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Table 1: Cold responsive proteins of Aths leaves (susceptible barley) during short- term cold stresswith LC - MSMS
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Fig. 1. The relative frequency of protein functional groups responding to cold stress.
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protein spots with significant expression changes on the representative gel (C)


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

—
vl o 5590 6N o

Qb&aﬁ_}(}‘f‘{a)‘jé}t&)

B e 4 Ll e Aths b o35 53 PSBE Oly il
SalS ) aS st (Mehler) Jlge a > 55 -OH 5 H,0; A
53 5 o POl 4 (oS53 8 Jlail Jrals ol a s @ Ol
sl sy 4 S Sl ey s 0,0 Jls!
SialS 3550 53 SLE,IS 55 S e NADPH W5 ials Csl
53 503 sy cile et s of lpl 5 PSIcles
PSI subunit 55, Oly GalS pdS (g5, » (Sa A5
5 S (Ford et al., 2011) .l o sdalie PSAC(VII)
S oSS G5 ey L (Ghabooli et al., 2013) oK
Lles S 55158 1, PSAC 5 PSI el 2alS 35 = s,
S G Gusd S kil 2 PSAC sl s
sdalis (Rasoulnia et al., 2011) OL,Kea 5 W Jswy bow s
w3 8 SIS PSAC SalS 55 Sl 5 5 el s S
ol s b LS, ials 1, Of cle oS (L et al, 2013)
Llos S 0l g (g 5 3 lad
89 S Jlas

b A=ly .3 ATPase 4 bye TV olad oI
33 I ATPESE .ol 6303 OLES Ol il 31 48 ol 2l IS
FL o o sl iy G ol ol S025 om 51 2
CFL L FL CFO | FO ol & 58 o jise o 5 CFL L
(b o35 VIVF oiles o) b o WT oy s o= sl
A=y 5 aw hls CFO &S Jl= 55 el Oghusl 5 Ws (LS
Godinot and pietro, 1989; Van Ballmooss ) LiL .- C sb @
e plie 53 g B b A1y 5 .(and Dimorth, 2007
et 2 Do 53 ATP & ADP s dals & (55
OLa 5 55 (Yeetal, 2013) s,ls slis 0453 059 p
S g S5 LS s s 5> Wuetal, 2014)
Oy SRl ATPaSE (b dly 5 a5 LS oMol boyur 2
» ol gl sl Al s O SR ol el
Sl odis S edaline 55 gl Sl Cou e sl
ol Rl ol 45 el el Sl S opl 53 (Goulas et al., 2006)
s 03 el 55 Jlis 53 els aul s el w0l
Yoz T ol Ol SRl oS 35 i bl Ol 3l

b Wl oK il wad S ocalbs noedle

Dl IS Sl wmadly s IS gy 5 (S e
O e Bl b s e B s sladls mens
2 o ol Ol RIS plal Klesls s 85
358 Sy bopon 25 Ol L alblie (6l Ll e i Jasl
Shs Aalss sy Sl 5 Sl IS o 5 sl &S
Sl il b O et Do Yozl s b
PSI 5 PSII o 05,590 Uil ilsil ol Pet D oty
Slp eSS e el (S l ol S s S
a5 5 PSI 510 01 DUl s bl Cans K 4 Ok

Al g5

sl L}.?'-; f«.ﬂ}:ﬁ 6))4 U,Z.SU BEl S YVYVe o)w Ny

Photosystem | IV >l 5 | a5 J2S1y 58 0 0p55 0
Olo Loy 25 1 s a5 aal . (reaction center subunit 1V)
- okl PSAE jlast| 4 s cpl col 4l 2alS of
odd JSi3 Aty 3 Y 3 0lalS iy ;3 PSE SlaS 5
5 eia s s S 0 55 Al 4 O Al 23 0 45 S
35 o)lil PSaE 5 PSaD PSaC PSaB PSaA « ol .+ Of
&A‘)&i‘jjls Lgl.njjlw‘ J’J’“ BE C_,..wj.bi Ja-\j ﬁ)&iPSaE
6\)‘3 .(Falzone et al., 1994) J)‘J Q)_} ujﬂ‘b )125 A 9 o>y
PSaC 5 PSaA PSaB L ail> .l 5 cul (¢l ai> | o)
3haS eds Ji)18 PSEE sl e slas Shas .l L5 55
35 ol GlSIu,sheSt NADP  uSos s L &S
3 aS Sl esls OLES (godsie Jal i (Andersen et al., 1992)
Sl G sy Ll e PSE Ol sl kol
Jb@bdjjﬁ‘dmleﬁ)dbdljzASJ;)\J}LS)};
s &bl (Sonoike and Terashima, 1994) s5 5 .«
i S bl s oosle o (Ivanov et al., 1998) Lles S

