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Abstract
Objective

Recent advances in molecular biology methods have raised hopes that by identifying candidate
proteins for drought tolerance, significant steps can be taken to increase wheat yield. The aim of
this study is to investigate the effect of drought stress on morphological traits and leaf proteome

pattern of the new wheat cultivar, Sadra.

Materials and methods

An experiment was conducted under greenhouse conditions and controlled conditions. Sadra
cultivar was grown at two irrigation levels: normal irrigation and water deficit stress with 10
replications. Water deficit stress was applied to the stress treatment pots 20 days after planting.
Analysis of wheat leaf tissue proteome was performed using two-dimensional electrophoresis and
Coomassie blue staining. After spot detection, the t-test was performed for the volumetric
percentage of protein spots as well as morphological data. Moreover, the upregulation and
downregulation of protein spots due to water deficit stress were determined based on induction

factor. Protein spots with expression changes were identified using mass spectrometry.

Results
Morphological data analysis showed statistically significant differences between irrigation levels
for leaf area, plant height, fresh and dry weight of roots and aerial parts, and root volume. Two-

dimensional electrophoresis analysis of leaf tissue proteome revealed that out of 136 discernible
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protein spots in Coomassie blue staining, 24 protein spots showed statistically significant
expression changes under drought stress compared to normal conditions. Among these, 10 spots
exhibited decreased expression, and 14 spots showed increased expression under water deficit
conditions compared to the control. These protein spots were identified based on their isoelectric
points and molecular weights and further confirmed using mass spectrometry. The identified
proteins in this study were categorized into glycolysis, photosynthesis, electron transport chain,
Calvin cycle, carbon metabolism, ROS scavenging and detoxification, cellular structure, and

stress response pathways.

Conclusions

The findings suggest that drought stress significantly affects morphological traits and leaf
proteome pattern in the Sadra wheat cultivar. Understanding the proteomic changes under drought
stress can provide insights into the molecular mechanisms involved in wheat drought tolerance
and contribute to the development of more resilient wheat cultivars.
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Figure 1. The volume percentage of proteins with significant expression differences in plants
under stress
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Table 2. Water deficit responsive proteins of wheat (Triticum aestivum cv. Sadra) leaves

under stress using LC — MS/MS
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group sion  number Accession
level number
AR 0 2501  P12783 Phosphoglycerate  6.6-49.9 4.24-  Triticum
Glycolysis Kinase 49.28  aestivum
0 801 P25856  Glyceraldehyde 3- 6.56- 5.92- Arabidopsi
phosphate 80.79  80.26 sthaliana
dehydrogenase
wloyS S ! 4804 EMS5141 70-kDa Heatshock 73.3-6.2 -6.45  Triticum
Heat shocked 6 Protein 73.48  urartu
S rwyd claay]y ! 1301 EMS5701 Ribulose 6.5-38  6.06-  Triticum
Photosynthesis 2 bisphosphate 37.45 urartu
carboxylase/oxygenas
e activase
0 1502 NP_1142 Ribulose-1, 5 6.5-38  6.07-  Triticum
67 bisphosphates 48.94  aestivum
1 3402 NP_1142 Ribulose-1,5- 6.35-45 6.38-  Triticum
67 bisphosphate 4525  aestivum
carboxylase/oxygenas
e large subunit
1 5401 NP_1142 Ribulose-1,5- 6.35-45 6.53-  Triticum
67 bisphosphate 45.6  aestivum
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electron
transport chain
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Calvin cycle
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VoS
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metabolism
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ROS
and scavenging
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oo sl
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structure

8y
Etc.

