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Table 1. Gene information and their putative roles
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code Clone name Protein or putative role References
C7 S0 e oS35 4 myT  Navabpour etal., 2003
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C12 S5 i E S o o ol 55 4 5T Noh and Amasino, 1999
Cyctein protease Specific protease enzyme in leaf
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Mtl R[S olSTsl o555,  Navabpour et al., 2003
Metallothionein Anti-oxidant proteine
C94 PRIa 2ol Jalse ade Josss Wl o5, Buchanan Wollaston,
Protein Resistance | Protein resistance gene 1997
Lhcb S s 05 o5 phais 45 5 Ble SUaS 055 Escoubas et al., 1995
Light harvesting complex Complex protein against photo stress
RBCS S 5 O Sy o 5T w53, Mackerness etal., 1999
Rubisco photosynthetic gene  Rubisco small sub unit gene
CATI1 SV 05 H,0; 015 J 58" 285 L Y6 5T 555,  Buchanan Wollaston,
Catalase gene Catalase enzyme that control H,O, 1997
level
C6 ; « Navabpour et al., 2007
basic Helix-Loop-Helix (bHLH) o s b P
Transcription factor
SOD1 ST 05 S LU sers 1S g e T 55, Mackerness et al., 1999
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Table 2. Mean comparison of phenotypic traits of rapeseed in drought stress treatments

i e &5 sluss & o A0 b 5, AL sy
Drought treatment Leaf Leaf area Day to 50% flowering Visual scoring
(Water potential-bar) number (cm’)
(ke 712.52 2117 1.0a
Control (Full irrigation)
-0.5 27.6ab 681.3a 208.1a 1.3ab
-1 15.3bc 547.1b 185.7b 1.8b
-2 23.9¢c 462.8¢c 176.5bc 2.8¢c
-4 18.2d 301.2d 167.1c 3.8d
-6 10.1e 160.1e 148.9d 5.0e

(833 aals iz 0 g0 3T) s 200 Jlazml el 53 513 e C390est| 86 0 gt a3 sl 3y L o Sle
Means in each column with similar letters are not significant different at 5% level of probability (Duncan’s multiple range test).

,_:La.w)b.—f')u::);%_;,:ea;.u,‘_;lﬂbaap,uu%;};s‘_;l,’\;»)udﬁa@ug&@;«bd@ﬂaﬁsf&q&@;

(42 3 8 5 )3 (i 55k 4 Lol gt

Visual scoring: score 1 shows no significant difference compared with control, score 5 is the worst apperence at -6 bar, score 2-4 are

intermediate points between tow extreams.
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Fig. 1. Changes of mean chlorophyll content in leaves of rapeseed at flowering stage
five days after the last irrigation
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Bars with similar letters are not significantly different at 5% level of probability.
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Fig. 2. Changes of TBARM in leaf tissue of rapeseed at flowering stage five days after
the last irrigation
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Cysteine protease C7
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Catalase gene CAT 1
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Fig. 3. Gene expression pattrrn based on northern blot analysis technique. RNA was
extracted from leaf tissue at flowering stage, five day3§ after 1rrigation. Then RNA was
bloted to Nylon membrane and probed with selective "“P labelles gene fragments, result
has ordered after x-ray film was produced.
S,: Senecent leaves stage 2

Agno 3: Silver nitrate was sprayed (2mM) on leaves and samples were taken 2 days
after spray.

Cab s O o) 4S5 ey o B i «Santamaria et al., 2001)
Ol Sl g 55 WIS 31y 51 ammn s B IS Jlasl 45107 51 .(Ging et al., 2009

s o Olas ST La 5 jley akem alemOT 1 5 55 de sla i
5 ;5 434S SODI 5CATI] ladluen Sl ol jo 0508 Jld (SISl 2l 331 L

OFF



ST s S S0 0y oS

ool C,L_.d 23C7 dlucar 5550y .CEIL
Sgdes ol HL=Y 4 -0 /0 5 S s
St Ol b jles ST 3wy OT 515 0L
).s.(\‘Jg_i).l_loJ_:: Sl yeb 4 05 0l
bl glad 51 aS Crp alies 5 J>
A Sl 9 Sl (6 )3 IV )3 0k Ol
P S 0 D sl ST s
st 5 el b e 0L ST
DL-F ey o (S jles @YU ke s
Wl BLES o gues s Ol
L sdd alecan sLad 51 Co ailaon
54— cDNA-  AFLP ¢SS5l sl
= 4luer ! (Navabpour et al., 2007)
050 b s (S5 oL Sledbl
Olge a4 05 cplals Ol @Lnlf Cplin LS
RV 35 S e Jns s 505 555 B ES
SLa0j 3 glas gozes Ly Wil 5 0 & g
Cmod] Gl LS J 25715 Glhes 5 kL
i35 e Ol N 05 ol el 5L
o ol s 53 4T 6 5k o il
@3 ol il il (= /0 5-)) S s
sabas Sl il 581 OT 51 e 5 CilS
Aoy e 2SI 45 L =F 5o 5 esy ) oo
Shoals Olis s EalS” 5L =7 sled 5o
@ IL 0L (6 4y I 55 05 ) B0
05 Ol 5 yilnST s & Jl s .2l
Els bty ol Ol g B Ol ST
055 4 Alaon | HB, oy 5 adllls bl
s ol b § 92 50 OT S ol el

