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1- Expression proteomics
4- Interceptor proteinase

2- Cell map proteomics

3- Structural proteomics
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2- Solubilization buffer
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Table 1. Analysis of variance of studied traits under water treatments for Kavir and Bahar cultivars

Slaye 550k
wclS s o wlS 5o ol ¢li)| Sy ohy o Spmicd gy @llep e gle
() (¢ (s2os5ls) (P55 2 2o siosBle) (12)

0/004™ 0/006™ 27/30™ 2983/01" 239/96™" 1 o e
0/008™ 0/022" 13/44™ 5790/27"" 195/09™" 1 o5,
0/001 0/002 3/10 683/73 30/30" 1 e X3,
0/0005 0/0011 2/99 323/00 0/62 8 s
22022 7109 7170 o/78 0/46 ) lois ey

23Lo0 W1 5 U5 Jlein! o 55 (gl gime iy xx g %

aalllas 390 Slio (gl Jlag 9 25 P 5 G5 gl (S0l duglio =2 oo
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Figure 1. Comparison of mean treatment composition of Kavir and Bahar cultivars with two levels of control and
drought stress for leaf relative water content
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Table 3. Protein spots with significant expression change in Kavir and Bahar cultivars and their variation type under

drought stress
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Figure 2. Comparison of two-dimensional electrophoresis pattern of Kavir cultivar in control condition (A)
with drought stress (B) and protein spots with significant change on reference gel (C).
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Figure 2. Comparison of two-dimensional electrophoresis pattern of Bahar cultivar in control condition (A) with drought
stress (B) and protein spots with significant change on reference gel (C).
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Figure 4. Relative frequency of responsive protein groups to drought stress in Kavir (right) and Bahar (left)
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1- Ribulose-5-phosphate

2- Oxygen-evolving complex
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Table 4. Names and characteristics of responsive proteins to drought stress in Kavir

Experi .
¢ . . Experi
09,5 ojlod Accession . Theoretical ~ Theore  mental
Skee S number o b score MW (KDa) ticalpl MW menltal Taxonomy
(KDa) P
5 i 34/58 5/18 iti
‘\:’; 1311 gl|475369542 putative ribose-5-phosphate isomerase 375 22150 4175 Tl::‘tal([:'ltjum
310 0ij4738483 Fructose-bisphosphate aldolase, 1012 42/21 5/94 79/73 511 Triticum
56 chloroplastic urartu
ribulose-bisphosphate carboxylase (EC 15/57 19/62 5/96 -
992 gi|82619 4.1.1.39) small chain precursor (clone 130 8/95 ;—g;ttll?/l:nr:]
234) - wheat (fragment)
577 gij4755521 Fructose-bisphosphate aldolase, 932 37123 6/38 57/31 6/73 Aegilops
56 cytoplasmic isozyme 1 tauschii
575 gi[1173347 Full=Sedoheptulose-1,7-bisphosphatase, 389 42155 6/04 5114 5/64 Triticum
chloroplastic aestivum
. Full=Fructose-1,6-bisphosphatase, 44110 64/88 5/20 Triticum
1151 gi[119745 chloroplastic 261 S/ aestivum
ribulose-bisphosphate carboxylase (EC 15/57 47/51 5/80 -
672 gi|82619 4.1.1.39) small chain precursor (clone 68 8/95 ;—;ttllfll:nr:]
234) - wheat (fragment)
oSy g7 il4741216 Chlorophyll a-b binding protein 8, 510 29/30 8/69 30/24 5/78 Triticum
6% 85 chloroplastic urartu
173 0i|6856619 Cytochrome b6-f complex iron-sulfur 357 24/11 8/47 16/78 6/63 Triticum
1 subunit, chloroplastic aestivum
0ij4742193 Peptidyl-prolyl cis-trans isomerase 46/10 58/62 4197 Triticum
1313 38 CYP38, chloroplastic " 482 urartu
1227 gi|3571170 photosystem 11 stability/assembly factor 812 37/01 5/40 56/91 5/55 Brachypodiu
71 HCF136, chloroplastic-like m distachyon
P e 604 4il121340 Full=Glutamine synthetase leaf isozyme, 684 47141 511 55/09 5/25 Hordeum
Siass O chloroplastic vulgare
605 4il121340 Full=Glutamine synthetase leaf isozyme, 450 47/41 511 54/99 5/17 Hordeum
chloroplastic vulgare
L) i 17172 28/73 4/59 i
J 1299 g||471576277 ATP synthase delta chain, chloroplastic 361 4/49 Aegilops
OFen tauschii
59/33 71/65 5/60 iti
402 gi[525291 ATP synthase beta subunit 1265 5/56 Triticum
aestivum
g 722 gij4737873 Soluble inorganic pyrophosphatase 1, 369 3110 5/00 a21m 5/24 Triticum
s 83 chloroplastic urartu
eSS 840 gi[1174749 Full=Triosephosphate isomerase, 149 27/14 501 32167 6/21 Secale
cytosolic cereale
st 1303 i 15/13 5/63
i 18/99 36/00 4176 iti
1334 g||227605338 cp31BHv [Triticum aestivum] 314 4/85 ;—;tt:flﬂnr:]
51/05 5/54