e 238 o |t s Sl S sl O30St Jld

- WAP sl 5 5ar Vo slacds /0399 /g (shos] 3 S5 gunkie


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

Q‘)&aﬁjd‘f\fe:\jé}t&)

woslg 2 2558 SN g 2

S, o5 o Sl ol Olge w0 L5 Yoz

Lil s 53 o kS S 53 SIS S s8 l
05550 425 > (Kosova et al., 2013) olus & b
(Han et al., 2013) Ss5 & A5 55 oS S o oslbaSs
e T | B O N U UG R S 31 11
S Lsged pohel S pslie das 5 pslie 035 53 S5) p Lo
polee Sl i pslie aed 0 M5 pnSas e i
(Serhadii et al., 2010)s
ple Slools s

B TR ot oS e ol 3 S0 s
OF Oy o8 3503 U VFYY s ol sl e Aths ale
Slesl gt S VEYY el ool LS 2l L 25
3 4 s b Dp e 0 oS diea adad GlaS s
0y Lledd cble- LIS Ll ] s 3y 6o
Sl s 5 Lt S50 NS s, s sl il
(Gokirmak et al., 2010) 1S o (s S alauls I, ey Slosls
Fobe ST b s el (1B 85 s Sl RS
Sl 5 e plie i e et ly Slesls il
Wl 28 lams Slo 25 53 (5 035l cnl Al s
LS 5 4 e slie ¢ a3l ol b3 sl L s S
5> (Yan et al, 2004) ol ods Wl s syl 3 5
e 0y 4SS S Lo Loy (83 3o (e sl
Dby thos & b 51 (SO T 3pms & ol Slesls
G5k gl aaDle LB 55k w5358 0 (5 S el LCBF
S5 e (Medina et al., 2011) &S o i | Lo 4,
(ABA) sl G ol vy 0 b o 0 b gy o st Gla )l 5
et Ol e s el 03 Dgensn ol 5 55l e 5 S e
Sl D558 mexs ABA L, oMl (Lang et al., 1994) L
3 b & 5l 3 sl 5 31 sl (6 S0s
Ol B slezsil 4 Jass laslr 534S (gy5b 4 ool s
-0 s, Oly oS el sl 518 (Yuet al, 2001) das e

Ol ey o S WS s sl 3 NVYYLY Gla

oLS Oddzy ol gl Jsbe 5l 35 s s o
el ods 1S (Cui et al, 2005) csle Y Sode o
Jonmohammadi et al., 2014; Rinalduci et al., ) <l ol
6 15T cle o5 (2011; Gao et al., 2009; Xu et al., 2013
Slp oS gl Lo cdls S o S g b

