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ABSTRACT

Soil salinity is a major constraint in agriculturgdroduction. Although rapeseed is a salt toleralanp its oil
production is reduced under salinity stress. Tontifg the mechanisms of salt responsiveness insegat the
protein expression pattern of the roots in two casting cultivars were analyzed. Plants were exddse0, 175,
and 350 mM sodium chloride. An increase in the wodtontent and a reduction in growth and K conterioth
genotypes were observed under salt stress. Themoof Na was more in the salt-sensitive compargd the
other genotype particular in shoot. We applied ®R-based approach coupled with the identification o
responsive proteins to analyze root samples. Outl®f protein spots were detected, 20 and 21 prsteiare
differentially expressed in the susceptible aneriht cultivars, respectively. Using MALDI TOF/TORass
spectrometry analysis, 19 proteins could be idietif These spots had functions related to metabolis
transcription, translation, energy production, pbsynthesis and electron transport. Results of éxigeriment
suggest that these protein spots might play rateadaptation to salinity stress. The roles of thpsateins in
rapeseed adaptation to salt stress will be disadisse
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Abbreviations. DHAR, dehydroascorbate reductadeBA, fructose bisphosphate aldolagaR-RBP, glycine-rich
RNA-binding protein;GST, glutathione S-transferasédSP, heat shock proteinMLP, Major latex protein;
NDPK, nucleoside diphosphate kinas¢TF-2, nuclear transport factor 2ROS, reactive oxygen speciesi SP,
small heat shock proteil§OD, superoxide dismutas&pPl, Triose-phosphate isomeraskxxh, thioredoxin h

INTRODUCTION

Salt stress is a major abiotic stress in agriceltmorldwide. It is estimated that about 20% of ¢haeth’s land mass
and nearly half of all irrigated land are affectgdsalinity. Salinity causes water deficit and towicity, leading to
a decrease in biomass production. Salt stress leadssecondary oxidative stress. Salinity can lacate the
production of reactive oxygen species (ROS) inscfll]. Plants have mechanisms to protect them fthen
cytotoxic effects of ROS. These consist of osmoideumulation such as proline, as well as antioxiéazymes

2.

RapeseedBrassica napus ).is one of the oilseed crops being cultivated bseaof its high quality oil. Although
Brassicaspecies produce maximum yield under normal sad environmental conditions, their production is
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markedly reduced as a result of environmental st®$3]. Rapeseed is sensitive to salt stress glthia early
growth stage [4], and this explains its classifmais sensitive to salinity conditions at the nmrgd stage [5].

Proteomics facilitates the comparison of proteind arovides knowledge about the proteins involvedgliant

responses. In this experiment, proteome analyssspegormed on the roots of two canoldtivars, Sarigol (salt-
sensitive ) and Hyola308 (salt-tolerant), to deiaerthe differential expression of responsive pgrstén roots,
because the root is the organ of land plants mfisttad by salt stress. Proteins were separatedwoy

dimensional polyacrylamide gel electrophoresis #rel differentially expressed protein spots wereacled by
mass spectrometry. The expression pattern of resmoproteins was analyzed using robust clusteriathods.

MATERIALSAND METHODS

Plant materials and growth condition

The experiment was conducted in hydroponic syst&m.the basis of previous studies [2,6] two rapeseed
genotypes, Sarigol (salt sensitive) and Hyola3G8t (®lerant), were subjected to 0, 175, and 350 MACI
concentrations in a split plot design with threglimtes. Three weeks after starting NaCl treati&hplants were
harvested for physiological analysis and proteonuock.

Biomass and ion concentration
Total dry weight and root dry weight was determiradgbr drying the plant samples for 36 h at@5K and Na
content were assayed by flame photometer.

Protein extraction and 2-DE

Trichloroacetic acid (TCA)-acetone method [7] atipol extraction method [8] were used for proteitraetion.
The difference in yield was visually noticeable thve 2-D patterns, with an increased number of speisg
phenol extraction method as compared with TCA-awetprotocol, in both roots of rapeseed genotypes. S
phenol extraction method was used. Immobilized patiignt strips (18 cm, pH 4-7, linear, BioRad) wer=ded
with sample proteins. Isoelectric focusing was amted with a PROTEAN isoelectric focusing cell (Red).
Immobilized pH gradient strips were applied usin@ROTEAN Il Multi Cell (BioRad). The spots in antital
and preparative gels were visualized by silveratéiand Coomassie Brilliant Blue G-250 (CBB), respely.