642 -
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Table 5. Names and characteristics of responsive proteins to drought stress in Bahar

095 : sc ’ Experi gy peri
63 ,Skes i) ojloss Ancucrensgé‘?” S b %r R’A%m('(}e(tgg; ?leog?t r(“ll\zl;\}va)' mepr}tal Taxonomy
a
o - Phosphoribulokinase, 7 Triticum
e 557 gil125580 ook 0 45051 572 5339 5/33 Triticum
' Phosphoribulokinase, 91 Triticum
558 gil125580 ok ) 45051 572 5339 5/l Jriticum
. Sedoheptulose-1,7- 1 Triticum
581 gil1173347 bisphosphatapse, chloroplastic 93 4205 6/04 51159 5/40 aestivum
Ribulose bisphosphate .
1154 0i[132107  carboxylase ssnléil chgin clone 163 13/28 5/84 26/01 6/39 ;g;tt:%rrrr]]
. RuBIisCO large subunit-bindin: -,
354 Oil4T44385 protein%ubunit beta 0 22 83/35 7179 67/04 5/58 Triticum
~ib ::hlorbqplahstich 84 urartu
ibulose bisphosphate s
988 0i[132107  carboxylase ssnléil chgin clone ZB 13/28 5/84 21/80 6/42 ;g;tt:%rrrr]]
114738483 Fructose-bisphosphate 87 Triticum
619 ol 56 aldolase, chlgrop astic 0 42121 5/94 49125 512 urartu
; Sedoheptulose-1,7- 10 Triticum
579 gil1173347 bisphosphatapse, chloroplastic 20 4215 6/04 51/83 5/50 aestivum
" Ribulose bisphosphate 17 Triti
549 Gila741534 . hoxylaseloxygenase activase 51/24 6/90 53/86 5/82 riticum
35 yA, chlo)r/gplastic 28 urartu
i|3571573  fructose-bisphosphate aldolase, 98 Brachypodium
623 o 99 chlor%plagtic—like 7 42119 6/26 48/94 5/83 distaycphyon
. ribulose-1,5-bisphosphate
46~ OISLO87ET carboxylase/%xyg%nasg large 3¢ 53/74 622 599 679 Hordeum
subunit
] Ribulose bisphosphate 50 Digitalis
1169 0i|3334480 carboxylase ,grgegham 1 53/47 6/13 71/80 5/62 putgpurea
" Ribulose bisphosphate 14 s
593 Gila741534 . hoxylaseloxygenase activase 51/24 6/90 50/97 6/85 Triticum
35 REAI Chlg)!{gprllam% 53 urartu
i ibulose bisphosphate 10 .
587 Gil4741534  aroxylaseloxygenase activase 51/24 6/90 51/44 5/94 Triticum
35 REAI Chlg¥gpAaSti% 08 urartu
i ibulose bisphosphate 92 i
562 Gila741534 . hoxylaseloxygenase activase 51/24 6/90 53/23 5/95 Triticum
35 . Zé,lchlo)r/gptl)astricbr N 5 urartu
. uBis arge subunit-bindin .
31 OifATAI385 protein Subunit beta, fg 83/35 M9 6TM9  5l64 Triticum
RuBI COCIh|0T0p|abSt|Qt bindi
) uBisCO large subunit-binding 9 Triticum
1147 11134102 rotein subunit alpha, 57/66 4/83 66/26 5125 :
gl o Bgrg%'?plastic%recﬁriqrdr 24 aestivum
. uBis arge subunit-bindin .
195 4TS protein Subunit beta, ég 83/35 M9 6TM9  5/54 Triticum
ibulosoL 5 bisphosphat
0i[3108787 ributose-1,>-pisprospnate 16 Hordeum