102

3106

2601

3702

7304

1602

8603

2402

8306

4701

4702

8101

1803

1703

2301

7103

Q00434.1  Oxygen-evolving

enhancer protein 2

Q00434.1  Oxygen-evolving
enhancer protein 2
XP_0091 ATP synthase subunit

25742  beta-1, mitochondrial
P12112 ATP synthase cf;
alpha subunit
CAD3002 Ferredoxin NADP (H)
5 oxidoreductase
NP_1142 Rubisco large subunit
67

NP_1142 Rubisco large subunit
67

P93431  Rubisco activase A
ABU5440 Fructose 1-6-
6 bisphosphate aldolase
XP_0106 Formate-
73528 tetrahydrofolate ligase
XP_0106 Formate-
73528 tetrahydrofolate ligase

XP_0101 2-cys peroxiredoxin
04788 basl

NP_1716 Late embryogenesis
54 abundant protein

EMS5115 Germin-Like protein
9

ACY0192 Mitogen-activated
5 protein kinase kinase

EEE5875 50s ribosomal protein
3 L4

EMS5257 Putative glutathione
0 S-transferase GSTU1

6-27.42

6-27.42

-6.18

59.6
65-6.41

-1.24

38.9
53.4-6.2

53.4-6.2 53.5-7.8

-6.43

43.37
-8.91

40.7

-6.26
67.8

-6.26
67.8

29.1-7.7

75.6-6.3

24-6

-5.81
68.93

-6.08
36.35

25-6

5.4-
27.77

6.25-
27.26
-6.23

58.86
-6.4

66.12
-1.07

38.22
-6.15

54.36

-6.23

43.9
-7.71

40.98
-6.44
66.35

-6.47
66.41

-7.28
28.84

-6.15
74.04

-5.89
24.39

-6.09
69.53

-6.18
36.22

Triticum
urartu

Triticum
urartu
Brassica
rapa
Triticum
aestivum
Triticum
aestivum
Triticum
aestivum
Triticum
aestivum
Oryza
sativa
Triticum
aestivum

Beta
vulgaris

Beta
vulgaris

Morus
notabilis

Arabidopsi
s thaliana

Triticum
urartu

Beta
vulgaris

Oryza
sativa

25-6.85 Triticum

urartu
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Figure 3. Relative frequency of functional groups of proteins responding to drought stress
of 'Sadra’ cultivar
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Sos slapSay (olo)S (i Jlos! JWd 4 cplpls 0gd o olo)S (i Gl el pubitoms b yob 4 O 39008 55
g e yiomy Jotme &5 diud Jolgo cloiyg e 09)5 & liie il Sed laBign nbioe s olS > )l
St OB S (et 4 9 WS S i bl Cod b Sg g 0)ked o 4 Ml o 5 0392 (Tgn T 5 ebml>
8,5 2lye s (gilojl s 9 ol ) ot WIB gy (pl )l alie (o i bl > olalS cdadlre 5
I, HSP70 L zals (sosaie Sldllas .biloals cawd 1) 558 b clls Ciliste (sl 5 (520 )3 (58,5 )8 3l 5 &S
pAS ady > b Slilas )3 .uled,S 3,155 (Zang & Komatsu 2007) z . 4 (Toorchi et al. 2009) bgu a5

(Shahbazi et al. 2023) cul azély LialSHSPTO (g ol i coysd L5 Co

el 4 by il lo GRIBIY Jgix ol & Y0N o)led gy 15dgSAS )3 10550 STy
5 Gl 1) ADP g SlalS g s VI 25Ty il oo SIS 48 2 ol (ot o ol S S g
S Glis 5 Syge 4 Glgie |y wpl ol LiSTs (Xiong et al. 2017) xS o 3Ll ATP o &l yudS 6 5
1,3-bisphosphoglycerate + ADP = glycerate 3-phosphate + ATP

s glaoSl oy ylis S cdl o ol Liulidl wl WSS a5 > Sle slae 3T 5l (S 5S @l pandS ghd
Oy ol g adsy cldlhs > .(Xiong et al. 2017) wil (sieml mat lp b Rl & gl > op)S JSs
w5 Olgie 4 A oyles aS) 340 ol 5> (Mohamadiaza & Toorchi 2015) el abl, 158 S @l punndS ginid
b ol A bl 50 g ol Ol ¥ Jsie 4 a2 b lolid s ool )3 65500 land—Y aadll s
odlizl 5 laey 51 cul ) L olS 5 23l SdoSUIS e Sl 503 51 Sl gl b Gille 3l ol ol i3
Sf Olo 3 e dogs 0155 38 g 0855 oA 4 GlaLS Gl WS oo (el )33 Lo 3390 (G351 (Job (S 23 5]
23 39550 65965 Slawdt amall puudlS 51l Gl g lamo (SloES (rizmad 59,85 (o Sy I 5 Ui
Mohamadiaza & ) cusl s oanlie 5U59,083 Gland=Y aadll pudS (59 p Lial3dl 15 Ji5 Ccov g iy Olllas
(Toorchi 2015

