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Drought stress memory and its relationship with morpho-physiological,
biochemical and molecular changes in crop plants
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Drought stress memory and its relationship with morpho-physiological,
biochemical and molecular changes in crop plants

Saeidnia, F.! and Hamid, R.2

ABSTRACT

Saeidnia, F. and Hamid, R. 2024. Drought stress memory and its relationship with morpho-physiological, biochemical and
molecular changes in crop plants. Iranian Journal of Crop Sciences. 26(1): 71-93. (In Persian).

The uneven distribution of rainfall caused by global warming will lead to more irregular and multiple abiotic
stresses such as heat, drought, cold stresses or the combination of them. Developing stress-tolerant plants is the
purpose of most plant breeders to develop cultivars that are high yielding with yield stability. Plant responses to
drought stress have been evaluated in many different species, but the occurrence of stress memory as well as the
potential mechanisms for memory regulation have not yet been well described. It has been observed that plants
are able to memorize past events in a way that adjusts their response to new challenges without changing their
genetic constitution. This ability could enable the plants to face upcoming challenges. A better understanding of
the mechanisms associated with the stress memory leading to change in gene expression and how they link to
physiological, biochemical, metabolic and morphological changes would initiate diverse opportunities to plant
breeders to develop stress-tolerant genotypes through molecular breeding or biotechnological methods. In this
perspective, this review discusses different types of stress memory in crop plants and gives an overall view using
general examples. Moreover, with focusing on drought stress, we demonstrate coordinated changes in epigenetic
and molecular gene expression control mechanisms, the associated transcription memory responses at the
genome level and integrated biochemical and physiological responses at cellular level following recurrent
drought stress exposures. Indeed, coordinated epigenetic and molecular changes of expression of gene networks
link to biochemical and physiological responses that facilitate acclimation and survival of crop plants during

repeated drought stress.

Key words: Drought stress, Epigenetic, Climate change, Intergenerational memory and Transgenerational

memory

Received: March, 2024 Accepted: June, 2024

1. Assistant Prof., Agricultural and Horticultural Science Research Department, Khorasan-e-Razavi Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization, Mashhad, Iran
(Corresponding author) (Email: f.saeidnia@areeo.ac.ir)

2. Assistant Prof., Plant Breeding Department, Cotton Research Institute of Iran, Agricultural Research, Education and
Extension Organization, Gorgan, Iran

\Al


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VY le ) oyl ‘r&ﬁjwdl?g"@\ﬁ‘ gb)rjlf— Aifi;'"

(Li and Liu, 2016; Saeidnia et 45,5 5|5 (gsdae
OT 5 a8 o le3T Loyl 5 L Loyl 5 oyl al., 2021a)
3 OLS Sdi by 25 ¢ 5 S5 b a3 LS
o e 8 s ol gl YulS 5,8
QMM@Q‘MFJJ;)“@
S8 5 sl l8 550w Dt Jlsb 5 o J gl
wl.Mﬁ.@gwdaj.\;—UUﬁg
S8 5w Ol i s 4 S 5,05 54> 5 JLaz
S s T e g5 oSG s 6,8 5L
Fo by Sl S S Lo 2 L 1l ol
é@&ud@@a%%al.mdﬁkgxm
9 4dy ¢l = 5 (Walter et al., 2013) Cwl (o5 ,ne
San gbline 5 Jrand Eil pgn DIalS ar
O i A5l (6,8 50w (sl l8 55 sloal L o
(P 535 Jtl 38 e (S5 I ) 5
25 ol S8 gl Dk 5 Bilows sl sl
(Munné-Bosch and Alegre, 2013; Walter et al.,
(S 4 pblize Jasd b o e slausyT 5 aen 2013)
Jrol 45T g n IS ooy 505 S Lo g
OLalE L 5 din s 5 ol ol 2San
Sl ke ladase 44 U dias o |y 0Kl
OLalE .(Munné-Bosch and Alegre, 2013) s
S el Lol 5 b ()85l 5 25 0l s sl )
o3liiul ) S Gl 15 & feuly (61 (ol sl g
L s 255 680 L OLLE s iy S s
0 L il (sl 1) OLalS Wil 5 e st st
o= (Ramirez et al., 2015) A8 esleT (glm Ll
AS sy g alis " alS Sl Ol Loty
23 S e 35 Sl m mlie 0 8L B9, 65
L e (ALE 5 Al Uy odd O guse oS
anj 53 Logae " LS Sl " Aol ol
) Sl sl Sl O e 5 g5 GBS
AT as” o s 58 o onlaal 235 L agerlge
L "oas Cat g gla i Ll s ol

