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ABSTRACT
Salinity is one of the mosterious abiotic stresses for plants, causing other subsequent consequences such as oxidative stress, which
eventually leads to cell death. Measured various biochemical parameters in chickpea genotypes were performed under variouSINa
concentrations (0, 8 and 12 dS.m') in controlled condition at 21 and 28day after sowing (DAS). After determination of tolerant
(MCC544) and susceptible(MCCB806) genotypes and also the best differential salt concentration, SEFAGE was used tocompare
protein profiling in thesetwo genotypes in 3 time poing with four replicates. Proline and protein contens were significantly higher
in MCC544 as much as 27 fold (for proline) and 30% (for protein) increase over control in 28 DAS at 12 dS'rof salt. The leaf
soluble carbohydrates increased significantly in MCC544 and MCC760, compared with others. The minimuihecline of electrolyte
leakages (6%) and malondialdehyde (MDA) content was belonged to MCC760 while MCC806 genotype showed the highest decrease
rate (more than 20%). Total leaf chlorophyll content decreased in all genotypes. More strong and positive correlations between
parameters was recorded in tolerant genotypes which resulted in membrane and osmotic balandealyses of SDSPAGE revealed
that more rapid accumulation and/or less degradation of proteinsoccurred in higher molecular weight proteins. Moreover, the
response ofgenotypesthrough protein changesbefore 96 hstressmight be a possible reason fosalinity tolerance in this condition
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INTRODUCTION

Chickpea is the third most important pulse crop in the world in terms of total production which is mostly grown
in semiarid regions such as South Asia, West Asia, North Africa, East Africa, southern Euootieaitd South
America, and AustraligRoy et al, 201Q. It is cultivated in more than 50 countries with over 11 million
hectares, and its total annual world production is around 8.4omitbns (FAOSTAT, 2011). Chickpea is a
valuable source of protein, carbohydrate, fiber and many essential vitamins and n{lReyaés al, 2010.
Chickpea nitrogen fixatioplaysan impotant role in maintenance of the soil fertility, particularly in the arid and
low rainfall areagVarshneyet al, 2009.

Salinity is one of the most serious dimostresses in agriculture worldwide which is estimated that
some 20% of total land in the world and nearly half of all irrigated land are adversely influenced by this stress
(Si | va and). edntpcayses add 6n§ physiological dehydration (water stress) in plants, but also
nutrient ion imbalancgToker et al, 2007%. Under saline conditions, reactive oxygen species (ROS) are
commonly generated and accumulated by which oxidative damage occursniolbules such as lipids and
proteins, resulting in cell death later in the procgdslassiotiset al, 2006. Soil salinity is known as a major
inevitable problem, especially in arid and semid regions of the world, where these regions are the main
cultivation areas of chickpd&lowerset al, 2009.

Despite chickpea sensitivity to salinity, particularly at the early stages of growth and development, there
has been reportexiconsiderable variation observed among various genotypes in which the most susceptible ones
fail to grow in just 25 mM NaCl but tolerant genotypes survives up to a maximum of 100 mM NacCl in
hydroponics(Flowerset al, 2009. In addition, the higher levels of salt concentration in the soil due to its
accumulation and drying the soil towards the end of the growing season, both lead 1698 yield losses
globally (Flowerset al, 2009. However, itis suggested that selection of tolerant genotypes would be an
appropriate sategy to alleviate the adverse implications of salittitgsegawatal., 2000.
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A considerable variation for salinity resistance has been reported among chickpea genotypes in some
studies, but a few of them, compai@rrelations of parameter in tolerant and susceptible which was performed
in present study. Moreover, giein profiling by SDSPAGE revealed novel information on resistance in salt
stress conditionHowever, SERRA&t al. (2004 screened 234 chickpea genotypes grown in a Vertisol treated
with 80 mM NaCl solutionThey reported a 60% reduction in biomass at 40 day after sowing and identified
resistant genotypes based on salinity susceptibititex (SSI) and shoot biomass. Similar study has been
achieved byKafi et al. (2011) in which resistant genotypes was determined under 8 and 17 8&@i
concentrations 4 weeks after plant establishment in hydroponic sykteogh evaluation obiochenical
parameters such as soluble carbohydrates, proline and photosynthetic pigments.