Ribulose « slie Of d9e8 25 cos We ) ojlads a8 1 g phwgid SWGTHE 4505 35 (g piigy
UialS el Ol dgeS i il e by LielS )l oS wsb_sbisphosphate carboxylase/oxygenase activase
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Sl sl LSis 9 ATP ooliinl b i aisel dowl el 09,5 yomodialylS cago j05mST ;M8 9,8 land
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oS ol 0313 L5 O SgraS 35 o0 Ligu S 1 )3 sSunnts) ool Cdlad (6501l 0l (¢ ionl Lyl o 9Kans,
a5 OF Vg ¥V (claaS) .uiS o Iy ialS so)> B+ dgds aali b auslio )5 Of dgueS (i cov 3l oyl cullad
bylys cos ¥ Jgae ik 3L  Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit 4 lxe
Oy & ool (Kon Lol S oo (53 Sagrge Al plas )3 bl 285 S gy il ol I3l (6l 3
Cudlad Laas M)’JT P VLI W= Rt R Vo) PR vve] WO | PSSO < PRI P Y S5 W KE PP S S SR VI OX S S PRV C PN PN P9
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2 el ol L bgye |y o Ll g sl odd (355 Loy (a5 codi paiS 4 (GU et al. 2013) (55, g olS
Sl iy ¢S gy Jlad S Lads
Oxygen-evolving enhancer protein s ,; 3§ Fwgid (39w JWLGI 8 pui 5 b dand po (g piig
Oxygen-evolving i, b o le il gyl ¥V o)less a0 Jg olo (ials gl VoY o)las &SI Jols 2
ol plo a5l e 2LS (OEC) Oxygen-evolving SleS jl 93 piwmwgid Sedlagls ¥Y o L Jols enhancer 2
5o oS L LUyl ol 1) 550 Jluly G285 g ol el ogde > A8 (PS TT) ¥ g (5l 5
2 095 ool Adligo Sl JEl a8 2 )3 (38T Mg g ol clled Jols 505 Sl )l oae 5 OEC
ke (Sl i o )3 (gg)p Olallae 6y (b 53 298 o0 8L Cuwdlg)lS 4G (sLid g Cundlyg IS eatdly
OXYQeN- «Se e soly ) sy «Sland (o =0 O jodon) Jold &5 (giusd (o lS slapndigy o L5 5)l5
& (Li et al. 2019) wlawsly ol > wey JB sl Rubisco activase A 4 .54, evolving enhancer 2
G35 5 2l )8 giae— )9 S JIL &l olulid (6 aS gely oy 5 e-ATP (g olgie 4 Y54 o)leds
5 Mg lp b ol cel (Sis 4 (alS sl b pill O 2gieS” 5 cos ] plo hdo o3, paiS
opl sasly S o el ATP Jolo (sly a5 Canl (6531 pad grlio (60l oo 3] ds gosmo (608 gin jLiw—ATP 395 o
1S oo ol oo (giliwgen bis (lp 1) b 3)00 ALl 5yl g Wb gl ol Gl GE5 Ll ]
3 eSS W sy i sk ATP ol 1518 08, piis (g9, Slllasjl <SS ,» (Moghadam et al. 2012)
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O 39S i cot laS )3 k= ATP o ams o Lis adlae ol s .(Javed et al. 2019) wlawils ol sals
ool a8l 2l by ly 5 5bawATP ey oo e ,Sed ldlas 15 .08 o byl oS Joos Ll )0 oot i
g pols s OV Jodo 4 dogi b aslis Wl asly ) sliw —ATP (15590 55 YV Y o,les a5 (Kamran 2021)
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odlgls > VY¥ o)leds (555, -(Dolatabadi et al. 2018) 5)ls wlul Lis casdg)ls Lie pulpw > (H) o559,
9SI Js] 0,555 53 98U sl pas a5 ool sl e oo Gl el Y Joas llae o5 il o LS 93giuS]
Ol 381 51 935908 paanS 93958 w3l o Ol dgueS a5 Ll 33l b Yleas] 95 o gulanS i dloul Corge (g jtwgd
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YAY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VLY “_;.3-,955 b‘)’ Jm'

