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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 2025-10-16 ]

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 2025-10-16 ]

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 2025-10-16 ]

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

o B 0804, -
oo &0 3 %‘t - ;;

-
‘ ‘ Y ® f[ P"', ey
[ b, TGhy A7 g T )
a L WP 5 s z v
A a Epigenome
Genotype: Envirunmentul Stimulutes Gene Expression Changs, Biochemical 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 2025-10-16 ]

"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 2025-10-16 ]

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 2025-10-16 ]

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 2025-10-16 ]

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 2025-10-16 ]

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 2025-10-16 ]

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

plants

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

El 0 et GRIFOT Sl s (S 25
S 3 ks b K6 (St sla 15
YW 5 ¥ o Osmedhieis 5 by elasT
05 = 1 (H3K27me3 5 H3K4me3) H3 { seuua
allae 3530 oo 3ol yT oS 5> TS 25 alsil
leze aliblo glagealy & sl 0L s 23 8 13
sdme (65T (b 5 Sbite Sla s 5155 5 03 52
YV o Osmedlite s 5) H3K27meS L Luls sdalice
olas S 0diS lgs &S Ol siean 45T (H3 05
ol sl ol s li ol (,._lad N
35 as 1S A5 L Las e G0 o sis) B S

(Liuetal.,, 2014)
23 et (st boot s T 3 S DNA 0 5edhite

SO T 3 ol s ol Jle Ol gas 5 Ay

AY

(P9 Thaw 90 S5 g ek

i 5 Al § g D
o s e sla,lsle s e s, T, DNA
DL L (Gt 55 i 1 S 95 S 55 o
B0 sen 3,505 51,5 (HA 5 H3 H2B H2A) &z
(O gmdie 51 55 Y 4 ams HA 3 H3 H2B H2A
€O sy 5ed €0 gid 5 151 00 5Dl
SL2elSlr 53 0 gDl 5 5 - ADP iy i 4
VS Sl Sl 55T 5 o
O s—D\e (Zentner and Henikoff, 2013) & -5
das O gadlite (5,5 5 (53 ¢ &S5 Jollh g
sy el 55T s S ol g, LS
F 35 5t ($)e (Zentner and Henikoff, 2013)
abile Jpe GLaOS L oS dmen (5ley ST O ok


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

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

ol

Slid 05,8 &S 0s BLSI 4 0 gDl i
Gl JT slad sSgs plow L 5 o 4o (POS)
st T 3 S 0 5Bl i Ly
‘_;LA(.J“;TJM}:JQIL»@::,J,? Sl oS Lo
S 3 Jblid Gla 5T 5 550 plasil LS
s Slid 0,8 0335 gl m dlajlis S
S ol A S ATP )55, 50 (65 1S o
25 ol el b

S eslil Ly aS” (51 ks 4y O ot
sl e (slad S50 53 o 5 sl d S5
Ol O 5D s 51 53 5 50 o0 SN 0052 00
53 J550 93 L G 4 iVl S Sy ot Jool
Lgh g e 05 su (gladl>

L &S0 Odd 035551 59 O 30Dk g ,~ADP
48T el 55y 65 4 55y ~ADP ib i
SLA AT o 5 Sl oy e 50l S5 Ol e
o 5l sk 5 (S5 o T b ki 53 age
Wl 50T 505 mdad ONA e 5 Sk Slasely
W 5T 51 (25,8 Lo O oDl 55 ,~ADP S o
;358" ADP-ribosyltransferases  (ARTS) ru 4
codns Ol e NAD® f eslitul L LaART .3 58 o
L 5,4t 5 ~ADP (gla jide ¢ iVls S &gt
5 A o s bl 2 g 40 NAD? 511y a5 i
O 55 52 ~ADP (A L O 5ol 50 ,~ADP 5 5
O 5 oS 55T 0 55 |, (PARylation)
5 55 1, H3KAme3 ;5 il 53l (Kim et al., 2012)
RD20 gny St 25y S gl (5la05 oS S
ol 03 Rl s ST 5,18 AtGOLS2 5 RD29A
3193 05 04t JLmd b S oy (S S
o S Jnlin 53 s i 5 sdome Gl y T
C s (Zbls ol bl Sas (25 b s H3K9ac
o3l c.wli Sdoes @L")&,JT Sl 05 04 Jeé e o
ol ShalST i 4 0T Sl Sl o Sl ey

AY

L 5 e 4l O g 0 e 0y £
el s BLAN (3T (g all # 05l 055 5
ot Jie dm o 4 (Jsh Slas Gy b 1 i
S el 5 el 5 Al 53 SledlS e kS
205 0k SN i el 5 3505 Jle olluls
g oo sk

D e 3 S S st GBS 5 O gDl
La05 0Ly s sl o7 ol (S5 5] a3
a Jed 05,8 Jlasl 515 ol ST 5 4 on plon
DNA 4i) 55 g0 Lol clap 5 2S5 G s L
LSy n v g (i s0) Jlse o s 03
3,8 5305 0l ST (i

S 58 5 5 s $S (Ubiquitin) o3 55" o9
S35y S lS g Glad e ST )3 48T
Cadien D> g 0 53 85 1 o) Sl T 5
ol Ol a8 el ol 3L Sl JolSS Jsb s
AT ol Jsheo e e 53 551 ) per SEB
(Ubiquitination) -5 55" s U 5 s o (g8 wli
S oSS s 03,5 W) il 5 el e el
oS Yl 0 5T Lo 5 o8 sl dl o 53 Juli 5 5
oS 5 sl o 53 15 55 o planil EL L Ubiquitin
£33 adom o 55 oo A IMIST 2587 5 el
O man LEL Jlob oSSl 4 387 o JUas! ol
Wgm 13 ado e oml .ol AMP W 5 SATP
JeeS 525 05,8 Jia 5 C sl o (s il 55
plowt EL it skl g 05,8 5 085S o
S i W EL ) S s ST 5
S E2 by S o oS 5555 0 5T b
2 3 o ol 8ol il ol 15 2S5 G b
Voo S Sl a5l Y s p g k> o Y
o1 S Ll BB Ol 55 S - 055 5 S
T ol 3 g odal 58 o B Ol e b
Mwlélﬁwﬁy au:ﬁskx‘}wo\};;@
DE2 5l fs g b Ol jar 215 bl 503 S Joe


