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Abstract

Objective

Salinity stress is one of the major abiotic factors limiting agricultural productivity worldwide,
negatively affecting plant growth, development, and yield. Rapeseed (Brassica napus) is the
second mostimportantoilseed crop after soybean andis recognized as an economically important
agricultural crop. This study was conducted to investigate the effects of salinity stress on growth,
physiological, biochemical, enzymatic, and molecular parameters of three spring rapeseed
cultivars (Agamex, Trapper, and Hyola61) under controlled conditions.

Materials and methods

A factorial experiment was conducted in a completely randomized design with three replications
at three salinity stress levels: zero (normal irrigation conditions), moderate (irrigated with EC
6.5), and severe salinity (irrigated with EC 12.7). Various morphological parameters (root length,
stem height, root fresh and dry weight, pod number and 1000 -seed weight), physiological and
biochemical parameters (photosynthetic pigment concentration, proline content, soluble sugar
content, protein and seed oil content) and antioxidant enzyme activities (catalase, polyphenol
oxidase, guaiacol peroxidase and ascorbate peroxidase) wereinvestigated to evaluatethe response
to salinity. Molecular analysis included RNA extraction from leaves, cDNA synthesis and Real
time PCR to examine the expression changes in two genes related to the activity of late embryonic
accumulation protein (LEA) and mitogen-activated protein kinase (Mapk) involved in stress
resistance.

Results

The results showedthat with increasing salinity, a significant decrease in growth and reproductive
performance was observed, the highest rate of which was observed in the Agamex cultivar.
Photosynthetic pigments decreased, while proline and soluble sugars accumulated, indicating
osmo-protective adaptation. Antioxidant enzyme activities were generally increased under
moderate salinity, indicating enhanced defense against oxidative stress, mainly in Trapper and
Hyola61 cultivars. Gene expression analysis revealed down-regulation of LEA gene expression
and specific up-regulation of Mapk under salt stress, indicating transcriptional regulation to
salinity.

Conclusions

In this study, Trapper showed greater tolerance to salinity than the other two studied cultivars
with better growth, higher yield, higher osmolyte and photosynthetic pigment accumulation, high
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antioxidant enzyme activity and gene expression patterns under salt stress. The Agamex cultivar
showed greater sensitivity, while the Hyola61 cultivar showed moderate responses with specific
strengths such as pigment retention and enzymatic antioxidant capacity.
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Introduction
Salinity stress is among the most challenging abiotic factors impeding global agricultural
productivity, markedly reducing plant growth, development, and yield. Rapeseed (Brassica
napus) is globally recognized as the second most important oilseed crop after soybean. Its
significance extends beyond nutritional value, encompassing animal feed production and serving
as a substantial source for biofuel and various industries. However, salt stress disrupts cellular
integrity by inducing osmotic imbalance, ionic toxicity, and oxidative damage, thus impairing
several physiological and biochemical pathways vital for plant survival. In rapeseed, the
molecular landscape of salt tolerance involves a suite of adaptation mechanisms. Recent studies
have underscored the central roles of late embryogenesis abundant (LEA) proteins and mitogen-
activated protein kinases (MAPKSs) in orchestrating stress responses. LEA proteins, hydrophilic
and structurally disordered, accumulate during seed maturation and in response to various abiotic
challenges, acting as molecular chaperones to stabilize proteins and protect cellular
membranes. The MAPK cascade, a highly conserved signal transduction pathway, transduces
external stress cues into intracellular signals that activate downstream stress-responsive genes,
thereby regulating antioxidant defenses. The functional interplay between these genes and
hormonesignaling, particularly abscisic acid (ABA) and jasmonic acid (JA), has beenhighlighted
as critical for optimizing energy use and coordinating robust stress adaptation. Addressing the
molecular and physiological networks underpinning salt tolerance in rapeseed not only enhances
our mechanistic understanding but also offers strategic targets for breeding programs aimed at

