresses are perceived as new state of stress by the plants:
overview of impact of abiotic and biotic stress combinations // Plant Tolerance to Individual and Con-
current Stresses. New Delhi: Springer India, 2017. P. 1-15. DOI: 10.1007/978-81-322-3706-8_1.
Atkinson N.J., Urwin P.E. The interaction of plant biotic and abiotic stresses: from genes to the field /
Journal of Experimental Botany. 2012. Vol. 63, Ne 10. P. 3523-3543. DOI: 10.1093/jxb/ers100.

Wu Y., Deng Z., Lai J., et al. Dual function of Arabidopsis ATAF1 in abiotic and biotic stress respon-
ses // Cell Res. 2009. Ne 19. P. 1279-1290. DOI: 10.1038/cr.2009.108.

Berens M.L., Wolinska K.W., Spaepen S., et al. Balancing trade-offs between biotic and abiotic stress
responses through leaf age-dependent variation in stress hormone cross-talk // PNAS. 2019.
Vol. 116, Ne 6. P. 2364-2373. DOI: 10.1073/pnas.1817233116.

Jambunathan N. Determination and detection of reactive oxygen species (ROS), lipid peroxidation,
and electrolyte leakage in plants. In: Sunkar R., editor. Plant stress tolerance. Methods in Molecular
Biology. Humana Press, 2010. P. 639. DOI: 10.1007/978-1-60761-702-0_18.

Hodges D.M., DeLong J.M., Forney C.F., et al. Improving the thiobarbituric acid-reactive-substances
assay for estimating lipid peroxidation in plant tissues containing anthocyanin and other interfering
compounds // Planta. 1999. Ne 207. P. 604-611. DOI: 10.1007/s004250050524. EDN: ATYTJV.
Cyngbipesa M.A., Jlyukuin E.O. BoigeneHue u ounctka TotansHon PHK ¢ nomolysto mogudmumpo-
BaHHoro metoga CTAB/LICl u3 TkaHel BuHorpaga v cagoBbix KynbTyp. B ¢b.: Eropos E.A., Unbu-
Ha W.A., Areeea H.M., u ap. CoBpeMEHHbIE MHCTPYMEHTaMbHbIE U NONEBbIE METOAb! UCCIEA0BAHMM
NMoZOBbIX KYNbTYp M BUHOTPaaa, NpoaykToB ux nepepabotku. KpacHogap: Cesepo-Kaskasckuin de-
[epanbHblil HAYYHbIV LLEHTP CaaoBOACTBA, BUHOrpagapcTa, BuHogenus, 2024, C. 23-31.
Schmittgen T., Livak K. Analyzing real-time PCR data by the comparative C(T) method // Nat. Proto-
cols. 2008. Vol. 3, Ne 6. P. 1101-1108. DOI: 10.1038/nprot.2008.73.

Xu H., Liu G, Liu G., et al. Comparison of investigation methods of heat injury in grapevine (Vitis) and
assessment to heat tolerance in different cultivars and species // BMC Plant Biol. 2014. Ne 14. P. 156.
DOI: 10.1186/1471-2229-14-156. EDN: UROKPX.

Atak A. Vitis species for stress tolerance/resistance // Genet Resour Crop Evol. 2025. Vol. 72.
P. 2425-2444. DOI: 10.1007/s10722-024-02106-z. EDN: WMAVRP.

Zha Q. Xi X., He Y., et al. Water limitation mitigates high-temperature stress injuries in grapevine culti-
vars through changes in photosystem Il efficiency and antioxidant enzyme pathways // Acta
Physiologiae Plantarum. 2019. Vol. 41, Ne 6. P. 83. DOI: 10.1007/s11738-019-2875-0. EDN: EMMCAJ.
Ozden M., Demirel U., Kahraman A. Effects of proline on antioxidant system in leaves of grapevine
(Vitis vinifera L.) exposed to oxidative stress by H202 // Scientia Horticulturae. 2009. Vol. 19, Ne 2.
P. 163-168. DOI: 10.1016/j.scienta.2008.07.031.

Gill S., Tuteja N. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants // Plant Physiology and Biochemistry. 2010. Vol. 48, Ne 12. P. 909-930. DOI: 10.1016/].
plaphy.2010.08.016. EDN: OLSVGT.

Xiao F., Yang Z.Q., Lee KW. Photosynthetic and physiological responses to high temperature in
grapevine (Vitis vinifera L.) leaves during the seedling stage // The Journal of Horticultural Science
and Biotechnology. 2016. Vol. 92, Ne 1. P. 2-10. DOI: 10.1080/14620316.2016.1211493. EDN:
YDKMDV.

Dou F., Phillip F.O., Liu G., et al. Transcriptomic and physiological analyses reveal different grape
varieties response to high temperature stress // Front. Plant Sci. 2024. Vol. 15. P. 1313832. DOI:
10.3389/fpls.2024.1313832. EDN: ERDTJS.