vy

4o

e OUT o e S S s 0 S 08 8
%J‘Jab?“ﬂ‘%aﬁgjkﬁw‘rﬁ‘
O s il Al 0T Ly bl J s
ez Lgs a5 s ool (Rajak, 2021) 54 5
500 o 4 S cdas o 1,5 5L Cs 1y n
Cosly ami 5o 5 3, o 53U 5 S0l &oF
3 pbg 0T 53 5, S JLuSis slacyss 55 -
S—is i (Saeidnia et al., 2023a, 2020b)
Ol g 53 () b GBS o Fo e 5 (S
S o S OLalE (s)s0 0 5 5L 5 S
S ST (Saeidnia et al., 2019, 2021b)
LS o s 5alS Eely (Lol (O goul youns)
Ay SalS Esl s s ol s el OT 4
b e Sl (e ) e ys 5 d g
> .(Mahmood et al., 2020; Saeidnia et al., 2023b)
s G OT Hldie OLals s o Sis i Ll b
Ly ods Cds O i 31 3,5 51 s asb,
GRS Jam Sl b g et 5 Sl R Iaad
Wb (St Lol O35S 05500 (108
o & a5 (ROS) JLsb 051 (gl S mocs
.Lf@J;smi,dPu)jv_gﬁm,au
o Jromie OIS o gllanl Lunds oyl ki (sl
slagsle L oolpas glaasl p G b 5 (=TeS
Lladly an 5 p 535 ol gLas S5, L w5
sla sy ol sldle 55 .(Mahmood et al., 2020)
bl fol b ol S el Glagt e (2
FRUNINC. SNV JPP ) o WP B gyt L
D (St 25 4 QLS oot 2131 slates
Llodd gl (S wdige Slacs )5l I o3lizal

.(Wojtyla et al., 2020)
ezl sl e g 33 (g (ool s Ol o5 s
s SuSiess b s OLalE a8 5l 3 e

St GLAES [ rre 53 (SHS 55 8 sl


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VAR VF O s s Wi S5 5 5) 59 5 585 30 Dol L OT b5yl (Sisr (25 abasl>"

Fleta- Soriano and Munné-Bosch, 2016; Saeidnia et

S abble 4 STl e s 5,155 al., 2020a)

(5555 0 (S5 s 0 50 7 e D i

Z . & - .
I8 2 ol “<d§ “”‘)&‘)A—Q'j‘ﬁf))

9= 3 o= -(Kinoshita and Seki, 2014) s !>
¢SC Olgean |y edu | (Xin and Browse, 2000)
o S oS Jrand 350 (61 bl 053 3,
sl Tl oSO e blis s S Caw g S
Ao o JSii 1y Jaas adil ulal 0laj b 5o
oLS o T 4ol 31 s o .(Haider etal., 2021)
530S 8,5 51,8 ad o sl 05 sl 5 4
4S8 sl BLelE 551 61 S B e
das ool b o 1) s sla 25 4 0T ey
53 i abils wlul sl o (Liu et al, 2021)
23 53,5 515 5 ey oS S b OLalS
(ol 25 Ol 6,53 (gl 15 25 Jolse 6,20
oL e Db al e Sy s 534S (5 sbas
Jedll S 0T i s (Slime 05 0 (25
(Crisp et al., 2016; Fleta-Soriano and Jas o OLiS
pdal gl jise Sl oyl Munne-Bosch, 2016)
il 5 T e Ll 5 530l E (5,0 Oollan
sl
Somsl y O 0L s i dasle Slallas
s 5590 S ) o D e L a5
3 A bl sl sl 655 5 5 e 55
Liu et al, ) ol atlu JICET (32 0 OLalS
2022a; Saeidnia et al., 2020a; Singh and Prasad,
5 Sl oo o g8 Slllae nl 4 82022
Oy Gali csilesls QLIS |y 2T 4 cwl.l P T ,uT
WS g5 Sl 5 Dl ol ST o a0
Slais Jub 55 OLalS 508500 5 (gbacd s
e ) 53 Sl 0l ) 54 S5 S
i A5y S ai L OLE s i sl (s ) e
Slro)ss (b 53 05 0L b s e &S5 ol Sk s

