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ABSTRACT
The wild barley (Hordeum spontaneum) plays a crucial role in enhancing drought

resistance in cultivated barley varieties. The genetic diversity of wild barley genotypes in
Iran indicates their superiority in drought tolerance and agronomic traits. Proteomic studies
help identify key pathways involved in plant stress responses and facilitate the
development of drought-resistant cultivars. In this research, based on the grain yield data of
114 wild barley genotypes under both rainfed and irrigated conditions over two agricultural
years (2019-2020 and 2020-2021) and using the STS index, drought-resistant and sensitive
genotypes were identified. The experiment was conducted under two conditions: absence
of drought stress and severe drought stress, with various genotypes examined. After
seedling growth, drought stress was applied at the two-leaf stage, based on soil field
capacity (FC), at two levels: 90-95% and 25-30% of field capacity. Following protein
extraction, IPG strips with pH 3-10 and 13 cm in length were used for the first dimension,
while 14% polyacrylamide gel was used for the second dimension. Results from two-
dimensional electrophoresis showed that 224 protein spots were reproducible. In the
drought-resistant genotype, 32 spots and in the sensitive genotype, 29 spots exhibited
significant changes. The resistant genotype had 22 spots with increased expression and 10
with decreased expression, while the sensitive genotype had 16 spots with increased
expression and 13 with decreased expression. Eight spots showed shared expression. These
results indicate that various proteins are differentially expressed in response to drought
stress in resistant and sensitive genotypes, highlighting the diverse strategies of plants in
coping with environmental stresses.
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Figure 1. Volcano plot for 224 reproducible protein spots. A: Resistant genotype and B: Sensitive genotype
Red color: increased expression, blue color: decreased expression, and black color: non-significant.

gl poSgyp (wyp p (YI) ohlen g 50l
L Hordeum vulgare L 4> o3 )5 Sis i &

YEA e 51 aiisly olgie DIGE (654065 51 oalau!

Olyis STV 60305 gl (g 4 S
Jolite SIS by oyl plsiea |y (gl gize
a8l )3 g 100l ol (sl 5 o)l golaw
MALDI-TOF-TOF 3 o3litl Ly o> geies cirlo
il o as il ol Sy (plold 4 e
(w18 Lo (iiSly ( Jolw jldlo (65l (emdgilie
A e sl a8 Jobw plas g (SIS Sl
S poSn b adlas L (VOA) gl 5 Sliog:
ol $yos i klyds o Ho marinum _isg o>
S gy Jolod 00l oluwlid (gla gy 335

(ool (g S co9i9my Sl gy ¢lgaiST oSy
U590 Ylo RNA & 055 uato sla gy

5 ol i) 90 am 9 sl Jj il ol s
A=) (Seis i pace byl 3 ooy g pglie
obis (FC=uo p Yo-Y0) (Sid il ¢ (FC=us)s
OB 4 ol Gl plRin 3 (S y poSgn sl &S 0D
g 9l (Sdd L pae b duglie > (SUiS
Eewg bl (St Ol uss ol ol 03,8 0
g Suid  Jloel 1 g 0dimd esly (slaiitSy
5 pobdie Sauisl 0 )P dxe (g I YA 5 YV
oSl 159 o 5 ol 6lSal b ks 51 g pobus
J5 i L sl (i o2 9 QS gl ala
2 polie il d plwlid S yiie 4 cuis dlass
ol s gl LS aSI V- g ol LiljEl oS YY
W5 ol QI3 4018 )3 55 el g iz
(4] i) naS) 5 48 0l ol oy inlS o)
Sl S yde ol s



Yo WY Glisej FA oly & ojleds qpad)lo Jlo o =lyj LS (g)gbdcun als & yuis

“lz'{ 9 4_3‘)_?:3 PRI NI OL.\.\J 1) 05; B Cwlo
a olas 5 (S 4 pglie 08) 90 (gl dunlie poly
Jols condgilio )5 s slo (g ad lulis
55 NADP sy 4ty Slo 351 658 s
Ol 8l ol 085 53 U590 sl o sl
Jr8 5 La sl (aljoms 4 bgaye sl 3l 028l
2 il oli 8l (Sis 4 polie 15 10 (5)98 il
ARV S u.ol_“.o p—s) 30 (S d‘—gdb
2 Gl JLed oS 5 adg L e ol oyl
O demd o s a8 il il el cuig
ool i3 3 1) 65 698 (S reml sl gl (St