The current study was achieved to evaluate chickpea responses to salinity through biochemical
parameters and protein profiling with the following particular objectifieso compare the chickpea genotypes
in terms of their variation in reaction to varied concentrations of salt stress (various NacCl level ir;ii§ soil
determine the best biochemical paramgdaand its reliability as a marker for fast assessmentsargening of
the genotypes in reaction to saline conditi¢ii) to investigate changes iprofile of proteinsin tolerant
genotype tgossbly explainthe mechanisrof salinity toleranceising SDSPAGE.

MATERIAL AND METHODS

Plant material ard experiment design

Seeds of chickpea genotypes were provided by Research Center for Plant Sciences, Ferdowsi University of
Mashhad, Iran. Based on our previous salinity sty others repori¥afi et al, 2011, we used MCC544 and
MCC760 asputativetolerant and MCC361, MCC778nd MCC806 agputative susceptible genotypes. Seeds

were surface sterilized three times with 3% (w/v) sodium hypochlorite for 1 min, followe@%yethanol for

30 s and rinsed with sterile water for five tin@sd germinated in petri dishes for 48 hr prior to sowing. Two
chickpea seedlings were grown in eacteliter pot , filled with a mixture of field soil and sand (2:1, w/w) and
keptincontrdl ed conditions (25%2°C, -hbfhatdpétiodrwah light intensity df u mi d i t
270 ) andthen treated with saline water after 2 weeks for 14 consecutive days.

The effect of different concentrations of NaCl (0, 8 and 12 @Ben various biochemical parameters were
measured among the genotypes as a factorial test in a completely randomized block design with 3 replicates in
two growth stages of early seedling growth (21 DAS) and flowering initiation (28 DAS).

Biochemical paramegrs measurement

Proline was extracted from 0.2 g leaf tissues homogenized in 4 ml 3% aqueous sulfosalicylic acid using the
method developed by Bates al, (1973. Briefly, after centrifugation at 10000 rpm, 2ml of supernatant was

mi xed with 2 ml of ninhydrin and 2 ml of gl aci al ac
mixture was etracted by 4ml toluene and its absorbance was measured at 590 nm. Final proline concentration

was calculated by the standard curve and folloveqgation

ug prolin - ml toloen  gr sample
X /
5

Proline (umol.gFW') =(
ml 115.5( HE )
wmol

Total soluble proteins were determingdough some modifications in Lowst al (1951) method.In
breif, 0.1M potassium phosphate buffer was used for extradtiem, the concentration of the protewss
calculated by BSA statard curve. The membrane lipid peroxidation was determined by the method from Heath
and Packe(1968, in terms of malondialdehyde (MDA) production. Thus, 0.2g fresh leaf tissue was ground in
5ml 0.1%trichloro acetic acid (TCAxnd centrifuged at 10000 rpm. The su¢ant was mixed well with 20%
TCA, containing 0.5% thiobarbituric acid in 1:4 (v/v
calculated according to the followirggjuation
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MDA( mmol/ gFW) = A532_60(f1.553 lO'SMcm'lX b

For total chlorophyll a and b content, extians from fresh leaf samples were performed in 80%
acetone and estimated by the method of Lichtenthaler and Busck2@ihusing following equation

¢, (ug/ml) =12.25 Ay, —2.79 A, s
¢, (ng/ml)=2150 A, —5.10 A, ,

The carbohydrates were measured using the procedure of [uladi€l956. Briefly, dried powder of
100 mg leaf DW was vortexed with 80% ethanol. After removing the superaai@extra sediments by adding
5% zinc sulphate and barium hydroxide 0.3 normal, it was mixed with pk2ro(v/v)) and then with 1.5N
H2S04 (5:1 (v/v)). The absorbance was read at 490 nm, using spectropho{@RatA, sp-3000 pluskfter
45 min.

Membrane stability index (MSI) based on electrolyte leakage was assayed by estimating the ion
leaching from éaves into distilled wategfPremachandrat al, 1990Q. The leaves were transferred to 10 mL
distilled water in two sets. The first set was kept
using a conductivity meter. The second set wad kept
and finally MSI was calculated through (C1/C2) x100.