v¥

(Savvides et al., 2016) 5 -4 o odwsl " g, 5L"
5 A il ¢ oS oS mlans 53 Kl esdle
ot dasl s S e 53 56 5y ¢Snsl 4 5,8 5
Sl ot Sl 558 Sy Kl el 5
Ll 3wl Sl a il S
a 208 ey G Olgiea o ol e o sllasl
o o35 0Ll s a5l gl o a TS
(Sher et al., 2019) 5 34 o © guoms Jases gla i
gl Bmly, Jole 5 ol o Kl
Sl Lo s e dle g ot uaih ke
Jams 2l 5 ol s Shas 5 i) 3 50 sl 5
Colg 5> 9 (Sher et al., 2019) s 8 sla il 4
OLalE () o) 358 o it il &y 45 Eosl
)\;qdu,;(mdeki\,:ﬁg,uuo.u,-é\ﬁ
) ol Ss 4ST das r il RS 4 i
A B Dl i A 4 el b ST
Olse L calie gl 25 4 oL Sslie slageuly
i alibl gy ghe L g sl i alisl"
b 3l 155 S g s 13 ey &5
5 o355 o 53 Salen sl T3
S da 5l e sl L
! s adsl-" o3y (Walter et al., 2011) 555
o3 » ,8 4 (Trewavas, 2003) 5 g 5 dow 55 5L !
Gl ULy e s calible 4S5 S ,Lebl 5l as
ST & g gl sl w2 dE Sl o w glzes
L OLals s a1 40 (Trewavas, 2003) ol (g
4S5 b g S alible o g sl sl (AT O
s @o 53 (235 Olad b ddome Ol arl g0 Oy g )0
F e cilodss 25 0T Jlps L as” a8 L
Y JK&) (Kinoshita and Seki, 2014) Lz
slld gl el Gl s S LS
AL s S gl s i adidl gl iS5
ol rL?Lzl (Blod s anlge Cadides sla i L oS
(Ramirez et al., 2015; Wang et al., 2015; <.l


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VFY Hle ) oyled t‘...‘f&)g"_,mﬁ.u?sub‘ﬁ‘ prb) rjk— AJMJJI'

oo 80 & g@ S

F R ‘./\‘O X %ﬁ L . ﬂ
oo & e A\ - ) %

(&) [ Epigenome
Genotype Envirunmentul Stimulutes Gene Lxpression Changgs, Biochiemical and -

physialogical modificarion
—— Epigenetic Change
@ [~ Condition1
»Eene Elplessinn‘ Plasticity Blachemical Activity
Physiological Adjustment
|_Condition 2 Y
Phenotype 2
Priming Challenging
— . Stronger .
] — —
0
&
| Triggeringstress 3
4 " 5
4 Signaling K .
i network | 4
v \/ -
Naive Q 4 Y/ 4
—— !
: o s 8 [
Priming agent -
Primed ] ) Enhanced resistance
Condition 1
—) A Resetting Changes
< — — Reversal to original »
Deleterious Phenotype |
Enhanced Phenotype
4
o e o o0
Condition 2 V/
| 4
— [ Fixating Changes Progeny
Y [
=)
Memory
Advantageus Phenotype Memory
Primed

OLLE Js i sl g (6,8 5l Kiasl o bl - IS
A Wl D Kial, 1C o alanl B s s A

Fig. 1. Relationship between priming, adaptation and stress memory in plants
A; Phenotyping, B; Plasticity, C; Priming; D; Plant memory

)


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

"VASAY P s 5 Lt oSG 5 5 585 g0 Dol b OT b1y (St 25 abails"

First Exposer |

[ Dehydration ’ { Rehydration )

-

. »
. -
. w»

' Second Exposer | '