wamsml,

oy 0 &S il > b,S il Cou palis g (wlus by pAS 49y 0 il Cldllas )3 b o by Gil38l gl o ollS s o
Coslodgy i sl oS Sl 23205 5 s ol (] s g il 38 L8 03,5 g 3 15 Sy ol ive gl
Sy > ooy Gryide 9i A jleS] Sy (nfign (SuiS G Co e o) paS > (Kumar et al. 2019)
Cowl 0sd odnlie Ol 5 35 Gl g pgS o8y pAS wyp p omed ((Naghavi et al. 2020) wib o opgllS
5955 9,8 sl g 955 4 Ml o o o8, paS (5 ol LEalS glls &S AY-F 5 Lo 45U (Maghsoudlou at al. 2014)
ool 5 pgllS gas ) gitegd oSl Sl 5 (p)S Cu ) il ol GRS 4 dagi b ol YT wlind V-F
loS (i85 cod (Ko dasS 59y p Sldlae 13 0 jSe il Mg 13 08y cpl a8 U5 Sl Lo o5, 0 ol ol
ool 5 Fiwgid )3 ot S 2Bl o (ngllS 45 1200 b Bl ke S & Vel Clind (P g5y oS sl
(RS CoS eb iy Jlg plosl g (55,8 4953 pil Y & SIFBAT 59 RNAT sl b asdllae oyl p3 23l (i 4
Sl pglS as Lol a3l ,S0n asle jYaull wlins 5 S50 e SIFBAT ply yials b a8 aisdl s
) 595958 lime a8 Wbl bo)S i cod puiS caild gy e 5,50y (S > (Cai et al. 2018) sl ..
318 e o5 ool il il T gtngid (S8 alS L & pollie & Camss ol 3y 3 Vgl Clid
(Luo et al. 2018) xib o jimwgd
peddglio )5 5550 oy laie 4 TV FVeY o)lad cast Y (9,5 el galio 40 Ju3d gL a9
,» Formate-tetrahydrofolate ligase &g, 15g jls dxe by ialS ()ls iy 93, ¢ B05,5 Slolis) oS
2553 BasglS 5 g boulyiaal udpbio 53 5 ool V()3 i 50 & witd S5 SV gy unly seune VB3
S e WUy 5 281y Formate-tetrahydrofolate ligase (&g, i
ATP+ formate+ tetrahydrofolate = ADP + phosphate +10-formyltetrahydrofolate
&S 23b e olag 3l dex 51 2-Cys peroxiredoxin : 15 jem 9 ROS 00iiS ko jd 1543 s ywiig p
PeroxXiredoxXin (sla s, Al oo ol Sials ghls a5 aib o by opigpm ol 953 AVe ) ojles a0 0505 (a5 o5 jeme
looSan cnl ol (e gd oo C8L Jugiaw 9 lpgjcnSTy docs)diS give 53 9 B9 oo Glo LESL 13 0315 &)j90 4
oMoy > S o L] iz ROS Lol mie & Jsbor (slacSolil 13 gl T mtee o Lihs 48 canl o] Sl
Slaie 4 peroxiredoxin s, ol 51 gl 5> i Jud oo Ui JEs1 S 55 o Sl 5T clsd oyl
S ot (eles) Lty g (pglie) lie 98y 93 )3 pS S SlapsSon sy 3 Sl odd golae o AT 4 odind Gl
oo il chls Lolas o3, 53 9 olo Liuli8l pglie o3, 5 2-Cys peroxiredoxin basl Ly e 45wl O 9008
(LEA) Late embryogenesis abundant protein &g, VA+Y o)las 559, 4. (Khalili et al. 2018) wsb »
iloopdd 5 jiiw gl Sl 3 cbails )3 lauson cnl ol oly ialidl hls & w3l o cadllae ol 53 ond olulis
YAY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(Ye-y Olumo € 0 lows VT 5)9.:) S329UiS (5599550 g dloxo

