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Physiological and molecular mechanisms of oxidative stress tolerance in mutant
genotypes of rice (Oryza sativa L. cv. Hashemi) under salt stress conditions

Khazaie, L.! and R. Shirzadian-Khoramabad?

ABSTRACT

Khazaie, L. and R. Shirzadian-Khoramabad. 2023. Physiological and molecular mechanisms of oxidative stress tolerance in
mutant genotypes of rice (Oryza sativa L. cv. Hashemi) under salt stress conditions. Iranian Journal of Crop Sciences. 25(1):
190-206. (In Persian).

Introduction: Soil salinity is one of the environmental stresses that causes the accumulation of reactive oxygen
species (ROS), and oxidative stress, and consequently, reduces crop growth and production. Antioxidative
mechanisms are critical to protect cells from the adverse effects of ROS.

Material and Methods: Thhis study was conducted in nutrient solution in Rice Research Institute of Iran,
Rasht, Iran in 2019. The enzymatic activity and expression of effective genes on antioxidant defense were
examined in two selected mutant genotypes (em3hs290 and em3hs84) tolerant to salinity stress, with Hashemi
local cultivar, FL478 (tolerant) and IR28 (sensitive) genotypes. Biochemical traits including the activity of
antioxidant enzymes, peroxidase, catalase, and ascorbate peroxidase, and the relative expression of genes
encoding transcription factors (SNACI, DREB2B, and DREB2A) and genes associated with oxidative stress
(OsAOX1C.POX1 «OsGR1 (OsAPX2 and OsGPX1) were also measured and detected using real-time PCR
technique.

Results: The results showed that enzymatic activity of peroxidase (POX) in control cultivars (cv. Hashemi and
IR28 cultivars) and ascorbate peroxidase (APX) in tolerant mutant genotypes and FL478 cultivar increased
significantly. The genes expression associated with salinity stress tolerance also indicated that despite the
variable behavior of the genes in the studied mutant genotypes, the expression of OSGR1, DREB2B, OsAOX1C
and POX1 genes in studied tolerant mutants was more than susceptible cultivar. Transcript abundance of the
OsAPX2 gene was significantly higher in salt-tolerant genotypes under short-term salinity stress and correlated
with peroxide hydrogen removal and increased activity of ascorbate peroxidase enzyme.

Conclusion:The lack of similarity inthe expression pattern of studied genes between the two salt-tolerant
mutant genotypes (em4hs290 and em4hs84) and cv. Hashemi showed that the mutation could triger the salt-
tolerance mechanisms in mutant genotypes, in comparison of cv. Hashemi, through emhancement of antioxidant
enzymes activity in response to salt stress. It seemes that the mutant genotypes may have suitable growth in soil
salinity conditions.

Key words: Antioxidant enzymes, Gene expression, Mutation, Rice, Salinity stress and Tolerance

Received: May, 2023 Accepted: September, 2023
1. PhD graduate, University of Guilan, Rasht, Iran. Researcher, Rice Research Institute of Iran, Agricultural Research, Education
and Extension Organization (AREEO), Rasht, Iran

2. Associate Prof., University of Guilan, Rasht, Iran. (Corresponding author) (Email: r.shirzadian@guilan.ac.ir)

IRY


http://agrobreedjournal.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=r.shirzadian-ATSIGN--GMMAAIL-.com&a_ordnum=1306
http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

i ol S ol o5 55 e iy Jal g ol iSTAS
OLs s Jol g ) cin ;8705 e gla 25
S8 5w 5 Joams L dad e 5 205 53 Jsd sla0))
B[Py W e BN S B
(MYB/MYC, AP2/ERF, bZIP, NAC, HD-ZIP Jd:é
Ols )3 oid 9ol oLl (658 25 J1 s NF-Y,)
A os g5 4ol Jeans 5 005 ) ) (F
NAC ¢ 55 o 535 J=ol 5= (Zhu et al., 2010) 5,1
JIOsNAC10 4 OsNACS SNAC1OsNACE  JoL—x
Tr 02 St pb BB & SRSy glaeliS o by
sl iis bw g aSNAC Lol )l eolde  dzun
T 03 g sl b 5 YL (g5 58 (S
33 Al o 5> G Ol e 4 SNACT il il S
Jorl 8 ol s Lol i olS 53 55 4 ey
DREB (The Dehydration Responsive .. s,
s DREB1 g 93— Element Binding Protein)
> 703,533 onl 4S5 Liys oo oonds DREB2
Calides ol_nl:f 348 s ol gl o galdss
JLs-l_wV_a Olgr Blas> lyls T s & gl
5 OSDREB2A L_¢T 9l_s jl 4 S  =_.I DREB2
s VU (o) o Sis gla iis Lw 5 OSDREB2B
.(Matsukura et al., 2010) & 44 g <l Lo S

SRS PR WA PIRT PRC W PP JPRRCR I,
Ol s 34ty 58 s bt p 05 ke
Vsmane 5555 5 5150 (S5 se 5 obondisn
(Reactive Oxygen 351 Jlad slaas S g b

(Lee et al, 2001) &—ul ol —n Species; ROS)

VYU (g8 51 s 40 a8 0581 Jb slass £
ol T r 2254 G Comm 5 (S 50l )
G RS- P EN SN N By S |
S5 3 (AU R 3 L LS L e
93 0551 Jsb (slais € K 53 g ol VL
Gty 2l 5l OLals s o ol IS
20,15 O3S Jad sk S o SIS 1 (6,8 o