OLLE j3 i dbile JS Cardy Sl -Y S

Fig. 2. Overview of stress memory in plants

Sl el a5 Ay adsl Sl 55 S5 ol
Ol ol 5 0dis oLE 5 e ol 58T i dladl>
2 bt 5 85 Oy 53 OLE oS 5l 5y
Li ) sl 5 Jraomte OT a S ) (5bmy Jol 0
Sl g 25 adibl> wlul ol .(and Liu, 2016
Sl el p (b OT JBT 5 adls abS ols
Ly oo
(Sl o BBl 9 (i (g i A

RS e 53 (G Iy OLalS 5, € 1
55 S el e b s (S
S5 Olea 5 ,me 53 LOT slaydy 5 il slad s
wld_iucu,gu:;_:@m,)aut.;};@
Lol 4 gl QLS sy oS oidle aho s
alibl bl g 5 ol o3 ediph g 3,15 i
9 355 o odwl (Intergenerational) Jus oo 55
La0T 5 5 (s Joms 53 48 Cal (1l s

\4

M};))A_bﬁl:-wajouﬂ)&u&d')]&ﬁ
u:;_m_laéur_jwpmjm,'\ﬁ«_ﬁu}
u;)léw)ja)j_n&udb)‘obw_w”_o
!
9 o Eg89 Ol bl p i Bl Sy did
Of & ,ylgi ogoui

Cikiee 5l o 5 6l (S slite -Dlauo
OT 534S oL (s ad o ulul (2 dlabl>
C‘L\cQTQ)\J_}'o)@)u;Q)M&ﬁ&Jﬁ
¥ JKa) Lles
B g i ALl

o pads e dsb Ll 51T i bl
Sl g i abible Olpie U 0358 5 gdoes fud
a5 5 (Lamke and Baurle, 2017) 54 % s olwsl
oL sy Calites Jorl o 53 (S Sla AT &)
dgrlpn cipb o oS o T s 5l sl


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VP Sl ,)u‘rm,%u?:'o\ﬁlgb”,uqi,;;"

Somatic Stress Memory
Inheritance

Memory imprints
Mitotically inherited

Seced or scedling Stage

Intergenerational Stress
& e it e Memory Inheritance

bzl
Stress Vi Dircet Exposure by Means of Developing Embryo,

Reproductive Phase
Parents

Memory imprints Mitotically inherited

R sl et S adle
ﬁiﬁi g
/60 Emn

Later Stage

Seed or seedling or adult Plants

Progeny

Transgenerational Stress Memory Inheritance

—_—— e
s A 2 o
; >/m\></u\{; Sk Memory imprints W

®
Stress %&W Mitotically inherited

Reproductive Phase

Grandparental
Generation

Seed or seedling or adult Plants

oS it
Seed or seedling or adult Plants

Parental Generation, Progeny

Unexposed to Stress

Generation

QLS 53 sl 5 s ¢ (Sl gon 25 Al Jali 235 aliblo 51 Sl 5 0 g ¥ JSC
Fig. 3. The inheritance mode of different stress memory including somatic, intergenerational and

transgenerational stress memory in plants

e 25 bl el 3 0T J s (b5 slad s
Ses (55Le sl 534S ol old i oD\
i )85l il 3 5 s 1y 6, 55l
5 ol s (SaLiS 51 oS 5 55 bl 23
S el oy S8 Sl e I L s e
i Sl g Sad sl 3l (Jaoms &) sots o
Wl el Ol 55 o Jite 15 slad sl
S S0 0l s 515 S5 SLARNA
S Joe b (9 3L o Olely
LT 53 o Jolge & Gl puid A8l

sy Oliaidls el | sl a8 Sl oo I
wl g o OLalE LT 48 ol opl 03 S Jgiion 55
s o5 28 Sladlas Syl bl a1y 25
5 s a5 L OLalE grlse iy (s
ol 5Kl g s A5 bl oy &7 e
U Ll o 530 1) OLE aasls HET cpl sl ods