https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D9%85%D8%AA%DB%8C%D9%84
https://fa.wikipedia.org/wiki/%D9%BE%DB%8C%D8%B1%DB%8C%D9%85%DB%8C%D8%AF%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D8%AA%D9%88%D8%B2%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D9%BE%D9%88%D8%B1%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D8%AF%D9%86%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%AA%D9%85%D8%A7%DB%8C%D8%B2_%D8%B3%D9%84%D9%88%D9%84%DB%8C
https://fa.wikipedia.org/wiki/%D8%A8%DB%8C%D9%88%D8%B4%DB%8C%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%DA%A9%DB%8C%D9%86%D8%A7%D8%B2
https://fa.wikipedia.org/wiki/%D9%81%D8%B3%D9%81%D8%A7%D8%AA%D8%A7%D8%B2
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

b, 55k Sl (o5 s debal Loyl 5 s

Sl O3y &5 43,8 (0 S LS slad s 55
o 85l Sl (s S 5 sa JI g 55
dny ol g g 03 e e b 0dd (e a1
Gl (S5 ) Ol e O 4y a8 555 0 Jie
3 s, -(Smulders and Klerk, 2011) 555
S Ws S 5,155 (Bruce et al., 2007) Of,LSes
3 e Ll Lol ()85l s oS5 gl O s
DLalS s ris bl 05 Jlab 55 pge Jalse e
lime o GU g o) "l o3l 058 g0 o pmen
sl Jold &5 gl oo s lsods b 513"
S 93 ® e 4S5 Sl Oyl B Sk
e JoB (K55 el L g 03 43 DNA J 58U 5
¢S5 ol o515 (Smulders and Klerk, 2011) &
Sl B S 5 S s D dad oS s
Ol ek L g as 1S 50, DNA Lo 55 7 ol
s 35 ok D 4 Y S s 5o (S5
o (5 Dl OV 15 Bl o DS
SLaeS s dhgs 5 035 pd 8, S
b Eel im0 Jl b ose il Jases
S Ols g g0 55 Lpd oo J sk o sl
e slaply 4 Sl See (S5 SIS
ke Ll ()8 50 el 5 osls ey
Srlpolanl Cool (Sl i 0sd (e
Sl i L5 (OS5 ) o 5 55 o5 58
L sl (2L a0 padly () e ol 0 5o
e 3 513 S5l ole (Gratovol et al., 2012)
$Ssig) 03N 1,1 g S sk 5055 oS35
535050l 65N aSl (S’ o,k DNA JI s
G 5l Jes ) 25 el ks OT 5 Shes i
L DNA o (i gla slaog S 055530
(0 52et) DNA (glaaiiy Lol o ol (sla 59
(ol o S Sl 55 5 Ol pl =Y s e &)
55 el ek p b8 5 (S Cadanie

A¥

H3KAME3 Yazml 48" dns o OLE § 5 50 ]
S e e 25 il 5 ) 6L S, Ul
B 33 e 37T Sl 5 08,8 5 L
SRD29B (sLad 4z 5 o), S S gla s
LS S SLej a5 sl s 55 el  RABIS
L Jsonn b o sba Lol izt it (LT Iodons
of ot Il 51,y SerSP 5 H3K4me3 (VL & sk
4 1151k RNA a3 o OLES ¢ g g0 ol 45 L3
Ding) Cewl oilds Coasbos 0T Clad 51 L 5 0kdl 5 g5
505 Uil s Slialin ool (et al., 2012
ol o sas 531, (Kim et al., 2012) ol )LSen
i absl eSS ol slss ¢S H3K4me3
,aﬂjsw&éuw@.w@.\ﬁﬁu‘@\é&s
phe &y Sy e e sdalin 2S5
gy e YL W 5 b5k (b el
At DL RS 8 me 53 sk (758 )13 5 g
s oLS js (Tian et al., 2022) ol,LKan 5 0L
H3K4me3 45 Josls olis (Gossypium hirsutum L.)
(GhNCEDO 25 alislo (sladj ok 2l 31 1
s——Lb ,3GhSnRK2 5 GhP5CS1 (GhPYL9-11A
o2 59503 0T el 5 Sl (59,8 ) S gla i
(3L el ey BB sba alSbo s Sl ey
) i, € BT L im0yl
Sl 536 5035 p At i il (Slae o
Vyseetal., ) LS 21y o d sdile SL ot 5L
L H3K9aC 4 b gy o & (253 O seuidlitl pebaw (2020
Sl Lo e TS 51 (8005 Ol dlsd Cons
Ol odd o955 Jdowi 5 4 20 (Kim et al., 2012)
@MQ\MJJIJQWQ)SA.;?).&@M
(50 3t Sl (S (S A gy 0ok
H3K4me3 Slis a5 Lol & 55 Lles SU 5 45
L (s it S s H3KOaC 5 H3K27me3 4 &
.(Forestan et al., 2020) 5,15 05 Olo Ol ks
¥ 4l 9 DNA (sgmidhiio