Total protein extraction, purification and SD$AGE

In order to SDSPAGE analyses of contrasting salt tolerant responses genotypes, total protein was extracted
using developed method by Gogginhal, (2011). Briefly, 2.5 g of leaveas were ground to a powder in liquid
nitrogen, then placed in a centrifuge tukiéh two volumes of extraction bufferontaining8 M urea, 2% (v/v)

Triton X-100, 5 mM DTT. After 20 min incubation on ice with gentle rocking, thesulvere centrifuged at
12000 g for 10 min.

For purification extracted proteinsvere precipitated in chilled methanot§ 0 ° C) and i ncubeé
overnightat8 0 ° C, then <centrifuged for 30 mdm, reausperdédn0 0 g .
minimal IEF buffer which contained 8 M urea, 2% [w/v] CHAPS, 60 mM DTT, 2% [v/v] IPG buffer, for 10 min
with gente rocking, and centrifuged at 12000 g for 30 min again.

Protein concentration of samples were determined using Bradford assay and crystéllifizr&ord,
197¢. To obtain standard curve, absorbance of BSA concer
by OPTIMA spectrophotometer (}000) at 595 nmTo a series otoncentratios, 200 pRadbDye Bi o
Reagent Concentrate was added to each microtubemixed welland incubated at room temperature for 15
min.

SDSPAGE electrophoresis was performed b3% acrylamide separating gel and 4% acrylamide
stacking gel wittD.5 mm spacersThe separating gel contain6b8 mL of MQ water, 5 mL of 1.5 M THEICI,
pH 8.8, 200nm. of 10% (w/v) sodium dodecylsulphate (SDS), 8 mL of 30% acrylamide (monomer:crosslinke
ratio 37.5:1), 10rL of TEMED and 1007 of 10% (w/v) ammonium persulphatEhe stacking getonsisted of
1.2 mL of MQ water, 0.5 mL of 0.5 M THEICI, pH 6.8, 207L of 10% (w/v) SDS, 26Tl of 30% acrylamide,
2nL of TEMED and 10niL of 10% (w/v) ammonim persulphate.

10 g of protein wagmixed in a microtubewith 20% 5X SDSPAGE conraining1/20 volume ofb-
mercaptoethanol in a final volume of . After incubation at 95C for 5 min anch brief cooling on ice, 1@
was loaded per lane and electrophedeat 20 mA for 5 hours with 1X SBIBAGE running buffer (100 mM
glycine, 25 mMTris and 0.1% (w/v) SDS).

The gels, were stainedvith Coomassie Brilliant Blue 50 solution[40% (v/v) methanol, 10% (v/v)
acetic acid and 0.25% (w/v) Coomassie Brilliant BR#250 and rocked at room temperature for 30 mMihese
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gels weredestainedin 40% (v/v) methanol, 10% (v/v) acetic acid and 3% (v/v) glyéeabloom temperature
Gel imagewasdigitalized at 600 dpi using a G0 Calibrated Densitometer (BiRad).

Data analyses

Data were subjected to analysis of variance (ANOVA) and significant differences among means were calculated

’

by Duncan

s muplst i0p. 105 ) r. a nTghee
arc sinus and squareato All calculations were performed in SAS version 9.2 and jump version gbfiwlares

tpeesrtc e(nt age

and

r el

ative

and the figures plotted by Excel 2013. QuantityOne (Version 4.6.3) and GelQuant Pro (Version 12.1) softwares

were used to analysethe images and create master gelsifragefour replicate gels foreachindividual

genotypes at each time points.
RESULTS AND DISCUSSION

Biochemical experiment

In the present studyproline content of leaves had a significant incregs®.05) with the increase of NaCl

concentrations in all genotypes but decreakethg time(Fig. 1). Increased proline levebuld bedue to protein

breakdown(Evan lbrahim, 201R High salinity treatment resulted in accumulation in 27 and 17 fold higher
proline content compared to the control in MCC544 and MCC760, respectively. At 8 fi€atment, MCC544
recorded the highest proline level in both samplings. At the highest NaCl conceniviZiGB806 had the lowest

proline accumulation significantly.

Proline is a particular osmolyte in plants, increasing rapidly under reduced water levels and assist the
plants to preserve cell turggBidabadiet al, 2019. This osmolyte is a compatible solute, which can be

considered as protective response in geomosmotic adjustment (OA) in abiotic stress condit{éi et al,

2007, Mahajan and Tuteja, 20D5The increase of proline upon salt stress in tolerant genotypes was consistent
with the findings of other studigdlajaphyet al, 2010, Singh, 2004 Based on this parameter, MCC544 and
MCC760 can be considereds tolerant while MCC806 the most susceptible orfhe more delay in proline

accumulation was observed in susceptible genotypes.