yield stability and resilience under saline conditions.
Materials and methods

A factorial experiment was conducted utilizing three spring rapeseed cultivars (Trapper,
Agamex, and Hyola 61) under controlled greenhouse conditions. A completely randomized
design was conducted with three replications. The primary experimental factors included three
levels of salinity: control (normal irrigation), moderate stress (irrigation with EC 6.5) and severe
stress (irrigation with EC 12.7). Germinated seeds were sown in pots and grown in growth
chamber with 16 h light/ 8 h dark at 25°C. Salinity treatments commenced at the four-leaf stage
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and continued until flowering, with irrigation volumes set to 75% field capacity using NaCl
solutions to achieve the desired salinity. Leaf samples were promptly harvested and stored at -
80°C for subsequent analyses. Morphological traits (root length, stem height, pod length, fresh
and dry root weights, number of branches, pods per plant, seeds per pod, and 1,000 -seed weight)
were measured. Also, Physiological and biochemical parameters (total protein (Bradford assay),
free proline (Bates method), photosynthetic pigments (Lichtenthaler protocol), soluble sugars
(Thimmaiah method), seed protein and oil contents (Finnie and Bligh & Dyer methods,
respectively) and Antioxidant Enzyme Activity were evaluated. Enzyme extracts were prepared
from fresh leaf tissue and used to assay. Catalase (CAT) activity was monitored by measuring
H>0: decomposition at 240nm. Polyphenol oxidase (PPO) was measured based on pyrogallol
oxidation, monitoring absorbance at 420nm. Guaiacol peroxidase (GPX) enzyme was assayed
using guaiacol substrate, absorbance at 4 70nm and Ascorbate peroxidase (ASPX) was assayed as
loss of ascorbate at 290nm. For molecular Analysis, total RNA was extracted 6 hours post-
treatment and its quality and quantity were evaluated by gel electrophoresis and
spectrophotometry. After DNasel treatment, reverse transcription was performed, and gene
expression pattems of LEA and MAPK were quantified using RT-PCR and real-time PCR. The -
actin gene applied as reference, with relative expression calculated using the 222t method. For
Statistical Analysis, data were analyzed using SPSS v20. Means were compared using Duncan's
Multiple Range Test at 1% and 5% significance levels.
Results

For most traits significant genotype x salinity interactions were observed. In evaluating the
root trait, the Agamex variety showed the longest roots under control, but root length markedly
decreased with salinity, especially at EC 12.7. In studying the physiological and biochemical
traits, notably, Agamex consistently retained greater root length across treatments compared to
others. The Trapper variety showed the highest plant height and maintained superior shoot length
under both moderate and high salinity conditions compared to Agamex, which suffered the most
pronouncedreductions. Also, Trapper exhibited the highestrootdry and fresh weightat moderate
salinity (EC 6.5), whereas Agamex recorded the lowest values under severe salinity. Number of
pods, seeds per pod, and 1,000-seed weight all declined as salinity increased. Trapper led in pod
number under optimal irrigation, while Hyola 61 had the highest seeds per pod. The lowest yield
values were typically found in Agamex under high salinity. Levels of chlorophyll a, b, and total
chlorophyll declined significantly with salinity. Highest pigment retention at control was seen in
Hyola61 and Agamex varieties. All cultivars exhibited declines under stress, evidencing impaired
photosynthetic machinery. Trapper showed highest levels of carotenoids at control, minimum at
high salinity. Levels of proline rose sharply with increasing salinity, peaking in Trapper at EC
12.7, reflecting activated osmoprotective pathways. Maximum of Soluble sugars was measured
in Agamex under moderate salinity, hinting at carbohydrate-mediated osmoregulation. Trapper
exhibited highest seed protein content at control. Under stress, seed oil content dropped, with
lowest values in Hyola61 at severe salinity. Salinity and genotype markedly influenced
antioxidant enzyme responses. Maximum activity of polyphenol oxidase (PPO) enzyme was
assayed in Hyola61 at moderate salinity; lowest in Trapper under control. The catalase (CAT)
activity was measured highest in Trapper at severe salinity. The guaiacol peroxidase (GPX), and
ascorbate peroxidase (ASPX) activity assays peaked in Hyola at EC 6.5, but were lowest in
Trapper under optimal irrigation. The results showed that moderate to severe salinity stimulated
the antioxidant system, especially in tolerant genotypes, consistent with enhanced ROS
detoxification capacity. Gene expression of LEA declined with rising salinity in all cultivars.

113




Agricultural Biotechnology Journal, 2026, 18(4)

Agamex variety displayed a substantial drop from control (10.4) to severe (1.25)and moderate
(0.14) stress. Similar downward trends were seen for Hyola61 and Trapper varieties, though at
lower baseline expression levels. Mapk gene expression pattern showed variable induction;
increased expression at EC 6.5 in Agamex, and upregulated in both stress treatments in Hyola61,
while downregulated in Trapper. The highest Mapk expression occurred in Agamex variety at EC
6.5 and lowest in Agamex at EC 12.7. These results reveal genotype- and stress-level-specific
transcriptional adjustments indicative of distinct regulatory pathways.
Conclusions