Al S pdlel i g o8l

GJLQ.«; ny ¢y U'i‘ B J:.f): 6Lhwsjﬁ )\ J.<3.J Lfii

o oS e GeSe2s5 GSsn a b S Sl YYYA
L oS 535 55 el 0als OLES Oly Aul sl i 31 s 5 Al
L;L? 6[.& Q)’.‘.)lsj'.'. U LﬁQﬁ)lSJﬁ ‘)\ b.b) Q\))}jﬁ rl.oj
sl Sl Jale Ll s ST as s Wl e 3L
oS S il bl ol (Maeda et al., 2003)
Syl 3 5l ol 3 1) (S8 as E Jled sl por
FAs o B eS8 e (SOAS 5e
Gk 3 G w3l cls s 5 b Lol 0 sl
Buchman and Balmer, ) &S . Wl tdsw > L L
LL'):MS)J)):J Cﬁ.:.“:.‘i oo 02 (Y"O) J“’-""L,’J e (2005
S S ol ) o n opl D Glagtiy Sl a6
b S dzals 13 Olest ST el e 53 085
L TRX-O o5 wss ool 55 (YerA) OLen 5 Sl
LS o~ Sy oS aS els OLas S HF O senlinS1
Js 2 (Gelhaye et al., 2006) Lib o S| b, Sl
S5 o3 fuS psb a4 S 5358 s S S8 05 o0
ol Easn 55l bLSI 6,8 st 53 OldunST 5T sla
_}&;M..u‘eb;‘%ﬂ\f‘uﬁﬁL{"ﬁ)bﬁ)b‘))&)‘w
s S 5> Fsn nl GRIBI S 2 sed sl Ol e
O Rlpd s o3yl 5 HoOp ke (55058 sla 4l

eSS e Jalpl il sl ol bl L

YWAF lawsl g 5l /Voylouls /¥ 0590 [ S § (cooal 9 SUG 5 (owdigen -


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

—
vl o 5590 SN o

Q\)&aﬁ}b‘f‘{:)‘jé}t&)

&.f)f JQ-\) J’.'.) C,‘.w‘ ol J:’J‘_}§ (Cheﬂ et a], 2015)
“San S B dohe S dile el s S,
L5 oo 58l pl romens (Jonmohammadi et al., 2014)
ol Sl ol 05T 4 SAST 63 il Cs e &
b MPT UL G V- PR P e SRR VN
Wingler et ) &S o 5Bl gy 5 s glp 1y 355 (35S

.@al., 2000

Al b YWEY ojlad asd (il pl noesdle

S Sl e posl 518l HeeS 50 S Dlled 2 -0 5 S5l s
elod 53 bl GEE 5l5S) Srss el el Oy 25
Olpe & cul Koo gl S o (5L Sl ge alides
Skl lalr L mead 4SS 5 Sualr sl S
e Lo 5Tl ol A il als Sl S
sy Jles ol ATP;;,)Mpwgiw el $SKss
Slied -0 5 Syl 8l Slivd A3 slaeS Slga 511,
3 Qe Desl S alhns 4 CO, & (5)5b 4 3)l3 0 &5 s
Jordan and chollet, 1983; ) s ls o 45 Jbd |y S
w3l od s Semss Bl or ek opl L3 - (Portis, 2003
S WA P [ FE S EPC S PR [P P Sy
omal Bl asy en 5 (o5 S SRl e 4 sSes
COz €655 0wy b Lo i3 ol 55 Canslie 12 COp s
DSty baws 6550 OMWl 1 el ol &S el sl L
Sy Ol SRl LS o S5l o8 S 53U
pkS 5 (Gua et al., 2013) 3 oy olS s Sl
Sl o 158 Lo i3 s 50 (Rinalduci et al., 2011)
Jld IS5 B > @31 cal 8w b 1 0T GRS
35 (Portiset al., 2008) o1, \Kan 5 il ) azudls (S,
3 355S) SKras G Dl S G 4 semme oS Uil es S el
Sl St Klp e Sawsy S8 5 Sop a2
Cled LB pl e S LS S s BB O sedlal S
Sl b 25l 3 sl (gl COp s (3l 58]
PSI 4yl ;s L a5 58 Bl i Ol e S50 )b

Yoonand ) sas s bl (Ghsl el 2) ACS (glap 35 5]
Shesiass ool oo el S5 e w0 > 5 L .(Kieber, 2013
Aol Sl o 55 0SS Olgre VYT s
ABA moxs 5 W5 Srals Lol Ol Jfals LS L8 gl
Olye S5 ol ok by Jomd 28 ey T3lae
P sl Ol SR L K B 0 ACS siS s
350 QA Slde LAl a3 5 ST 5 el Sl S
Vool g 238 0 L S5 4l 03 Sl e
et Wl e e S5 AS (35 sl Julss 51 S
2 OBl Ol el ik eap s ol Oly e
Sl ok 1S g L A5 S kS gl oY
Soo p S s S s axdl (Vitamvase et al., 2012)
ol sdalie Oly (pBsn cpl Oly 2l 55 &l gla oS
<=.x;§ 03 S e opl Ol il (Vitamvas et al., 2007) s 5
o ¢Wl}g(Y~W) OLes 5 0l v g o)l o Coes
Lol Sl s 53 (gage B G n nl 4 el ol