14y

400

N el 2l ae Oryzasativa L) o

Wl LT 0)l5 035 4 s sl s 53 5 55Ldn 3/5
3 S ST (55 g Sl BT Ol o
LS ol s Shas 5 sad el ) Cusgidos Lol Lol e
dc_mla.\_&:)}TJ_f D4 oh O pwa (63 al
Lo L (bl 1L Ok Veve 5 iy
Lo Lk cBll 51ty ¥ B Y0 5 dines oyl
S )b U Coms LS sk Vo 350>)
O g 235 BB (g la bl g adls Sl 8
& e OLee 55 (Shahid et al., 2018) 453 o
Jlp 3 S gsb o Ci e o 5 el
Y. WJQASQ‘@AJ?wf)Lg‘WL;
330 (S5 A glin) s IS 20 55 e s
o g oS 5 Shes 5 sy (e s (oo ¥
© olalE (Luttsetal., 1995) b o ShalS s
S ol Lol Uil 5 &S50 5o b 5l 6558 23
Sl S 52503 ot OT Jlisas 5 sk Jls 4 S 5
.(Nongpiur et al., 2020) d_as s wa (S s
e S e (5K se b8 55 oS
23 Gos RS A e f 55 3 g o Al
).su):_..f@bdl.]mr&)_:l&..\_:f&f@'ﬁo\:f
Sl L iy (S5 as o S g5l ()5 250
Cowds G50 Jod SRl 381 6l (g3l 5a 53 (63 9does
s a4 OLalS (glagenly ol oo
iborsn 5 5N g0 s e 5 05 otz 0L
&S e Oy godn LoD ol 31 (ol ool o o
@l20) 5 L5 s Ol o o 25 gl 5l 5o
Lo oI G AT 4 el o T 0L &
JUisl 5 ol odS =S Lo 03,5 a3
G e 53 Jled slads dlacSas L g 2o
B 53 Jos sLals 5 el kiS5 oo
L b e Sligais 55 slacS s 3 olS s

05 Lados &5 Sl oks 3,158 (Hanin et al., 2016)


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

1F Y Ol of A)L‘..:‘(,.?;w;..ﬁx\?g";)\ﬂ\g\)ijpq,:;”

.MJ)M‘)@J{))&)}ZQM

by w9y 9 3Mg0

Jels ilasT jeslinwl 5y 50 ALE 515
Jmoin cadls g Slaml g Camie 55 50
(Khazaie et al., (em4hs84 ;em4hs290) ¢, s 4
5 onils @l igr o Wig Lol en &S W35 2023)
53 S35 4 (rlesm) IR28 5 ( Jasza) FLATS 45
Lot g0 oL 28 o Lo 3T 53 VFAA JLu

A S 15 sl 3y g0 (b)) H5aS g
S A ) ey sl 85 sl
Ddady Lo s gy ek S IS sem Jloes b (b
los byslae,an 055 slaal o Cgar cazds Ve
a0 jasl s glaydn s i gendis 4 53 YV
oS e SLAYEXF XY sl U Cod g gy Olomins
35 ok 3wl OT )3 o il 6 3 b glagr
RS 0sls I3 03 jal e Hds 93 Flosm a o e
Gl sV Oy b gy e s glaamio
osbid cJl-4 (Yoshida et al., 1976) 1uii o J gl
o325 DL a5 ot a Jskoe L 0305 513
Yo Giss ol s s e sl b sl
A glazia g 035 0/0 (535 Jglowe PH .5 5 nalS
Cosd B0 a9 Cod 8 1 e s J S 5L
bl (s A5 IS a5 e ey S o3 V)
5 8 Gost il Sl o LT s
Ai Jlasl (Khazaie et al., 2023) o—ils aly
5 (Gaee) 25 O el 93 53 ()58 A5 lasles
t SloanalS (e p e s V1) s AT
bty Jpdome (S S0 aln O 5 el (S
Jols 58 2 51 (6,8 051l 6555 5 sbe
o 2alS ol sLadS 1 55 S5 5 0As ke
sacS L oasd sk, oS 5 Fusas dack ),
o 4w go 3kl ulal  ameal 6§ s

(Standard Evaluation of Genotypes C’ = skl oy

14y

Lo 5T 5 eslinal L) (cas 5T o lay8 5l 4 &7
GLS 535 0555 88 GYUI G gomy s A4S, 5
o2 3 Gl 5 SlaenST Sl ST
Lads oS 5 ile DS 5T Gl d 550 43 )
L e (0 gL S 5 Al 6, ST
OS5 Lo 3 LT o) s SlansT T laps 5T
(Bian and Jiang Cwl 45 S 1 3 anlllas 35 50 AL
9 o3, S gk =5 2009; Scandalios, 2005)
51 ssld ¢, (Kordrostami et al., 2017) ol LS as
Loses 55 650 RS Ll 0 s (Sl )
.L__Af\ﬂ.yﬁPTg_:Jbédabol_ﬁg_&g{T
Sl sme hsbay $H 50 4 Jomeie pB)] )3 50 sanss
e 534S (LS (o ) 3 i
o s Jess b, g5l iyl i slanSTT (ST
Gy 5 (81 Dl S e o b
S8 2550 g8 03 Sos Jeod 4 b g e L) 55l
IR L g el 53 8 Sl 0s 21 s
e 31 5318 25 sls e Ls (658 Ol
el 331 05 55dn STy 5 AT s JLSSSI,
S35 oo 05153 Y game Sl Bl ol il
Sl Joomeie o851 51 s (S)lo g 5k 41 5 5550
.(Chawla et al., 2013)
Cda U 6h LA e glaylS 55l glubis
el s (B 53 pLE,1 s Shee #3al 5 35
P IS FE S P
slacdple s Lag 5T ol 1 )50 2o
Ol e 5 oLS gl g lagealy 5 SMST T
S 03 0k S man 5 T I ol o sl
Clse Slac 55 53 snST 2 5 (6 jan!
Lol e (6555 4 Joste) (Ma) pjlgar Jod i
53 (Ls) (558 S5 4 ol 5 Jomute ol 45|
eI ple olalis .ol o3 4 GlsldE Lyl 5
L e SIS 5T Glacisis, 5 bl 5 oS

"’}-'U”Lgusf—:?yubala_;ljijs)};dub


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

Jns S S5 sl Eeb S us 4 8 i s
2T b s e aiBs 53 055 ST
sl (APX, EC 111.11) jlacuST, by sSCuT
L (Nakano and Asada, 1981) sLuT 5 LSL 55,
s il S Yo i 5, ol s oS
s el (ST Jadeee o e VA 4 e 5T
S ealizl Uy 55T Sl 31 53 ol LS
4iBs 3> Dtesy e gl YA gad b o e Sl
Sy ST o 5T e Sl e s &S o1l
s a8 b 55 05T Sl () Mis Ol ey 5eaST
93 Sy ST Uy om0 0t 4T ol oS
Sy g s ) SS a b P le3T s 0 e 4ids
A |l sl LS = b B s 5 ST
Gos A5 g S 55 Jols ialeST (gls e
¢ Soslenwl U Lassls . Lis g (Cla.a' e 09 Ol
942 5 (SAS Institute, Cary NC) SAS9.2 ;-
Gl Bt sl S5 O ga5T S eslizal b s, Kl
Excel 2013 13l 5 5| b 5 Kobe 4y ie g a1 g g