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

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

5> DMl LS o LS) 5 giw 4 15 (SAM) 0 s
S e slaos SDNA (g5Ludilen J5b
@lsl w s s gbaaciy o |y iy claais
2 sla S slowl L Dnmt3b 5 Dnmit3a .S 0
S o S8 a0 Ol ot 4 ¢ DNA 0ol
33 S5 53 sla g 5l eslizal b DNA sl
SoI> g Jsl e Jail jl Cmilen L 05 O
O sMhie ki 58 00 0 Ol o b5 Eel DNA 4y
el (( Salss0 5 (gl sl S L DNA
% Iy La s as 0T Jlasl 5 DNA (glmaw
e 15 35 0l 555 4 DNAJUGS! i . das o
(Akbari, 2015) das
(GRS i ol ) 285 5 21 o oS )
oI el ek g Lol iy 55 Lyl s
0-OAT 5P5CS (sLa05 53 1) DNA & s wdhze g3
L oo e &S Aadpr UL g sbse ol Al
Jotd DNA 0 e 5153 5 S (St (sl 25
OLS b o Al el el ool Ol 4 5> 5 0l
o5 Al o b 51 Lal S oI DNA O sudlzes
53 =2 05 0l YL gl Ldlaze 5 05
U5 L 33 OLE 3 ea s eds 2 L eSS Ol
A edalie (T O oyl 5 )5 Al S ey
sl S 25 JilejT & s ((Zhang et all., 2013)
(i abasl> s £55 chbﬁ DNA { swdlie
St G Ll 53 e 5T SaamalE s
= RO S U S Iy 3 PP PP U S EvoNe-
prwu;@dg\w\_@
bl a5 05 Ol sla S 5 DNA gl
slaze sla S U5, .(Colaneri and Jones, 2013)
LY Sl eslimul L g = oS 55 DNA 0 gz
3 R Jamis slan ¥ (St e
L DNA O sudhzs a5 505 0L LgTFr glads s
ONA &g o s Sooran 215 o
DNA & sdhite Lo Sl 350 20 Jao | et s

AO

AT Jdsas sl Hlsasls) s 4S50
A8 o s Sl Sl s Sl i ()6 Sl
G Sy oty (S 3 b 0 Eol &S g Y
Sose 53 5 edsle SU oL alile )3 4o
s oS bssay Ll b een Isdos 1S
i 4 OT Jreosd Csl 05T bl a0l iy
Cosls dal g 1y 5 Shae 31 o 208 i )5 50k
.(Bossdorf et al., 2008)

)55 JoB S5 g) i S DNA O gedlite
OMN g 030 o s (e 5155 Hlee L ST
(7 S edsn 03 gt Ok (S seed O eDhite
{(Ueda and Seki, 2020) Jas oo &5 o) s s
S 63 DNA (lajl el 5 e Lo g LT 5 oyl
«CHG 5 CG) O,)line &) sty (555 siem bl oy
s35d oo ;LS (CHH) O, 5 (H=A, TL.C
dsT 5 &S DNA O sudhs L(Vyse et al., 2020)
OT slagaly 5oL goi s Aiy L ong plyoaS
%5 BOSDNA s Do Jae 1 53 sl Lo e
e S e sl 53 05 Joe (s S oo
O s—edhites lasli 5 A8 (o i )5
&3lwdl el Y sans (DNA I fie 05 S (o)
0 3 O edhte 45T JUs y3 0045 0 Lad)
3sh e a0 0Ly mile “.x;;f.xfl,”a,u;fﬁz;s
S i )3 Y yane &5 ol .(Sousa et al., 2022)
w8 s S gl abbl b dy o &l 4 o T
a8 T 4 Jommite (215 Lt 2,1 Z3ol 4
6L 3DNA & Joze glaey 5 0 0l a8 o
(s g 40 i 3 Jin il sl S 0t
L 15 ks sl 05y o dien (S ) O i
23 5La05 Ol i Cel DNA lads 28 55 ¢ 5
Loos S ol i oo 0455 3 52 yo Sli 4
031> i DNAQMO?S}J%&JY‘;J:&LSLA..U%
Slap 5T 253 5Lk o 58 DNA e 5 5

JeisT S- e 03,5 (DMS) 1 ,auil 5 2o DNA


https://blog.faradars.org/%D9%87%D9%85%D8%A7%D9%86%D9%86%D8%AF%D8%B3%D8%A7%D8%B2%DB%8C-dna/
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

.(Godwin and Farrona, 2020)

o T (Sl Il i 9 (S o dmiii

R N e SL g c g

5 GslaS S5 gl g Aoy o Sl
HETOwlu) Pl 4 g odd i plde ol
a9y Comaz (MBS el 5 o) s el
SLa by el (59 Al &S5 Ol A
mobign |t 5 (6868 555 5 2 58) Jglis
el 5 (55 i a5 (6,55L8) S5
W35 0k Sl olalys g lyls (S5 b
o b e s gdmee 5oL 5 Sl 6,0 4 5L
Ol 3 Al or s o 5 S ] s
Sla Jomoly Ol s o S (slas 5L o)
(35 3 DS AN 5 5 gl 0l sk
L g sn Sl oy tp Slin 5 p 555 1 cp s Sl 5
S5dgr Lol g odd (RS alibl sl Cely A5
Slagnly b gr azlpe 25 L autay 7 LS
CaiS bl aals i A g Scwle g So a8
S8 5 25 OLALE 3 baody (ol ity
slas gy dia il (ol slaast 5 OT i oslizal
OLalS 48 5 50 il 4 03 (g o) (il
a5 Gl s glash g, 4lg
&l (s p S e 555 25 4 1 OT 5 Al
S Sl 655 5 0 S gl Sl ki
Looen b (658 5l 5 0lS s a5 gl W05 plaS
ol bl e o a2l ST (on a3 i g 0 O
3 s 5 ALS il (Sl 55 o 03 S
gt cmal ol D3l s K03 25 4 55
Sla i L amlge 53 1, 0als S5 g5 ool
T s ol 53 a8 ) bolen blei o0 DU o
o abbl> s s gladl b o Lalis (i esls
S303LES Gl ol 5 S 5e Sl sy 4 ol S
Jlm 53 ilodd s 5l 5 o5 Lama L L