3Ll Sbns 52T glasliy 55 & 0ol fealy s

v

0P e 93 e sbas Al Jl 5 6L slad s
{(Lamke and Baurle, 2017) 45,5 1,515 25 sl
s (Transgenerational) J il 3 =5 4 losl>
4_1;-‘,»):;\_5&{_:‘3\.\_7-\45:4'_:?‘55@)}_;
)JQT)UT}@J;J\HT&J'U.&JAAJQ‘;&{‘)
555 odalie (Ulad S5 1 3 50 Com 45 2
sy e 4Ol (55 ot ) (Klengel et al., 2016)
RS o 53 il e e 53 6855 ok 5 55,
@8 55 515 A5 0T o me 53 ol (s 0,5 ) 3
o> LAQTcta))‘k.b&#éwbﬂ C))‘j; c..\...&Lv
S J_abpﬂl_{:)‘: a9 3l ) dal sl

Ny a5 3l (ilibms g1l Sl S Jaoms
SLa D o e 534S Jds 0l Ols s 50 (S5
O smwhite 457 il o3l LS (Lilad S 15 Lo
33008 IS 2 GLRNA L ¢ J st O i DNA


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VAR VF O s s Wi S5 5 5) 59 5 585 30 Dol L OT b5yl (Sisr (25 abasl>"

0 aS gla oS nlaS Ws S 518 0 s ub
S5 50 VM| gy delus Lomes 53 0le ¢ ke
T .als | okl ast gaT euly Olos 55 Al o305 413
oo 8T 5 6 JS oS S s 8 (o8 s
LT a8 il e (b5 05,557 bl 4 5 6,50
el 45 S 5L,
39 G5 g5l &0 Olgaedy (SiS i ddl>
obs”

b (St i 4 0LalS s Jasll o Se
Ol 5 el 48 8 515 (s 2 3590 Slo 28
SeolS sy 5l lads o a3 Scis s &2,
oS 5 Shee 5 bls 35 cails Oy b a s
A il o)l )3 Slidew ks 208 o e S
«(Amini et al., 2023) a8 usle Sl 55 Sis
e 9wl ,T ((Zheng et al, 2013) & r—
(Saeidnia et al., ¢, _ale «(van Dooren et al., 2020)
Sy Cale 52020a; Nourbakhsh et al., 2023)
588 5154 Sl esls OLis (Ghasemi et al., 2024)
eL;):\)LSJUTcuf):&JJU@Ju):
Sodns g0 3 55 W1 1 3 8 5,18 o sl
g g0 03 AT L

o s Sl e > (St i il
LS ity 58 g e s 5 LSS
S s sladame U b0 6,8 5L 6l 1
bl (i Sl 5 gl 53 0355 gh s
SalS s sy ps e U asile i 6T glls i
(Crisp et al., 2016) el ol phel oS 5, Shes
Olsieas i abasle gla,l8 550w an ST ecpl pla
S e il 53 s 6,8 S slas S
315 552 g Izl ol cdslasl J._algI Ql_;at:f 3
sl 55, Sas o 05155 530S 5, s oS
PRS- VN S g I I U S SR
.(Godwin and Farrona, 2020)

O AL o boimli g § K 59 99 3 S A

YA

5 9Y Jlie Ol geas (Leuendorf et al., 2020) w_ib
S35 4S T e s (Lau et al,, 2008) ol ,Sen
S ASTlgs Sl g3 G ST Al &8 an
S AeeS165 48 W S sdaline (s g 05 S U,
Sldie i Ceb ails O o e 53 (6 3k Jases
OKer 5 s b 48 a3 25 03 5
oS 715 oas el aslllae L (Whittle et al., 2009)
B e fa g 48T ae L5 4 e 90T
LT dsls ol abibl )yt (Col 0l 4 25
o WTF Cw,&u\,yﬁs\)@ug
Sypm sy b 8 5 st glo b LS
5o Les il 50l aS Ws S 518 sesls 415 ) p
Sl g 3l e Rl el Fr g (il s
qucjluw,ﬁu.t«;T.,\.:FgJ..;ﬁ@\f;u
2L i il oS s 5 518 (A8 i
5l 0Ll WS Jal s g Fa fus OlalS
LeTF Jod 545 )13 L8 25 o ,me 55 &S Fy
53 dsle Sl s ST s (S Ol Ll b s
o5 A5 E B3 02,31 b 4 ¢y sl T LS
5 (dmeil 20T 5o s S iy o )l U
ol odalive oLyl 350 Sliwo alS 53 &Sl g
.(Groot et al., 2016) !
OHLSKer 5 gL LwgaS bl s
5 8 )5 le> ol (o5, (Gagliano et al., 2014)
S5 0T glaek , 45" (Mimosa pudica L.) a1
A el Lyt o U sty (SO DY
S0 Ll i (512 olS 6T S35 s 318
DU s o Somn b 1S i el (S 23
oS Slaj sy oml bals 0lis Jeddl WS 0T 4
0d B8 S Ol (B e 53 )L (i oS
by oo oLl ST 55 b0T 55,8 i O el
oml Bkl SU 5L beS 5 osldi 0Lt Juddl S
ol 558 5k 5 5,550 7ols WL S s 50
Syl o, Ldl alssle ola 8 55w 5 6,85l a4 as