S o Ll Lo 25 55 05 Ol o gl oLy

PP & >

e O 1 Sy S axls 23 A el S

Sl g S o s SIS 5l Sy, s
Sl A, YO JINY 5 aisl e 0lS j3 S e 5 Ol b s
Gy dsloe GlasSs s 5l do)3 00 5 S oslacSsn IS
. (Zhaug et al., 2014) s o |5 C3 QLS 53 oy
Sl o320 Ol SR dals 4 Cod b e Ll 5 s oD
A3l g Ol LS OYY 35 o 5Tl J5S350 035 anlllae
sdalia VB 8 PH L3 ols s & Ypens Ssy S
Sols Sope a mpl opl e 3p5e U5 3 Js s e
5 0L ol sdd y s LROS Lug Yool 5 G
2o b edd o s Slebad 5 (Yan et all, 2006) O )Ses
Ol Oly Sl (oS los b i oS 1) sSss Sy A5
Sy Sz Ay 5 Ol Sl L8 plulis 1 55 0l
Jonmohammadi et al., ) 53 *1 53 a8 sy 4l e s
Xuet)-A°C Ss; Fo A o S pslas o35 3 (2014

sy S p 33,V Sl w ¥OC Sl 5 55 5 (@l 2013

- WAP sl 5 sar Vo slacs /0399 /g (shos] 3 S5 gunkie


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

O‘)&aﬁjd‘f\fé}‘jé}b)

woslg 2 2558 SN g 2

Wl e 5o ATPaSBLL pb e G5 Ll 53 i)
3L GO A Sl s s 5 L 25 Jlae s ol
ez Ol Ok GRIB A al b lie 6l b
@S e ol Ol RPN L ploAS e S350 58
g by 55 s glhst gls ST sl
COp s Sl sl S o slagusl Oy Sl3)
sl slaoetisn Sl st Ol e el S
“o A L Ol 5 S e 518 L 6 o |t 8
o, 53 O, dlsl js Il Gl el pl &Sl
A2 S S S VS e S Sl wasde S
shes (ool A5 ol et Ol RIS L Lo A
e by b 550 S0 slagSs s A

Al e (S 5

&Ll

Andersen B, Scheller HV, Mgller BL. 1992. The PSI-E
subunit of photosystem | binds ferredoxin: NADP+
oxidoreductase. FEBS letters 311(2):169-173.

Barranco-Medina S, Krell T, Bernier-Villamor L,
Sevilla F, Lazaro JJ, Dietz KJ. 2008. Hexameric
oligomerization of mitochondrial peroxiredoxin PrxI1F
and formation of an ultrahigh affinity complex with its
electron donor thioredoxin  Trx-o. Journal  of
experimental botany 59(12):3259-3269.

Bollenbach TJ, Sharwood RE, Gutierrez R, Lerbs-
Mache S, Stern DB. 2009. The RNA-binding proteins
CSP41a and CSP41b may regulate transcription and
trandation of chloroplast-encoded RNAs in
Arabidopsis. Plant Molecular Biology 69:541-552.

Bradford MM. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding.
Analytical biochemistry 72(1):248-254.

Buchanan BB, Balmer Y. 2005. Redox regulation: a
broadening horizon. Annual  Review of Plant
Biology 56:187-220.