A7

Iy stal g2 DNA o 5 4 o dw gy ol olulis
SCi A ey o I DNA 055 15
a;,jTMJ_A\,@ﬁ,;@\f;\_w Slagenly b sy
s S50 G gl (Sapna et al., 2020) Cl
i a8 sls oL (Fragaria vesca) i u.isjé
o 53 ol (S gl bl ST sl S
(De Kort et al., 2020) >3- . DNA O sl
LS p5=5 J=5 s ol el sl b5
DNA 0 swdlie 45 515 9Lz Boea hygrometrica
3,3 WTV'( i adasl 5 (glo sl slas 4,8
Lol Ol cp adasly oy 5 .(Sun et al., 2021)
4S 315 0L odld adze DNA =l 5 Ly 25 sl
DNA O swdhie dhew sty 2 abile S g9, OYVY
OLSes 5 55 (LI et al., 2019) Ly oo o by
absl> ;5 DNA {sdls ia (Kou et al., 2021)
oS Sla i Ll b 5o g pl)1 (Sl s
N sz 25 1y glibo s slasles 5 (Sas
ol alze (155 45 515 OLES OUT alejT ol . tisls
ols ol 5 05 0L S ) el gLuls (WDMR)
GLEDMR b o 5 oo Catls codi s bl
53 5LOC_0s05g38150 | 55 a5 b ,5 25 abasl
el g Lad odalis LOC_Os08933720 o5 asibs
éﬁ,géxsﬁwuduojogwﬁu
ddy do e ys (Sia 25 (Kouetal., 2021) Lus
23DNA O pdlze (S s ok el s,
Q\m;:wlﬁucsﬂ,aujﬂizewdudp
ssb il by e ey Slis A5 &S Sl
o 03 e (o553 DS s ol 5 ) S
(Auler et al., 2021) LSkl S Oloean ad> 40
Lo (Hlslp a8 215 0L 0 Ol ol 5 4 52
1 LT oS08 (5la03 0l b oo Siaunen
SO 55l Sk (s 6L Aal g g sama o
59 SBF—al 531y Sy S s
:)‘AJHJ&U:;_IQLTJJ_AJ;_?LBB


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

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

5 0,y oml slazel LB 5 385 glas IS LS U TLI8 51 glodn) 53 dal g 4SSl b ol
c)l{)J‘}:thC.M‘erOJ}&P@.JJ‘JLQ%Qu.:Z}J ogﬂ‘wwb‘j@]’r{wwjuh"
e, BT (5l S&s 5 2 ail plgs ke 5 bt sl g5 oLwlis ooyl 54 >
.:ﬁo:l:@b\c&T&b—;@l:f«Eeb- G‘HJP@lﬁ}@L’:&BJ}J}y
References ooliiul 350 2l

Akbari, F. 2015. DNA methylation mechanism, its position and function in genetic activities. International
Conference on Applied Research in Agriculture, Tehran, Iran. https://civilica.com/doc/414841.

Amini, A., Majidi, M.M., Mokhtari, N. and Ghanavati, M. 2023. Drought stress memory in a germplasm of
synthetic and common wheat: antioxidant system, physiological and morphological consequences. Scientific
Reports, 13(1), 8569. https://doi.org/10.1038/s41598-023-35642-2

Auler, P.A., do Amaral, M.N., Braga, E.J.B. and Maserti, B. 2021. Drought stress memory in rice guard cells:
Proteome changes and genomic stability of DNA. Plant Physiology and Biochemistry, 169, pp.49-62.
https://doi.org/10.1016/J.PLAPHY.2021.10.028

Borg, M., Jacob, Y., Susaki, D., LeBlanc, C., Buendia, D., Axelsson, E., Kawashima, T., Voigt, P., Boavida, L.,
Becker, J., Higashiyama, T., Robert Martienssen R. and Berger, F. 2020. Targeted reprogramming of
H3K27me3 resets epigenetic memory in plant paternal chromatin. Nature Cell Biology, 22(6), pp. 621-629.
https://doi.org/10.1038/s41556-020-0515-Y.

Bossdorf, O., Richards, C.L. and Pigliucci, M. 2008. Epigenetics for ecologists. Ecology Letters, 11, pp.106-115.
doi: 10.1111/j.1461-0248.2007.01130.x

Bruce, T.J., Matthes, M.C., Napier, J.A. and Pickett, J.A. 2007. Stressful “memories” of plants: Evidence and
possible mechanisms. Plant Science, 173, pp.603-608. https://doi.org/10.1016/j.plantsci.2007.09.002

Colaneri, A.C. and Jones, A.M. 2013. Genome-wide quantitative identification of DNA differentially methylated
sites in Arabidopsis seedlings growing at different water potential. PLoS ONE, 8(4), 8:€59878.
https://doi.org/10.1371/journal.pone.0059878

Crisp, P.A., Ganguly, D., Eichten, S.R., Borevitz, J.0. and Pogson, B.J. 2016. Reconsidering plant memory:
Intersections between stress recovery, RNA turnover, and epigenetics. Science Advances, 2(2), €1501340.
https://doi.org/10.1126/sciadv.1501340

de Freitas Guedes, F.A., Menezes-Silva, P.E., DaMatta, F.M. and Alves- Ferreira, M. 2019. Using
transcriptomics to assess plant stress memory. Theoretical and Experimental Plant Physiology, 31, pp.47-58.
https://doi.org/10.1007/s40626-018-0135-0

Dekker, J. and Misteli, T. 2015. Long-range chromatin interactions. Cold Spring Harbor Perspectives in Biology,
7(10), a019356. https://doi.org/10.1101/cshperspect.a019356.

De Kort, H., Panis, B., Deforce, D., Van Nieuwerburgh, F. and Honnay, O. 2020. Ecological divergence of wild

AY


https://www.nature.com/articles/s41556-020-0515-y#auth-Michael-Borg-Aff1
https://www.nature.com/articles/s41556-020-0515-y#auth-Yannick-Jacob-Aff2-Aff3
https://www.nature.com/articles/s41556-020-0515-y#auth-Daichi-Susaki-Aff4
https://www.nature.com/articles/s41556-020-0515-y#auth-Chantal-LeBlanc-Aff3
https://www.nature.com/articles/s41556-020-0515-y#auth-Daniel-Buend_a-Aff1
https://www.nature.com/articles/s41556-020-0515-y#auth-Elin-Axelsson-Aff1
https://www.nature.com/articles/s41556-020-0515-y#auth-Tomokazu-Kawashima-Aff1-Aff5
https://www.nature.com/articles/s41556-020-0515-y#auth-Philipp-Voigt-Aff6
https://www.nature.com/articles/s41556-020-0515-y#auth-Leonor-Boavida-Aff7-Aff8
https://www.nature.com/articles/s41556-020-0515-y#auth-J_rg-Becker-Aff7
https://www.nature.com/articles/s41556-020-0515-y#auth-Tetsuya-Higashiyama-Aff4
https://www.nature.com/articles/s41556-020-0515-y#auth-Robert-Martienssen-Aff2
https://www.nature.com/articles/s41556-020-0515-y#auth-Fr_d_ric-Berger-Aff1
https://doi.org/10.1038/s41556-020-0515-y
https://doi.org/10.1016/j.plantsci.2007.09.002
https://doi.org/10.1007/s40626-018-0135-0
https://doi.org/10.1101%2Fcshperspect.a019356
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

