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ABSTRACT

Plants are able to acquire thermotolerance to the subsequent lethal stress through
memorizing previous heat stress (HS) (Priming). A priming effect that can be sustained
for several hours, days, or even generations after reverse heat stress, is called heat stress
memory. The aim of this study was to identify effective key genes in establishing and
maintaining heat stess memory. To achieve this, microarray data of the expression
profile of Arabidopsis samples were retrieved from the GEO (Gene expression
omnibus) database and differentially expressed genes (DEGs) were identified based on
their higher transcriptional activation following recurring stress (in P+T/P treatment
comparison) and their sustained induction even 52 hours after stress relief (during
memory phase).The identified genes were further analyzed by bioinformatics tools for
gene ontology (GO) classification and protein-protein interaction (PPI) networks. GO
terms analysis disclosed that the up-regulated DEGs were mainly associated with
cellular response to heat, heat acclimation and protein folding. By clustering of PPI
networks in the term related to response to heat (in P+T/P treatment comparison),
several candidate genes involved in thermomemory were identified including HSP70T-
2, HSP91, AR192, HSP60, HSP70, BIP2, J2, CLPB4, HOP3, HSP101, ROF1, HSFAS,
HSFA2, HSP70B, CLPB3, FES1A, MBF1C. Also, based on the sustained differential
expression of genes even 52 hours after the priming phase, it was determined that genes
responsible for maintaining heat stress memory were mainly members of the small heat
shock protein family (sHSPs) such as HSP17.6, HSP21, HSP17.611, HAS32, HSP17.4,
HSP18.2 and HSP22. KEGG (Kyoto Encyclopedia of Genes and Genome) pathway
analysis revealed that the HS memory genes were mainly involved in protein processing
in the endoplasmic reticulum (ER) and oxidative phosphorylation. Furthermore, the
analysis of cis-regulatory elements in the promoter regions of the thermomemory genes
revealed that the transcription factors families of bZIP, AP2;B3;RAV, MYB/SANT,
HD-ZIP and GATA, tify had the highest binding sites in their upstream regions. In
summary, these findings provide useful information about functional and regulatory
analysis of genes involved in the establishment and maintenance of heat stress memory,
as well as their protein network interactions. This information can be used to improve
the heat tolerance capacity of plants under extreme heat stress.
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L Lil3E) P 4y s PAT Ll > HSFA2 5 tias, 5
SFgeon 4>b 5 (SeBigl Sl polds Nl (0l
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18 GolS1 6.06 4.98
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1. Foldase/Unfoldase
2. Holdase
3. Disaggregase
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oSS Iyl Jloy bl il 3 oS canl edly lis Slalllas
Lylyd 53 35y s wudbsivs > ROF1 5 HSP90.1

Sy Atk & byl JES) cows HSFA2 gy i
9 HSFAZ clled Cosdl cumw diwn )0 (uSbLoS (pl 393
Feloye Job 3 2le) Sod slaonlion clag; ol
o Lzl > ROFL g HSFA2 5,Slos 1) (g g i
Col Caonl Plo sl HlalS 5 Gre SYeb  sluiST slbo,S
& Cuwl ol asuie (Meiri and Breiman, 2009)
4l b g 0 )3 i ababls dgugy cow FOFL lo i
Lpd o i i alasls slagusl > e FOfL slacslise

Sle 55 b b by glag) @b pmedS @bl

slacySon (iSpayn s (S i 4 fl”
BIP2 HSP70 HSP60 AR192 HSP91 HSP70T-2
I, ROF1 4 HSP101 HOP3 LCLPB4 HSP21 J2
DS ey &8 3l LS sl cpl (o F JSE) 587 [asuie
HSP70 HSPEO s WHSP BIP2 wile olajyspe
lasye ARLO2 § 2 b olaypecSeS HSPOL
CIpB4 b oriSlis (GWHSP 5 HSP2L i oxylaeSs
Sisaslyy 1 (S wngigy dbdls gl ;5 HSP101 4
2 L Gilhe ;505 (gow jl il Cuanl Bl ¢ 2led
O blite Il QoS ol > baSey S ey
L ARLDZ ppecSeS LiiSmny HSP70 LHOP

Ssb slaondisn b ROFL Jels 5 HSPT0 il s
5 HSPI0 cullsd a8 sl o3l lis clalllas s a0l oo )8



V¥ o 2loyS i aladls pola g ) yatel 13 Fhe (sadS slayi olwlids i )SKen g (5,0l

lial ) S5 S, FESIA(Wu et al., 2013 ) el
L5 Jele S plieas (g ¥ JSE) Ml ol Badaslis
3Skes 453 )3 ate 1 < Jisiae (NEFS) 55518 5
55 025y o} ) ADP (g5l _ulas 5 b 5l HSPT0
»FESL (), 5osM < (Dragovic et al., 2006)
o lenysn L oldl 4y o (Jgjsis slagnsn
905 ¢ umngiwl)] )3 . (Gowda et al., 2016) 51> i
somd e ialidl ]y sl ) L 4 ol Colus FESIA
ol olwlid sy lial )55 5l .(Zhang et al., 2010)
239290 SLanlan (S ey 4Sud 5l Job s )
MBFIC o lsse (2 YUS=8) boyS i & Gl ©)lee
S8l sldl as cowl ooy s Sldllas 258 6Ll
So s wais HSFAL Lawgs MBFLC g, 008 Jlnb
(Khan et al., 2022 (5,5, aJlss)

KEGG 5b oLl )5 Slplio (6ld pouns susy s olaslys
P+TIP (5)loss auglio )3 (il plo b (plaodls 4 by o
el OF b 31,581 o] pglss &y bigyye (cloosls ¢ (¥ JS5)
2 B3 0031 e &5 A5 jastie «Sisesln 5l
P Mty 8 95T (ioped jind g (oMo lil aSud
Sizorl pge s dawlots Y glod L35 &) (3595 (lopusSe
Al 48 dg 0 asuie 35 (L8 Cldllas jd .5yl sage
Norm @le)S Sod clapnyy b g pllinsg; Sl 4
09 B (Splie prae (3 Sles B lo)S
YU sles i SdlSow 9 <l 0 awdlg il aSis )
Nollen and Morimoto, 2002 & Zhou et ) 5> cpenl
(al., 2022

1. Nucleotide exchange factor

.(Standaert et al., 1990 & Meiri and Breiman, 2009)
qogMe HSP70 o aad o lis ail p) ggemme
g o8 0)gild lacuSyn @ I xSl ) U Sles
O ) (o8 0 0)93b> (Sl (g daome (1)L 4 S8
WHSF L (Mayer and Gierasch, 2019) L3S
9 M GSern g8 bolan ple g bogpecSeS
5 WS Sialen |y lodomy Sl S i pon
bl g pla)S A5 slaguely Sop ) (ere B Wl
.(Zuiderweg et al., 2017)asl awsly s gig,

S JSiie (g GRS e 45 | S (egd
HSA32 HSP70B HSFA2 HSFA3 L /54y
Slalllas (7 Y JSKS) 1sb, 0 MBF1C 4 FES1A CLPB3
aladls polis 5 g i HSA32 &S cuwl oaly ylis LS
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