1157 9 carboxylasgllj%ﬁ)r/]?tenase large 03 53/74 6/22 60/95 6/96 comosum
. ribulose-1,5-bisphosphate
150 iIs1g878T carboxylase/%xyg%nasg large éf 53/74 6/22 5963 6/92 Hordeum
subunit
" Ribulose bisphosphate 14 s
1214 9il4741534  carhoxylase/oxygenase activase 51/24 6/90 53/08  5/77 Triticum
35 yA, chlo)r/gplastic 33 urartu
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Continued Table 5
05,5 oo Accession e ol Score Theoretical Theore rE])éﬁgi Eﬁ;ﬁgi Taxonom
3 es as) number ofgn p MW (KDa) tical pl (Il\(/lgl\é) ol y
et 672 gil82619 rz'tt.)i’.'féeé)b Snal B C?ergfr)?é'rafgléﬁg 68 15/57 8/95 44157 5/80 Triticum
T 234) - wheat (#agment) aestivum
465 GIBI0BTBTO  caponiaoxyoenace targe subunit 1457 53/74 62 6010 6/95 Hordeum
613 gi474153435 carboglggéac?%i&:?i%iggmase A 11 51/24 b0 g eiga  Tritium
835 qil473721334 Rigng;?,sggfggwghagg,gf;g;;;;svgigse 280 19/81 8/81 33142 6/40 Triticum
655 gil475397076 508 ”bC%S,gf;;fg, protein L4, 476 31/10 511 46129 5/85 Acdtlons
47 gil474153435 carboxy 1256 ony Qenase activase A 1356 51/24 6/90  53/93  6/01 Triticum
chloroplastic urarty
607 gib7aoelise  TUCIOSGRCRI o 849 42121 63 5003 619 ONna
5 gursozis  SYellendsSgopie gp gm0 s sk e
1151 gil119745 s oropiaeer e 261 44170 516 57/99  5/20 riticum
1212 gij357111403 probable ribose-5 phosphate 512 29/08 572 er s pracdmoo
1167 gil473848356 Fructose-bisphosphate aldolase, 013 42021 594 48/40  5/61 Triticum
1228 01173347 R 33 42/55 6/04 5167 5/ niticum
1186 gil473936969 o Tt Rogyrme 1 117 69/88 8/55 50097  6/70 Triticum
552 0i|125580 Phosphoribulokinase, chloroplastic 593 45/51 5/72 53/78 5/49 ;g'stt'l‘\:,‘d"r;]
ﬁjﬂ 704 gil474352688 Oxyge”'evo'c‘rgiﬂ)goe;gggger proteinl,  gg 34/64 575 4200 5/30 Triticum
710 gil474352688 Oxyge”'evo'c‘rqi{ggoe;,gg{}gef proteinl, 1954 34/64 575 4T 5/61 Triticum
578 gil473965828 Chiorophyll a-b binding protein 1, 106 30/44 525 5206 5/32 Triticum
875 gi[131394 Oxyge”'evo'c‘rqiggoe;gg{}gef protein 2, 467 27142 84 3108 6/10 niticum
825  gil473781575 Thggfggjg,;g{pcefﬁ%'riﬁilmgg}ﬁmv 830 38/45 7/59 34/82 6/10 Triticum
716 gila7a3soeeg  Oxyeen-evolving ennancerproteinl, 1197 34/64 575 41045 5/49 Triticum
868 gil131394 Oxyge"-evo'c\rqig@goe;ggggﬂ protein 2, 790 27142 8/g4 3124 6/01 niticum
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Continued Table 5
09,5 0l Accession e Al score Theoretical Theoretica E)éﬂ?zrillm Experimental Taxonom
3 Skes %) number OFon P MW (KDa)  Ipl (Il\(/lgl\é) pl y

