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Abstract
Objective

Barley, due to its vital biochemical composition, is the fourth most important cereal crop after
corn, wheat, and rice. Drought stress is a major environmental factor limiting the productivity of
field crops, including barley. One of the most significant mechanisms for coping with stressful
conditions is the regulation of gene expression at the protein level. This research focused on
selected proteins involved in biochemical pathways related to drought stress, previously identified
through omics approaches, and utilized for bioinformatics analysis. Bioinformatics tools improve
the efficiency and reduce the cost of protein investigations, aiding in the prediction of their
functions as key macromolecules in tolerance to abiotic stresses, including drought.

Materials and Methods

The amino acid sequences of drought stress tolerance-related proteins in barley were obtained
from the Swiss-Prot/UniProtKB database. The physicochemical properties of these proteins were
determined using ProtParam software. TMHMM software was used to identify transmembrane
regions. To investigate the post-translational modifications of proteins, the Prosite secondary
database was searched using ScanProsite software. Protein domains related to drought stress were
identified using the InterProScan tool within the InterPro database. Additionally, the CDD

software was employed to identify unique domains.
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Results

In this study, 17 proteins associated with drought stress tolerance in barley were selected. Among
them, three proteins — HVA22, Low temperature-induced protein, and Putative cyclic nucleotide
and calmodulin-regulated ion channel — demonstrated significant roles in barley's drought stress
response. Protein Q07764 is a regulatory protein with two transmembrane regions that plays a
critical role in barley's drought tolerance. Protein P68179, with the lowest molecular weight, has
two transmembrane regions and one proteolipid membrane potential modulator domain,
contributing to drought stress tolerance through lignification. Protein Q7X9R6, with the highest
molecular weight and four transmembrane regions, is a calcium-sensitive protein involved in
signal transduction, adaptation, and defense pathways in barley.

Conclusions

Among all the evaluated proteins, P68179, Q07764, and Q7X9R6 were identified as the most
effective in combating drought stress. These proteins possess multiple transmembrane regions
and domains, acting as crucial channels in the accumulation of compatible osmolytes in vacuoles.
Their significant roles make them prime candidates for enhancing drought stress tolerance in
barley.
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Table 1. List of proteins responding to drought stress in barley

o)losd & O pU (st 0 loud R
B Reference Protein name Accession Role
Line number
number
1 (Shen et al. 1993) Protein HVA22 Q07764 sloanl s g JeSlse glad Slos
S3dom
Molecular functions and
biological processes
2 (Dunn et al. 1991) Protein BLT4 P25307 wlasnl b g JoSUge clad Slas
3o
Molecular functions and
biological processes
3 (Goldstein & Miller ; Pgoteinf AO0A023ZSJ7 9 539568 slacyleb
1980 b il s 555
e slaalp
Catalytic and cofactor
activities and molecular
functions and biological
processes
4 (Goddard et al. 1993)  Low temperature- P68179 claanld g JoSUse (clas Slas
induced protein oS3
259)ge
Molecular functions and
biological processes
5 (Liu et al. 1998) b_RII_\I_G-type ]!ES A0A023ZS55 95 639546 slacyls
ubiquitin transferase JsSIe clms S 9}5)?.5@9{
Niden sl g
Catalytic and cofactor
activities and molecular
functions and biological
processes
6 (Wang et al. 2022) Dehydration E3SUY8 claanld g JoSUse (clas Slas
responsive element oSo59
binding protein 1 )79
Molecular functions and
biological processes
7 (Skinner et al. 2006) HvZFP16-1 Q2VvGB8 I
Ligand
oy
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Table 1 Continued
8 (Cai etal. 2017) CONSTANS-like ADAZDIWBTL  (clasu] ) g JUgo sl Slos
protein oSe59
2)9)9%2
Molecular functions
and biological
processes
9 (Liu et al. 1998) Late embryogenesis B5TWC9 e 5l 53 Jole clabloxe
abundant protein e
ok el 9 A ye (Gl )
Cell protection against
abiotic stress, cell growth
and division
10 (Hughes et al. 2017) Epidermal AOALIXIY2F0  (claaylys g JsUge slosShes
patterning factor- o9
like protein 297
Molecular functions and
biological processes
11 (Steegmaier et al. Putative syntaxin- ACA023ZTE7  clasn] b g JeUgo sl ,Slas
related protein o3
25592
Molecular functions and
biological processes
12 (Mayer et al. 2012) SNF1-type serine- MOXX02 slaanlyd g JeSse (slas Slas
threonine protein Sos9)
kinase 7
Molecular functions and
biological processes
13 (Xu ZS et al. 2009) AP2/EREBP-like Q4ZGKO sl b g JoSUge slad Slas
protein é);?"
Molecular functions and
biological processes
14 (Knox et al. 2010) CBF protein 4 ciic2 slaanlyd g JoSge (clas Slas
e
Molecular functions and
biological processes
15 (Wang et al. 2022) NF-YB1 R4NEG5 S9s0 lad Slas
Molecular functions
16 (Mayer et al. 2012) HVAL B5TWDO e 5l 5D Johe cdadloe
)
Cell protection against
abiotic stress
17 (Kéhler et al. 1999) Putative cyclic Q7X9R6 IS0 slad Slae