Chen J, Han G, Shang C, Li J, Zhang H, Liu F, Wang
J, Liu H, Zhang Y. 2015. Proteomic analyses reveal
differences in cold acclimation mechanisms in
freezing-tolerant and freezing-sensitive cultivars of
afafa Frontiersin Plant Science 6:18-30

Chinnusamy V, Zhu J, Zhu JK. 2007. Cold stress
regulation of gene expression in plants. Trends in
Plant Science 12(10):444-451.

u,w&.".: 49-J.>: ))\j }g...»:.rj) ol )L@.& LSJJ.M.-I}.B L;)j" U,Z.Sl)
u,w&.".: QYW 45&:,.«:‘ AJ‘J QL:»Q QL:J Lf:"i\ﬁ\j ol 6)};

Pears and ) ol SKaws, Jdld cole Oud s Esl

Rl Ok GRIBl L et Sy Bl 5 (Andrews, 2003
CO, b (Portis and Parry., 2007) 5,15 e 5 si3 1, cole

Mbuwu}wuﬁﬁf‘f)bjéﬁWeJubgb

Pl S5 oS e 65 end i S b 4

Cebooylg s oy 2 csle YA e o ;\;JSL,; a3
3l S e Ol malS 5 Jill Coso o by Ol S
02 Ol RIBEIL 2y IS glacntig et n cnl
3 s s ol s oS 4 b 15 Ol alS s
O oSS 5 g lS pldsy 5 (b e (i

omIB el s sl e Loy Aol S

Cui S, Huang F, Wang J, Ma X, Cheng Y, Liu J. 2005.
A proteomic analysis of cold stress responses in rice
seedlings. Proteomics 5(12):3162-3172.

Falzone CJ, Kao YH, Zhao J, Bryant DA, Lecomte JT.
1994. Three-dimensiona solution structure of PsakE
from the cyanobacterium Synechococcus sp. strain
PCC 7002, a photosystem | protein that shows
structural homology with SH3
domains. Biochemistry 33(20):6052-6062.

Ford KL, Cassin A, Bacic A. 2011. Quantitative
proteomic analysis of wheat cultivars with differing
drought stress tolerance. Frontiers in Plant Science
2:44,

Galiba G, Vagujfalvi A, Li C, Soltész A, Dubcovsky J.
2009. Regulatory genes involved in the determination
of frost tolerance in temperate cereals. Plant
Science 176(1):12-19.

Gao F, Zhou Y, Zhu W, Li X, Fan L, Zhang G. 2009.
Proteomic analysis of cold stress-responsive proteins
in Thellungiella rosette leaves. Planta 230(5):1033-
1046.

Gelhaye E, Navrot N, Macdonald IK, Rouhier N,
Raven EL, Jacquot JP. 2006. Ascorbate peroxidase-
thioredoxin interaction. Photosynthesis Research 89(2-
3): 193-200.

Ghabooli M, Khatabi B, Ahmadi FS, Sepehri M,
Mirzaei M, Amirkhani A, Jorrin-Novo JV,
Salekdeh GH. 2013. Proteomics study reveals the
molecular mechanisms underlying water stress
tolerance induced by Piriformospora indica in
barley. Journal of Proteomics 94:289-301.

Gharechahi J, Alizadeh H, Naghavi MR, Sharifi G.
2014. A proteomic anaysis to identify cold
acclimation associated proteins in wild wheat

YWAF lawsl g 5l /Voylouls /¥ 0590 [ S § (cooal 9 SUG 5 (owdigen -


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

=
ol 255 SN (o

Q\)&@}O\f‘faé‘jé}t&)

(Triticum  wurartu  L.) . Molecular
Reports 41(6):3897-3905.

Godinot C, Di Pietro A. 1986. Structure and function of
the ATPase-ATP synthase complex of mitochondria as
compared to chloroplasts and bacteria. Biochimie
68(3): 367-374.

Gokirmak T, Paul AL, Ferl RJ. 2010. Plant
phosphopeptide-binding  proteins as  signaling
mediators. Current Opinion in Plant
Biology 13(5):527-532.

Gomat HY, Deleporte P, Moukini R, Mialounguila G,
Ognouabi N, Saya AR et al. 2011. What factors
influence the stem taper of eucalyptus: growth,
environmental conditions, or genetics? Annals of
Forest Science 68:109-120.

Goulas E, Schubert M, Kieselbach T, Kleczkowski LA,
Gardestrom P, Schréder W, Hurry V. 2006. The
chloroplast lumen and stromal proteomes of
Arabidopsis thaliana show differential sensitivity to
short-and long-term exposure to low temperature. The
Plant Journal 47(5):720-734.