G5 oisly 867 gil474121685 Ch'ompg}’gh%%%géit’i‘g protein 519 29/30 8/69 3124 5718 Triticum urartu
631 0i[357117071 %2%?%%?:”173%Y%ﬁg:%ﬁiﬁ?ﬂﬁ% 872 37/01 540 4832 5/54 Brachypodium distachyon
1313 gi474210338 . Feptiayliprol ,I C‘ﬂlsgrglglzsﬁc 741 46/10 482 5315 4197 Triticum urartu
1148 gi[131394 0§¥g§ef}he\2'?'c\g{gjgr;';‘|g§ggef 886 27142 8/s4  30/61 6/24 Triticum aestivum
14 qi[474352688 0’;¥g§gf‘{%‘g{:ﬁ;&g§gge’ 1068 34/64 575 41/53 5/39 Triticum urartu
un gileases1or  CYigehn ‘g{ﬂjeu’r’]ﬁ:fc%?gg'peési{i‘gn' 357 2411 847 18/52 6/63 Triticum aestivum
709 giu74ssoees  Opygeneyoling enhancer 889 3464 575 4TI 5/ Triticum urartu
872 gitsiaes  OpygEenoluing erhancer 462 2142 884 3116 6/82 Triticum aestivum
1162 gitsiaes  OpygERenoluing erhancer 688 2142 884 29005 6/82 Triticum aestivum
929 gitsiaes  OpygEenoluing enhancer 280 2142 884 26/48 5/ Triticum aestivum
1232 gi474210838 . Feptioyloprol ,I chlsgr@glzsﬁc 602 46/10 482 53/39 5/01 Triticum urartu
928 gisaaroo  NOnLRanesting compiex 325 444 81 26/% 5073 Hordeum vulgare
1218 4il18650668 ‘emperatll‘irgosg;ff:‘i”d”“d 491 21/81 550 26/01 5/90 Triticum aestivum
308 0474105633 metalioprotoass FTeN 2, 500 709 570 6353 5/67 Triticum urartu

chloroplastic

1161 gi[131394 0§¥g§ef}he\2'?'c\g{gjgr;';‘|g§ggef 610 27142 8/s4  29/13 6/78 Triticum aestivum

el gina1za0  Clutamine synthelaseleaf gy e s oMz SIS Hordeum wulgare
499 gil71362640  Plastid glutaming synthetase 1161 47102 575 56/12 5/43 Triticum aestivum
507 gi[121340 G}gg;}g‘; S 'I‘g;gg};est'igaf 24 47141 511  55/9 5/34 Hordeum vulgare
498 gi[121340 G}gg;}g‘; S 'I‘g;gg};est'igaf 3n 47141 511 56/12 5/27 Hordeum vulgare
1152 gi[121340 G}gg;}g‘; S 'I‘g;gg};est'igaf 563 47141 511 56/51 5021 Hordeum vulgare
601 gi[121340 Glutamine synthetase leaf 588 47141 511 50/50 5/34 Hordeum vulgare