Image analysis

The analytical gels were scanned using GS-800 aeneter (BioRad) and analyzed using Melanie 7 sariéw
(GeneBio). The one-way ANOVA was carried out by SP@ogram (version 20). Only those statistically
significant protein spots (R 0.05) were selected and they had to be consigtprgkent in three replicates. The
protein spots were filtered based on consistentsagmificant changes in both salt treatments aea #xpression
level of two-fold.

Protein classification and Identification
Protein classification was performed on spots §icamtly affected by salt levels. Hierarchical dkrsng and self
organizing map (SOM) methods were adapted usingSSf®8ware version 20 and cluster software vergidi
(http://rana.lbl.gov/EisenSoftware.htm

Protein spots were identified using MALDI-TOF/ TOFS analysis (Applied Biosystems 4700, USA) and Méasc
search [9]. Combined MS-MS/MS searches were coeduuiith the selection of NCBInr database (Release
15.04.2009). The Probability score (95%) was usectigeria for identification.

RESULTS

Effect of salt stress on growth and ionic relations

Salt levels had a statistically significant effect all characteristics (data not shown). High siglitevel had the
greatest effect on dry matter reduction (Fig. Reduction of total dry weight was more pronouncedsalt
sensitive cultivar. Analysis of variance for thdate reduction in root matter showed differentvien two
cultivars (data not shown). The relative reduciionoot dry matter was the highest in susceptibiiéivar, Sarigol
(Fig. 1b). Under 350 mM NacCl salinity level, theotary weight of sensitive cultivar was a fifth thie control dry
weight, but in the tolerant cultivar was reducedbiger than of half that of the control.

213
Scholars Research Library



Ali Bandehagh et al Annals of Biological Research, 2013, 4 (7):212-221

100 E 100
i 0 ) | 3
5 E
i i e
£ "
'E. 40 w0l e = &0 iy | e
g DSanigol E- OSanigol
g L E 0
E I & 0
175 ikl ZE0 bl 175 mM 350 mm
Galinity bevel Salingy bevel
¢ d
- 19 EHyalaiod
=
& Er.‘ O5aigel
4
=
2 15
£ 3 ;”
3 P
Byl -
: 2 yola £11
] oarigal g
£ _5
i i
a =
Ta &0 ®
L]
ramm - 175mM FEOmM
Salinkyrlewl Salininy level

Fig. 1. Effects of salinity treatmentson reduction in total dry weight (a), root dry weight (b), increment in
Na content (c) and reduction in K content (d) in roots of two canola cultivars. Plants wer e treated with 175
mM and 350 mM NacCl for 15 days. Meansfollowed by * , ** and *** aresignificantly different (in
comparison with control) at P<0.05, 0.01 and 0.001, r espectively.

The greatest effect of salinity on root ion concatibns was observed at 350 mM NaCl treatment (data
shown). Salinity stress increased the Na contenbaif in two genotypes, but to a lesser extettyiola308 (Fig.
1c). K content was higher in roots of Hyola308 iwalt (Fig. 1d). Consequently, K/Na ratio in the toof salt-
stressed rapeseed plants was lesser than in cquéols (data not shown). Increase in the Na condenl
reduction in K content was greatest in salt-stréssesceptible plants (Fig. 1¢ and Fig. 1d). Inghesence of salt,
Sarigol plants had a smaller K/Na ratio than Hy6&lants. So, changes induced in protein spotisemoots of
both genotypes were studied and the resulting ipratgpression patterns were quantitatively analyasihg
image analysis package.

Salt-responsive proteins

Out of 419 spots reproducibly identified by 2-DEgF2), 41 were differentially expressed as a ttestikalinity
stress. The number of differentially expressed ginst was 20 and 21 in susceptible and tolerant tgpes,
respectively (Fig. 3). The number of induced protgiots (common/uncommon expressed in two genotypes
41 and 24 at high and low salinity levels, respetyi. The greater part of differentially expressgabts were
detected in Hyola308, where 7 proteins were dowretgd and 14 proteins were upregulated, repreggattive
proteome answer in this cultivar.