strawberry DNA methylation patterns at distinct spatial scales. Molecular Ecology, 29, pp.4871-4881.
https://doi.org/10.1111/mec.15689

de Oliveira Sousa, A.R., Ribas, R.F., Coelho Filho, M.A., Freschi, L., Ferreira, C.F., dos Santos Soares Filho,
W., Perez-Molina, J.P. and da Silva Gesteira, A. 2022. Drought tolerance memory transmission by citrus
buds. Plant Science, 320, 111292. https://doi.org/10.1016/j.plantsci.2022.111292

Ding, Y., Fromm, M. and Avramova, Z. 2012. Multiple exposures to drought ‘train’ transcriptional responses in
Arabidopsis. Nature Communications, 3, 740. https://doi.org/10.1038/ncomms1732

Ding, Y., Liu, N., Virlouvet, L., Riethoven, J.J., Michael Fromm, M. and Avramova, Z. 2013. Four distinct
types of dehydration stress memory genes in Arabidopsis thaliana. BMC Plant Biology, 13, pp.1-11.
https://doi.org/10.1186/1471-2229-13-229

Ding, Y., Virlouvet, L., Liu, N., Riethoven, J.J., Fromm, M. and Avramova, Z. 2014. Dehydration stress
memory genes of Zea mays; comparison with Arabidopsis thaliana. BMC Plant Biology, 14, pp.1-15.
https://doi.org/10.1186/1471-2229-14-141.

Fleta-Soriano, E. and Munné-Bosch, S. 2016. Stress memory and the inevitable effects of drought: A
physiological perspective. Frontiers in Plant Science, 7, 143. https://doi.org/10.3389/fpls.2016.00143

Fleta-Soriano, E., Pinto-Marijuan, M. and Munné-Bosch, S. 2015. Evidence of drought stress memory in the
facultative CAM, Aptenia cordifolia: Possible role of phytohormones. PLoS ONE, 10, e0135391.
https://doi.org/10.1371/journal.pone.01353 91

Forestan, C., Farinati, S., Zambelli, F., Pavesi, G., Rossi, V. and Varotto, S. 2020. Epigenetic signatures of
stress adaptation and flowering regulation in response to extended drought and recovery in Zea mays. Plant Cell
& Environment, 43, pp.55-75. https://doi.org/10.1111/pce.13660

Friedrich, T., Faivre, L., Baurle, 1. and Schubert, D. 2019. Chromatin-based mechanisms of temperature memory
in plants. Plant Cell & Environment, 42, pp.762—770. https://doi.org/10.1111/pce.13373

Gagliano, M., Renton, M., Depczynski, M. and Mancuso, S. 2014. Experience teaches plants to learn faster and
forget slower in environments where it matters. Oecologia, 175(1), pp.63—72. https://doi.org/10.1007/s00442-
013-2873-7

Ghasemi, M., Majidi, M.M., Ehsanzadeh, P., Mosaddeghi, M.R. and Etemadi, M. 2024. Improving drought
tolerance in smooth bromegrass by mild drought stress induction in vegetative growth stage. Journal of Soil and
Plant Interactions, 14(4), pp.85-102. [In Persian]. https://doi.org/10.47176/jspi.14.4.03602

Godwin, J. and Farrona, S. 2020. Plant epigenetic stress memory induced by drought: A physiological and
molecular perspective. In: Farrona, S. (Ed.) Plant Epigenetics and Epigenetics (Second Edition). Springer, New
York. USA.

Grativol, C., Hemerly, A.S. and Gomes Ferreira, P.C. 2012. Genetic and epigenetic regulation of stress responses

in  natural plant  populations. Biochimica et  Biophysica  Acta, 1819, pp.176-185.

A


https://doi.org/10.1038/ncomms1732
https://pubmed.ncbi.nlm.nih.gov/?term=Ding+Y&cauthor_id=24377444
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+N&cauthor_id=24377444
https://pubmed.ncbi.nlm.nih.gov/?term=Virlouvet+L&cauthor_id=24377444
https://pubmed.ncbi.nlm.nih.gov/?term=Riethoven+JJ&cauthor_id=24377444
https://pubmed.ncbi.nlm.nih.gov/?term=Fromm+M&cauthor_id=24377444
https://pubmed.ncbi.nlm.nih.gov/?term=Avramova+Z&cauthor_id=24377444
https://doi.org/10.1186/1471-2229-13-229
https://pubmed.ncbi.nlm.nih.gov/?term=Ding+Y&cauthor_id=24885787
https://pubmed.ncbi.nlm.nih.gov/?term=Virlouvet+L&cauthor_id=24885787
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+N&cauthor_id=24885787
https://pubmed.ncbi.nlm.nih.gov/?term=Riethoven+JJ&cauthor_id=24885787
https://pubmed.ncbi.nlm.nih.gov/?term=Fromm+M&cauthor_id=24885787
https://pubmed.ncbi.nlm.nih.gov/?term=Avramova+Z&cauthor_id=24885787
https://doi.org/10.1186/1471-2229-14-141
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

https://doi.org/10.1016/j.bbagrm.2011.08.010

Groot, M.P., Kooke, R., Knoben, N., Vergeer, P., Keurentjes, J.J.B., Ouborg, N.J. and Verhoeven, K.J.F.
2016. Effects of multi-generational stress exposure and offspring environment on the expression and persistence
of  transgenerational  effects in  Arabidopsis thaliana. PLoS ONE, 11(3), €0151566.
https://doi.org/10.1371/journal.pone.0151566

Haider, S., Igbal, J., Shaukat, M., Naseer, S. and Mahmood, T. 2021. The epigenetic chromatin-based regulation
of somatic heat stress memory in plants. Plant Gene, 27, 100318. https://doi.org/10.1016/j.plgene.2021.100318

Hou, P., Wang, F., Luo, B., Li, A., Wang, C., Shabala, L., Ahmed, H.A.l,, Deng, S., Zhang, H., Song, P.,
Zhang, Y., Shabala, S. and Chen, L. 2021. Antioxidant enzymatic activity and osmotic adjustment as
components of the drought tolerance mechanism in Carex duriuscula. Plants, 10(3), 436.
doi:10.3390/plants10030436.