Among the studied genotypes, Trapper emerged as the most salt-tolerant, maintaining yield,
growth, photosynthetic capacity, and strong antioxidant and osmoprotective responses under
salinity stress. Agamex was sensitive to salt, while Hyola exhibited intermediate adaptation,
notably in pigment retention and enzyme activity. Future research should advance multi-omics
approaches to dissect regulatory networks governing osmolyte metabolism, antioxidant pathways,
and hormonal integration. Marker-assisted and genomic selection for LEA, Mapk and key
enzyme-coding genes could accelerate breeding efforts. Critically, field validations are needed to
assess the translatability of controlled-environment results to diverse saline agricultural settings.
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435 S5l 5 Erd lej )3 el VA= e S ) (orl STy e g 0l gl (el Jore 51 5l See
YOShimura ) 15 auubrs 4685 5 015 dpuST liysSl JpogsSn o 2 o] Cllad dnly (iS5 LiSTy g,
(et al. 2000

Jloel 5l e el ¥A 15 005 bl S (slotisns JRNA. glpiud g TDNA jias s RNA 21 yias!
bl dpdy Sygo il <858 calo RNXplus o’ Joalhgiws b RNA glpul Jolie aad oslatal jlog
Sl (Sagl DNAase 1yl jloslil b .88 &g 54,81 5 55589580 5 jtogidiSnd L RNA oS g oS
V coligo dt ;g See V Hlade DNase 1L ouis jlos RNA 51 g Seo A 4y 5 Bl 00l glpesl RNA jIDNA
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3B 50 Sy ABBd Vo Luwa g 3,5 Slo do)d SO (slod 3 akB 03 oo 4y g a3li) Jhade] yidg Sio V g ANTP yiJg Sio
49008 Lol Cgd d usSne o pasuus w5l g iSee ) ke 9 0 X Bl s Seo ¥ )ik dls jo oyl ey ab 03l
RT-PCR Sy .5 033,18 5,5 5lo dayd VY (sled )3 4ids VO Sde 4y g 31,5 5lo 450 00 (glod ) 4aBd A &ike
JSe Y0 )3 () i) 081 b gy 05 ST g L5 & Cuoglio )3 5,5 Mapk g LEA (glo (5 colais] (sl ST L
Yo e 4y oS il 4y AV bS5l Jlas! clod sl £+ oo )5 ol 4y AF (gl Cipuly slod Jols Sles
Ol ol 4 0LS le da )0 AF 50 a4l gy cuized 20,8 pbol Al Yo ke 4y oS Do dnyd VY Lauy (glod il

A5 Jlosl olos b laie 4 0l,S Sle dsyd YV j0 48 ziy 5 Led

qPCR 3JUT gy o3lii] 3,90 15 J S o solaid] ol 550 Olaseuin ) Jois

Table 1. Characteristics of the specific primers and internal control used for qPCR analysis

PO I Jiai! gled oS azhd | Job
Primer name CY 4’0) youlyy JIo¥ Annealing XV
Primer sequence (5’ to 3°) temperature (°C) Amplified
fragment (bp)
LEAF GAGGAGAAGGCTGAGAAGATGA 58 106
LEAR CTCCACTGGCTTCTTTCATGAC 58 106
MapkF ACGCTCTAACCAACCCTTAACTGA 58 110
MapkR TCCCCAAGCTTTAGATCACAGTTTG 58 110
PActin F TGGGTTTGCTGGTGACGAT 60 93
PActin R TGCCTAGGACGACCAACAATACT 60 93

Jgs 4 00 5w CDNA p 556 Y+ o5 Real time PCR sy pbol 4l :Real time PCR b 45 ol
Dy o Jate (laidy 93 DNA & olaidl)gba a5 (Invitrogen) ) jols Ciuysls ) olyon dy iS5 (uiSly ;5 oS
ol5ts b Sy 3o oal iS5 st g Jgbo 53 b POR Jpams gasss sleliod iy (JSel 5, sl 5 ool
51 cRNA aJgl jlde )5 colas I il glallad Bl 5 osly (il oy sl .ai pbosl Rotor GeneTM 3000
IS o 55 &S cad (gl o oaim s a5 CT wilil ppolie o oslil 28Ty ol 55 gy Jsie 4 BActin
Iie Livak etal. (2001) s)lsliwl [ogy Gubo s 15 Cod Wigad po gly S oo ygu dnj o ol I uiluoyold
Slass uly )3 an 55 ol s (g Aulie (ISl gy (3l 03,5 4o 2 -AACE g 8 5l o3lizl b o ol e

5 o pld ) S Ll & o (0555 5 450)
ool odly (pSibe dumlio .35 okl SPSS V.20 158l 65 5l (g)lol (slajbl pbul gl 205yl 5aIUT