s,

s bl oo LEA (clayiyy cislly il sl g 039 Cuangdl (sladuulsinal I (i ity ol 2595 0
i3l e b pyd 4 00 )55 (ola g g 1SS L Y g layie s 5 bli 5l clable Y Joko Hlsle 5l cblis—)
Sl S oo o5 Lol 4 g i Abye > (ld LEA (clagutign gexs dojw 5 sy93 w0l 29008 (5
LEA (o plos o szl 9 a5 501 paiS 0 TALEA 15 (slasolyl) 205 Ll ) g ol Sl 6580 ol
O 398 i cov TALEA 55 WY goesme 13 .55 olo o pis ples 5o o] 51 030 s lo (i 95 SO pd JBlas
TaDHN18 & lete oy (I3l ooy ol 39S G253 31 o 9y e S35 ol (2131 Ll 516 0 o oad ol
sl il 50 LEA Gly 36 ysd (i cou piiS ady, o (LiU et al. 2019) cosles,; TADHN31,TaDHN23
b il LEA Glo ol 50 of 3908 (iS5 cov sadllandyge claasy ,> (AKbari & Toorchi 2016) .l
.(Magwanga et al. 2018)

9 PS5 Gl glhazals  dly gide (b, Germin-Like ooy 1 Jobw ;Lo )3 55,0 gy
Conl LS cnl 952 F ojlod oS 35 hao 08y puS )3 Wisd oo ol (gl dles 4 (215 ) Al oSy > izmen
Ol 3gueS i s Triticum aestivum pus s Germin-Like by e owyp 5o cosl lo il )l o
o)y gl ol jl gl Jle (LS Jsho o923 13 39250 oSy cn0lsl 5l S Germin-Like ozl
S 4 9 338 (s 45 535 018Ln a2 s GlBLS 83 55 e 25 1l ol J (5Sok 5 oo
s odaldie (650 Gz puasi Sy el jo &S Jb po il i by GialS G o Gial38l il Jeoie o, ol dguaS i
(Keskin 2019) sls o)lis plo Sials sals bl b cos (S cdl o Golus 18, 39

ol 5 3us alold Wi (slapntipn plois 4 a0 ay oud plolid (slapuSsy ol B e (S g
Mitogen-activated protein Kinase (V.Y o,les a5 e 4 gl (clapl g aisb o VV-Y gV V=Y Jolis laas)
Putative ¥V-Y o)les a0 5 olo il58l ol)ls 505 ribosomal protein L4 vy« ojles aSJ «ylo Gial38 sl «
Ol dguaS i cov byl ydyd b pBg p ol (i asb e ol Lials ]l Glutathion S-transferase 1 (GSTU1)
el 0ls s JolS pobo & o

Sts g 5 09 by 7> gy oo oSy s Sl (353 Lo 08 IS 10 45 a0 ()L gl 55 o5 oS
b peBign oo il ol (lel Ll 5l gyl gxe OS] sals a4 s Ol dgaeS i bulps p3 olga plusl g ads,
23 iS5 g &SIWWS olisi et 4 oo ulosS l gy 4 (5515 5 sdngd Sse Sl B 1 (S
b Loy dals & Caws (55 bl (o )b dme o @oles sl aSI VY sliw g slaaSd cpl oo b a5 5l pls

46)»...»9‘.9‘)‘)9&.15/.&»\)9))&0&9);&]45» YRS o0y S @bydkol)@d])\bdhcﬁ”idbu
YAE

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

VLY cﬁ)§5 b‘)’ Jm'

wamsml,

Sy B i g Jobe Hisbe ¢ o3 jamw 5 ROS 0 ) lio ¢S mandorlio ¢ gllS 4 3«6 iuogid 98! Wil o 50
—by asly ;5 k- ATP wlawd o =0 o jolgn, b5e,md Slawd-Y sadl S GLS Ol S gand (cla gy,
Late embryogenesis jloslsums; oSumgy Syp isly pi lSed)90uuST NADPT yuS939,8 «(5 )48 give
50s ribosomal protein , Mitogen-activated protein kinase .Germin-Like protein abundant protein
ol ool s Bl jals )5 o pig 5l dtwd ol Gl sdiasilis g g lo Gialidl gyl (Sis i blys s L4
Gl (535 bl ol Cod o8
)5 pols Gimgsy (shpl e oY (ALl Clias el g (Jlo coles (sl 525 oKl 35 51 3wt lpnw