Kim, J.M., To, T.K,, Ishida, J., Matsui, A., Kimura, H. and Seki, M. 2012. Transition of chromatin status during
the process of recovery from drought stress in Arabidopsis thaliana. Plant and Cell Physiology, 53(5), pp.847—
856. https://doi.org/10.1093/pcp/pcs053

Kim, Y.K,, Chae, S., Oh, N.l., Nguyen, N.H. and Cheong, J.J. 2020. Recurrent drought conditions enhance the
induction of drought stress memory genes in Glycine max L. Frontiers in Genetics, 11, 576086.
https://doi.org/10.3389/fgene.2020.576086.

Kinoshita, T. and Seki, M. 2014. Epigenetic memory for stress response and adaptation in plants. Plant and Cell
Physiology, 55, pp.1859-1863. https://doi.org/10.1093/pcp/pcul2s

Klengel, T., Dias, B.G. and Ressler, K.J. 2016. Models of intergenerational and transgenerational transmission of
risk for psychopathology in mice. Neuropsychopharmacology, 41(1), pp.219-231.
https://doi.org/10.1038/npp.2015.249

Kou, S., Gu, Q., Duan, L., Liu, G., Yuan, P., Li, H., Wu, Z., Liu, W., Huang, P. and Liu, L. 2021. Genome-
wide bisulphite sequencing uncovered the contribution of DNA methylation to rice short-term drought memory
formation. Journal of Plant Growth Regulation, 41, pp.2903-2917. https://doi.org/10.1007/s00344-021-10483-3

Lamke, J. and Baurle, I. 2017. Epigenetic and chromatin-based mechanisms in environmental stress adaptation
and stress memory in plants. Genome Biology, 18(1), 124. https://doi.org/10.1186/s13059-017-1263-6

Lau, J.A., Peiffer, J., Reich, P.B. and Tiffin, P. 2008. Transgenerational effects of global environmental change:
Long-term CO2 and nitrogen treatments influence offspring growth response to elevated CO» Oecologia,
158(1), pp.141-150. https://doi.org/10.1007/500442-008-1127-6

Leuendorf, J.E., Frank, M. and Schmulling, T. 2020. Acclimation, priming and memory in the response of
Arabidopsis thaliana seedlings to cold stress. Scientific Reports, 10, 689. https://doi.org/10.1038/s41598- 019-
56797-x

Li, X. and Liu, F. 2016. Drought Stress Memory and Drought Stress Tolerance in Plants: Biochemical and

A4


https://doi.org/10.1016/j.bbagrm.2011.08.010
https://doi.org/10.1093/pcp/pcs053
https://pubmed.ncbi.nlm.nih.gov/?term=Kim%20YK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Oh%20NI%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nguyen%20NH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cheong%20JJ%5BAuthor%5D
https://doi.org/10.3389%2Ffgene.2020.576086
https://doi.org/10.1038/npp.2015.249
https://doi.org/10.1007/s00442-008-1127-6
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

Molecular Basis. p. 17-44. In: Hossain, M.A. (Ed.) Drought Stress Tolerance in Plants 1. Springer, Cambridge.
https://doi.org/10.1007/978-3-319-28899-4_2

Li, X., Tan, D.X,, Jiang, D. Liu, F. 2016. Melatonin enhances cold tolerance in drought-primed wild-type and
abscisic  acid-deficient mutant  barley. Journal of Pineal Research, 61, pp.328-339.
https://doi.org/10.1111/jpi.12350

Li, P, Yang, H., Wang, L., Liu, H., Huo, H., Zhang, C., Liu, A., Zhu, A., Hu, J.,, Lin, Y. and Liu, L. 2019.
Physiological and transcriptome analyses reveal short-term responses and formation of memory under drought
stress in rice. Frontiers in Genetics, 10, 55. https://doi.org/10.3389/fgene.2019.00055

Liu, X., Challabathula, D., Quan, W. and Bartels, D. 2019. Transcriptional and metabolic changes in the
desiccation tolerant plant Craterostigma plantagineum during recurrent exposures to dehydration. Planta, 249,
pp.1017-1035. https://doi.org/10.1007/s00425-018-3058-8

Liu, N., Ding, Y., Fromm, M. and Avramova, Z. 2014. Different gene-specific mechanisms determine the
‘revised-response’ memory transcription patterns of a subset of A. thaliana dehydration stress responding genes.
Nucleic Acids Research, 42, pp.5556-5566. https://doi.org/10.1093/nar/gku220

Liu, H., Able, A.J. and Able, J.A. 2021. Priming crops for the future: rewiring stress memory. Trends in Plant
Science, 27(7), pp.699-716. https://doi.org/10.1016/j.tplants.2021a.11.015

Liu, L., Cao, X., Zhai, Z., Ma, S., Tian, Y. and Cheng, J. 2022a. Direct evidence of drought stress memory in
mulberry from a physiological perspective: antioxidative, osmotic and phytohormonal regulations. Plant
Physiology and Biochemistry, 186, pp.76-87. https://doi.org/10.1016/j.plaphy.2022.07.001

Liu, X., Quan, W. and Bartels, D. 2022b. Stress memory responses and seed priming correlate with drought
tolerance in plants: an overview. Planta, 255, 45. https:// doi.org/10.1007/s00425-022-03828-z