B bl 0 g 7Y Jls] gaw 55 oS g
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9 Al £l5)) Cbo o Slaws alS 3 (gy9d (55 5 b8y bilate Slas o (Wi (V Jodo) oaly Luilyly 4 ol
Al o ) gme doyd K (ylo] e
2 s JB b sb clayles 5 o) o 3 Gl (1 Jgie) 0xSike dulio gl 1S joled 90 Clio
Ol Ciio pl (G9b i GRIPIL O Ui Jene (ol 0 b Aty Jsb (i oot wlp oy 5yl olS 5 Sles
Gy 5 035,105l 3oy lis a8 b eanlie EC 6.5 L ()5 pdaw )3 pl5 08, )5 addyy Jobo J8lis o ol ooy
o 03 b VL ady Jib polie o pByl pl b aulie )3 LSBT &S ol ] dr g BB 4SSl Ay Jibo
AL e o & o (o ) by 355 i) S1in o (ol Jlog Ly 55 oSaS] oy 08 b Lyl
Cranl B IS Comlas ouimd )i gl ol dpesy Hlade 5268 G EC 12.7 b gylol cos ply 08,0 5 <l ials ()90
alo Job IS ,ob a4 uSelST 13, (Kazemeini etal., 2016) cosl Ko jl il S g (Sjoml (i & aBlo Job
EC 6.5 )5 nly o8) & ob lis adyy 5 S8 g (el 25 b glad 1ol Bpo Byl plo @ cos | (s
polie ysb & palie (pyieS ¢ Jlie )3 cudly ady S iy gl EC12.7 535 adyy 5 0y sl | 0398 oy VL
a5 5 o (9 45 3 ol Gl | adyy ojg beges Jgans ol td LS BC12.7 53 uSelsT 18, 0
Ol bl eglie hie Wgy «OME 10 &b dlaad 5 Wiy ;0 BME Dlaad dlos | 0 Sas slayiohl o LialS ) adyy e
Sluad iy FVWala o8y a8 Jbo o ol ol |y OMe sluad oy Jgexe (oylol 13 ol o) ol s Sos clale
0 bl g0 oanlie EC 12.7 55 [uSelST o8y 13 ohg 4 b (6y95 53 pdlie opyzeS ol lis | dMe )5 il
o12lio BC 6.5 Wl 35 ply o8 5 Joho g Jgexe (sl 15 (nSelT o5, 55 iSlis o7 (o 4y by it ailie s
(7 Jgaz) 23
b g S @ g, e 45 35 s bl sl b 5 525 E st honiont 9 (oK ol b ol
s o2Vl Jyons sl o oSl 5 N Ygla () il 2l s BB b 9 GBI S b
ol ogih Syl 3 NS 0simd s 4 13l nd 1 oS 6o Lalyd 53 plEyl dam Lol 1338 Lais |, IS5,
b ol e 51205 BC 12,7 33 0, plai 53 5 onVe Jgems b 35 (uSelShs iy sl cslyn b &
i (Jia ctal,, 2025) 15 o ity sl e a4 (653 5 Lo syl ol b i o5 ol o 51
Sy Sl 08y 03 398 bide cppWL 4 BC 12,7 j3 g b Gl (aeg BB job & (9d Gl & gl )> gy
31 ply by )0 Jsbre slaiis e (Aminietal., 2015) sad o flis fy odd Jld o5 & gusl (6l e creded oyl
iy, Sl 33,5 o0l Min (a8 5y ot 13 Jgeae el 385 Jlo 3 0l ol |y, lia 5, EC 6.5
b o 23 o (L5 ol sy B> 4 EC12.7 5 lan 53 9 a8l 4y gyl Jloy bl ) (uSal8T o8 )34
S asbpo g 39d o> Jloy Laulyd 53 Cdo cnl (ljee (2508 9 BC 6 )l v ) Cio (ol e (i sy 15
Lulyd 0> uly o) 53 5k &b gy slsie calite o 4y 095 (o 0413 WSWT o8y )3 )0y B Cliee e (B )

(¥ Jgiz) 15 oanlie EC 12.7 )93 slosi )3 SVl pB)) )5 ol 3o cp2seS g 2y Sk 4 Jgome ()Ll
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Table 2. Analysis of variance of data for evaluated traits