ofd

9 L8 sl 5 ;T o =S 5ay
s 0Ly 65K Azt U sy 3eS 5
VB 05 STy Ol jae i dils  gilie
25T 2 ey (NES lad LA 4 S
23833 4 pamia AU gony s ST g
0 O fts 5 (02) STy 5 052 5LSTL
e alsl 3l 05 sdadea ST, 5 T
N o531 g 055 den ST
dalxs glac ble s i o g5lST|
L) 556 Ol e 4 )5S e gLadLSGol,
0055 cal 3302) 1 s il Sl S
oo Pl o a5 (NS 2B ey 48
30kl 53tz 51T GLadLSCsl,
A1y e i J sl S plie sla e
(Mackerness et al., 1999)
Sla g oS US Cpp 5C7 wlien
Lo T Ak 487 dizeed 555 5 (s (g0 5T
58 55 S St b o i eSS
o) Sl Ll T ladnl 4 LOT @ 525
el a5 L s T8 Y s s
sl DYl plasil 5 (Il HLa (6 el
S 0T 51 3k 5l sl el g clis
e OT s Wi by (i Ll e gl
35 on sk & e C g 535 55, 4
(55 = slad 55 50) (glo 55 5l 4o JLi|
o La0T &S S 5 am 25 G b 5l L
Al A0Sl S S sl
< j_<5\ (Munne-Bosh and Alegre, 2004)

e Calld dluen g5 ol 0L 8l



WAY Jlo OF o led (YA-) als " 3y 9 g (88154 dlxa”

il A OLSGl a5 590 Dlds s sme
O sdbs Dlao Ol e s e talS i‘f"&
O gl ST s Ls 2580 oy 35 5t
)50 Slal) Ol )b S Dl ek 5 (Il
Cdleb b as S =Y i s L
)Lf - )LA:J 33 Cnglen L;LEJ‘ 6&()3 gT.l'G\
W3l ol Sas (A LS b LS i
sobat 05 Clled i 16 L |

n. ")l_«:j').ﬁﬂ\j-"}—{((jlz Mw)ggj—;’.
s Q—i‘ s plis (szi""i‘? ui‘-i‘}é‘ Jlf -f
Grny Dladod (512 ol b 0 2 50 lanen

s A 4

References

St
DA Gl = o U5 G ol 5
2 0TS e Slo e (S p (S
o 1S 5o oLl el Ol 5 (plesd
i 5B L= /0 S5 oS sl Ol gl
O3 o8 o s 3lai Oy Slio (3L
e ls Ol ZBIL Jbs IS Ol 5 2
23 o350 sl 93 = (b O gl S|
a0 QLS (g )ls sme Sslws dall b ans las
)50 S 58 SLal) Oy S 5 e
355 e DL =0 /0 e 5 5 adlllas
0 45 s o 4 e S ) el

Sl s 09 LT ST Ol 3 o5

Amiri Oghan, H., Moghadam, M., Ahmadi, M. R., Valizadeh, M., and Shakiba, M.
R. 2002. Heritability of seed yield and yield components in rapeseed (Brassica

napus) under drought stress and normal conditions. Seed and Plant 18: 179-199 (in

Persian).

Bayoumil, T. Y., Manal, H. E.,, and Metwali, E. M. 2008. Application of

physiological and biochemical indices as a screening technique for drought

tolerance in wheat genotypes. African Journal of Biotechnology 7(14): 2341-2352.

Bery, E. A. 2007. Molecular and Physiological Responses to Water Deficit Stress.

Department of Genetics and Cell Biology, University of Chicago, USA.

Buchanan-Wollaston, V. 1997. The molecular biology of leaf senescence. Journal of

Experimental Botany 48: 181-199.

Butt, A., Mousley, K., Morris, K., Beynon, J., Can, C., Holub, E., Greenberg, J. T.,

and Buchanan-Wollaston, V. 1998. Differential expression of a senescence-

enhanced metallothionein in Arabidopsis in response to isolates of Peronospora

parasitica and Pseudomonas syringae. Plant Journal 16(2): 209-221.



STy s S S0 0y oS

Chen, L., Ren, F., Zhong, H., Jiang, W., and Li, X. 2010. Identification and
expression analysis of genes in response to high-salinity and drought stresses in
Brassica napus. Biochimica Biophysica Acta 42(2): 154-164.