A eslaal
LRNA ol sl Lad§ o Ol (6,8 03001 (51
ol S 2 lads a5 JIRNX-plus ™ .7 3f osliza
Hoaliwl Ly ol o) Sl RNA LS ot A
S5 o8ans 53 Ao ys ta 58T U5 61 5 oSe
$lysle s 4 = y3(Bio-Rad Geldoc 2000,UK)
L OT CeS i 5 oUW e d b b oy
(Thermo Scientific NanoDrop ol s $ls 3l eslaul
(271 3l e3lial L CDNA i . 1l 2000, USA)
CDNA ;. &S sRevertAid Reverse Transcriptase
! = €DNA i I |5 ds plonil Fermentas &S,
DNase | jLas JIRNA slad 5o 5l 05 5DNA (o>
J S s eslimal (o jle 087,50 faadl) gz il )
Ubiquitin10, ) 8705 53T 3l eslizal LEDNA s
s s A Lol Lad sai 4JS7 61, (UBQ1O
JJ_*;fdi.‘J/ljj\o.\_&}:;_wCDNA);;:)JTJ}_q-)

14¢

Cgr (13 mas gad A 5 for Salinity Tolerance)
VY 5 FAOXYF & ado o a5 gloadigw sla lesT
Sl A el (5558 i dlasl 3l ey el
S 5 s 590 Sl se SlR0) (o Ol 2]
Pl 2l slael Ul 516l mas sai ¢ s5lAST|
5 (em4hs84 5 emdhs290) 4l ig> laamals
3 S5 A 5 Celo VY 5 FA G 51 ey a6
S O s 4l Ay laenalS e
235 deie mle 059 i 53 Wi god e 5 A ol
R Lg)‘.qi? gk 4 y3 A (sles
(ST BT gl 5T b L5l sl -
EEE R P JURY PN ) S NG SCH g
Gl s g o 3T oslae 25 05 5 (650
JEAENIC G I Iy VA RPPE -
330 las . Aé (S o las (PH=T7) 2 Sl 3L
slez sles 554283 VO Sodeds ads y3 g5 VY
Sl a0 gl Sl 5 Sl g a5
2T e s eslinal L 55T (g 8o 51
el 5w ogy 4 (POD, EC 111.17) jlasST,
O4é LewST Ol 5ue bl 5 (Chance and Maehly, 1995)
3 ds S ¥ LS ol sl ki 6, S oslul JSLE
ol STy gl 2 o 0 ] il o s
o 05a09n ST Y e e WY SIS
Ly loea (PH= 7) ,Y go ko 00 Slind 3L 5 ,Y 0 o
ooz )3 o g FVe sy b 52 0T ol
<15 (Libra S22, Biochrom, China) jze g 5 2Kl
L (CAT, EC 1.11.1.6) VUK o 5T o Jlb s
1985) &) sdl S g, 5l sl
oylae s S VP LS ol gl m i (5,5 51l
A8y o )3 ¥ g 2y S Yo 5T
A lsl STy Jadome ) dus VAR & 059 08
53 ey gL YFe a5 6 s e S
A O e by Sl o Sl eslizal b 4ids

(Claiborne,

viJ~_3T)'\ ol Ol giea VG r.ﬂ GO [P IS QPR


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

1F Y Ol of A)L‘..:‘(,.?;w;...ﬁa,\?g";)\ﬂ\g\)ijpq,:;”

SLals5 i pLasil Primer3Web, verd - o3T )l dl
SNACI, DREB2B , ) w53, Jslse 0SS
sl ST 5L bas e sLass 5 (DREB2A
L (OsGPX1 3 OsAPX2 OsGR1 POX1 « OsAOX1C)
oG S Bl s e LT B s s Slee )
4 (UBQ10) 0 3 s Ol Coda sla(ys Ol e

(Huang etal., 2012) A& sslazul J 25 Ol o

o iy 2S5 55 2 5 3l g ST Jald o7 e
L.f‘a»))‘ LS\J-' S o.sl.é:_w\ CJ‘,{ (CDNA J‘ J;.G‘\J) )‘j"‘:ki
e Sloslizal L 5L s ) 50 sl F5ET a3 O Ol e
Ls Ol wolasl gla ST Primer-BLAST
o 3 0 el oslial L L S5ET 1 b (ol
s o NCBI ol s La ST >l b asueT

T S 55 53 adllae 3550 03 (oo Ol (gl sl ST Slasie =) g

Table 1. Specifications of primers for gene expression of the studied genes in rice genotypes

PCR J yuzme J 5b
05 el @—) 5T s Length  Product length gl Jlail sles
Gene name Primer sequence (5'—3') (bp) (bp) Meltingtemp. °C) Tm (°C)  NCBI accession No.
. F-TGGTCACTAATCAGCCAGTTTGG 23 60.6

Ubiquitin10 81 59 XM_015769228.1
R-CACCACAAATACTTGACCAACAG 24 61.0
F-CATGGTCCCGTTCTGAGGTG 20 61.4

SNAC1 316 60 KM265360.1
R-CACACGTTGCAGCATCGATC 20 59.3
F-AGATTGCTCCGTGCAAGTG 19 56.6

DREB2A 109 56 MN436788.1
R-CTGGAGCTTCTGGTTTTGCT 20 57.3
F-GCTTGTGCTTATGACGAGGC 20 59.6

DREB2B 97 58 XM_015784169.2
R-GCTGCTAGTGCAACCTGAACG 21 62.1
F-AGCAACCTGCACTTATGCACT 21 57.8

OsGPX1 159 58 XM_015780454.1
R-CAGCAAGGAAATTTATTGACATGA 24 55.8
F-GAGTCTCCAGCTCGACCTCC 20 63.4

OsAOXIC 160 56 XM_015768323.1
R-CTCCCGGTGTTCTCCTTGG 19 60.8
F-CTCTCCTACGCCGACTTCTAC 21 61.7

OsAPX2 136 60 XM_015791070.1
R-AGGTGGTCAGAACCTTGTGT 20 573 -
F-ATTGGTGGGTTCTCACATGTTA 22 56.5

OsGR1 110 60 XM_015833867.1
R-ACCATTATTGGTCCGTTCTTGT 22 56.5 -
F-CATCCCAGCTCCCAACAA 18 55.9

POX1 112 60 XM_015765904.1
R-AGACATGCCAATGGTGTGG 19 56.6 -

.(Pfaffl, 2002) ..\.'564 e &
(control-sample)
(1 adail)