Classification of proteins

The salt-induced protein spot dataset was examimddg SOM (nonhierarchical clustering method) and
hierarchical clustering methods. Percent volumey.(Bia) and induction factor (Fig. 4b) data wereduger
clustering. The results of two types of clusterimgre parallel. Control treatment of the two cultsrplaced in a
distinct cluster. Root proteins of the salt-tol@ranltivar under both salinity treatments also pkhén this group.
Thus, Hyola308 is a constitutive genotype, and regglain Hyola308's tolerance. Protein profiles afri§ol
cultivar placed in a separated sub-cluster (Fiy. 4a
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Fig. 2. 2-D gd analysis of proteins extracted from roots of Hyola308 under 350 mM NaCl. Proteinswere
visualized by silver staining. Numbered spots correspond to salt-responsive proteins. Arrowsindicate
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Fig. 3. The numbers of up- and down-regulated proteinsin roots of two canola genotypes at different
salinity levels. Plantsweretreated with 175 and 350mM NacCl for 15 days. proteinswer e extracted from

roots and separ ated by 2-DE.
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Fig. 4. Hierarchical display of data from differential expression of protein spots under salt treatments.
Hierarchical clustering analysis of the 41 differentially-responded proteins on the basis of (a) vol % and (b)
induction factor.

Protein identification

The MS results of 41 differentially detected spasulted in the identificion of 19 proteins (Table 1). Tt
detected proteins were involved in oxidative stremgtabolism, transcription, translation, energgdoiction,
photosynthesis, regulating reactions and electramsport processes. The spots could be groupeit tusiers
(Fig. 5). Five spots induced under oxidative stnsee identified (spot 3, 4, 7, 12 and- Table 1). Furthermore,
two spots (regulatory protein) were identified thatolved in response to stress (spot 1 and 1@teRr involved
in photosynthesiscluded the coproporphyrinogen 1l oxidase. Twotsp Trios-phosphate isomerase (TPI) ¢
fructose bisphosphate aldolase (FBA) 2, involveckirergy production. Two detected spots, thiorec-h-like
protein 1 (Trxhi) and putative nuclear transporttor 2 (NTF2), contribute to electron transport and intradafi
protein transport, respectively. In MS analysisoaidentified two spots involved in translation (s and
transcription (spot 8), as well as nucleoside dipihate kinase (NDPK) 1 (sy 11), contribute to nucleotic
metabolism. Finally, we identified three small hehbck proteins (sSHSPs) that were responded irsesgkeroot:
under stress conditions (spot 9, 18 and

DISCUSSION

Sarigol cultivar exhibited the maximum decline oot dry weight under salinity condition. The numloérsal-
induced protein spots was higher in Hyola308 (eésfigat 350 mM NaCl), suggesting active proteoragponst
in Hyola308 as a tolerant genotyffdg. 3). In the previous study on these two ggpes [2], the number of s-
induced proteins was maximum in leaves of Hyola808ivar. Active proteome answer of tolerant cuati
showed the capabilities of plant to exclude sodions and maintain ow. This genotype maintains the io
stability and so its growth rate.

The number of induced protein spots detected faollgwexposure to both salinity levels was 41 and
respectively, which may show the involvement ofteome behavior as plants pt to elevated salinity conditio
Under 175 mM NaCl salinity, both cultivars had eniéar number of se-induced protein spots. This trend |
been reported by bandehhagh et al. [2,6] in whigb tultivars had similar performance based on s
charactestics under 175 mM NaCl level. These results shioat high salt condition has determinant role i@
extent of salinduced protein expressit
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Table 1. Salt responsive proteinsin roots of canola genotypesidentified by MALDI-TOF/ TOF M Sanalysis
and M ascot sear ch