25 q

B Mcc 361
— 20
S MCC 544
)
< 154 [ mcc7e0
E
= McC 773
@ 10 4
c
= B mcc 06
a g
- c
0 -

Concentrations of salinity (dS.mY)

Figure 1. Changes of proline conterjirfiol/g.FW) in chickpea genotypes under three salinity concentrations (0, 8 and 12
dS.mY), in 21 DAS seedlings (@nd 28 DAS seedling®). Means in columns with at least one letter in common in the range

are notsignificantly different p < 0.05).
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Figure 2. Impact of salinity (NaCl) ommalondialdehyde (MDA) contenfunol/g.FW) in chickpea genotypesn 21 DAS
seedlings (a)and 28 DAS seedlings (b). Means in columns with at least one letter in common in the range are not
significantly different ¢ < 0.05).

MDA, a lipid peroxidation product, has been used as an appropriate biomarker to evaluate the free radicals levels
in the living cells and membrane dama@éolassiotiset al, 2006. In current study, MDA content of all
genotypes had a progressiugcrease with rising salinity levels over tin{Eig. 2 and 3. At high NaCl
application in 28 DAS, the lowest MDA observed in MCC760 genotype (with 0.7 fold increase as compared to
control treatment) (Fig. 2). Theesponse®f genotypeswere different in 21 DAS in which MCC544 and
MCC760 had the lowest increase in MDA content (1.6 fold) while the highest (2.3 fold increase) was recorded in
MCC806 and MCC361 genotypes (Fig. 2).

The increase in MDA content under salinity and drought stresses especial§céptitie genotypes,
was in agreement with the finding$ various studyin chickpea(Bian and Jiang, 20Q09wheat(Fu and Huang,

2001 andmaize(Moussa and AbdeAziz, 2008. Increased MDA is result @bility reductionto scaveng®0OS

( Ban detal004) This possible mechaniswaslater supported by higher electrolyte leakage (decrees of
membrane stability indefMSI]) confirming our findings As noted in table 1, increase in MDA resulted in
significant decrease in MSI.

Total proteinraisedduringstresgimes, especially in tolenat genotypedn 28 DAS seedlings, MCC760
accumulatedhot onlythe highest protein content (20 mg/gr.DW), but also had the highest increase (40%) over
the control. A slight decrease in protein content veagaledin MCC806. Insufficient increase in proéimrand
protein content of these genotypes may be due to the degradation of some biomoleculars such ageomymes
et al, 2002 Karagezler et al, 2008_ Nuneset al, 2008. This might be an indication of their inability to
maintain cell turgor under saline conditi¢hshraf and Harris, 2004 Salinity has a dual influence on protein
pattern in the plants. It reduces the total protein corffeeigadoet al, 1993 andcommences the synthesis of
other specific proteinfChen and Plant, 199®ecessary for tolerating the effect of salinity through engaging
ABA (Zeevaart and Creelman, 1988onfirmed with our findingsgenhancen protein content upon salt stress is
reported in different tolerant plant spec{@snini and Ehsanpour, 20Q5Ashraf and Harris, 2005Najaphyet
al.,, 2010. Due to the importance of proteins as functional molecules inatbngy cellular processes, a more
accurate investigation of protein pattern changes between contrastive genotypes was also achieved-using SDS
PAGE with another precise extraction method at a critical stress time points.

The content of soluble carbohydraitsignificantly changed with increasing the salinity level (Fig. 4).
MCC760 and MCC544 had the highest carbohydrates accumulation under higher salinity level, egp@dially
DAS seedlingsso that salt treatments cause82land 147 fold increase of céohydrates content in 21 DAS,
and 0.9 and 63 in 28 DAS seedlings thesetwo genotypes, respectivelimong various organic osmotica,
sugars form up to 50% of the total osmotic potential in glycophytes plants subjected to saline cqRditiais
and Satyawati, 2008 Saltinduced reduction in soluble carbohydrate content was observed especially in
MCCB806. More accumulation of carbohydrates in MCC760M@iC544 probablyincluding sugars and starch
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.which facilitate osmotic adjustment (OAMahajan and Tuteja, 2005 Paridaet al, 2002, function as
metabolic signals(Aghaleh et al, 2009 and hasa critical role in osmoprotection, carbon preservation,
membrane stability and radical scavendiRarvaiz and Satyawati, 20p8ncreased soluble carbohydrates could