D9 (50

&b

oo 659 G5 o8 o)l SIS S peign spp (VW) e (3 oty cisilaas 03ljlg gacme (2085 dowi (3blcdgd
VOO (VP s (sionl 9 S35 (oites

» DLKL 55 ol p ahials 56 (1Y) Lo jteme (ooblaese lcuais cuan g, Sus ool (et (o3blaes (¢ an
VPV (VI8 «55)9liS (555iSSgm dlona . Slo)S (gloy B iy

g cawd oy slocél > MYHT7 5 lo awyp (VF2Y) e ol s i jdasme (0blsosms ol (6 s dpuoms (5,5
IYENW (VNO (55,5l (5519 alona - Slo)S N5 ()95 slooy: il

VL8865 ol » (Foeniculum vulgare) bl 5l (VF-Y) doe (a5 Sue ¢jg 8l HISIS s jhame (s3blaame
NOFYYR (F))D ¢(559liS” (555leSTgm dlonn - oS AthunsS 45 bl 55 (pgu] 40 13

References

Abhinandan K, Skori L, Stanic M, et al. (2018) Abiotic stress signaling in wheat—an inclusive
overview of hormonal interactions during abiotic stress responses in wheat. J Front Plant
Sci 9, e734.

Akbari M, Toorchi M (2016) Proteome analysis of wheat (Triticum aestivum L.) root under
sodium chloride stress. J Biod Env Sci 8(4), 209-220.

Barazandeh A, Mohammadabadi MR, Ghaderi-Zefrehei M, Nezamabadipour H (2016a)
Predicting CpG Islands and Their Relationship with Genomic Feature in Cattle by Hidden
Markov Model Algorithm. Iran J Appl Anim Sci 6 (3), 571-579 .

Barazandeh A, Mohammadabadi MR, Ghaderi-Zefrehei M, Nezamabadipour H (2016b)
Genome-wide analysis of CpG islands in some livestock genomes and their relationship
with genomic features. Czech J Anim Sci 61, 487.

YAo

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(Ye-y Olumo € 0 lows VT 5)9.:) S329UiS (5599550 g dloxo

s,

Bates LS, Waldren Ra, Teare | (1973) Rapid determination of free proline for water-stress studies.
J Plant Soil 39, 205-207.

Bordbar F, Mohammadabadi M, Jensen J, et al. (2022) Identification of candidate genes
regulating carcass depth and hind leg circumference in simmental beef cattle using Illumina
Bovine Beadchip and next-generation sequencing. Animals 12 (9), e1103.

Cai B, Li Q, Liu F, et al. (2018) Decreasing fructose-1, 6-bisphosphate aldolase activity reduces
plant growth and tolerance to chilling stress in tomato seedlings. Physiol Plant 163, 247-
258.

Dolatabadi N, Toorchi M, Valizadeh M, Bandehhagh A (2018) The proteomic analysis of leaf in
Rapeseed (Brassica napus L) under salt stress. Gen Eng Bios J 9, 64-51 (In Persian).

Food Outlook — Biannual report on global food markets (2023). Food and Agriculture
Organization of the United Nations (FAO), 11-16,

Ghasemi M, Toorchi M, Aharizad S, Khorshid A (2021) Evaluation of Biochemical Indices to
Introduce Superior Genotypes of Sugar Beet (Beta Vulgaris L.) under Water Deficit Stress.
J Crop Breed 13, 219-227.

Gu X, Gao Z, Zhuang W, et al. (2013) Comparative proteomic analysis of rd29A: RdreB1BI
transgenic and non-transgenic strawberries exposed to low temperature. J Plant Physiol
170, 696-706.