.. Ve 5 a
; . . gW,l  Sad gy PO - .
g el OSSR Sy ady, M, Jdb ol Ot gl
Total adlw Al
chlorophyl Chlorophy Chlorophy S Root d Root Root degrees Sources of
b a tem ootdry Lo ch length of variation
1 length weight .
weigh freedom
43.22%* 12.2 ** 24.58** 4432 ** 0.51 ** 0.31 ** 1.61 ** 2 "'9.’
Variety
54.4%* 10.35 ** 68.65%*  510.1 **  0.008 **  0.236%*  11.22 ** 2 2 el
Salt stress
40.9 10.07 11.53 37.9 0.027 0.904 2.53 4 Variety* Salt
stress
2.1 0.59 1.29 6.33 0.001 0.012 0.89 18 s
Error
Oy g
19 19 17 16 15 13 13 Coefficient of
Variance
o sl HEeY
. . 43 ROFIREY a4
ofey om0 " s G - " ol s s
I I aly,lp e,y e T W el Oyt gl
I = 1000- Number Pod ~9 Carotenoi degrees Sources of
Segld Seed seed of seeds length Number d of variation
or protein  Loioht  per pod of pods freedom
per plant
0.113™  31629**  0.44 ** 92.7*% 4007 ** 2737 ** 0.84** 2 ‘°5_’
Variety
250 215042% g asua 5937wk 365wk (73376 400w 2 S99 o
Salt stress
oS ol
Hok 158512* ok ok ok ok ok 5
0.47 * 0.035 242 6.19 24.15 0.99 4 Sogw
Variety* Salt
stress
0.034 655.1 0.0001 0.63 0.113 0.44 0.109 18 s
Error
O gkl g o
23 12 16 17 14 10 16 Coefficient of
Variance
LiE U f NG . Lo . 63‘}‘ 4?).5 U‘m}.’ &L&
Jg.f N s ¥ e - wj”’ degrees of Sources of
Gaiacole  Ascorbate Catalase Poly phenol Sugar Proline freedom variation
oxidase
0.028 ™ 0.022" 0.001" 521 ¢ 0.017 0.038" 2 ~)
Variety
0.011" 0.029™ 0.002" 3.94 ¢ 0.043™  0.144" 2 o9 o
Salt stress
sk sk sk gk ns Kok ‘_5)5”3 ﬁ%ﬁé fvs)
0.009 0.012 0.002 l4e 0.029 0.071 4 Variety* Salt
stress
Uzs
0.00 0.000 0.0001 4.61¢® 0.021 0.029 18
Error
Ol g
31 27 13 19 21 10 Coefficient of
Variance

S G € 5000 0 oy ) Jlisl maw o jls Jxe ool i 4 NS gk
# %% and ns are significant at the 1%, 5% and meaningless levels, respectively
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Table 3. Comparisons of mean data from the interaction effect of variety on stress in the
traits studied using Duncan's method at a probability level of 5% (similar letters in each
group indicate no significant difference)

. S o ;

. o 3 ) ¥ O 5 5 o
i o e, Job Sl Job Roo)t l;r:sjlf oY) 2 Judy 5 by 5 J’io:':leﬂs
Variety  stress Root length Stem length weight Root dry Chlorophyla Chlorophyl a Chlorophyl

weight

0 6.01io.00d89~66:0~001 236+£0.01b 0.273+0.01 ¢ 13£0.10 a 4.37+0.7ab 14.540.7 b

S5
Agamax ECI2Z.7 8330.182b783£0007¢ 15002¢ 0.13+0.018d 55505c 197£005¢ 7.5240.5¢
EC.6.5 7.840.17b 85~33§0~009 2.1340.11d  0.36£0.11b 7.3620.1 be 3.440.09 bed 1‘)'4‘2150'09
0 6.67£0.00 c 51.33+0.00d 2.41£0.01b 0.42+0.01 a 13.43£0.09a 5.64+0.07a 19.08+£07 a

T Yely

Hyolat EC12.7 8£0.12ab 40-3370001 5 500166 0.4240.16a 5.9840. 1 be 2.514006 cde 2.88+0.06 f
EC.6.5 6.16:001cd 51.66+0.02d 2.16+0.1cd _ 0.376£0.1 b 7.8b=0.7 b 3.66+0.07 be 10.86:0.07 c

0 6.16£0.00cd 55.3£0.00d 1.53+0.1 e 0.246%0.01 ¢ 6.54+0.01 bc 2.15+0.07 de 8.13+£0.07 de

Ry
Traper ECI2.7 8.5£0.03a 33'332:0'009 23340.14bc 0.414+0.14a 55+0.6 ¢ 1.25+0.05¢ 6.5+£0.05¢

EC.6.5 5.140.18 ¢ 4466:0-00‘ 2.86£0.01a 037+0.01b 6.03£0.8 bc 1.58£0.005¢ 6.61£0.05 ¢