be due to converting sucrose to monosaccharélesns, 1993 Another possible reason presented by Ke&fi

al., is reduction or interruption in transferring of carbohydrates from shoot to root of seedlings in order to
maintain osmotic balance between cytoplasm and vacuole. Confirmed with our data, there are other reports
indicating that the soluble carbohydratestent increase in response to salt stress especially in tolerant varieties
(Meloni et al, 2004, MurakeEzy et al,, 2003.

[F] 0 ds.m
20 4 8 dS.m’!
B 2asm?

15 4

Protein (mg/gr.DW)

MCC361 MCC544 MCC760 MCC773 MCC806 MCC361 MCC544 MCC760 MCC773 MCC806

Genotypes
Figure 3. Effect of salinity (NaCl) on protein content (mg/g.DW) of chickpea genotyp&d DAS seedlings (sgnd 28

DAS seedlings (b). Means in columns with at least taiter in common in the range are not significantly differpnt (
0.05).

250 1 (b) E] 0 dS.m’!

8 dS.m*!

B 12ds.m?

200 4

C-e
c-e

L

150 4 «I_UU

100 1

50 4 |

Soluble Carbohydrate (mg/gDW)

MCC 361 MCC544 MCC760 MCC773 MCC 806 MCC 361 MCC3544 MCC760 MCC773 MCC 806
Genotypes

Figure 4. The average leaf soluble carbohydrates (mg/g.DW) of chickpea gendatypg@<DAS seedlings (&gnd 28 DAS
seedlings (b). Means in columns with at least one lettasrimuon in the range are not significantly differem&(0.05).

MCC760 displayed maximum maintenance of cell membrane integrity in which only 6% decrease of
membrane stability index (MSI) occurred relative to the control under salt condition (Fig. 5)wMiean
MCC806 showed an obvious decline (20#%6MSI in response to salt. In addition to MDA content, electrolyte
leakage measurement is another commonly used criterion to assess the extent of oxidative stress and level of
membrane stabilityassociated wh leakage of solutes from the cdllsB a n d et al.@004) In agreement with
this result, MSI decrease has bsbownin susceptible genotypes of chickpea under sfiglsgsharet al, 2011
. Chohan and Raina, 20111
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Concentrations of Sodium Chloride
Figure 5. The decline of membrane stability coefficientcimckpea genotypes under three salinity concentrations (0, 8 and
12 dS.mf), in 21 DAS seedlingg) and 28 DAS seedlings (b).

(b) B mcc361 N mcc 760
FImcc 544 [ mcc 773
B mcc 806

Total Chlorophyll (mg/gFW)

0 8 12 0 8 12
Concentrations of salinity (dS.m™)

Figure 6. Changes of total Chlorophyll content under three salinity concentrations (0, 8 and 12,dS.&l-day old
seedlings (a) and 2@ay old seedlings (b). Means in columns with at least one letter in common ianige are not
significantly differentp< 0. 05) .

The status of total chlorophyll content were measured to give an insight into photosynthetic capabilities
In consistent with other studi¢dlernandezt al, 1995, a higher chlorophyll degradation was observed ir salt
sensitive chickpea genotypeRhe rateof decline andoss of total chlorophyll contents increased with higher
NaCl concentrationsindit was found to be significantlyp to 24%ess in MCC760in 28 DAS seedlinggFig. 6
and 7. The reduction in chlorophyll and other pigments content due to salinity may reatboa ¢ixationthat
eventually supply energy and substrates for metabolic pathways. This finajlycausereduction in plant
growth and development as observed in this study @#Hifvadavet al, 201]). Observed degradation may be
due to increasing of destructive enzymes called chlorophylResedariet al. 2012) Pigments sysm reduction
is attributedto weakeningthe proteinpigmentlipid complex induction or elevated chlorophyllase enzyme
activity (Turanet al, 2007. The reduction of total chlorophyll amounts in chickpea upon salt stresalsas
reported(Beltagi, 2008 Mudgalet al, 2009.