Hajheidari, M., Abdollahian-Noghabi, M., Askari, H., Heidari, M., Sadeghian, S.Y., Ober, E.S.
and Hosseini Salekdeh, G. 2005. Proteome analysis of sugar beet leaves under drought
stress. Proteomics, 5(4): 950-960.

Jafari Ahmadabadi SAA, Askari-Hemmat H, Mohammadabadi M, et al. (2023) The effect of
Cannabis seed on DLK1 gene expression in heart tissue of Kermani lambs. Agri Biotechnol
J 15 (1), 217-234 (In Persian).

Janmohammadi M, Mock H-P, Matros A (2014) Proteomic analysis of cold acclimation in winter
wheat under field conditions. Icel Agric Sci 27, 3-15.

Javed M, Zafar ZU, Ashraf M (2019) Leaf proteome analysis signified that photosynthesis and
antioxidants are key indicators of salinity tolerance in canola (Brassica napus L.). Pak J
Bot 51, 1955-1968.

Kamal AHM, Kim K-H, Shin K-H, et al. (2010) Abiotic stress responsive proteins of wheat grain
determined using proteomics technique. Aust J Crop Sci 4, 196-208.

Kamran RV, Toorchi M, Moghaddam M, Mohammadi H. (2021) The proteomic analysis of
spring barley leaves under short-term cold stress. Int J Plant Biol Res 1, 67-78.

Keskin BC (2019) Quantitative mRNA Expression Profiles of Germin-Like and Extensin-Like
Proteins under Drought Stress in Triticum aestivum. Int J Life Sci Biotechnology 2, 95-
107.

YA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

YE-Y cﬁ)§5 b‘)’ Jml

wamsml,

Khalili M, Naghavi MR, Yousefzadeh S (2018) Protein pattern analysis in tolerant and susceptible
wheat cultivars under salinity stress conditions. Acta Agric Slov 111, 545-558.

Khalily M (2016) Study of the effect of drought stress on protein patterns and morpho-
physiological traits in plants. J of Biosafety 9, 22-33.

Kumar RR, Goswami S, Dubey K, et al. (2019) RuBisCo activase—a catalytic chaperone
involved in modulating the RuBisCo activity and heat stress-tolerance in wheat. J Plant
Biochem Biotechnol 28, 63-75.

Li Y, Cui J, Zhao Q, et al. (2019) Physiology and proteomics of two maize genotypes with
different drought resistance. Biol Plant 63, 519-528.

Liu H, Xing M, Yang W, et al. (2019) Genome-wide identification of and functional insights into
the late embryogenesis abundant (LEA) gene family in bread wheat (Triticum aestivum).
Sci Rep 9, 13375.

Luo Y, Liu H, Fan Y et al. (2018) Comparative chloroplast proteome analysis of exogenously
supplied trehalose to wheat seedlings under heat stress. Photosynthetica 56, 1123-1133.

Maghsoudlou AR, Toorchi M, Shakiba MR (2014) Comparative analyses of wheat leaf proteome
under drought stress using 2D-PAGE. J Biodivers Environ Sci 5, 291-298.

Magwanga RO, Lu P, Kirungu JN, et al. (2018) Characterization of the late embryogenesis
abundant (LEA) proteins family and their role in drought stress tolerance in upland cotton.
BMC Genet 19, 1-31.

Michaletti, A., Naghavi, M.R., Toorchi, M., Zolla, L. and Rinalducci, S. (2018) Metabolomics
and proteomics reveal drought-stress responses of leaf tissues from spring-wheat. Sci Rep,
8(1): 5710.

Moghadam A, Taghavi S, Niazi A, et al. (2012) Isolation and in silico functional analysis of
MtATPS6, a 6-kDa subunit of mitochondrial F. Genet Mol Res 11, 3547-3567.

Mohamadiaza M, Toorchi M (2015) The proteome response of barley root (Hordeum vulgare L.)
to cold stress. J Biodivers Environ Sci, . 7, 6, 153-161.

Mohamadipoor L, Mohammadabadi M, Amiri Z, et al. (2021) Signature selection analysis reveals
candidate genes associated with production traits in Iranian sheep breeds. BMC Vet Res 17
(1), 1-9.