Gu X, Gao Z, Zhuang W, Qiao Y, Wang X, Mi L,
Zhang Z, Lin Z. 2013. Comparative proteomic
analysis of rd29A: RdreB1BI transgenic and non-
transgenic strawberries  exposed to low
temperature. Journal of Plant Physiology 170(7):696-
706.

Gusta LV, Fowler DB. 1976. Effects of temperature on
dehardening and rehardening of winter
cereals. Canadian Journal of Plant Science 56(3):673-
678.

Han Q, Kang G, Guo T. 2013. Proteomic analysis of
spring freeze-stress responsive proteins in leaves of
bread wheat (Triticum aestivum L.). Plant Physiology
and Biochemistry 63:236-244.

Heidarvand L, Amiri RM. 2010. What happens in plant
molecular responses to cold stress? Acta Physiologiae
Plantarum 32(3):419-431.

Hlavackova 1, Vitamvas P, Santrdcek J, Kosova K,
Zelenkova S, PrasSil IT, Ovesna J, Hynek R,
Kodicek M. 2013. Proteins involved in distinct phases
of cold hardening process in frost resistant winter
barley (Hordeum vulgare L.) cv Luxor. International
Journal of Molecular Sciences 14(4):8000-8024.

Ivanov AG, Morgan RM, Gray GR, Velitchkova MY,
Huner NPA. 1998. Temperature/light dependent
development of selective resistance to photoinhibition
of photosystem |. FEBS L etters 430(3):288-292.

Janmohammadi M, Matros A, Mock HP. 2014.
Proteomic analysis of cold acclimation in winter
wheat under field condition. Icelandic Agricultural
Sciences 27:3-15.

Jordan DB, Chollet R. 1983. Inhibition of ribulose
bisphosphate carboxylase by substrate ribulose 1, 5-
bisphosphate. Journal of Biological
Chemistry 258(22):13752-13758.

Kosova K, Vitamvas P, Prasil IT. 2014. Proteomics of
stress responses in wheat and barley-search for
potential protein markers of stress tolerance. Frontiers
in Plant Science 5(711):10-3389.

Biology

Kosova K, Vitamvas P, Planchon S, Renaut J, Vankova
R, Prasil IT. 2013. Proteome analysis of cold
response in spring and winter wheat (Triticum
aestivum) crowns reveds similarities in stress
adaptation and differences in regulatory processes
between the growth habits. Journal of Proteome
Research 12(11):4830-4845.

Laloi C, Mestres-Ortega D, Marco Y, Meyer Y,
Reichheld JP. 2004. The Arabidopsis cytosolic
thioredoxin h5 gene induction by oxidative stress and
its  W-box-mediated response to  pathogen
elicitor. Plant Physiology 134(3):1006-1016.

Lang V, Mantyla E, Welin B, Sundberg B, Palva ET.
1994. Alterations in water status, endogenous abscisic
acid content, and expression of rab18 gene during the
development of freezing tolerance in Arabidopsis
thaliana. Plant Physiology 104(4):1341-1349

Li G, Peng X, Xuan H, Wei L, Yang Y, Guo T, Kang G.
2013. Proteomic analysis of leaves and roots of
common wheat (Triticum aestivum L.) under copper-
stress conditions. Journal of Proteome
Research 12(11):4846-4861.

Maeda K, Finnie C, @stergaard O, Svensson B. 2003.
Identification, cloning and characterization of two
thioredoxin h isoforms, HvTrxhl and HvTrxh2, from
the barley seed proteome. European Journal of
Biochemistry 270(12):2633-2643.

Medina J, Catald R, Salinas J. 2011. The CBFs: three
Arabidopsis  transcription  factors to  cold
acclimate. Plant Science 180(1):3-11.

Pearce FG, Andrews TJ. 2003. The relationship between
side reactions and dow inhibition of ribulose-
bisphosphate carboxylase revealed by aloop 6 mutant
of the tobacco enzyme. Journa of Biological
Chemistry 278(35):32526-32536.