(YO o) g gil) wiS o sl

by (gl (195 (nnS 99955 S §55°9 )8 ¢ Jgjtam
So=a3 Sy 0 Lo gy (mal a0y i L
s golio A lo e (Splio (glo pus g (5UsS
45 (il e o ST (Bl lab (55

Al i S JES cingid (g
ool pon s Slwlis sla g, ol
2 dbogye Sluasin plaw g o plodl s img S
B9y (slmog S .l odis 035l ¥ o ¥ cla Jgan
qodgilio )3 B> (sl ydigy 1ol o Lol
oS L ablie g gl ST glds )3 15 ) slanSgp
byo gloloy 5yl duid )3 55,5 laydisy
9 8531 Sl pme )3 1555 (Sl gy ciusgid |
Sl n dopd ¥ SS W5y ()Ll (sboys

A

= Amino-acid biosynthesis

® Energy

= Glycolytic process
Metabolic

= Photosynthesis

= Stress response

® Transcription

B

B Carbohydrate metabolism

B Biosynthesis of secondary
metabolites

= Biosynthetic
Defense

B Drought responsive

= Glycolytic process

m Metabolic

m Photorespiration

® Photosynthesis

® response to xenobiotic

W Stress response

Figure 2. Percentage of proteins with significant changes based on their role and action. A: Resistant
genotype and B: Sensitive genotype
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Table 3. Proteins with significant changes in the resistant genotype

Match ID  pl MW Name QOrganism Function

861 5900 80.860 Melanoma-associated antigen p97 Gallus gallus Stress response
276* 6.960 37.754 Glyoxysomal malate dehydrogenase Zea mays Metabolic

965 6.300 25.100 Ribulosebisphosphate carboxylase large chain (RuBisCO large subunit) Welwitschia mirabilis ~ Photosynthesis
204* 8.700 44.000 Thioredoxin M-type, chloroplast precursor (Trx-M) Spinacia oleracea Metabolism

170 6.010 53.979 ATP synthase subunit alpha Secale strictum Metabolic

649 7.000 21.000 Alternative oxidase Triticum aestivum Photosynthesis
405* 6.670 36.605 cytosolic glyceraldehyde-3-phosphate dehydrogenase Pisum sativum Glycolytic process
401 5.710  35.765 Stress-responsive protein Zea mays Stress response
717* 6.400 31.000 Ribulosebisphosphate carboxylase large chain precursor Pisum sativum Photosynthesis
227* 4.500 31.900 Cp31AHv protein Hordeum vulgare Transcription
233* 8.000 41.800 Ribulose bisphosphate carboxylase/oxygenase activase, chloroplast precursor Hordeum vulgare Photosynthesis

52 7.200 53.000 Putative dihyrolipoamide Dehydrogenase Oryza sativa Metabolic

42 6.880 83.000 Ribulosel ,5 biphosphate carboxylase /oxygenase Hordeum vulgare Photosynthesis

625 5400 21.400 Elongation factor G

916 6.000 18.500 Pyruvate, phosphate dikinase 1, chloroplastic
661 5.500 23.300 Adenosylhomocysteinase

642 6.800 18.000 chloroplast-localized cyclophilin

712 4.600 26.100 Proteasome subunit alpha type 5

T11* 6.300 26.500 Dehydroascorbate reductase (DHAR)- Oxidoreductase

600 7.700 28.600 Thylakoid lumenal 29.8 kDa protein

146 5.100 53.500 ATP synthase beta subunit

251 4.650 334.48 Chitinase class I

132* 4350 40.000 putative cytochrome ¢ oxidase subunti 6b-1
961 5200 28.100 LHCI

699 6.700 22.000 Thaumatin-like protein

266 7.000 48.300 Glyceraldehyde-3-phosphate dehydrogenase, cytosolic

131 8290 62.179 Chloroplastic leucine aminopeptidase
662 7428 25.000 type homeodomain protein — 1BE
912 5.500 15.100 Transketolase, chloroplast

700 7.850 20.000 High-affinity phosphate transporter PT1- transmembrane

650 6.900 24.000 Glyceraldehyde-3-phosphate dehydrogenase

Arabidopsis thaliana ~ Amino-acid biosynthesis

Oryza sativa Photosynthesis
Nicotiana tabacum Amino-acid biosynthesis
Triticum aestivum Metabolic