Mohammadabadi M, Golkar A, Askari Hesni M (2023) The effect of fennel (Foeniculum vulgare)
on insulin-like growth factor 1 gene expression in the rumen tissue of Kermani sheep. Agri
Biotechnol J 15 (4), 239-256 (In Persian).

Mohammadabadi M, Kheyrodin H, Afanasenko V, et al. (2024) The role of artificial intelligence
in genomics. Agric Biotechnol J 16 (2), 195-279.

Mohammadabadi MR, Asadollahpour Nanaei H (2021) Leptin gene expression in Raini
Cashmere goat using Real Time PCR. Agric Biotechnol J 13(1), 197-214.

YAY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(Ye-y Olumo € 0 lows VT 5)9.:) S329UiS (5599550 g dloxo

s,

Mohammadinejad F, Mohammadabadi M, Roudbari Z, Sadkowski T (2022) Identification of Key
Genes and Biological Pathways Associated with Skeletal Muscle Maturation and
Hypertrophy in Bos taurus, Ovis aries, and Sus scrofa. Animals 12 (24), 3471.

Naghavi MR, Toorchi M, Zolla L (2020) Evaluation of Protein Pattern and Tolerance Mechanism
in Two Cultivars of Wheat under Drought Stress in Seedling Stage. J Crop Breed 12, 42-
56.

Ni S, Zhou Y, Chen Y, et al. (2019) Identification of ATP synthase a subunit as a new maternal
factor capable of protecting zebrafish embryos from bacterial infection. FASEB J
33(11):12983-13001. doi: 10.1096/fj.201901290R.

Safaei SMH, Dadpasand M, Mohammadabadi M, et al. (2022) An Origanum majorana Leaf Diet
Influences Myogenin Gene Expression, Performance, and Carcass Characteristics in
Lambs. Animals 13 (1), e14.

Shahbazi S, Toorchi M, Moghaddam M, et al. (2023) Effect of salinity stress on the root proteome
pattern of spring bread wheat. J Plant Physiol Breed, 119-139.

Shahsavari M, Mohammadabadi M, Khezri A, et al. (2022) Effect of fennel (Foeniculum vulgare)
seed powder consumption on insulin-like growth factor 1 gene expression in the liver tissue
of growing lambs. Gene Expr 21 (2), 21-26. doi.org/10.14218/GE.2022.00017

Shokri S, Khezri A, Mohammadabadi M, Kheyrodin H (2023). The expression of MYH7 gene in
femur, humeral muscle and back muscle tissues of fattening lambs of the Kermani breed.
Agri Biotechnol J 15 (2), 217-236 (In Persian).

Toorchi M, Yukawa K, Nouri M-Z, Komatsu S (2009) Proteomics approach for identifying
osmotic-stress-related proteins in soybean roots. Peptides 30(12):2108-17. doi:
10.1016/j.peptides.2009.09.006.

Valizadeh-Kamran R, Toorchi M, Moghaddam M, Mohammadi H (2015) Proteomic Analysis of
Spring Barley Leaves Under Short Term Cold Stress. Genet Eng Biosaf J 4, 67-78 (In
Persian).

Xiong J, Sun'Y, Yang Q, et al. (2017) Proteomic analysis of early salt stress-responsive proteins
in alfalfa roots and shoots. Proteome Sci 15:19. doi: 10.1186/s12953-017-0127-z.

Zadraznik T, Moen A, Sustar-Vozli¢ J (2019) Chloroplast proteins involved in drought stress
response in selected cultivars of common bean (Phaseolus vulgaris L.). 3 Biotech 9(9):331.
doi: 10.1007/s13205-019-1862-X.

Zang X, Komatsu S (2007) A proteomics approach for identifying osmotic-stress-related proteins
in rice. Phytochemistry 68, 426-437.

Zhang M, Lv D, Ge P et al. (2014) Phosphoproteome analysis reveals new drought response and
defense mechanisms of seedling leaves in bread wheat (Triticum aestivum L.). J proteomics
109, 290-308.

YAA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