isozyme, chloroplastic
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Continued Table 5.
Experim
09,5 0l Accession o Sco Theoretical Theoreti e’r)nal Experim Taxonom
o ,Skas s number O p re MW (KDa) cal pl (Il\(/lgl\l) ental pl y
a
g o] ] lastid glutamine synthetase Triticum
ML gilrise2sd0 s 670 47/02 5175 56/82 5/14 ngoun
784 7361000  Glutamine synthetase isoform g5 39/40 5/41 3m 5/18 Jritioum
e ! ATP synthase CF1 beta 166 Triticum
ogen Jasl 395 0il14017579 e onit 5 53/88 5/06 63/92 5/59 anstioum
; ATP synthase CF1 beta 195 Triticum
396 g||14017579 Y subunit 1 53/88 5/06 63/68 5/53 aestivum
; ATP synthase CF1 beta 187 Triticum
397 gi[14017579 P onit 6 53/88 5/06 63/61 5/45 asstioum
N2 giszs2ol  ATPynthasebetasubunit o 50/33 55 632 560 Triticum
1226 giareorasy  Mitochoncral ATPsynthase - gog 27109 m 33/34 6/03 Jritioum
ol : adenosine diphosphate Triticum
atolds e 965 gil21322655 gilicose pyrophosphatase 151 21/97 5/68 23/59 6/39 acstivam
Soluble inorganic Triticum
2 0il473787383 pyrophosphatase 1, 369 3170 5/00 40/91 5/24 [ t’
chloroplastic urartu
o . Malate dehydrogenase 1, Aegilops
S 635 gil475577109 iochoroen 613 34/93 5/26 48/08 6/72 A
179 gi475577109 Malate defydrogenase 1, g3g 34193 526 47/85 6/95 hegilons
ST 91 gil474023258 Clutathione Stransferase 593 45/26 8/30 28/12 6/38 Triticum
667 0i[7619802 putative glyoxalase | 463 31/83 5/39 45/28 5/74 ;g'stt'l‘\:,‘d"r%
eSS 840 gi|1174749 Trioseph%ilptg';l(tjeliisomerase, 149 27/14 5/24 33/11 6/21 Secale cereale
ol Sps 1159 gia7aorossy  Heatshock 70kDaprotein, 75 76/36 6/16 70/63 5/83 Triticum
: Alpha-soluble NSF Aegilops
Sobo Jaml 681 gil475620029 attachment protein 776 35/16 419 43/40 5/25 Al
oSl g glarsoesiis Proteasome subunitalpha — 4g) 4113 6/05 32012 5/75 Triticum
f tetratricopeptide repeat Triticum
693 gil461682256 Comaiﬁin% pmtefa 623 36/53 7/49 42170 5/71 monoecamm
e 802 gil475516614 hypothetical protein 22 37/52 8/33 36/46 6/06 hegilons
M5 gij475619395 Protein grpE 526 33/99 5/50 39/58 5/17 Aegilons
642 - 47/30 5/54
770 0i[38679331 harpin binding protein 1 697 29/52 9/51 38/65 5137 ;g'stt'l‘\:,‘d"r;]
622 - 49/18 5/99

e g 295 08y )0 it (gl B 09,50 oSy
5581 gSunigy 9 JY gl Cland ey 935 5,8 slacnon
LoSon i e o8y » 5N Sb e A
OEC (sbanSon s byiye jriwgd 5y 3Sly 09,5 )
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Abstract

In order to assess the protein pattern changes in tolerant and susceptible cultivars of wheat
under drought stress in seedling stage and for understanding their mechanism of stress
tolerance, two cultivars of spring wheat, including Kavir (as tolerant) and Bahar (as susceptible)
were cultured in the growth chamber. Proteome analysis by 2D electrophoresis and staining of
gels by Commassie brilliant blue for two cultivars was performed and 20 and 86 protein spots
with significant difference between control and drought condition in the Kavir and Bahar
cultivars were identified, respectively. Using MALDI-TOF/TOF, 18 and 84 protein spots of
them in the Kavir and Bahar was identified. Total of proteins with significant expression
changes related to the Kavir were divided into six functional groups, including Calvin cycle
(seven protein spots), light reaction of photosynthesis (four spots), nitrogen assimilation and
proton transfer (each two spots), the biosynthesis of starch and glycolysis (each one spot) and
the unknown proteins (three spots). The number of protein functional groups in the Bahar was
more diversity and these proteins were divided into 11 functional groups, while in Bahar as well
as Kavir the highest numbers of proteins was related to the Calvin cycle (35 protein spots), light
reaction of photosynthesis (22 spots), assimilation of nitrogen (eight spots) and proton transfer
(five spots). Generally, the most protein amounts in the Kavir were related to Calvin cycle such
as Fructose-bisphosphate aldolase (three spots) and RuBisCO small subunit precursor (two
spots), respectively. While more of proteins involved in the Calvin cycle of Bahar cultivar such
as RuBisCO activase A proteins (seven spots), fructose 1, 6-biphosphate aldolase (six spots) and
catalytic large subunit of RuBisCO (five spots) were. On the other hand, in Bahar, proteins of
OEC (12 spots) were the largest of protein groups involved in light reaction of photosynthesis.
While in the Kavir, Cytochrome b6-f complex, Chlorophyll a-b binding protein, CYP38 and
HCF136 protein under drought stress just one of each apiece were induced. Also in the Kavir
and Bahar, the largest of protein groups related to nitrogen assimilation were Glutamine
synthetase (GS) enzyme. Generally, these results to identify and better understand of the
metabolic pathways, effective proteins and important proteins involved in tolerance and
sensitivity of wheat will help.
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