Pagliarani C., Moine A., Chitarra W., et al. The Molecular Priming of Defense Responses is Differently
Regulated in Grapevine Genotypes Following Elicitor Application against Powdery Mildew // Interna-
tional Journal of Molecular Sciences. 2020. Vol. 21, Ne 18. P. 6776. DOI: 10.3390/ijms21186776.
EDN: QDSMED.

Liu L., Liu CY., Wang H. The abscisic acid receptor gene VvPYL4 positively regulates grapevine re-
sistance to Plasmopara viticola // Plant Cell Tiss Organ Cult . 2020. Vol. 142. P. 483-492. DOI:
10.1007/s11240-020-01872-9. EDN: ECQQGZ.

48



Aeponomus

25.

26.

27.

28.

29.

30.

31.

32.

Hazarika P., Singh H.R., Das D.K. Priming of plant's immune system: the future sustainable approach
for tea improvement // Discov. Plants. 2024. Vol. 1. P. 31. DOI: 10.1007/s44372-024-00035-w. EDN:
CNOMJE.

Amaro R., Diniz |., Santos H., et al. Hormone changes in tolerant and susceptible grapevine leaves
under powdery mildew infection // J Plant Growth Regul. 2023. Vol. 42. P. 3606-3614. DOI:
10.1007/s00344-022-10823-x. EDN: VRSUIS.

Song C., Cao Y., Dai J., et al. The multifaceted roles of MYC2 in plants: toward transcriptional repro-
gramming and stress tolerance by jasmonate signaling. // Front. Plant Sci. 2022. Vol. 13. P. 868874.
DOI: 10.3389/fpls.2022.868874. EDN: CJIXHQ.

Ciaffi M., Paolacci A.R., Paolocci M., et al. Transcriptional regulation of stilbene synthases in grape-
vine germplasm differentially susceptible to downy mildew // BMC Plant Biol. 2019. Vol. 19. P. 404.
DOI: 10.1186/s12870-019-2014-5. EDN: CJFLSZ.

Hanzouli F., Daldoul S., Zemni H., et al. Stilbene production as part of drought adaptation mecha-
nisms in cultivated grapevine (Vitis vinifera L.) roots modulates antioxidant status // Plant biology.
2024. Vol. 27, Ne 1. P. 102-115. DOI: 10.1111/plb.13738. DOI: 10.1111/plb.13738. EDN: USSIIQ.
Zhai N., Jia H., Liu D., et al. GhMAP3KG65, a cotton raf-like map3k gene, enhances susceptibility to
pathogen infection and heat stress by negatively modulating growth and development in transgenic
Nicotiana benthamiana // International Journal of Molecular Sciences. 2017. Vol. 18, Ne 11. P. 2462.
DOI: 10.3390/ijms18112462.

Islam Md.M., El-Sappah A.H., Ali H.M., et al. Pathogenesis-related proteins (PRs) countering envi-
ronmental stress in plants: A review // South African Journal of Botany. 2023. Vol. 160. P. 414-427.
DOI: 10.1016/j.sajb.2023.07.003. EDN: POCPMU.

Hatmi S., Gruau C., Trotel-Aziz P., et al. Drought stress tolerance in grapevine involves activation of
polyamine oxidation contributing to improved immune response and low susceptibility to Botrytis
cinerea // Journal of Experimental Botany. 2014. Vol. 66, Ne 3. P. 775-787. DOI: 10.1093/jxb/eru436.

Reference

Petrov VS, Aleynikova GYu, Novikova LYu, et al. The influence of climate changes the grape phenol-
logy. Fruit growing and viticulture of South Russia. 2019;57(3):29-50. (In Russ). DOI: 10.30679/2219-
5335-2019-3-57-29-50. EDN: HDLGEU.

Thind TS, Arora JK, Mohan C, et al. Epidemiology of powdery mildew, downy mildew and anthrac-
nose diseases of grapevine. Diseases of fruits and vegetables. 2004;1:621-638. DOI: 10.1007/1-
4020-2606-4_14.

Baron C, Domke N, Beinhofer M, et al. Elevated temperature differentially affects virulence, VirB protein
accumulation, and T-pilus for-mation in different Agrobacterium tumefaciens and Agrobacterium vitis
strains. Journal of bacteriology. 2001;(Dec.):6852-6861. DOI: 10.1128/JB.183.23.6852-6861.2001.

Feil H, Purcel A. Temperature-dependent growth and survival of Xylella fastidiosa in vitro and in pot-
ted grapevines. Plant Disease. 2001;85(12):1230-1234. DOI: 10.1094/PDIS.2001.85.12.1230.