Pfannschmidt T, Ogrzewalla K, Baginsky S, Sickmann
A, Meyer HE, Link G. 2000. The multisubunit
chloroplast RNA polymerase A from mustard (Sinapis
alba L.). European Journal of
Biochemistry 267(1):253-261.

Portis Jr AR, Parry MA. 2007. Discoveries in Rubisco
(Ribulose 1, 5-hisphosphate carboxylase/oxygenase):
a historical perspective. Photosynthesis
Research 94(1):121-143.

Portis Jr AR. 2003. Rubisco activase-Rubisco's catalytic
chaperone. Photosynthesis Research 75(1):11-27.

Portis AR, Li C, Wang D, Salvucci ME. 2008.
Regulation of Rubisco activase and its interaction with
Rubisco. Journal of Experimental Botany 59(7):1597-
1604.

Raab S, Toth Z, de Groot C, Stamminger T, and Hoth
S. 2006. ABA-responsive RNA-binding proteins are
involved in chloroplast and stromule function in
Arabidopsis seedlings. Planta 224(4):900-914.

Rasoulnia A, Bihamta MR, Peyghambari SA, Alizadeh
H, Rahnama A. 2011. Proteomic response of barley
leaves to salinity. Molecular Biology
Reports 38(8):5055-5063.

Rinalducci S, Egidi MG, Karimzadeh G, Jazii FR,
Zolla L. 2011. Proteomic analysis of a spring wheat

- WAP sl 5 sar Vo slacs /0399 /g (shos] 3 S5 gunkie


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

Q‘)&aﬁjd‘f\fa:\jé}t&)

woslg 2 2558 SN g 2

cultivar in  response to prolonged cold
stress. Electrophoresis 32(14):1807-1818.

Sarhadi E, Mahfoozi S, Hosseini SA, Salekdeh GH.
2010. Cold acclimation proteome anaysis reveals
close link between the up-regulation of low-
temperature associated proteins and vernalization
fulfillment. Journal of Proteome Research 9(11):5658-
5667.

Shroyer JP, Mikesell ME, Paulsen GM. 1995. Spring
freeze injury to Kansas wheat. Cooperative Extension
Service, Kansas State University.

Sonoike K, Terashima 1. 1994. Mechanism of
photosystem-l photoinhibition in leaves of Cucumis
sativus L. Planta 194(2):287-293.

Vitamvas P, Présil IT, Kosova K, Planchon S, and
Renaut J. 2012. Analysis of proteome and frost
tolerance in chromosome 5A and 5B reciprocal
substitution lines between two winter wheats during
long-term cold acclimation. Proteomics 12(1):68-85.

Vitamvas P, Saalbach G, Prasil IT, Capkova V,
Opatrna J, Ahmed J. 2007. WCS120 protein family
and proteins soluble upon boiling in cold-acclimated
winter wheat. Journal of Plant
Physiology 164(9):1197-1207.

Von Ballmoos C, Dimroth P. 2007. Two distinct proton
binding sites in the ATP synthase
family. Biochemistry 46(42):11800-11809.

Wingler A, Lea PJ, Quick WP, Leegood RC. 2000.
Photorespiration: metabolic pathway and their role in
stress protection. Philosophical Transactions of the
Royal Society B: Biological Sciences 335(1402):
1517-1529.

Xu W, Rosenow DT, Nguyen HT. 2000. Stay green trait
in grain sorghum: relationship between visua rating
and leaf chlorophyll concentration. Plant Breeding
119(4): 365-367.

XuJ, LiY,SunJ,DulL, Zhang Y, Yu Q, Liu X. 2013.
Comparative physiological and proteomic response to
abrupt low temperature stress between two winter
wheat cultivars differing in  low temperature
tolerance. Plant Biology 15(2):292-303.

Yan J, He C, Wang J, Mao Z, Holaday SA, Allen RD,
Zhang H. 2004. Overexpression of the Arabidopsis
14-3-3 protein GF14A\ in cotton leads to a “stay-green”
phenotype and improves stress tolerance under
moderate  drought conditions. Plant and  Cell
Physiology 45(8):1007-1014.

