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Table 1. Primers used in this study
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47 101bp SCTCCAAGGATGACCCTGCTAA3 Elongation factor-F

CGAGGACTGGGGCATAACC35

Elongation factor-R
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Fig. 1. Relative gene expression of Cu/znSOD in three genotypes in control condition

|, Cu/znSOD sloz 5l 5 3G ooy ol soals Ylaxs!
ol aslgs Jlosds (i gam slcels o

$r2 s slays ole 45 (smgy) slo g Yiess|
o adgl Slels jo wisS o S |y Cu/znSOD aloz
= S st olelw jo ], srals wig, 9 Wyl la Sl
Cu/znSOD 5 5 Loy oo o bLS luec Sls sealgs
Uno et al., 2000; ) el oot 0l A lidios lawgs
o5 ol = iz ol o Jiang & Zhang, 2002
O Cod (Sid 155l o celufA ey 5o Cu/znSOD
o33l ogy oS Ll 55850 5 0,5l LzalSianls
LS Lo, o5, s gl (¥ JSi) ol L
4 Cu/znSOD 5 Lo b akal, o Kentucky bluegrass
9 o 3l am el FA (i 5 LS ()l paiged e A
Sg— G ol ml i L gdate oL S oLl 890
Nistal et al, (2002) . —>ss .(Bian & Jiang, 2009)
Ol palS Gl 056 oS o S e a5 Wl ylis
o b Gudate 30 Gaiss ol jo sl ooy Cu/znSOD (5
O ol pelS cely Sis o e ol Kiegh ol
(¥ JSs) ol Cu/znSOD

Ty

03 ol 32 Gl ymaziged gl 9 (Seiid i S (o
Cu/znSOD
cbile gl CBlite g, (S s Ll b o
JLsoan 5 Wigboe w5 Jedgie slaJobe ;5 ABA
Ol 5o b e ralS Jdg5e cdl 40 CO, clale o
SNyams 5 0 g Fiogid (S, oty el
Gyas (NADPH 5 ATP) sy, cla STy 5l Jol>
5850 OgmlonnST pae Jodoay (lys iz )0 gl ool
LS g, il ) Egr +NADP G a0 NADPH
JUEsl 8,285 je 55 O5eST S350 cnl bl 0l oo
ST JLsioly 5 0iS g0 Jos 009,501 805 0dy plgieay (39Sl
. (Sairam & Saxena, 2000) sg-i o 0Jg5 0S| 5y 9m
JUESL e 58 (Lol Olgieds 05nST JUd sl
g el 5 a5 a5 sl et sla 2 ol
ot Yzl (¥l i, (sl 55516 (Sl s o (125
28 6l Glag ol Gl el (omsis; slaypSls
Ligd o it Cu/znSOD oz 5l Sz s b bLS )|
Slep) ol Ao jo A 4 by slagetisn Gl
g aS clly wales Jlosa ) 9,95 e lee Yleixl cda o
oy iems aiile pmgis) o551l Slo) ol ool Az
() S8 slag) ol el il walss als


www.sid.ir

QY ol o 15 oy Pl /ot @Ugad SR 9 3 3 /... 135 (5l dsdllane 14150 g ool

=
-
L 157
:b
E=
w2
2T 2 1.0
- - =
]
T
8 05
- @
50
(@]

0

hours after stress

recovery period

L3089 3l o celw¥ Y g SCis s jl o celuf A (5510 paiges slaylo) 50 Cu/znSOD (45 (oo by =Y JSCo
Fig. 2. Relative gene expression of Cu/znSOD in sampling times of 48 hours after drought stress and
24 hours after recovery period

1.6 7
1.4 4
12 =
1.0 -
08
0.6

0.4

0.2

Gene expression level
compared to the control

Control

Drought

IS 4 G (31 o cclwf A) (Sl s bl plo 50 Cu/znSOD (5 (s o -V S0
Fig. 3. Relative gene expression of Cu/znSOD in drought stress condition (48 hours after stress) than control

el ljsl Jaleel et al, (2007) 4 Diaz et al, (2005)
20,8 )58, (Sis 55 o SOD b 51

s 4 SOD p.:f] Fewly a5 4o 8l iBlogl (il b
RS (P 0 Ayl sl o0 Cugl luwl piie Jugb,
Sl oo o,l55 (Nistal et al., 2002) oliéss

o e o8 (S Jslone S5 slacnSsn olies
Slindiod ol 5l (B b @l cplais )l (pe ((Sas
2,5 el Rahbaarian (2011) .ol lid Slsseen anids
Ll ;s MCCBTT gy )3 (S p Jsle JS (non &5
ol LIS (6510 Fre S (RIS ey g Sl LS