Correlation between biochemical parameters

To study mechanism of tolerance, after initial screening of genotypes, correlations of biochemical parameters
was compared between tdat and susceptible genotypes in table 1. There was a strong and positive correlation
in tolerant genotypes between proline and carbohydrates (0.80**) as \petilia® andprotein (0.60**), but no
significant correlation in susceptible ones (Table d)tolerant genotypes, proteins and carbohydrates result in
membrane stability (0.26* and 0.61** correlations values), meanwhile membrane damage in susceptible
genotypes could be due tiecreasef necessary proteins and carbohydrates since the correlatioes were
negative.
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Table 1. Correlation values between each pair of biochemical parameters in tolerant (bold data) and susceptlual@ia) genotypes of
chickpea at 28 DAS seedlings under salt stress condition.

Proline MDA Protein Carbo MSI Chl Ro/Sh
Proline 1 0.63 ** 0.60** 0.80** -0.21* - 0.58** 0.33*
MDA 0.97* 1 0.26* 0.57** - 0.46** -0.81* 0.51*
Protein 0.01 0.001 1 0.61** 0.26* - 0.46** 0.02
Carbo 0.07 0.13 0.001 1 - 0.25* - 0.52** 0.23*
MSI -0.29* -0.34* -0.14 -0.09 1 0.52** 0.01
Chl -0.78** - 0.85* 0.001 - 0.29* 0.40** 1 -0.37*
Ro/Sh -0.13 -0.07 -0.23* 0.23* 0.16 0.002 1

*and ** are significant data at 0.05 and 0.01 levels, respectively.

Chlorophyll degradation and MDA accumulation in leaves of tolerant genotypdd bedue tothe
increase in roeshoot ratio (0.51** and 0.37**), a proposed tolerance mechani@talefetoglu Macaet al,
2009, Mensakhet al, 2009. In the current study, carbohydrate accumulatiad anegativelyrelationwith shoot
dry mater (0.23*). This might be due to less photosynthesigKateet al, 2017).

SDSPAGE analysis

Comparative evaluation athanges irprotein profilewas performed based on previous findings using SDS
PAGE analysis(Fig. 7).Clear dfferencespatternin protein changesvas seen betwednlerant and susceptible
genotypeson the mlyacrylamide geldrom presence oabsence bands t@ried intensity of expressiomA 45
kDa protein band in MCC544howed3, 1.8 and 0.8 fold mormtensitythan MCC806 at 48, 96 antb8 h
respectively. This suggedtsat theearlier expression dhis category oproteinsmay have a rolén tolerance
responseAbsenceor presence ofomebandsmay also indicate a functional involvemeémistress response (Fig
7). The resultsshowed fat protein expression in tolerant genotype started to decrease afterb88iin
susceptible one increased after this time pdihis couldbe considered aakey pointin protein pattern changes
either in toleranbr susceptible genotypes. It seems thégrancereaction might bedue to more rapid synthis
or less degradation oésponsiveproteins to salinity especialfgr highermolecular weight proteins.
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Figure 7. SDSPAGE of tolerant (T MCC544 and susceptible (IMCC80§ chickpeagenotypes during different salinity
periods (48, 96 and 168 hlongwith standardMW.

Therelationshipof protein profilein each genotype and time point is illustrated in clirsgeanalysis in
figure 8. Tolerant genotype hadess chagesover timeespecially in initial time point, confirmg our previous
findings 96 and 168 hours salinitgeriodsresulted in more protein changes compare 48 and 96 in
susceptible one. Overall basedthis clusteranalysis salinity had the most ipact on protein accumulation after
96 hour and responses of seedlings before this time paghit be important inolerancemechanisn{Wanget
al., 2009.

--------- s-mah} lh ﬂgi | ““ |

Figure 8. Clusteranalysisof proteins inchickpeagenotypes (TMCC544o0r S MCC806 under salinity periods (48, 96 and
168 h).
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CONCLUSIONS

Generally, tolerance in saline conditionight be due to more rapid accumulation mfteins with higher
molecular weight and also more organized and coordinated pattern changes in biochemical parameters.
Furthermoreaccording tosusceptible genotype resporieehis study irregular changes in protein profiler

inability to rapid accumulation of responsible protemay be possiblecausefor susceptibility in saline
condition (Table 1 and Fig. 8).
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