Pl PR o
. - - S/ s Al oy A .
) el Swigh 5 o e e Job 100’0’;"’3 M09 MM O59)
Variety stress Carotenoid Number of Number of Pod length wei-ghete Seed protein Seed oil
pods per plant see’()i(s)é)er

0 3.76+.001a 4.66£0.00a 8.33+0.01 de 5.16£0.01d 0.793+.01a 1.7+£0.04 a 0.4%£0.07b

oS 1.63£0.001

Agamax EC12.7 c 3.3£0.18 f 5+£0.07 g 3.8+£0.01 f 0.48+0.01 b 1.27+£0.08 ¢ 0.23£0.01 b

EC.6.5 2~61T)°~006 4.66£0.17 ¢  7+0.09 ef 5.26+0.11d 0.4240.06 ¢ 1.31£0.001 ¢ 0.33+0.09 b

5.0£0. 01

de 0.796+0.01 a 1.64+0.03b 1.32+0.07 a

0 2.48+0.00b 4.66+0.00 a 16+0.01 a

T Yely

Hyola61 EC12.7 1360001520106 9.66£001 cd 6.00£0.16¢0.330.01 cd 1.02420.01 £ 0.062£0.06 b

3.34+0.012
a

EC.6.5 3.66+£0.01b  11.66+£0.02b 7.6+£0.1b 0.59+0.01 ¢ 1.29+0.04 de 0.089+0.01 b

0 2.46+0. 01
7 b
Ay
Traper gC12.7 1.63£009c  4+0.03 ¢ 4.33+£0.01 g 4.5£0.14 ¢ 0.3£0.09 cd 1.56£0.01 ¢ 0.066£0.07 b
EC.6.5 2.10£09bc  7+0.18d  6.66+0.01 f 4.6+0.01 de 0.27+£0.01d 1.33+£0.03 d 0.087+0.05b

8.3+0.1 ¢ 10£0.01 ¢ 7.83+0.0120.786%0.01 a 1.33£0.04 d 1.45+0.07 a

sy o oA 8 PSS kg JSUE Sl
Variety  stress Proline Sugar Poly'phenol Catalase Gaiacole Ascorbate
oxidase
0 0.45+0.00 bc  0.15+£0.01 ab 0.0001+.0.00 ¢ 0.0244+0.00 ¢ 0.003+0.007 ¢ 0.0065+0.00 c

oS5
Agamax EC12.7 0.71240.18a 0.069£0.07 b 0.0005+0.00 be 0.084+0.008 a 0.083£0.001 b 0.0140.0002 ¢
EC.6.5 0.56+0.17 ab 0.075+0.009 b 0.0012+0.00 ¢ 0.03£0.001 ¢ 0.005+0.009 ¢ 0.006540.00 ¢

Yalo 0 0.08+0.00 f 0.111£0.00 ab 0.0003£0.00 ¢  0.017£0.00 ¢  0.0084£0.007 ¢ 0.036+0.001 bc
b

Hyola6l EC12.7 0.33+0.12 cde 0.1+0.001 ab 0.0046+0.001 ab 0.034+0.001c  0.2140.002 a 0.25+0.001 a

EC.6.5 0.2240.0lef 0.2+0.002 ab_0.0032+0.0012bc_ 0.015+0.00 ¢ 0.023+0.00 ¢ 0.059+0.001 b

15 0 0.41+0.00 bed 0.061+£0.001 b 0.001+0.0001 be  0.013+£0.00 ¢ 0.0084+0.002 ¢ 0.0072+0.00 ¢

»y

Traper EC12.7 0.4940.03 bc 0.07420.001 b 0.0046+0.009 ab 0.034+0.001 ¢ 0.023+0.00 ¢ 0.059+0.002 b
EC.6.5 0.26+0.18 de  0.36£0.001 a 0.0032+0.0002bc_0.015£0.00 ¢ 0.01£0.005 ¢ _0.036%0.002 bc
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b s b i3 5 995 o slsine 586 S| 5T slamsT ot 1S | BT Slag H1 slaculad

Lol 53 (uSol8T 08 )3 gty Sl W EC 12,7 15 ply g SVWals o8y 55 jlaes Ji8 Ly mpl cllad (¥ Jgaz)
EC )5 ST 15 1345 (gygb 4 5 (s9ym stebiie 59801515V ol codled ol L ]y Jlde (a8 Jgore (5L
STy byl g 5y JSUE sl 5l clled cudls | jladio a8 Jloy gyl bl )3 g )lke 5L 12.7
Egome 50l s |y Hlde (pyieS Jgeme (glol Lulps )3 pl5 o3, 1 Lol sy iSls 4 EC 12.7 )5 $VVala o8, ;o
o) ool Cigis & i 35 U bawgio (6995 (15 o0 cop3il oS|Gl ot (45 Sl oriad i @l