nucleotide and
calmodulin-
regulated ion

channel protein

Molecular functions
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Dehydration responsive element .(Borden et al. 1995) sz’ o (Ul |y Gun slopwSgp 4a opisS o9
el Jols ) sl Yol ey yoe dad 5 09 sbS VVAY (J5Sge (439 Lk (5 » < binding protein 1
bl (5 9 ol 31 g WS oo el 1) A5 4y eimdgsly o) Sl okt Ol (DREB) (ol o5 a4 850y e JLa
(DREB) (ol o5 & s%5uly p2ie osind Jlail uasiy y5516 o3lgils ol (ol Jaodd 5 (gruwsjmé G235 slagsly 5
J DREB (lay; .cosl (AP2/EREBP) (VAPETALAZ 4 S5l yaic oamy JLas! gy odlgils pl 4y 3late
3 oats slo i J> 4 DREB 5 edlgils slael .ploass LSy sascdslas jluw DNA & fiate AP2 o0
oSey (Dhatterwal et al. 2019) 545 oo a3l boyuw 5 Lo)3 ¢ 6 y95 ¢ S aile calisto wjps sla s
NAY JoSg0 o159 asls lyls )la 1y udgi 5l s Jobo )3 4&Bs Y pilys e 4o op S CONSTANS-like protein
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1. Dehydration responsive element binding
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Table 2. Physicochemical properties of barley proteins under drought stress estimated by

ProtParam program

o)losd OS9 pb (0sdhsks) Jsdse 01j 9] dail (I slublb pasls  jos aos
3,y . . PEAR] -
; Protein name Molecular Weight - Instability Index Half -
Line (KDa) ol (1 Life
number
1 Protein HVA22 15.56 8.67 3141 >20H
2 Protein BLT4 13.55 11.75 70.73 >20H
3 Protein 51.139 5.00 39.16 >20H

farnesyltransferase
subunit beta

4 Low temperature- 5.93 5.89 33.12 >20H
induced protein
5 RING-type E3 ubiquitin 29.52 8.32 41.72 >20H
transferase
6 Dehydration responsive 19.84 5.35 37.99 >20H

element binding protein
1

7 HvZFP16-1 19.30 8.53 38.98 >20H
8 CONSTANS-like 8.97 6.04 46.96 3Min
protein
9 Late embryogenesis 21.93 8.83 15.56 >20H
abundant protein
10 Epidermal patterning 10.96 8.78 55.62 >20H
factor-like protein
11 Putative syntaxin- 31.58 8.88 37.38 >20H
related protein
12 SNF1-type serine- 41.93 5.96 50.62 >20H
threonine protein kinase
13 AP2/EREBP-like 30.33 6.11 42.95 >20H
protein
14 CBF protein 4 24.54 8.40 59.32 >20H
15 NF-YB1 17.58 6.29 37.89 >20H
16 HVAl 21.81 9.02 17.80 >20H
17 Putative cyclic 65.91 9.58 48.88 >20H

nucleotide and
calmodulin-regulated
ion channel protein
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Figure 1. Results of HVA22 protein analysis with TMHMM software
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