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VY le ) oyl ‘r&ﬁjwdl?g"@\ﬁ‘ gb)rjlf— Aifi;'"

T Syt o s sl Loy S
23 S Sy ST 5 sy (s IS oS
gobsn mlaS b s s Ll 5 L e s
ol e i QLS )3 i il el sdiasles
sl
A (S i J e ey ) S
Cadibes SLa 2w 53 (ROS) Jlas 05uS | slawi &
JLKsly «(102) 5 ,die O3S Jold 4 ol J gl
5 (OH®) JouS 5 pden JLSSs1, o(02) AT 5
O3S (glaas & s (H202) 05g50n dST
YU sl ST C b oS S laeSall s Jleb
5 oSl 5 IS clap 5 S Ty Aile) Al
3 e A5 L n Bl 5 A 5 (L) g2
O gl denS |y Eely JLmd O3S slaas S 4>
3 o3 SLuEs AT s Sk slid gladd
! .(Liand Liu, 2016) 5 35 o ¢SS 5 (glacos!
S35 SelasT b (Amini et al., 2023) ol )LSen
A b Sa el S Jyame 5 (Sl oS
Sl S| ST s 3 5 o 557 )15
o3 5 5L 53 QLS s Shee 28l 5l (¢ 8 ol
23 S i jled i e HBT 5 Ui (DID2)
e QLS Lo b awlie 53 03 25 5L 53 OLLS
s 8 i ,UT JralS ol o olald s s
Ol 5 oSBT o 5T sladled (b 055
an 53 5 4Bl Gl Lag 5T nl b o e (sla0s)
35 gn Sl (St 25 4 oS (B Sl 5 Joos
OHLSen 5 ¢SS b bl (Hou et al., 2021)
G b 5 eS| 5T s (Lukic et al., 2023)
A SI ST a1 C b (65 S s s
STl 5 (SOD) 3 sas s duST| 5 g Al
A S BT (e 5T b ¢ L5 5 (POD)
Ll St i a bl 8 JSCa )3 —oge
Plaops oS 534S W S 5,158 LT s

S &)s—wo »> (Alopecurus pratensis L.)

va

i
S oS 5505 58 45 3,03 5 2 s Jle| !

d> s glalaows 5o Jae Ld 5 5 Ul (ilwag
sl lebaS oy b0 b ooy ol
355 LT 53 &S5 8558 5 okl slags,E 5L
&b > .(Fleta-Soriano and Munne-Bosch, 2016)
(T N1 Okl y Jild> @ (gl ALS glas S 51
35 3 O sy 58 5id (Gl gomn o ¢ 5 O e ok
3 b op oslial i abable lces gl Hldae o
(Ramirez et al., 2015; Wang et al., 2015; Li et al.,
S Ol gean Lack 51 OT o1 Ol .2016)
S oS sy Ll b L5l Sl e e
oL slaa_s, ;5 .(Saeidnia et al, 2018)
o313 5,5 (Sist T 5 rae 534S e skl )T
ST 2k enss (b3 RS @) Sl ey (s edd
©350b 5 im LS g,y (il (T o bbas s
S pbd g 5o ST Li gl STy ol s s e
Sl e 5,8 15 sy (S S 5 e 53
O an 5 &5 (Virlouvet and Fromm, 2015)
OLalS LT ol 4 05, o sl (Ding et al., 2012)
LS o bods |y S 55 abibls s ool )T
b sdme ST/ LTS gt & 5
9 pswipsd lroy s us'l’ 4S sls olas @l:.; ...U:;
L e 53 ST Ol o St 15 o)l
oL 5 D3 ST g 3 34 pmaS Uil (2T A
45 Craterostigma plantagineum 6(..» O Joms
(S s=es (s g ol o3l Hl 3 sTrfu’f“ﬁW
Gl 4S o s 4 Cand RWC) &5 ) i T
odis o.sLang_.':o' oS G Loy 9o b aglse
9 iy (Liu et al, 2019) 5,0 SV sy
sla_c> (Nourbakhsh et al., 2023) Ol,LSea
Cmaz gz 53 1y (Scis A0 abil &5 b
o 205 L e S ) Jol Sl
G5 L LS Sl i oS s ST 518 5 esls 3