A

31 el Gl a0 (59 (S G S (s
SR ke S5 (g 9 50 geamnd danST ygu
PURUE] NGO | P RIPRP- NS PONSUL{ B L G ES S
el b godate a s ol .cilad jBgenns 0S| g
Ui oo aS w3o,S edlel sl .ogs Nistal ef al, (2002)
Oizan 3, S5 35 SOD (o5 ST e Jled ( Sz
ol s 4 S 0SS sl S Bian & Jiang (2009)
L Golaie 3 asel cpl &S wile oS 900 S ;0 SOD
S 0,8 el s e s B ligios 5| Sy
ol cdld mals cel 050 palS Al e jo  Sis i1S
(i35 =l > (Rahbarian, 2011) ss-is . SOD


www.sid.ir

QY Jol Qo 15 Loy Pl /ot @Lgad SO 9 3 3 /... ()5 (sl dsdllane 1,150 g (ol

Gy Su oS el Jomxio Gadsy 1o 05 ol Ol Gl
3 eman olwl e Ll 5l jeo ol Sz 4 pglie
CelwfA (15 5l 8 slasle; 10 o) ol s 4nddS lidss
o3ls Gl |y (Folte ()l Gl bS5k 890 5 (25 5l o
O Sl elwFA (o 0 5 pol> lasdod gl 0 05
29ty Ghals el 4 o 5 0ol Ol e (S5

3,5 o aelds 4y cond cioli8l adg ) ol S b5l 80

& 5 A
eS| e latiss s o eelis bt ol olsieas e
o=l o B aS o i sl ¢ sy g slo i 5l oab
955 93 4 S (Mlellonn Jootie g 5o (J S llpd

10.
11.
12.
13.
14.
15.
16.
17.
18.

ol a8 bl 5 og s (el Gy 5 Jomie slpals
I 09l o Cgmmire Sl i 50 Ceedly 05 SO )