ACP,
(Etarget ) target

(Ever)

S LS B« s 05 35 21, Euarger
43}.«.; Ct J,,a'\.;ﬁ L;ﬂj‘b )“ACPref )ACPtarget 9 6;5 Oj
AT e Sy (25 Lol 8 55 40 53 Ct 1 dals
A bl ¥ sl Sl eslizal b 2S5 118 aplons
E=10 (sior) (¥ dasl)

ratio =

A[J.l—'mf(wnlru[—s‘mapie)

Cmwdas > lblwl (gla o 3l eslarul L slope

|

140

23 adllle )50 L0 (o Ol (o) 2 g

(1Q5, Bio Bio Rad oKaws sl Real time-QPCR 4l 3
Master Mix Thermo Scientific ) .. s Rad, USA)
b eslawl (Maxima SYBR Green/ROX gPCR
Sl e 3l eslizal b BB ke bl Laesls 4 2
(Relative expression software REST o Oly s
L =S5 ol,LS .(Pfaffl et al., 2002) s plwil tool)
L L) eSS gl stk gla gt Sl sl
G ki e ) alasly ulal 5 48 1 Oy 50


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

= s (Kumar et al. 2007) (s 5 )5 55
s 25 e Jemia o6l 55 (Chawla et al., 2013)
Wy aS sl 0Lis b AT 5 od 6 SaSen
YIVY) op i G055 Ml 3 55 (oiila
FLAT8 (3, 5 (S 08 (ko 2 453 55 Jpns Sn
oSy Slad Ol sm oy 08T A5 05y a5 50
L (3 S (oo = aiids 53 a5 V/FD)
Wy by 487 315 0L b Sike g lie gl izl
A5 4y Sy o i IR28 ol 055 5 oadla
S Jamte 4Bl i S 5 5 wdls 5,55
33 3MeS Ty o 5T b a1zl | ST
emsns290 5 emshs84 | amte 48l g oS 55
Cled Ol s o355 la gime (A5 O geks Jasl 5 4 S
Loyl 5 50 s Slagd 55 &S 5o SIS 0 5T
Lol 03 O glite (6515 i goi SAOL )5 (655 A5
33 J 39,5 O/A) IR28 (550> OT Sl o i
G5 3 oy o VY (s 1y S (s 4B
(O K8 s edalin g 58
oS oS RIS sl ) 50 A
Glac b (gl o a8 558 e Lad gl 55 055548
A VU o 5T ol o J gl S b
AT b b 5 s s ST (1350 53 (age
OLE s (Celik et al., 2019) 3,05 (5555 ks
S35 o Ll i 5o o SaG T 55 G S 01
S 3Lis FLATS Jaouia o5 53« jor 40 A5 09k
S me alS Eol (g 8d . Cils 5 g (5l sme
clacs 55 glaasals 55 YUK NEEIRUIH
=il Iy 03, 5 IR28 o5, () oty ol
5= (Celik et al., 2019) o)L 5 SIS s
T =50 33 630 sMeS| s ) 5
s 48 Usls Olis (Mevlutbey s Osmancik-97)
Sl Sl 5 ST 055558 (slag 5T
S I 53 o it a5 BB b ST,
S5 sk adST 55 085 53 53 VBT Il

141

o g W
j)ﬁjbﬁ@&)ﬂ@d)ﬁﬁ&lﬁ\
lrealS e 5 aeS ) 0 gl acS oS5
JW\)\Mrﬁa)Lﬁjw)a.uaMumeﬁo-
r_iw‘t}w‘_;u%_g}sjduwgf‘@};dw
sl 1y LaeS S 45 O glosgs Aile S
LS 555 (6 g 31 Jraomte B (slaaalE
L;ugfﬁ);jo;ﬂj_:wéuafﬁ@‘mb
g 0dile U e 6T ol lacad L 500
=555 93 LS (s S sl jlazangs 51w
Ui 93 e Al g 58 FLATS (3, 5 il e
S i 55 1S s 0L il 4 el
Slam HT ol o 6T S 5 05 5 5055
DLt p g o ol o3 g 13 sime Ao 55 &G Jlez|
Sl ol L;j:fo)'\.b'\ u.nl:f Slio 45 &S das o0
s ime i 15 ols Jles! slales Sl 130
Cdles ys Sl el Olis bayles 5iSen 5 O
3G AT Bl s 0 s sl B85 e 5T
035590 ATy ol b (655 ST 35 55 O3k
S 0y T sl i slaeS 1 s
IS 25 4 OT ol il530 5 J oo sl
o2l L SISy o0 5T (He et al., 2014) 555
U a0 Eel (09 Sl okins Ol e 4 ¢S 96 5 e
(Apel and Hirt, 2004) 5 -5 oo 59,48 LS|,
Slaci 55 5l sl andllas 5550 o= Sl 535 50
9FLATS V_—;) ‘LS“"":'LA P cLsgL_ér.‘:Sl 4_:3\.‘:'u:'_@,>
dew\oubﬁ)\jbfﬁ@cu&ﬁg))dd
jbﬁ)bd)}_&ﬁ%‘ﬂ)}j‘@\ﬂﬁfT
(Mandhania et al. 2006) f’\"f ol 5 Jooie o3


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

YU TS

b b g9 55 Jlesl Sl dn Celu FA 5 ol
of on FLAT8 51R28 mshs290 slacs 55 55 b
G andlas y5aS Coulods 5,18 (Y JS8) sy
Sl 52 53 G A i oS slaS
LS| g (Sl 35T Edlab 5 05550 ST
) (APX) 1S by s ((SOD) b gauw >
(CAT) VU s 2alS Eel gosls il 5

-
k! g 4
A
JE 3
e =
2 b
Lg -
N =
12,
= 5 0
E
=
E
£

d
ch T
el fin
? - ko
lo &
noI

VEY Ol oY o5lad ooy 5 Syl 0Ll 2155 p 5l 4"

r—;)‘\-{-’\-’ﬁ)wrijjgs)).imﬁ.:ﬁ SS
S5 5 (/08Y) o i AT Os Ll 5 55 IR28
M)w) \K 6)}& cla..u):emshSZQO 4:3\4” U;"é’
oS o g 4> 53 sns a1 /0FN) ST e
st pmman il | SYUK Cdles (55

6h m24h 48h 72h

ba ba

be T
c d T cf
3 I e
- d]
fin
ko n

lf_o lo 1‘OI F =

)PM&)HWQJZN&L%QLA)JJMJL&AJJ}A

P s lacs ) oo Suls Ll g ées (5ol sme

i: ki I.