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VAR VF O s s Wi S5 5 5) 59 5 585 30 Dol L OT b5yl (Sisr (25 abasl>"

G35 oilasT s ol o 3 LT S 5 L
Al & 5T Ol e 457 515 QLS AL cordifolia oLS
Qlyéiﬁ-ﬁojjbja\_:d&ugﬁ)s
¢S b a S SLal® L awlis 55 s g o
>3m0 e hing 4 8 51,5 S b e 53 L
rJ.'f &35 4alllas s (Fleta-Soriano et al., 2015)
4S s> oL (Triticum aestivum L. cv. Vinjett) o g
e (2T6ST B (2 53 S Jei S ST o ladi
e 534S a6y b alie 3 iz y 4B 8 15
dmd S T (6l g (A g 4 S5 15 2
0 (=TS S L sled Sy 5 Adls ¢ e
(Wang et al., 2015) 4 «ls 5 Shas 2ol 530 Csly

G 3l e (St 5 sl 0LS s
5 (ROS) JLsd 35S slaass S (T LoD s
3 Nes L 5035 o) p ot S ol i g
SYab el SaalesT oSG s sl wals &l
L s ok b 3, Shos ¢ i a bl Sous
35 0l Hlad g0l Hlas lreds Sl eslal
A8 glaods 53 oS sl Ol mls 23 8 S g
Ll 55 (s g el jlas iy oSl (TS L
b Ll i 50 & Gleds 4 Lo alie o2
L sls L;,?‘Yb.:}&h..o s g odd ) g Cnlis
.(Ramirez et al., 2015)
i gl Dl ¥ 3 (J3—T g0 Sl 95—
OLS 50 il Al cuiis” J s

&= SO s (Liu et al,, 2022a) O, SKas 5 4
S s S 15 A il SO Gl S
Gl Bl 51 g 555 el 55 (alal sl 5 55l
SIS GBS s 5 3 it (515 A5 &S e &S 4
6la0s 0Ly sla Sl ol ks dited Soglize c3daze
Conby 53 Ol i b el i alasl- U LS e
bl J oS e glagnly s Lo e 5 Lay S
s ol 5 5 e O 55 el 55 5> 25
s S (Mo o) bl &S i pl S e

w‘ﬁfﬂﬁjTﬁaﬁ‘ul{°uﬂJl’:>@'ﬁ‘}

SIS AW

J PN SN
OLHLSan 5 o das  0Lis Ol ol 50 cpadls
il ol a8 s S 5158 5 (Liu et al., 2022b)
kol b8 g5l 51 S SnST 5T I

ol il p (St i bl 55 e
Uil (Lukic et al., 2023) ol L e 5 ¢SS
A3 cedas 25 cpdlly Sl Jeol 2 5o S LS
Sl ST 5 (CAT) SYBE glag 5T cdlab ol 3l
ST 5 O3S 4 035548 denST|y (APX) SlST)
demeS |y o Cdlad (YL o B s i e oS
33 A4Sy g 0 55T LIS 51y Codim 5 56 s>
Csl ( (St 5 oo pudly ) Jol 2L
copl posdle Al 2l 53 silST AT mhaw JialS
il sl Ll s LT 650 e (6 g
O aSWS™ s 581 Jdsan Wl e o Sl i
b o g Lol o8 Sk o T o S0
i 5 a3 5 o AT (00 Pl JSi