D Accession =XP: Theo. Protein  Cov MS-MS /
on Homologous protein No.t pli/MW pl/IMW Score (%) * PMF
gel ) (kDa) (kDa) peptide
1 Chaperonin hsp60 16221 5.35/64 5.66/61.3 124 1057 2/4
2 Coproporphyrinogen Il oxidase, chloropli(precursor 1343155: 5.96 /3¢ 6.24/43. 424 2591  7/¢
3 Cu/Zn superoxide dismute 6325931 5.89/2. 5.64/15.  15¢ 16.48  2/2
4 Cu/Zn superoxide dismutase 3273753 594 /31 /228 93 16.67 2/3
5 Eukaryotic translation initiation factor-5A 40805 5.63/26 5.71/17 155 2956 3/3
6 Fructose bisphosphate aldolase 2 16226653 5568/ 46.79/43 228 38 3/12
7 Glutathione -transferase 3179009 5.89/2¢ 5.66/24. 64¢€ 63.88  7/1Z
8 Glycine-rich RNA-binding protein 10 544416 5.3/ 5.56/16.3 302 4734  4/6
9 HSP17.x 8250122 6.30/19 5.83/14.5 115 1328 2/2
10 Major latex protein-related / MLP-related 183792 6.42/24 5.42/175 219 39.74 3/5
11 Nucleoside diphosphate kinas 1957034. 6.51/2: 6.30/16. 313 39.8¢ 5/
12 Putativedehydroascorbate reduct 3328591 6.04/1¢ 6.15/1. 22¢ 40.7¢  3/4
13 Putative nuclear transport factor 2 119720790 48 B0 5.69/13.6 123 1138 2/2
14 Thioredoxin-h-like protein 1 11494247 5.30/20 .3%/12.9 150 2931 23
15 Triose-phosphate isomerase 15226479 5.63 /39 7/3B6 249 51 2/14
16 Triose-phosphate isomere 14532920 5.44/4C  7.02/3: 20¢ 44 2/1z
17 Type 2 peroxiredoxi 492847: 5.67 /2t  5.37/1% 261 58 2/¢
18 17.6 kDa class | small heat shock protein (HSFB-TI) 15227552 6.22/25 6.33/17.6 133 2092 2/5
19 22.0 kDa heat shock protein (ATHSP22.0) 1523498%.29 /28  5.58 /22 207 22.05 3/4
1) Accession number in NCBI.
T) Percentage of the protein sequence coveredebgntitching peptides.
Table 1. Continued
Expression leve'
ID on Gel Species Sarigol Sarigol Hyola308 Hyola308
IF1F IF2 IF1 IF2

1 Arabidopsis thaliana -l4a -25¢ -l4a -19b

2 Arabidopsis thaliana -1.8b -2.3bc -1.7a -2.8¢

3 Brassica napt 4.1t 4.7 ¢ 2.0¢ 2.5¢

4 Arabidopsis thalian 1.6¢ 59t 3.4¢ 14.2 ¢

5 Brassica napus 1.5d 75b 5.4c 151a

6 Arabidopsis thaliana 1.1 bc 3.1b 13c 6.2a

7 Brassica juncea 26d 39c 3.4b 59a

8 Brassica napt -16¢L -2.9¢ -1.3¢ -15¢k

9 Brassica oleracea var. alboglat 1.6 ¢ 1.9¢ 2.4¢ 39¢

10 Arabidopsis thaliana -1.7a -29c¢ -1.7a -2.3b

11 Brassica rapa -1.7a -43c -16a -3.1b

12 Brassica rap. 1.6¢ 26t 2.4 ¢ 29¢

13 Brassica rap. 1.8t 22¢ 1.2¢ 1.4¢

14 Brassica oleracea Presented only in salinity levels, with higher eegsion in Hyola308

15 Arabidopsis thaliana 2.3 bc 21lc 3.1lb 55a

16 Arabidopsis thaliana -16¢c -34c -16a -19b

17 Brassica rapa subsp. pekiner 1.6 ¢ 28t 1.8¢ 53¢

18 Arabidopsis thalian Presented only in salinity levels, with higher eegsion in Sarigol

19 Arabidopsis thaliana 19c¢ 21c 3.2b 41a

T) Means followed by the same letter in a groupraresignificantly different at P<0.05.
1) IF1 and IF2 are the induction factors (%volunfg@mtein in stress condition / %volume of proteirstress condition) at 175 and 350mM
NaCl, respectively.

Plant may possibly employ ROS as signaling molexctde increasing oxidative stress enzymes prodnatiaring
acclimation to high salinity stress. ROS are highdgctive, and can seriously disturb usual metatyolihrough
oxidative damage to proteome [10, 11]. SOD is annsaavenger of ©. Activity of this enzyme results in the
formation of HO,. Type 2 peroxiredoxin catalyzes the breakdown gdHHGSTs and DHARs are involved in
detoxification and protection against oxidativeesr via scavenging of ROS. In this experiment, catidition
resulted in decrease in abundance of SOD (spoh 3ensitive cultivar and an increase in toleraritivar.
Equilibrium between abundance of ROS and the gquegdction of antioxidant enzymes is disturb unskdimity
treatments, and the extent of imbalance showsdteeaf sensitivity to salinity [12]. The abundarafeanother
isoform of SOD (spot 4) increased in both genotypath higher expression in Hyola308 genotype. This
accumulation has protective function, and has lveported in rapeseed leaves [2], rice [13] and sbhgats [14]
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in response to sality and drought stresses. Type 2 peroxiredoxint(4@d was expressed in both cultivars, but
increase in abundance was the highest in tolerdtivar, suggesting that type 2 peroxiredoxin mayrésponsibl
for the elevated tolerance. Spot 17 (wthe same accessiarumber) detected only in the leaf 2 of these
genotypes under the same salinity levels [2]. 12eh&d a discrimination task between both cultiverder salinity
levels. GST-2 (spot 7) and DHAR (spot 12) -regulated in response $alinity. However, increase in abundai
was elevated in Hyola308 compared with susceptblévar. The u-regulation of GS- 2 and DHAR under
salinity has been reported Bygimotcand Takeda [15].