&bw
Beauchamp, C., and Fridovich, 1. 1971. Superoxide dismutase: improved assays and applicable to acryl
amide gels. Annu. Biochem. 44: 276-287.
Bian, S., and Jiang, Y. 2009. Reactive oxygen species, antioxidant enzyme activities and gene expression
patterns in leaves and roots of Kentucky bluegrass in response to drought stress and recovery. Scientia
Horticulturae 120: 264-270.
Diaz, P., Monza, J., and Marquez, A. 2005. Drought and saline stress, Lotus japonicus, Handbook 39-50.
Ganjeali, A., Porsa, H., and Bagheri, A. 2011. Assessment of Iranian chickpea (Cicer arietinum L.)
germplasms for drought tolerance. Agricultural Water Manangement 98: 1477-1484.
Gupta, A., and Kaur, N. 2005. Sugar signaling and gene expression in relation to carbohydrate metabolism
under abiotic stresses in plants. J. Biosci. 30: 761-776.
Jaleel, C., Manivannan, P., Sankar, B., Kishorekumar, A., Gopi, R., Somasundaram, R., and Panneerselvam,
R. 2007. Induction of drought stress tolerance by ketoconazole in Catharanthus roseus is mediated by
enhanced antioxidant potentials and secondary metabolite accumulation. Colloids Surf B Biointerfaces 60:
201-206.
Jiang, M., and Zhang, J. 2002 . Water stress-induced abscisic acid accumulation triggers the increased
generation of reactive oxygen species and up-regulates the activities of antioxidant enzymes in maize leaves.
J. Exp. Bot. 53: 2401-2410.
Kasuga, M., Liu, Q., Miura, S., Yamaguchi-Shinozaki, K., and Shinozaki, K. 1999. Improving plant drought,
salt and freezing tolerance by gene transfer of a single stress-inducible transcription factor. Nature
Biotechnology 17: 287-291.
Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randapp, R.J. 1951. Protein measurement with the folin
phenol reagent. J. Biological Chemistry 191: 265-275.
Malhorta, R.S.; and Saxena, M.C. 2002. Strategies for overcoming drought stress in chickpea, ICARDA
Caravan 17: 20-22.
Millan, T., Clarke, H.J., Siddique, K.H.M., Buhariwalla, H.K.B., Gaur, P.M., Kumar, J., Gil, J., Kahl, G.,
and Winter, P. 2006. Chickpea molecular breeding, new tools and concepts. Euphytica 147: 81-103.
Nistal, J.H., Dopico, B., and Labrador. 2002. Cold and salt stress regulates the expression and activity of a
chickpea cytosolic Cu/Zn superoxide dismutase. Plant Science 163: 507-514.
Parsa, M., and Bagheri, A. 2007. Pulses. Publications Mashhad University Jihad. p. 65 & 106.
Rahbarian, R. 2011. Morphological and physiological and biochemical markers for evaluating the
achievement of drought tolerant genotypes of chickpea. Ph.D. Thesis. Tarbiat Moallem University. p. 182 &
152.
Roorkiwal, M., and Sharma, P.C. 2012. Sequence similarity based identification of abiotic stress responsive
genes in chickpea. Bioinformation 8: 92-97.
Sairam, R.K., and Saxena, D.C. 2000. Oxidative stress and antioxidant in wheat genotypes: possible
mechanism of water stress tolerance. Journal of Agronomy and Crop Science 184: 55-61.
Sanchez. L.O., and Carbajosa, J.V. 2008. DNA-free RNA isolation protocols for Arabidopsis thaliana
including seeds and siliques. Biomed Centerl. 1: 93.
Uno, Y., Furihata, T., Abe, H., Yoshida, R., Shinozaki, K., and Yamaguchi-Shinozaki, K. 2000. Arabidopsis
basic leucine zipper transcription factors involved in an abscisic acid-dependent signal transduction pathway
under drought and high-salinity conditions. Proceedings of the National Academy of Sciences of the United
States of America 97: 11632-11637.

¥4


www.sid.ir

Study of gene expression pattern of Cu/znSOD and SOD enzyme activity
under drought treatment in tolerant and sensitive lines of Chickpea
(Cicer arietinum L.)

Hashemi'’, S.R., Malekzadeh Shafaroudi’, S., Marashi’, S.H. & Ganjeali’, A.

1. MSc. Student of Biotechnology and Plant Breeding, Agricultural College, Ferdowsi University of Mashhad
2. Faculty members of Biotechnology and Plant Breeding Department, Agricultural College,
Ferdowsi University of Mashhad
3. Department of Biology, College of Sciences, Ferdowsi University of Mashhad, Iran;
ganjeali@um.ac.ir

Received: 22 August 2012
Accepted: 8 May 2013

Abstract

Chickpea (Cicer arietinum L.) is mainly cultivated in arid and semi-arid agricultural systems. Drought
stress is a major factor delimiting maximum yield. This research evaluated the effects of drought stress
treatments on expression of Cu/znSOD as a gene involving in drought tolerance by Real time PCR technique.
To find the probable relationship between the molecular and physiological effects of treatments, total soluble
leaf protein and enzyme activity of SOD (EC: 1.15.1.1) were measured. Drought stress was applied by 30%
of field capacity in flowering stage. Sampling was arranged on three times; pre stress, 48 hours after stress
and 24 hours after recovery period. This study conducted as a factorial experiment in randomized complete
block design with three replications. Real time PCR data analysis indicated that the expression of Cu/znSOD
between the two genotypes, candidate for tolerance (MCC696) and sensitive genotype (MCC759) was not
significantly different from control condition. But the gene expression of Cu/znSOD in international
genotype (MCC877) was more than other two genotypes in control condition. Consistent with some previous
research results, gene expression levels of Cu/znSOD was reduced in two days after drought time than
control, and increased in recovery stage compared to control plants. The measurement of total soluble leaf
proteins and SOD enzyme activity under drought condition treatments revealed no significant difference
compared to control conditions.
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