(TS A e et LA 4 Lo

S sl |

i 93 i 55 Ol e pral Sl el
AeSTles HLasl Ol 03 90 il s s U{Trf
Sl O gD 51,87 S Jomo 4 sl 1 0 S
St 45T ol o 3,158 (Wang et al., 2015)
P Lo Sl (S O 5 L g sl
Sdn Sla A (o 53 (6 g8 09 2SI Uit o s 3
5 LS s Sis i absl> (Li et al., 2016) A&
algn 5 S gla 25 L« (Aptenia cordifolia) e
G 5 55 .l ol s 3158 55 Ay el s
w5 5 15 S b rae 3 4L 53 &5 A cordifolia
GRS e 9348 GLalE Ll s s g
P LU WP [P PP J B i
.(Fleta-Soriano et al., 2015) &_&Is :l;8lb aa
ey 53 OLALE 53 (ABA) dal &S 5T 0l e

A G ez Dol S5 bl (TS«


https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-30 ]

VP Sl a)u‘r&ﬁ}wdl?g'lb\ﬁ‘gbjcjl&ﬂifiﬁ"

S ol dals s (Li and Liu, 2016) Jas
Gl o ol aST ol pis Al 5 5o
L lamar 5 (o 595 Ol e gty S5 4y
A5 (G st k5 5 DNA 0 gedhite) (S5
Col 0 0313 s las aodst jsbas ¥ IS j5 o8

.(Sousa et al., 2022)

Transcriptional
regulation

Transcription Factor
e.g. WRKY & NAC

Post- translational
modification of histone
proteins e.g. H3kdme3, etc.

Repeated Stress
Exposer

T e
s Change metabolites levees e.g., antioxidants, / Gene Expression

amino acids and sugars e Changes e.g., in

« Protein modifications e.g., ROS related enzymes | | PSCS, a-0AT, RD20,
' RD2YA, AtGOLS2,

like SOD, POD, ete.

* Physiological  change  eg, changes in ete.

photosynthesis S

Primed Plant |« Morphological change e.g., biomass alterations

3ol (g gt Ol i 5 DNA 0 pdlize Jals)
J9) s el 935 7510 Glaadl bw 5 50l
.(de Freitas Guedes et al., 2019) > 43 oo Lo~
PUL LT (i 25 L 0lalS ol g5
Sk L ol 205 S5 L gl po 53 b 5l oo
M oS SGLalS L alin 55 (65 e (5l

Ol Janl Ko (il g Sis 25 5 ,me )3

Post-Transcriptional & transitional modification

DNA
Methylation r
Non-coding RNAs

R

AN

‘. nhanced response
agains( siress

e (stress memory)

[

adaptation

P . é o g . DR - s S
o ST 6 e 53 oS psle 9 8515 (b 5o 05 0l J 55T Ses  -F IS
up},;uﬂ;ﬁ:‘uQg\)Qjog{;‘ﬁ;})_}ﬁw,,xsﬁm&uRNAxﬁ,DNAoﬂp}_;w@l;;.,;.\;;L._ﬁm,msr__m&;;;&l:,)\,:
258 ol 5 53 S

Fig. 4. Interactions between the control of gene expression during repeated exposure and stress responses of
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Inheritance of epigenetic regulators like histone modifications and DNA methylation and the alteration of regulatory RNAs
and transcription factors affect the expression of genes, thereby causing changes in phenotypes of the plant
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Table 1. The identified genes involved in stress memory in plants

Genes by sl Plant oL

Stress type 554

Reference e

AP2/ERF

Arabidopsis thaliana

Dehydration stress

Ding et al., 2013; Ding et al., 2014

bHLH Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
homeo_ZIP Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
MYB Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
ZF Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
CCAAT Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
b_ZIP Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
WRK Arabidopsis thaliana Dehydration stress  Ding et al., 2013; Ding et al., 2014
AP2 Glycine max L. Drought stress Kim et al., 2020

NAM Glycine max L. Drought stress Kim et al., 2020

MYB Glycine max L. Drought stress Kim et al., 2020

bzIP_1 Glycine max L. Drought stress Kim et al., 2020

WRKY Glycine max L. Drought stress Kim et al., 2020

RD29B Arabidopsis thaliana  Drought stress Liuetal., 2014

RAB18 Arabidopsis thaliana  Drought stress Liuetal., 2014

H3K4me3 Arabidopsis thaliana  Drought stress Liu et al., 2014;

PRC2 Arabidopsis thaliana Drought stress Borg et al., 2020
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