Valero M, Ibafiez A, Morte A. Effects of high vineyard temperatures on the grapevine leafroll asso-
ciated virus elimination from Vitis vinifera L. cv. Napoleon tissue cultures. Scientia Horticulturae.
2003;97(3-4):289-296. DOI: 10.1016/S0304-4238(02)00212-1. EDN: BFVHKP.

Choi H-K, landolino A, da Silva FG, et al. Water deficit modulates the response of Vitis vinifera to the
Pierce's disease pathogen Xylella fastidiosa. Molecular Plant-Microbe Interactions. 2013;26(6);643-
657. DOI: 10.1094/MPMI-09-12-0217-R. EDN: ROUEEZ.

Heyman L, Chrysargyris A, Demeestere K, et al. Responses to drought stress modulate the suscepti-
bility to Plasmopara viticola in Vitis vinifera self-rooted cuttings. Plants. 2021;(10):273. DOl
10.3390/plants10020273. EDN: SWHCJI.

Gupta A, Senthil-Kumar M. Concurrent stresses are perceived as new state of stress by the plants:
overview of impact of abiotic and biotic stress combinations. In: Senthil-Kumar M, editor. Plant Tole-
rance to Individual and Concurrent Stresses. New Delhi: Springer India, 2017. P. 1-15. DOI:
10.1007/978-81-322-3706-8_1.

49



Becmuuk, KpacTAY. 2025. Ne 3 (216)

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Atkinson NJ, Urwin PE. The interaction of plant biotic and abiotic stresses: from genes to the field.
Journal of Experimental Botany. 2012;63 (10):3523-3543. DOI: 10.1093/jxb/ers100.

Wu'Y, Deng Z, Lai J, et al. Dual function of Arabidopsis ATAF1 in abiotic and biotic stress responses.
Cell Res. 2009;(19):1279-1290. DOI: 10.1038/cr.2009.108.

Berens ML, Wolinska KW, Spaepen S, et al. Balancing trade-offs between biotic and abiotic stress
responses through leaf age-dependent variation in stress hormone cross-talk. PNAS.
2019;116(6):2364-2373. DOI: 10.1073/pnas.1817233116.

Jambunathan N. Determination and detection of reactive oxygen species (ROS), lipid peroxidation,
and electrolyte leakage in plants. In: Sunkar R, editor. Plant stress tolerance. Methods in Molecular
Biology. Humana Press, 2010. P. 639. DOI: 10.1007/978-1-60761-702-0_18.

Hodges DM, DeLong JM, Forney CF, et al. Improving the thiobarbituric acid-reactive-substances as-
say for estimating lipid peroxidation in plant tissues containing anthocyanin and other interfering com-
pounds. Planta. 1999;(207):604-611. DOI: 10.1007/s004250050524. EDN: ATYTJV.

Sundyreva MA, Luckij EO. Vydelenie i ochistka total'noj RNK s pomoshch'yu modificirovannogo
metoda CTAB/LICI iz tkanej vinograda i sadovyh kul'tur. In: Egorov EA, Il'ina IA, Ageeva NM, et al.
Sovremennye instrumental’nye i polevye metody issledovanij plodovyh kul'tur i vinograda, produktov
ih pererabotki. Krasnodar: Severo-Kavkazskij federal'nyj nauchnyj centr sadovodstva, vinogradarstva,
vinodeliya, 2024. P. 23-31. (In Russ.).

Schmittgen T, Livak K. Analyzing real-time PCR data by the comparative C(T) method. Nat. Proto-
cols. 2008;3(6):1101-1108. DOI: 10.1038/nprot.2008.73.

Xu H, Liu G, Liu G, et al. Comparison of investigation methods of heat injury in grapevine (Vitis) and
assessment to heat tolerance in different cultivars and species. BMC Plant Biol. 2014;(14):156. DOI:
10.1186/1471-2229-14-156. EDN: UROKPX.

Atak A. Vitis species for stress tolerancelresistance. Genet Resour Crop Evol. 2025;72:2425-2444.
DOI: 10.1007/s10722-024-02106-z. EDN: WMAVRP.

Zha Q, Xi X, He Y, et al. Water limitation mitigates high-temperature stress injuries in grapevine culti-
vars through changes in photosystem Il efficiency and antioxidant enzyme pathways. Acta
Physiologiae Plantarum. 2019;41 (6):83. DOI: 10.1007/s11738-019-2875-0. EDN: EMMCAJ.

Ozden M, Demirel U, Kahraman A. Effects of proline on antioxidant sys-tem in leaves of grapevine
(Vitis vinifera L.) exposed to oxidative stress by H20.. Scientia Horticulturae. 2009;19(2):163-168.
DOI: 10.1016/).scienta.2008.07.031.

Gill S, Tuteja N. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry. 2010;48(12):909-930. DOI: 10.1016/j.plaphy.2010.
08.016. EDN: OLSVGT.