Glycine max Metabolic

Triticum aestivum Stress response
Ricinus communis photosynthesis
Catabrosa aquatica Energy

Triticum aestivum Metabolic

Oryza sativa Photosynthesis
Hurdeom vulgare Photosynthesis
Triticum aestivum Metabolic

Zea mays Stress response
Oryza sativa Photosynthesis
Arabidopsis thaliana  Stress response
Zea mays Photosynthesis
Medicago sativa Photosynthesis

Triticum aestivum Stress response

*: Common proteins in resistant and sensitive genotypes
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Table 4. Proteins with significant changes in sensitive genotype

YA

MatchID _ pl MW _ Name Organism Function
159 7430 55.900 Glucose-6-phosphate 1-dehydrogenase, cytoplasmic isoform 1- Oxidoreductase Oryza sativa Biosynthesis
135 6.9 642 Elongation factor EF-G Brassica napus Metabolic
405* 6.670 36.605 cytosolic glyceraldehyde-3-phosphate dehydrogenase Pisum sativum Glycolytic process
T17* 6.6  52.73 Ribulosebisphosphate carboxylase large chain precursor Pisum sativum Photosynthesis
826 5.6 19 FTSHI (FtsH protease 1); ATP-dependent peptidase/ATPase/ metallopeptidase Arabidopsis thaliana ~ Stress response
136 6.200 53.400 Ribulose-1,5-bisphosphate Oryza sativa Photorespiration
204* 8.7 44 Thioredoxin M-type, chloroplast precursor (Trx-M) Spinacia oleracea Metabolism
688 7.890 25.000 Manganese superoxide dismutase- Oxidoreductase Zea mays response to xenobiotic
233* 8 41.8  Ribulose bisphosphate carboxylase/oxygenase activase, chloroplast precursor Hordeum vulgare Photosynthesis
694 742 36.500 G protein beta-subunit-like protein Arabidopsis thaliana ~ Defense
195 7.720 48.500 Putative fructose 1-,6 biphosphate aldolase Arabidopsis thaliana ~ Carbohydrate metabolism
733 6.300 25.000 Oxygen-evolving enhancer protein 2, chloroplast Arabidopsis thaliana  Photosynthetic
553 7.700 29.800 Probable glutathione S-transferase DHAR2, chloroplastic Oryza sativa Metabolism
798 53 293 Glutathione S-transferase 1 Triticum aestivum Stress response
176 6.300 55.000 Adenosyl homocysteinasel NP Lupinus luteus Metabolism
711* 6.3 25.000 Dehydroascorbate reductase (DHAR)- Oxidoreductase Triticum aestivum Stress response
267 9.700 39.200 Enoyl-[acyl-carrier-protein] reductase [NADH] 2, chloroplastic Oryza sativa subsp Biosynthetic
227* 4.500 31.900 Cp31AHv protein Hordeum vulgare Transcription
346 6.040 39.500 putativ fructose 1,6 by phpsphat carbohydrat metabolism aldolas Solanum lycopersicum ~ Metabolism
276* 6.854 40.000 Glyoxysomal malate dehydrogenase Zea mays Metabolism
132* 4.350 40.000 putative cytochrome c oxidase subunti 6b-1 Oryza sativa Photosynthesis
437 6.2 43 Sedoheptulose-1,7-bisphosphatase Triticum aestivum Photosynthesis
888 5.7 15 Rubisco small subunit Triticum aestivum Drought responsive
113 7.640 33.733 Triosephosphate isomerase, chloroplastic Fragaria ananassa Metabolism
85 5.830 92.863 Sucrose synthase Triticum aestivum Metabolism
835 4.6 18.8  Type I chlorophyll a/b-binding protein b Amaranthus tricolor Photosynthesis
418 5.900 28.000 Ribulose bisphosphate carboxylase small chain Nicotiana tabacum Photorespiration
427 6.600 28.000 Oxygen- evolving enhancer protein Zea mays Photosynthetic
376 6.800 32.600 ATP-dependent Clp protease proteolytic subunit Oryza sativa subsp Metabolism

*: Common proteins in resistant and sensitive genotypes
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