Normal Stress Normal Stress Normal Stress Normal

em4hs290

em4hs84 Hashemi

e JX L g A e

GenotypexSalinity stress<Time

Normal Stress
IR28

23 g Wl pli )l 5 el 4Bl g a5 53 STy 5T e S0l aglie - IS

Sz dlesl 51w Ol 5 6y s8 A5 9 S

,}’)LSL“)LM J"‘g“'&j
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salt stress in rice genotypes

144


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

o ey 8 sy o B 4 ol (s Oy 513
Sa Jeie S 85 5 adsl Jol e 53 60 A
ol g Ol Y b 6548 55 bl S
P 5 dons Ol 55831 5 s (5 ey Gy 55
FYrb elbaole) ol ) 58 S el
2 gl

S 03,8 0diS UST S0 Ol o 5 4
3 POX1 ¢ OSAOX1C (OsGR1 OsGPX1) 45l4—.S'|
G854 am s L) opl Ol & sls olas (OSAPX2
a0 Ol s Sslane (658 55 Jlasl Ol 3
Sl 55 53 8 5 e ele P 0l 5505 8 0l
=555 5 YL ol sk @ Joote Bl le
SalST s Ol ol SV b e bl o g el
Shals 4 8 s odalin e 55 ol 5 (615 e
emshsBA foaseis 4l g i 55 50 Ol el
S 020U g5 g0 o) (P JS) 2 5y
2 (S Sl san L (gl Joie 5 35 S
3550 B3OS 0L Ol e .l ple C5 935 L dus Lo
98Mahs290 famie 4Bl iga oS 65 53 adlls
S Oglie 25 Jlesl 3w ok s emshs84

mIR28 FL478

T

[T S VS R C s

Hashemi

S 03,5 SLal] (o Ol ¢80 50 R 53
# 5L 45 (SNAC1 5 DREB2B (DREB2A) (5 joul
Bl g glacs s s A5 Jlesl 1 e Cela
ol 55 5 gYLemshs84 5 emshs290 fuse
LolsS (oo Ol e 25 0Ly 0k SN 5b 1y Lol s
xSl 0L g yls cime el lais 5 opl s
Jmomeie 4l g G355 50 Ol mhaw falS
0 asOLLS g sn opl (O JS8) 54 iy eMSBA
Loaslie 53l G 5f S 65k son Lai
05 3o Slaies plw mls . Coul famie o 5
SIS s 5 ¢SO 05 opl 45T Sl 03l OLas SNACL
(Huetal., 2006) sl i s 53 S5 4 Gy )2
sl gy ei o Sis 51,3 SNACL 0 ol
05 ml GV Ol o s ol 6 T Al L 5las
S Son 5 el (55 4 Jram 1 ey
SIS o oS 55 e 5 5 Ly S35 e
-~ DREB2B 5 DREB2A (slayj.(Li et al., 2019)
FA OLaj 5o s i85 5o 1y 6 YL Ol Ol e
3L ol Ll ools Olis s 1 ey el

i ad gl ol e 5y et 4l g sl 55

em4hs290 em4hs84
T

0} i Ol
Relative gene expression

SNAC1

DREBZA
et i ey T el el

The key genes of osmotic stress group

r S G55 53 s A dlesl 3l ey S0l 53 (el 25 03,8 S0S oo Ol 53 i -0 K5
Fig. 5. Changes in relative expression of the osmotic stress related genes in different time points in response to

salt stress in rice genotypes

Ol Ol e op SV sl OLis s adgl Olelw s
3 ey Selw 7 Ol 55 POXL 3 OSAPX; (Ll

531y oY 05 0l 01— OSAOXIC O

emshsB4 5emshs290 |ess ail g oS 55


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

1F Y Ol of A)L‘..:‘(,.?;w;..ﬁx\?g";)\ﬂ\g\)ijpq,:;”

S me sl el #) s S slads gad
L2 Ol s e il S 3 POX1L 0 Ol
o ladisad 55 (oadls 05, )3 OSGR1 5 OSGPX1
SLads Ol Hls ae aol5dl 5 (Celnd8) s
Jl3 =xe ,ialS 3 DREB2A 3SNACL (OsAOX1C
ST Lo Sladigal 55 (eedla 035 55 POXL 05 0l
ol Aals b awslie 4 (Celu VY)
05 0Ls Ol s o SYLFLAT8 fueis i g5 o
o 3 s el VY ;5 OsGR1 5 POX1 (gl
Bl g s alie Hsb 4 edaline 6 52
OSAPX2 &5 6l = Ol Ol 5 o YL eMshSBE Jamete
S o555 8 A5l e el # 43 OSAOXIC
05 8= Ol Ol o YL emahs290 | amete sl
VY ;,30SGR1 5 s 3l jemy Sl # 530SAOX1C
e sy pa sl Ol Ty sl e Celw
3O0SGR1 sladyy o 4 Lol j amen Ol yo il 5!
sdalive 25 31 o Sl FA Ol (gl » OSGPX1
O Cela VY 0lej 53 05 ol Ol 4S5 50 53 ol
L daowslie 55 255 31 s SNACL 5 OSGR1 005 j=
GAIBIIR28 el 035 53 5L EalS sl jles
3% 55 sbyles 5 POXL 5 OsAOXIC (slads Ol
Celwd8 5l OT Ol e op YL 5 A odalie FA
OsGPX1 5 OsGR1 s Ol 487 Jb= 5 s &
o=l AT EBL SRalS ()58 T Sl ey el FA
G585 00103 05 93 Dslite ks e lasOLL ¢ 55 50
(DREB2A SNACL sL—a03.(¢ JK—2) ol
(—5 »50sAPX2 s OsAOX1C POX1 (DREB2B
1y Ols Ol me op 5YL Cel 48 0L 55 IR28 b
Sl ialST mis ey 0dd GV b L Ll caals
FBosba Jomte G 55 b anlie 53 ol o5 5
03 g 1y andlas 550 (05 0Ly YL b g
o= 205 o=l Ol doeS js (Lbls A5 Oy Ll 8
03 el (Ll Al Jeote 55 50 658 A5 )
s s R sl Jo e s Jeoie Slac 55

v

SRS g Laile 55 4S5 g () b S s
OsAPXz 05 lacd g gy Ols Ol e . isls Ol talS
Sl e ysba ()50 25 sl 5l s SOk 5
STl 53 (e ABAPX T 0l s
Sl ol o,ls Lad show 0555 05550 ST
APX VJ*J"T Sl s aS il ol Ol Y
313 (Kiaad OSAPX2 05 (slac—d g5, Ol e L
F3 s 45 ey oo 5 4 (inetal, 2006)
S I ST S05 (o 595 Olje o 55105
55 53 POXL 05 (oo Ol Ol jm e lin 355 oo a5
Sy Jreeis 4l g slacs g5 4 ol IR28
JJQTQL:{QIHJJIJQL:.;};@;LAV;MQM
gl Olelu 53 (odla 05, 5 @l e lacs s
g i dals o35 51 55 el ) ey