Xiao F, Yang ZQ, Lee KW. Photosynthetic and physiological responses to high temperature in grape-
vine (Vitis vinifera L.) leaves during the seedling stage. The Journal of Horticultural Science and Bio-
technology. 2016;92(1):2-10. DOI: 10.1080/14620316.2016.1211493. EDN: YDKMDV.

Dou F, Phillip FO, Liu G, et al. Transcriptomic and physiological analyses reveal different grape varie-
ties response to high temperature stress. Front. Plant Sci. 2024;15:1313832. DOI: 10.3389/fpls.2024.
1313832. EDN: ERDTJS.

Pagliarani C, Moine A, Chitarra W, et al. The Molecular Priming of Defense Responses is Differently
Regulated in Grapevine Genotypes Following Elicitor Application against Powdery Mildew. Interna-
tional Journal of Molecular Sciences. 2020;21 (18):6776. DOI: 10.3390/jms21186776. EDN:
QDSMED.

Liu L, Liu CY, Wang H. The abscisic acid receptor gene VvPYL4 positively regulates grapevine re-
sistance to Plasmopara viticola. Plant Cell Tiss Organ Cult. 2020;142:483-492. DOI: 10.1007/s11240-
020-01872-9. EDN: ECQQGZ.

Hazarika P, Singh HR, Das DK. Priming of plant's immune system: the future sustainable approach
for tea improvement. Discov. Plants. 2024;1:31. DOI: 10.1007/s44372-024-00035-w. EDN: CNOMJE.

Amaro R, Diniz |, Santos H, et al. Hormone changes in tolerant and susceptible grapevine leaves un-
der powdery mildew infection. J Plant Growth Regul. 2023; 42:3606-3614. DOI: 10.1007/s00344-022-
10823-x. EDN: VRSUIS.

50



Aeponomus

27. Song C, Cao Y, Dai J, et al. The multifaceted roles of MYC2 in plants: toward transcriptional repro-
gramming and stress tolerance by jasmonate signaling. Front. Plant Sci. 2022;13:868874. DOI:
10.3389/fpls.2022.868874. EDN: CJIXHQ.

28. Ciaffi M, Paolacci AR, Paolocci M, et al. Transcriptional regulation of stilbene synthases in grapevine
germplasm differentially susceptible to downy mildew. BMC Plant Biol. 2019;19:404. DOI:
10.1186/s12870-019-2014-5. EDN: CJFLSZ.

29. Hanzouli F, Daldoul S, Zemni H, et al. Stilbene production as part of drought adaptation mechanisms
in cultivated grapevine (Vitis vinifera L.) roots modulates antioxidant status. Plant biology.
2025;27(1):102-115. DOI: 10.1111/plb.13738. EDN: USSIIQ.

30. Zhai N, Jia H, Liu D, et al. GhMAP3KB5, a cotton raf-like map3k gene, enhances susceptibility to
pathogen infection and heat stress by negatively modulating growth and development in transgenic
Nicotiana benthamiana. International Journal of Molecular Sciences. 2017;18 (11):2462. DOI:
10.3390/ijms18112462.

31. Islam MdM, El-Sappah AH, Ali HM, et al. Pathogenesis-related proteins (PRs) countering environ-
mental stress in plants: A review. South African Journal of Botany. 2023;160:414-427. DOI:
10.1016/j.sajb.2023.07.003. EDN: POCPMU.

32. Hatmi S, Gruau C, Trotel-Aziz P, et al. Drought stress tolerance in grapevine involves activation of
polyamine oxidation contributing to improved immune response and low susceptibility to Botrytis
cinerea. Journal of Experimental Botany. 201466 (3):775-787. DOI: 10.1093/jxb/eru436.

Cratbs npuHsTa k nybnukaumm 23.10.2024 / The article accepted for publication 23.10.2024.
WHbopmaums ob aBTopax:

Mapua AHppeeBHa CyHAablpeBa', 3aBegytowlas nabopartopuen usmonoru u BUOXMMUN pacTeHuUi,
KaHAMAAT CeNbCKOXO3ANCTBEHHBIX HayK

EBreHnit OneroBuy Jlyukuin?, mnagwuii HayyHblil COTPYAHUK nabopatopun cusnonoruu u Groxmmumn
pacTeHui

Makcum OneroBuy BapaHoB®, MnagLmMin HayYHbI COTPYAHVK nabopaTopun dmanonornm n Groxummm
pacTeHui

Information about the authors:

Maria Andreevna Sundyreva', Head of the Laboratory of Plant Physiology and Biochemistry, Candidate
of Agricultural Sciences

Evgeniy Olegovich Lutsky?, Junior Researcher, Laboratory of Plant Physiology and Biochemistry

Maxim Olegovich Baranov3, Junior Researcher, Laboratory of Plant Physiology and Biochemistry

51