Luki¢, N., Schurr, F.M., Trifkovi¢, T., Kukavica, B. and Walter, J. 2023. Transgenerational stress memory in
plants is mediated by upregulation of the antioxidative system. Environmental and Experimental Botany, 205,
105129. https://doi.org/10.1016/j.envexpbot.2022.105129

Mahmood, T., Khalid, S., Abdullah, M., Ahmed, Z., Shah, M.K.N., Ghafoor, A. and Du, X. 2020. Insights into
drought stress signaling in plants and the molecular genetic basis of cotton drought tolerance. Cells, 9, 105.
https://doi.org/10.3390/cells9010105

Munné-Bosch, S. and Alegre, L. 2013. Cross-stress tolerance and stress “memory” in plants. Environmental and
Experimental Botany, 94, pp.1-88. doi: 10.1016/j.envexpbot.2013.02.002

Nourbakhsh, V., Majidi, M.M. and Abtahi, M. 2023. Drought stress memory in orchardgrass and the role of
marker-based parental selection for physiological and antioxidant responses. Plant Physiology and Biochemistry,
204, 108061. doi: 10.1016/j.plaphy.2023.108061

Rajak, J. 2021. A preliminary review on impact of climate change and our environment with reference to global

warming. International Journal of Environmental Science, 10, pp.11-14.

q.


https://doi.org/10.1016/j.envexpbot.2022.105129
https://doi.org/10.3390/cells9010105
http://dx.doi.org/10.1016/j.envexpbot.2013.02.002
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

Ramirez, D.A., Rolando, J.L., Yactayo, W., Monneveux, P., Mares, V. and Quiroz, R. 2015. Improving potato
drought tolerance through the induction of long-term water stress memory. Plant Science, 238, pp.26-32.
https://doi.org/10.1016/j.plantsci.2015.05.016

Saeidnia, F., Majidi, M.M., Dehghani, M.R., Mirlohi, A. and Araghi, B. 2021a. Multi environment evaluation of
persistence and drought tolerance in smooth bromegrass (Bromus inermis): Genetic analysis for stability in
combining ability. Crop and Pasture Science, 72, pp.565-574. https://doi.org/ 10.1071/CP21018

Saeidnia, F., Majidi, M.M. and Hosseini, E. 2023a. Simultaneous effect of water deficit and mating systems in
fennel (Foeniculum vulgare Mill.): Genetics of phytochemical compositions and drought tolerance. Agricultural
Water Management, 277, 108122. https://doi.org/ 10.1016/j.agwat.2022.108122

Saeidnia, F., Majidi, M.M. and Mirlohi, A. 2021b. Marker-trait association analysis for drought tolerance in
smooth bromegrass. BMC Plant Biology, 21, 116. https:// doi. org/ 10. 1186/s12870- 021- 02891-0

Saeidnia, F., Majidi, M.M., Mirlohi, A. and Ahmadi, B. 2018. Physiological responses of drought tolerance in
orchardgrass (Dactylis glomerata) in association with persistence and summer dormancy. Crop and Pasture
Science, 69, pp.515-526. https://doi.org/ 10.1071/CP17314

Saeidnia, F., Majidi, M.M., Mirlohi, A. and Bahrami, S. 2019. Inheritance and combining ability of persistence
and drought recovery in smooth bromegrass (Bromus inermis L.). Euphytica, 215, 177. https://doi.org/ s10681-
019-2500-8

Saeidnia, F., Majidi, M.M., Mirlohi, A., Spanani, S., Karami, Z. and Abdollahi Bakhtiari, M. 2020a. A genetic
view on the role of prolonged drought stress and mating systems on post-drought recovery, persistence and
drought memory of orchardgrass (Dactylis glomerata L.). Euphytica, 216, 91 https://doi.org/10.1007/s10681-
020-02624-8

Saeidnia, F., Majidi, M.M., Spanani, S., Abdollahi Bakhtiari, M., Karami, Z. and Hughes, N. 2020b.
Genotypic-specific responses caused by prolonged drought stress in smooth bromegrass (Bromus inermis):
Interactions with mating systems. Plant Breeding, 139, pp.1029-1041. https://doi.org/ 10.1111/pbr.12846

Saeidnia, F., Shoormij, F., Mirlohi, A., Soleimani Kartalaei, E., Mohammadi, M. and Sabzalian, M.R. 2023b.
Drought adaptability of different subspecies of tetraploid wheat (Triticum turgidum) under contrasting moisture
conditions: Association with solvent retention capacity and quality-related traits. PLoS ONE, 18(2), e0275412.
https://doi.org/10.1371/journal.pone.0275412

Sapna, H., Ashwini, N., Ramesh, S. and Nataraja, K. 2020. Assessment of DNA methylation pattern under
drought stress using methylation- sensitive randomly amplified polymorphism analysis in rice. Plant Genetic
Resources, 18, pp.222-230. https://doi.org/10.1017/S1479262120000234

Savvides, A., Ali, S., Tester, M. and Fotopoulos, V. 2016. Chemical priming of plants against multiple abiotic
stresses: mission possible? Trends in Plant Science, 21, pp-329-340.

https://doi.org/10.1016/j.tplants.2015.11.003

N


https://doi.org/10.1007/s10681-020-02624-8
https://doi.org/10.1007/s10681-020-02624-8
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

Sher, A., Sarwar, T., Nawaz, A., ljaz, M., Sattar, A. and Ahmad, S. 2019. Methods of Seed Priming. p. 1-10. In:
Hasanuzzaman, M. Fotopoulos, V. (Eds.) Priming and Pretreatment of Seeds and Seedlings. Springer,
Singapore. https://doi.org/10.1007/978-981-13-8625-1 1

Singh, R.K. and Prasad, M. 2022. Delineating the epigenetic regulation of heat and drought response in plants.
Critical Reviews in Biotechnology, 42(4), pp.548-561. https://doi.org/10.1080/07388551.2021.1946004