(OSGPX1) jluuS ;w5 o8 05 0Ly L)l
55 3305 el Ol Ol e o i 457 515 QLS
oo Jlasl 1 e Celw £ 3 emyhsB4 4l i
VY 9 FA Glals) ) o 9 b odaline (6 o5
B osb 40 05 ml Ol Ol e ¢ S Sl oy ol
05 0ly (8 JSa) ol Lials (gl sae s ale>e
0L Sl L 5 IR28 el 55 3 OSGPXL
Celw? Olaj ysaS i opla Csb als Jis
ot 3 he 355 Ol o YL 4 25 dlesl 1 ey
5 e el VY 0l s g bl 2l Tsdoes OT
05 o=l Ols Ol e s lie syl Jilu 4 25
A;g-faqfa\aowuﬂijmhMurjjjsja
Ol i adsl Dlelw ys s 085 55 05 o
5 FLATB Jasto 03 5> OT Ol O e Ll el
o3 emshs84 5 emshs290 a8l i g slac 545
9035 b 085 5 i sl o sLaOLe
D ls s T s

ol )‘bu_bu J"ﬁ‘}-é‘ odas L& J_..pb- @Lﬁ
5OsAPX2 50sGPX1  (OSGR1 (POX1 sL__a()5

2% so=la o8 53 DREB2B 0 0Ly 4l sms 2ol


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

038mMghs290 Joaoie 4l iga 5 85 ,30SAPX2
S e il g (Lol FA) 20 S (slad g
slads Ol Hls e 2alS 9 OsGR1 0 ol
4Bl ig> o555 43 POXL 5 OSAPX2 (OsAOX1C
3 (Cela VY) s Cosw slad sad 55 €muhs290
G058 A5 4 olE Jasd (I3l El als b anslis
Qj Q\.;a dﬂ.» Br) emhs290 wli U':"P' g:,:J};)" PR
dals U duglie 53 A5 Cowd (glad se5 4> DREB2A

Ll gyl pme Sl

mR28 FL478

O o= R W e e Oy

Hashemi

em4hs290

03IR28 ol SRR adlles 5540 (s OS OLs O a0
OsGR1 3SNACL slag) yo A5 5l ey el VY
3305 95 Dolane c,,ul.i okas(lis a5 L s Rl
] VEJ oo
(DREB2B SNACL slad Oly yls xe Aol 3
Ol yls sas 2alS 5 OsAPX2 4 POX1 «OSAOX1C
emshs290 Jemte 4l g 595 43 OSGRL O
S e falS ((Celw #) il Cow (sladi sad 5o
5 OsGPX1 OsAOX1C SNACL L a0l

m em4hs84

-

o
-

6h 48h 72h

N
Relative gene expression

0sGPX1

0OSGR1 POX1

L I- ‘I—J I——.I__‘II:I L. L li e Bl kel JH
6h 48h 72h 6h 48h 72h 6h 48h

72h 6h 48h 72h
0sAOXI1C

%_E'LL__‘MS“ e ‘55; sls sla oY)
The key genes of oxidative stress group

Er 61 55 55 G5 A Jlasl 3l ey 0L 53 st 25 S0 (g Ol 3t =8 JSC

Fig. 6. Changes in relative expression of the oxidarive stress related genes in in different time points in response

to salt stress in rice genotypes

85 =l S 6K s Bl s 3 (s )
¢S VL Cbale O pllaals il J1 a8 ol olS s
S el Jal 5 d g (5l gar L
ol 2 oL, (Mallikarjuna et al., 2011) Jas
=B 2)5T )5 AT A ey 53 (s
Cnl s 59y SoalS L 05 04d Jlss 5l gslaze!

.(Liao et al., 2016)

S 5 Ao
bf)sé)ﬁﬂﬁa\aowyﬁd\@w

335 nl b el 3 lest i p ol s glemmalS

23 Gostan e 53 gz 55 B S8 g

Y.y

Oly s e il 18l sdas LIS ol @Lﬁ

9 OsAOX1C SNAC1 DREB2A OsGPX1 slad
o555 33 0SGRL 05 Ol Lls sne ,2alS” 5OSAPX2
IS L S ges s eMshsBA Jae bl i
saLS” 9 OSGR1 05 Ols Hls sme 2ol 531 (sl #)
«OsAOX1C (DREB2A SNACL slad Oly Hls sne
Jeomete 4l ig> i 55 )5 OSAPX2 5 OsGPX1
5 (Celu FA) 20 Coow sladssai s emshsB4

Ol Jls e J2alS 5 AOX 0 Ols Hls sms 2sl 33
POX1 4 OsGPX1 (DREB2B (OsGR1 ¢l aQ}
Co glads goi j38MuNSBA bl ig (5555 o
r,lz..;:y dals U oawlis s (CelaVY) 2o


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

1F Y Ol of A)L‘..:‘(,.?;w;..ﬁx\?g";)\ﬂ\g\)ijpq,:;”

JLs Sl 8 s o a0 05 § g g 5l
e 5 Sl i il Glagd 55 55 05 |
2 Sl san Lds (gl o 5T 516 s Oljee e
e slaas 8 ldie ol JLs 5, 0 i Lyl 8
L OSAPX2 5 OSGPX1 OSAOX1C (sla (s} 5 O 5eaS |
54 Ayl Cde LUl xi i 53 (6550 Joans
0548 s Ol s5lanST 05,8 la 05 Ol s
23 Bt R & edias [EST15 05 o 550l OSAPX2
Ol Sl 4 a5 Ly Bl g S5 90
Ol e Ol ST ST (gla o 5T ol
o=l 3 el (el 05T I sl § o
i) S slezel BB e ls oS Olsen S
Olgeas Jalse crml o b o oalinal (65 00 Josss
ool s S ol S et o
Gl esdhe Ll o s (558 4 o )
5 Lad3 ol 6l ol sl St 510155 o
48 Sosd i oo S g Sl 205 5 8L
A5 g anllles 350 a0l 2ol 8l edasolis