2) Cu/Zn superoxide dismutase (spot 4) c¢) Putative nuclear transport factor 2 (spot 13)
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Fig. 5. Expression pattern of salt-responsive proteins in roots of canola genotypes at 0, 175 and 350 mM
NaCl. Responsive proteins could be clustered to six classes. a) Cu/Zn superoxide dismutase (spot 4), up-
regulated in both genotypes; b) Major latex protein-related (spot 10), down-regulated in both genotypes; ¢)
Putative nuclear transport factor 2 (spot 13), up-regulated in sensitive genotype; d) Chaperonin hsp60 (spot
1), down-regulated in sensitive genotype; €) HSP17.x (spot 9), up-regulated in tolerant genotype; and f)
Cu/Zn superoxide dismutase (spot 3), up-regulated in the tolerant genotype and down-regulated in the
sensitive genotype.

Major latex protein (MLPYelated (spot 10) and chaperonin hsp60 (spot giulaeory protein, dow-regulated in
response to salinity. The decrease in abundancegreader in sensitive compared with tolerant gepetyThe
down-regulation of these twegulatory proteins under salinity stress has eentreported previously. HSP60 i
mitochondrial chaperonin that is typically heldpessible for the transportation and refolding aftpins from the
cytoplasm into the mitochondrial mal. In addition to its role as a heat shock protein, HSP60 fanstias :
chaperonin to assist in folding linear amino adidins into their respective th-dimensional structure. While tl
function of the MLPs is unknown, they have beerpeisdéed with flower develcment and in pathogen defer
responses [16].

The photosynthesiassociated protein coproporphyrinogen Il oxidaspo{ 2) catalyzes the oxidati
decarboxylation of coproporphyrinogen Il to pr-porhyrinogen IX in the haem and chlorophyll biostic
pathways. We observed dowegulation of thisspot in two cultivars. However, the most decreasaliundanc

218
Scholars Research Library



Ali Bandehagh et al Annals of Biological Research, 2013, 4 (7):212-221

was observed in Hyola308 cultivar. This protein lsadilar expression in the leaves of these genatypaler
salinity stress [2]. The down-regulation of thiofgin under salt stress has reportedlirellungiella halophila
andArabidopsis thaliangd17].

Increased abundance of spot 15 (one isoform of Wa$) higher in Hyola308 compared with susceptiblévar.
Decreased abundance of spot 16 (another isofoff®fwas higher in sensitive compared with toleigenotype.
The up- and down-regulation of spot 15 and 16 (whith same accession number) have occurred in dvedeof
Sarigol and Hyola308 under the same salinity lef@slt may be possible that the increase and e of two
spots of TPI (with similar Mw and pl) represent thessibility of translation modification like phdsprylation.
The up-regulation of TPI in rice under salinityests has been reported by Dooki et al. [18]. Thh bigression of
TPI in tolerant genotype is necessary, becausg é@ssential for ATP production and its increasedndbnce
reflects changed patterns of carbon flux in respdndow level of photosynthesis. The other engmgpduction-
associated protein FBA 2 (spot 6) catalyzes thavelge of fructose 1, 6-bisphosphate to glyceraldehy-
phosphate and dihydroxyacetone phosphate (DHAPHhithexperiment FBA 2 was up-regulated under #glin
stress in both rapeseed, but with higher expresbiotolerant genotype. Two isoforms of this protdiad
oppositional expression in the leaves of these rapeseed genotypes [2]. One isoform showed up-a&golin
response to salinity in both rapeseed and othéorisodown-regulated. Totally, the abundance of FBés the
highest in tolerant genotype. FBA decreased imsitg in response to salinity in roots of cucumbeedling [19].
In contrast, in rice leaf sheath exposed to NaBA Ehowed up-regulation in abundance [13]. In stisdy, up-
regulation of FBA might have changed the levelsufars and starch and might have stimulated groatth of
rapeseed roots under salinity, especially in toleganotype.