(¥

oasdie YAS 5 VAS pusly slassl dadiges jlond glpuil JS RNA w31 JeNg0 o g & 300
o o5 olass] cla S5lel 5l oolatul b ors jiw CDNA () JS5) ol (o RNA oYL oS snimylis 45 a5
{V JS3) sol ows &y, Las] 390 0511 b 3y clasil g 15 b PCR 3o )b 5 g solaisl g as b)) JBls S8 g

1 2 3 4

—» 28 s

—» 18 s

Figure 1. Presence of 28 s and 18 s bands related to extracted RNA on a 1% agarose gel.

1 2 3 M 4 - 6 7 e

110bp —Y

93 bp

106 bp
wolaid! g ,S 3T b suud 3w Bactin g Mapk g LEA s 45 w85 51 ols PCR Jgaso .Y JSWi

RNA) e J S :C- Bactin y5:V LEA 45:£-7 Mapk o5:¥-) .o, 90 5,81 J5 695 »

(5591 oylgie & DNAase b suwd lowd

Figure 2. PCR product resulting from amplification of LEA, Mapk, and Bactin genes
synthesized with specific primers on a 2% agarose gel. 1-3: Mapk gene, 4-6: LEA gene, 7:
Bactin gene, C : negative control (RNA treated with DNasel as template)
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e ygo 4 gl blite 3l g (6595 (A5 i by 4 4w Mapk gLEA (dlo o)f olo & b olis o5 oo U
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Mapk 5 LEA o 05 ol 51 deols (sWodls il lg 41529 € Jgoa
Table 4. Analysis of variance of data obtained from the expression of LEA and Mapk genes

Mapk (3 LEA ; &35l an 3 CHJOVES 1 199
Mapk gene LEA gene degrees of freedom Sources of variation
67.17 ** 26.17 ** 2 9
Variety
10.79** 5.99 ** 2 o
Stress
0.321 ** 3.018 ** 4 )
Variety* Stress
0.001 121 ¢ 18 s
Error
7 15 Coefficient of Variance Ol i Cy o

a4 pSalT 08, ,56.5 gEC 12.7 (5,98 )loss ;3 LEA (f oo 5She -bbie ol 59 (2l b ol s

Jloy blys ;5 o5 oo olise cpl el Camd @ YIY 9 81V ply o8y 455 +/W 5 Y/A5 $\Vgla o5, ;5 VY 5 Y/oF Ciy
e a5 oliee Gl L ol Ui ol A5 3ygly /BT g JAY OB S 4l g AV gle ( WSWBT BB s L]
Byl 5o oylol Jloy bl )5 o5 o oliee opl el Cawd 45 OV § VAR 15 o8y 13 9 VIYE g Vo/VS S\Wgla o )
(p <0.01) (g)ls o Hlows (slacsglas (gylol Juloes g ay 5 s 3y90 5 Y/o¥ g FIVY /0 Cul i plyi g S\Vgla  uSalST
cneS 5 4l5 08 » EC12.7 i o 5 LEA 05 ol (liee oyt 25 302 sl 5 g & bgpe 0 ol )2 )
o8 P EC 12,7 5 gaw o Mapk o5 ol e sy oo 0 odaliie pls o8 55 Joy olal oo )5 ]

(0 Jgz) wd osalio ply b 55 Joy gyl daw )3 o pasieS’ 5 ) Ygglo

25 ST ) oo S 5 d JsSse g or3l cnlbondan ((Suidnid (Seidsise slagusl pol adlls 5

Jood ilisee sl )90 )3 (ot G in @l 85 )LE (abj)l 390 (598 SIS Ao golaw Cou (F\Y gl
ady Jobo » 698 GIBLT e b Lo (glaaidl S o pasiie | B o ol 3Sles o umd e ) ()5
Jds &y (gye8 Lis cod |y ol wdy (Eals a8 oouxie Cldllas b aSt umd o Ui |y dddyy SS9 5 g g 0lS gl
5 (Munns and Tester, 2008; Gupta and Huang, 2014) 5l ciles iles S (515 Se g (50wl Cooms

EC )5 0394 (598 i jl (odb by Lol sy Lol ol ol Jgeme (gl p3 1y ain) Jobo oy yiin wSalST

Ol a5 58 baas ) LSHHW Sid g 5 chg 9 s 13y (EC6) bwgio ()90 )0 > ply o8y ( blie 509 12.7
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Hidle a5 oyl cdlls Ashraf & Foolad (2007) laasl b oos 4 clialie ol .l 5y oo lapms 5o s