J;OJWH@‘LS)}QMMJW%A:-(G)\

S 3! il
oS s () 5iS g Sl ds s
IS o8ty 5 5528 Jlad (5o 5l (65955
G ) Sles sz 5 ARELGT iyl S 5
35 o (63 Bl

References

e 5 Jomte dals 65 8L g Sl 5
2% o 5T Cdlad Ssline 55 08 ele LB 5 g
35 75 Gl 55 50 sildenST) [is L ablis
5 s T Cdlad gl 53l aS Ly e b 4 candllas
LS sl Jomete 06l 53 b ploe a5 5l
Bl o2l s g 4 T e 5 sslS i
Ll s sl i) oyl ) S das oo Ol
S plie Gla e 53 ki skl > 4 5055 S
CUJ\):L@}_&JA_H\S:\: olis 6L:5 el 03 9
5 058 slaas £ 1S5 Wl Sl ol
Slis 53 Sylest slaml 5 slanST 225 ¢ 555
ot Jomzo o) )3 4S5 g0 53 358 0 5o
7208 5l 25 L Jlb 058 s 8 5
S lis 4 S Dol Lelb L s o0y
,>DREB2B 3 DREB2A (sLai} Ol (551 555 o0
Lyl 53 dals Bl 5 Jomete Bl g Glacs 55
a5 0 ) ol aS sl OLis (g 58 i
Sos A adsl Jol e 53 6 VL O Ol e oo
e Ddee SV slae g ja oS ol Laals
G55 95 53 LgT Ol Ol e  Jg clids LAl
ELACSL 3 i 05 VL ez 3 0 UL
4S5 pd e sES| RS el b i 5
5 OSGPX1 (OSAOXIC slad oloy Ly Al g s
33 0SGRL sLa05 Ol Ol js .5 55 Saie OSAPX2
AL Jooie a5 4 o il o 55

odlaiul 350 2l

Apel, K. and Hirt, H. 2004. Reactive oxygen species: metabolism, oxidative stress, and signal transduction.

Annual Review of Plant Biology, 55, pp.373-399. https://doi.org/10.1146/annurev.arplant.55.031903.141701

Bian, S. and Jiang, Y. 2009. Reactive oxygen species, antioxidant enzyme activities and gene expression patterns

in leaves and roots of Kentucky bluegrass in response to drought stress and recovery. Scientia Horticulturae,

120(2), pp.264-270. https://doi.org/10.1016/j.scienta.2008.10.014

Celik, O., Cakir, B. C. and Atak, C. 2019. Identification of the antioxidant defense genes which may provide

enhanced salt tolerance in Oryza sativa L. Physiology and Molecular Biology of Plants, 25, pp.85-99.


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

https://doi.org/10.1007/s12298-018-0618-0

Chance, B. and Maehly, A.C. 1995. An assay of catalase and peroxidase. pp. 764-791. In: Colowick, S.P. and
Kapland, N.D. (Eds.) Method in Enzymology, Academic Press, New York. USA.
https://doi.org/10.1016/S0076-6879(55)02300-8

Chawla, S., Jain, S. and Jain, V. 2013. Salinity induced oxidative stress and antioxidant system in salt-tolerant

and salt-sensitive cultivars of rice (Oryza sativa L.). Journal of Plant Biochemistry and Biotechnology, 22,
pp.27-34. https://doi.org/10.1007/513562-012-0107-4

Claiborne, A. 1985. Catalase activity. pp. 83-284. In: Greenwald, R.A. (Ed.) Handbook of Methods for Oxygen
Radical Research. Boca Raton, FL. USA. https://doi.org/10.1201/9781351072922

Demiral, T. and Turkan, 1. 2005. Comparative lipid peroxidation, antioxidant defense systems and proline content
in roots of two rice cultivars differing in salt tolerance. Environmental and Experimental Botany, 53, pp.247-57.
https://doi.org/10.1016/j.envexpbot.2004.03.017

Gill, S. S., Tuteja, N. 2010. Reactive oxygen species and antioxidante machinery in abiotic stress tolerance in crop
plants. Plant Physiology and Biochemistry, 48, pp.909-930. https://doi.org/10.1016/j.plaphy.2010.08.016

Kordrostami, M., Rabiei, B. and Hasani-Kumleh, H. 2017. Different physiobiochemical and transcriptomic
reactions of rice (Oryza sativa L.) cultivars differing in terms of salt sensitivity under salinity stress.
Environmental Science and Pollution Research, 24(8), pp.7184-7196. https://doi.org/10.1007/s11356-017-
8411-0

Hanin, M., Ebel, C., Ngom, M., Laplaze, L. and Masmoudi, K. 2016. New insights on plant salt tolerance
mechanisms and their potential use for breeding. Frontiers in Plant Science, 29(7), 99.1787.
https://doi.org/10.3389/fpls.2016.01787

He, J., Ren, Y., Chen, X. and Chen, H. 2014. Protective roles of nitric oxide on seed germination and seedling
growth of rice (Oryza sativa L.) under cadmium stress. Ecotoxicology and Environmental Safety, 108, pp.114-
119. https://doi.org/ 10.1016/j.ecoenv.2014.05.021

Hu, H., Dai, M., Yao, J., Xiao, B., Li, X., Zhang, Q. and Xiong, L. 2006. Overexpressing a NAM, ATAF, and
CUC (NAC) transcription factor enhances drought resistance and salt tolerance in rice. Proceedings of the
National Academy of Sciences, 103(35), pp.12987-12992. https://doi.org/10.1073/pnas.0604882103

Huang. S., Gao, Y., Liu, J., Peng, X., Niu, X., Fei, Z., Cao, S. and Liu, Y. 2012. Genome-wide analysis of
WRKY transcription factors in Solanum lycopersicum. Molecular Genetics and Genomics, 287(6), pp.495-513.
https://doi.org/10.1016/j.ecoenv.2014.05.021