Yan SP, Zhang QY, Tang ZC, Su WA, Sun WN. 2006.
Comparative proteomic analysis provides new insights
into chilling stress responses in rice. Molecular and
Cellular Proteomics 5(3):484-496.

Yang J, Schuster G, Stern DB. 1996. CSP4l1, a
sequence-specific chloroplast MRNA binding protein,
is an endoribonuclease. The Plant Cell 8(8):1409-
1420.

Yang J, Usack L, Monde RA, Stern DB. 1994. The 41
kDa protein component of the spinach chloroplast
petD mRNA 3’stem-loop: protein complex is a
nuclear encoded chloroplast RNA-binding protein.
Nucleic Acids Symposium Series 33:237-239.

Ye J, Wang S, Zhang F, Xie D, Yao Y. 2013. Proteomic
analysis of leaves of different wheat genotypes
subjected to PEG 6000 stress and rewatering. Plant
Omics 6(4):286.

Yoon GM, Kieber JJ. 2013. 14-3-3 regulates 1-
aminocyclopropane-1-carboxylate synthase protein
turnover in Arabidopsis. The Plant Cell 25(3):1016-
1028.

Yu XM, Griffith M, Wiseman SB. 2001. Ethylene
induces antifreeze activity in winter rye leaves. Plant
Physiology 126(3):1232-1240.

Zhang M, Lv D, Ge P, Bian Y, Chen G, Zhu G, Li X,
Yan Y. 2014. Phosphoproteome analysis reveals new
drought response and defense mechanisms of seedling
leaves in bread wheat (Triticum aestivum L.). Journal
of Proteomics 109:290-308.

Zhong X, Mei X, Li Y, Yoshida H, Zhao P, Wang X,
Han L, Hu X, Huang S, Huang J, Sun Z. 2008.
Changes in frost resistance of wheat young ears with
development during jointing stage. Journal  of
Agronomy and Crop Science 194(5):343-349.

YWAF lawsl g 5l /Voylouls /¥ 0590 [ S § (cooal 9 SUG 5 (owdigen -


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.6.4
https://gebsj.ir/article-1-133-fa.html

[ Downloaded from gebs.ir on 2025-11-04 ]

[ DOR: 20.1001.1.25885073.1394.4.1.6.4 ]

Genetic Engineering and Biosafety Journal
Vol4, Number1, Spring and summer 2015, Bi-seasonal

Proteomic Analysis of Spring Barley Leaves Under Short Term Cold Stress

Rana valizadeh kamran®? M ahmood Toorchi**, Mohammad Moghaddam®, Hamid
M ohammadi?®

1. Department of Plant Breeding and Biotechnology, Faculty of Agriculture, University of Tabriz, Tabriz,
Iran

2. Department of Biotechnology and 3. Department of Agronomy - Faculty of Agriculture Azarbaijan
Shahid Madani University, km35 Tabriz-Maragheh Road

* Corresponding Author, Email: mtoorchi @tabrizu.ac.ir

ABSTRACT

old is one of the most significant abiotic stresses which restrict crop growth and

productivity worldwide. In order to investigate how spring barley (Hordeum

vulgare L.) seedlings adapt to short-term periods of low temperature, the present

study explored proteomic changes in leaves. Cold stress at 4 °C was applied to
barley seedlings for 48 hours; third leaves were harvested and compared with seedlings
grown in norma conditions (25° C). The proteomic analysis was conducted by two-
dimensional electrophoresis (2-DE) and the Coomassie blue staining procedure. Fifteen
reproducible protein spots showing a significant difference between the control condition
and cold stress were identified; 10 of the spots demonstrated an increase in expression
while 5 spots showed a decrease under 4 °C cold stress for 48 hours. By applying
MALDI-TOF analysis, 7 spots were identified. These responsive proteins were involved
in the Calvin cycle, photosynthetic electron transport, light reaction, and signal
transduction. The upregulation of proteins involved in the regulation of the chloroplast
system, the integrity of chloroplasts, energy metabolism, antioxidant defense, and
photosynthesis has probably acclimatized the plant to cold stress. These findings indicate
that there was greater cold stress affecting photosynthesis in spring barley and it is of
crucia importance to maintain the efficiency of photosynthesis under cold stress.
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