Smulders, M. and De Klerk, J. 2011. Epigenetics in plant tissue culture. Plant Growth Regulation, 63, pp.137-146.
https://doi.org/10.1007/s10725-010-9531-4

Sun, R.Z,, Liu, J., Wang, Y.Y. and Deng, X. 2021. DNA methylation-mediated modulation of rapid desiccation
tolerance acquisition and dehydration stress memory in the resurrection plant Boea hygrometrica. PLo0S
Genetics, 17(4), e1009549. https://doi.org/10.1371/journal.pgen.1009549

Thiebaut, F., Hemerly, A.S. and Ferreira, P.C.G. 2019. A role for epigenetic regulation in the adaptation and
stress responses of non-model plants. Frontiers in Plant Science, 10, 246.
https://doi.org/10.3389/fpls.2019.00246

Tian, Z., Li, K., Sun, Y., Zhang, S., Chen, B., Pan, Z., Pang, B., Miao, Y., Du, X. and He, S. 2022. Physiological
and transcriptional analyses reveal formation of memory under recurring drought stresses in Gossypium
hirsutum. Plant Science, 338, 111920. https://doi.org/10.22541/au.165389768. 89159040/v1

Trewavas, A. 2003. Aspects of plant intelligence. Annals of Botany, 92, pp.1-20.
https://doi.org/10.1093/aob/mcg101

Ueda, M. and Seki, M. 2020. Histone modifications form epigenetic regulatory networks to regulate abiotic stress
response. Plant Physiology, 182, pp.15-26. https://doi.org/10.1104/pp.19.00988

van Dooren, T.J.M., Silveira, A.B., Gilbault, E., Jimenez-Gomez, J.M., Martin, A., Bach, L., Tisne, S,
Quadrana, L., Loudet, O. and Colot, V. 2020. Mild drought in the vegetative stage induces phenotypic, gene
expression, and DNA methylation plasticity in Arabidopsis but no transgenerational effects. Journal of
Experimental Botany, 71(12), pp.3588-3602. https://doi.org/10.1093/jxb/eraal32

Virlouvet, L. and Fromm, M. 2015. Physiological and transcriptional memory in guard cells during repetitive
dehydration stress. New Phytology, 205, pp.596-607. https://doi.org/10.1111/nph.13080

Vyse, K., Faivre, L., Romich, M., Pagter, M., Schubert, D., Hincha, D.K. and Zuther, E. 2020. Transcriptional
and post-transcriptional regulation and transcriptional memory of chromatin regulators in response to low
temperature. Frontiers in Plant Science, 11, 39. https://doi.org/10.3389/fpls.2020.00039

Walter, J., Jentsch, A., Beierkuhnlein, C. and Kreyling, J. 2013. Ecological stress memory and cross stress
tolerance in plants in the face of climate extremes. Environmental and Experimental Botany, 94, pp.3-8.
https://doi.org/10.1016/j envexpbot.2012.02.009

Walter, J., Nagy, L., Hein, R., Rascher, U., Beierkuhnlein, C., Willner, E. and Jentsch, A. 2011. Do plants

remember drought? Hints towards a drought-memory in grasses. Environmental and Experimental Botany, 71,

ax


https://doi.org/10.1080/07388551.2021.1946004
https://doi.org/10.22541/au.165389768.%2089159040/v1
https://doi.org/10.1093/aob/mcg101
https://doi.org/10.1093/jxb/eraa132
https://doi.org/10.3389/fpls.2020.00039
https://agrobreedjournal.ir/article-1-1349-en.html

[ Downloaded from agrobreedjournal.ir on 2025-10-16 ]

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

pp.34-40. https://doi.org/10.1016/j.envexpbot.2010.10.020

Wang, X., Vignjevic, M., Liu, F., Jacobsen, S., Jiang, D. and Wollenweber, B. 2015. Drought priming at
vegetative growth stages improves tolerance to drought and heat stresses occurring during grain filling in spring
wheat. Plant Growth Regulation, 75(3), pp.677—-687. https://doi.org/10.1007/s10725-014-9969-x

Whittle, C.A., Otto, S.P., Johnston, M.O. and Krochko, J.E. 2009. Adaptive epigenetic memory of ancestral
temperature regime in Arabidopsis thaliana. Botany, 87(6), pp.650-657. https://doi.org/10.1139/B09-030

Woijtyla, L., Paluch-Lubawa, E., Sobieszczuk-Nowicka, E. and Garnczarska, M. 2020. Drought stress memory
and subsequent drought stress tolerance in plants. p. 115-131. In: Hossain, M.A et al. (Eds.) Priming-Mediated
Stress and Cross-Stress Tolerance in Crop Plants. Elsevier, Amsterdam. https://doi.org/10.1016/B978-0-12-
817892-8. 00007-6

Xin, Z. and Browse, J. 2000. Cold comfort farm: the acclimation of plants to freezing temperatures. Plant Cell and
Environment, 23(9), pp.893-902. https://doi.org/10.1046/j.1365-3040.2000.00611.x

Zentner, G.E. and Henikoff, S. 2013. Regulation of nucleosome dynamics by histone modifications. Nature
Structural and Molecular Biology, 20, pp.259-266. https://doi.org/10.1038/nsmb.2470

Zhang, C.Y., Wang, N.N., Zhang, Y.H., Feng, Q.Z., Yang, C.W. and Liu, B. 2013. DNA methylation involved
in proline accumulation in response to osmotic stress in rice (Oryza sativa). Genetics and Molecular Research,
12(2), pp.1269-1277. https://doi.org/10.4238/2013.april.17.5

Zheng, X., Chen, L., Li, M., Lou, Q., Xia, H., Wang, P., Li, T., Liu, H. and Luo, L. 2013. Transgenerational
variations in DNA methylation induced by drought stress in two rice varieties with distinguished difference to

drought resistance. PLoS ONE, 8(11):e80253. https://doi.org/10.1371/journal.pone.0080253

qy


https://doi.org/10.1016/j.envexpbot.2010.10.020
https://doi.org/10.4238/2013.april.17.5
https://agrobreedjournal.ir/article-1-1349-en.html
http://www.tcpdf.org