Jin, J., Shan, N., Ma, N., Bai, J. and Gao, J. 2006. Regulation of ascorbate peroxidase at the transcript level is
involved in tolerance to postharvest water deficit stress in the cut rose (Rosa hybrida L. cv. Samantha).
Postharvest Biology and Technology, 40, pp.236-243. https://doi.org/10.1016/j.postharvbio.2006.01.014

Khazaie, L., Shirzadian-Khorramabad, R., Ebadi, A. A. and Moumeni, A. 2023. Assessing salinity tolerance in

\R%3


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

1F Y Ol of A)L‘..:‘(,.?;w;..ﬁx\?g";)\ﬂ\g\)ijpq,:;”

rice (Oryza sativa L.) mutant genotypes (Ms) with emphasis on stress tolerance indices in seedling stage.
Journal of Crop Breeding, 15 (43), pp.3-23. [In Persian]. https://jcb.sanru.ac.ir/article-1-1359-en.html

Kumar, V., Shiram, V., Jawali, N. and Shitole, M.G. 2007. Differential response of indica rice genotypes to
NaCl stress in relation to physiological and biochemical parameters. Archives of Agronomy and Soil Science,
48, pp.339-344. https://doi.org/10.1080/03650340701576800

Lee, D. H., Kim, Y. S. and Lee, C. B. 2001. The inductive responses of the antioxidant enzymes by salt stress in
the rice (Oryza sativa L.). Journal of Plant Physiology, 158(6), pp.737-745. https://doi.org/10.1078/0176-1617-
00174

Li, X., Chang, Y., Ma, S., Shen, J., Hu, H. and Xiong, L. 2019. Genome-wide identification of SNAC1-targeted
genes involved in drought response in rice. Frontiers in Plant Science, 10, pp.982.
https://doi.org/10.3389/fpls.2019.00982

Liao, Y. D. Lin, K.H., Chen, C. C. and Chang, C. M. 2016. Oryza sativa protein phosphatase la (OsPPla)

involved in salt stress tolerance in transgenic rice. Molecular Breeding, 36, pp.1-19.
https://doi.org/10.1007/s11032-016-0446-2

Lutts, S., Kinet, M. J. and Bouharmont, J. 1995. Changes in plant response to NaCl during development of rice
(Oryza sativa L.) varieties differing in salinity resistance. Journal of Experimental Botany, 46(12), pp.1843-
1852. https://doi.org/10.1093/jxb/46.12.1843

Mallikarjuna, G., Mallikarjuna, K., Reddy, M. K. and Kaul, T. 2011. Expression of OSDREB2A transcription
factor confers enhanced dehydration and salt stress tolerance in rice (Oryza sativa L.). Biotechnology Letters,
33, pp.1689-1697. https://doi.org/10.1007/s10529-011-0620-x

Mandhania, S., Madan, S. and Sawhney, V. 2006. Antioxidant defense mechanism under salt stress in wheat
seedlings. Plant Biology, 50, pp.227-231. https://doi.org/10.1007/s10535-006-0011-7

Matsukura, S., Mizoi, J., Yoshida, T., Todaka, D., Ito, Y., Maruyama, K., Shinozaki, K. and Yamaguchi-
Shinozaki, K. 2010. Comprehensive analysis of rice DREB2-type genes that encode transcription factors
involved in the expression of abiotic stress-responsive genes. Molecular Genetics and Genomics, 283, pp.185-
196. https://doi.org/10.1007/s00438-009-0506-y

Moradi, F. and Ismail, A. M. 2007. Responses of photosynthesis, chlorophyll fluorescence and ROS-scavenging
systems to salt stress during seedling and reproductive stages in rice. Annals of Botany, 99, pp.1161-1173.
https://doi.org/10.1093/aob/mcm052

Nakano, Y. and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbate peroxidase in spinach
chloroplasts. Plant Cell Physiology, 22, pp.867-880. https://doi.org/10.1093/oxfordjournals.pcp.a076232

Nongpiur, R. C., Singla-Pareek, S. L. and Pareek, A. 2020. The quest for osmosensors in plants. Journal of
Experimental Botany, 71(2), pp.595-607. https://doi.org/10.1093/jxb/erz263

Pfaffl, M. W., Horgan, G. W. and Dempfle, L. 2002. Relative expression software tool (REST®) for group-wise

Y.o


http://agrobreedjournal.ir/article-1-1306-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

BALTER SYARAE 20 ST - SP Feg VoS o N JURP I O (A VSO DR P Ly (W

comparison and statistical analysis of relative expression results in real-time PCR. Oxford University Press. 30,
pp.1-10. https://doi.org/10.1093/nar/30.9.e36

Sahoo, R. K., Tuteja, R., Gill, R., Jiménez Bremont, J. F., Gill, S. S. and Tuteja, N. 2022. Marker-free rice
(Oryza sativa L. cv. IR 64) overexpressing PDH45 gene confers salinity tolerance by maintaining
photosynthesis and antioxidant Machinery. Antioxidants, 11(4), pp.770. https://doi.org/10.3390/antiox11040770

Scandalios, J. 2005. Oxidative stress: molecular perception and transduction of signals triggering antioxidant gene
defenses.  Brazilian Journal of Medical and Biological Research, 38(7), pp.995-1014.
https://doi.org/10.1590/S0100-879X2005000700003

Shahid, S. A., Zaman, M. and Heng, L. 2018. Soil salinity: historical perspectives and a world overview of the
problem. In: Zaman, M., Shahid, S.A., Heng, L. (Eds.) Guideline for Salinity Assessment, Mitigation and
Adaptation Using Nuclear and Related Techniques, Springer International Publishing, Switzerland. p. 43-53 .
https://doi.org/10.1007/978-3-319-96190-3_2

Yoshida, S., Forno, D. A, Cock, J. H. and Gomez, K. A. 1976. Laboratory Manual for Physiological Studies of
Rice (3rd Ed). IRRI, Los Bafios, Philippines. https://doi.org/10.4236/as.2023.141005

Zhu, Q., Zhang, J., Gao, X., Tong, J., Xiao, L., Li, W. and Zhang, H. 2010. The Arabidopsis AP2/ERF
transcription factor RAP2.6 participates in ABA, salt and osmotic stress responses. Gene, 457, pp.1-12.

https://doi.org/10.1016/j.gene.2010.02.011

Y1


http://agrobreedjournal.ir/article-1-1306-en.html
http://www.tcpdf.org