Two identified proteins, Trxh-1(spot 14) and NTHspot 13), contribute to electron transport andaicellular
protein transport, respectively. Thioredoxins amaal proteins participating in numerous dithiolldfle
interchange reactions. One of the established ifumstof thioredoxins is to reduce disulfide bondstarget
proteins. The thioredoxins are catagorized dependim localisation in the cell and cytosolic thico&ths are
classified as thioredoxin h. Thioredoxin act asaandefence system against oxidative damage hycied the
disulphide bonds of oxidized proteins. In this expent Trxh-1 presented only in salinity levels tlwhigher
expression in Hyola308. Such a pattern of variatisnggested that, accumulation of Trxh-1lin undénisa
treatment has a protective role in tolerant geratyp

The main role of NTF-2 is to transport RanGDP froytoplasm to nucleus by interacting with FXFG noplerin
repeats. Ran is a GTP binding protein that is esddor the translocation of RNA and proteins. NZshowed
up-regulation only in susceptible genotype undghtsalinity.

Three small heat shock proteins (sHSPs, spot &ntB819) were induced in rapeseed roots under taghity
level. Additionally to heat stress, SHSPs are esqed in palnt tissues in response to drought sf&&§s The
sHSPs decrease the level of ROS, thereby proteptiogpsystem Il reaction during stress [21]. An H8Btein
spot was detected by proteome study of wild watesmf2] and sugar beet leaves [14] under drougiess. In
our study, tow sHSPs (spot 9 and 19) up-regulatedesponse to stress with higher abundance inataier
genotype. Other sHSP (spot 18) presented onlylimitydevels. These findings are consistent wigports in alga
(Dunaliella saling [23]) and rice [24, 25]. Thus, during adaptatiorsalinity condition, the HSP family might play
a vital task in the regulation of root growth arevelopment of rapeseed plants.

Spot 5 (eukaryotic translation initiation factor)b@p-regulated in both genotypes, but with higheuradance in
tolerant genotype in response to salinity. Thist syas detected only in leaves of tolerant rapegesdtype under
salinity stress [2]. This factor involves in therpary step of peptide bond formation through tratish process,
and to be involved in regulation of cell-cycle addo in RNA binding [26]. In a report [27] this pein spot was
restricted in a cultivar of wheat (Jinan 177) bugcetased in an introgression strain ®fiticum
aestivuniThinopyrum ponticunin response to salt treatments. A decline in esgiom of eukaryotic translation
initiation factor-5A is a sign of cell senescencedsponse to salinity condition due to changéédell cycle.

Glycine-rich RNA-binding protein 10 (GR-RBP 10; $@) has a role in RNA transcription or processiluging
stress. The expression of protein spot 8 was retic&arigol plants under salinity treatments. GBPR play
certain roles in post-transcriptional regulationgeie expression in plants under various stresditooms [28].
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They may play important roles in stress resporaesheir mMRNA levels increased after exposure temstress
[29]. This may explain one of the several reasdridymla308’s tolerance.

Spot 11 matched to NDPK 1 that decreased up tofald3under stress in the susceptible genotype. Ojre
regulation of this protein has been reported urdi@ught stress [7,14] and salt stresses [30]. NDfka
housekeeping gene. This protein uses ATP to mai&liular levels of CTP, GTP, and UTP. Over exgpi@s of
NDPK in Arabidopsis plant down-regulated the acclation of ROS and enhanced the tolerance to abiotic
stresses [31]. In this experiment NDPK 1 down-rated under stress and decrease in abundance vesrgre
sensitive compared with tolerant cultivar. Downwlegion of NDPK in response to salinity has notrbegported
previously.

In this work, we identified a number of salt-inddgarotein spots in the roots of tolerant cultivahich maintains
growth rate during stress. Roots of tolerant ggp@tgxpressed more responsive proteins than susieeptiltivar.

Hyola308 could therefore tolerate stress conditietter than Sarigol, with a lesser amount of a cgda in

biomass production. Cluster analysis based on rssg® proteins indicated that Hyola308 is a coustie tolerant
accession, and may explain this Hyola308's tolezac major fraction of detected protein spots imedl in

oxidative stress responses and then energy produdhese findings suggest that oxidative strelsgew proteins
have a vital task in the adaptation of rapeseet$ tooelevated salinity condition.
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