LS o dtan p Gjewl (25 Co O Gla e b ()98 4 Joo pee oSyl Jole 6 i ]y Ay wies

(Wil (o0 )13 (Fro WSS pas ) Sly 09,5 2 4> Al B9>)
Table 4. Comparisons of mean data from gene expression analysis using Duncan's method

at /a probability level of 5% (similar lettersin each group indicate no significant difference

Variety 44 ,lq Stress  pid LEA Mapk

Sl EC 127 3.03£0.003 b 8.98+0.01 b
Agamax EC6.5 1.12£0.004 e 6.26+0.02 ¢
0 1.05+0.003 f 3.520.03 h
WYy la EC12.7 2.9620.001 ¢ 10.76£0.01 a
Hyola61 EC6.5 0.98+0.002 g 7.27+0.03 d
0 0.81+£0.002 h 47240.01 g

nly EC 127 6.16+0.005 a 7.89+0.03 ¢
Ttraper EC6.5 2.30+0.004 d 5.29%0.02 f

0 0.63+0.005 i 3.03+0.04 i

w8y 30 0 (o il LAl e 5e 9 BME vy wily Sl (IME Dliay Wle (00 Slos Slaus (ol ogMe

SaisS 52 03,58yl & 9 5,08 oo e U les 3Skes 1 ol lS i Bl Sl g5 LB 5 4 ¢S]
G5 o5 F W gl 5wl i b e aes 3 Slas (Kthiri etal., 2022) sloas (3155 (s Lalyd cox Ky
(eloanlio S o Sbel (g piscblasil ¢ Lo 15 A5 als jo 43 4 At 5B Se3 lis bl plB] ) &S amd o ol
@A) Judg)lS" slgme ials (Shrestha etal., 2025,) 548 0 ol cV¥game plo o IS (5 alie sla iyl lawg a5
5 WS e e |y sitiess SailiS) s 98 A e (B sleal L g5 ST cou AS98) 5 (S D
9 5 Wala pB8)) (Ashraf & Harris, 2013) 5y cssllae g oo jimwgd lossl) (ialS & prie g 1S o gopud |y
bl g b (g5iRass el ostshis 45 o ol | (st g8 okl i pone ] bl 53 S0l
pas 5| o 53T o] 58151 8l Vhaznl WliSS, g g5 ol ool oL |y (608 51 o3l 2l o)l dem o Jls oy
& (598 Lialil b eadS (geml bbbre S gy oo (Parida and Das, 2005) cul (gjoml (i 9 S Jobs
5 ool alats )3 | o] 285 oS 8l Gl ey B g 4 {EC 12.7) ()55 o 3Vl 15 nSeBT 08, )5 0
2 s EC 6.5 )5 (uSalBT 3 Jobro (slanis iulial.(Verbruggen & Hermans, 2008) 1 » 406 ROS geoss
pedplie 45 QS plo g IS Glaadl b & S 0 15T Lawgte (i bbb 53 (555) g 5 Sjeml clabbre
&> gy (sleme i Hgb 4 (Keunen etal., 2013) 5, cisllae S o Jodos |y 55 plp 30 Caoglio clydung S

Lol Gl slad Sloe bas oly  Jlein]  Sdglio dioce (555400 p oimd (i clawsio yiid g gole blys jo pl5 0 YL
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5 ot o 5 o5 Sy Syl 5 Sl JSUS YU glapus] Jysly slapesl colls il
ol S5l b glanST oyl ialS cly eyl SlnST Bl gy (clagtus <y goxmy i EC12.7
ol glate cud b oS s L |y epleddld cp YL S\Yala o8, (Mittova et al., 2003; Kthiri et al., 2022)
ol s 5 Ly 5 33y b 5 b lagen sl 5 (ROS) 5 Jib sloisf (bl o
bl D AVWgl 5 plg pB)l LUy .S o cills Hasanuzzaman etal., (2018) (la abl L a5 &S o dtus
(S1ng S ISl slaodls a5l ST 5L sl 3l i (Sl 3,50 i ol 5 bl ) (o3
LilS WS o oy g |y o8y Lol (slagul &5 wsly i |y Mapk g LEA (55 4 saimsgeul sl 51 s plete oo
oxts b ol sl )5 G 51 cdabbro )3 o] 0ab 1S Jgeme (i b wSalT o3y 1 ()98 Ll L LEA (5 ol
ol AE (25 o5 35l sl bbby 4 diuly wlals saims L5 Yieis| 453l ciles Battaglia et al., (2008)
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