Dhanda, S. S., Sethi, G. S., and Behl, R. K. 2004. Indices of drought tolerance in
wheat genotypes at early stages of plant growth. Journal of Agronomy and Crop
Science 190(1): 6-12.

Escoubas, P., Lajide, L. and Mizutani, J. 1995. Termite antifeedant activity in
Aframomum melegueta. Phytochemistry 40: 1097-1099.

Farshadfar, E., and Javadinia, J. 2011. Evaluation of chickpea (Cicer arietinum L.)
genotypes for drought tolerance. Seed and Plant Improvement Journal 27-1 (4): 517-
537.

Gan, S., and Amasino, R. M. 1997. Making sense of senescence. Plant Physiology
113:313-319.

Gautam, P., and Stein, J. 2011. Induction of systemic acquired resistance to Puccinia
sorghi in Corn. International Journal of Plant Pathology 2(1): 43-50.

Ging, S. H., Zhou, X., Song, Y., and YU, D. 2009. Heterologous expression of
OsWRKY?23 gene enhances pathogen defense and dark-induced leaf senescence in
Arabidopsis. Plant Growth Regulation 58: 181-190.

Golden, T. A, Hinerfeld, D., and Melov, S. 2002. Oxidative stress and aging: beyond
correlation. Aging Cell 1(2): 117-123.

Hagege, D., Nouvelot, A., Boucard, J., and Gaspar, T. 1990. Malondialdehyde
titration with thiobarbiturate in plant extracts: avoidance of pigment interference.
Phytochemical Analysis 1: 86-89.

Huber, S. C., Israel, D. W., Valadier, M. H., Migge, A., and Becker, T. W. 1998.
Drought induced effects on nitrate reductase activity on the coordination of nitrogen
and carbon metabolism in maize leaves. Plant Physiology 177: 283-292.

Jansen, M. A. K., Gaba, V., and Greenberg, B. M. 1998. Higher plants and UV-B
radiation: Balancing damage, repair and acclimation. Trends in Plant Science 3:
131-135.

Larkindale, J. D., Hall, J. R., Knight, M., and Vierling, E. 2005. Heat stress
phenotypes of Arabidopsis mutants implicate multiple signaling sathways in the

acquisition of thermotolerance. Plant Physiology 138: 882—-897.

ofv



WAY Jlo OF o led (YA-) als " 3y 9 g (88154 dlxa”

Mackerness, S. A. H., Jordan, B. R., and Thomas, B. 1999. Reactive oxygen species
in the regulation of photosynthetic genes by ultraviolet-B radiation (UV-B: 280-320
mm) in green and etiolated buds of pea (Pisum sativum L.). Journal of
Photochemistry and Photobiology 48: 180-188.

Mauchamp, A., and Methy, M. 2004. Submergence-induced damage of
photosynthetic apparatus in phragmite saustralis. Environmental and Experimantal
Botany 51: 227-235.

Munne-Bosh, S., and Alegre, L. 2004. Die and let live: leaf senescence contributes to
plant survival under drought atress. Functional Plant Biology 31: 203-216.

Murphy, A., and Taiz, L. 1995. Comparison of metallothionein gene expression and
non-protein thiols in 10 ecotypes. Correlation with copper tolerance. Plant
Physiology 109: 1-10.

Navabpour, S., Morris, K., Harrison, E., Makerness, S., and Buchanan- Wollaston,
V., 2003. Expression of senescence-enhanced genes in response to oxidative stress.
Journal of Experimental Botany 54: 2285-2292.

Navabpour, S., Bagherieh-Najjar, M.B., and Soltanloo, H. 2007. Identification of
novel genes expressedin Brassica napus during leaf senescence and in response to
oxidative stress. International Journal of Plant Production 1: 35-44.

Noh, Y. S., and Amasino, R. M. 1999. Identification of a promoter region responsible
for the senescence-specific expression of SAG12. Plant Molecular Biology. 41: 181-
194.

Porra, R. J., Thompson, W. A., and Kriedmann, P. E. 1989. Determination of
accurate extinction coefficients and simultaneous equations for assaying
chlorophylls a and b extracted with four different solvents: verification of the
concentration of chlorophyll standards by atomic absorption spectroscopy.
Biochimica et Biophysica Acta 975: 384-394.

Santamaria, M., Thomson, C. J., Read, N. D., and Loake, G. J. 2001. The promoter
of a basic PR1-like gene, AtPRBI, from Arabidopsis establishes an organ-specific
expression pattern and responsiveness to ethylene and methyl jasmonate. Plant
Molecular Biology 47(5): 641-652.

Shao, H. B., Liang, M. A., Shao, M. A., and Wang, B. C. 2005. Changes of some

physiological and biochemical indices for soil water deficits among 10 wheat

OFA



STy s S S0 0y oS

(Triticum aestivum) genotypes at seedling stage. Colloids Surf, B. Biointerfaces
42(2): 107-113.

Shariati, S., and Ghazi-shahinzadeh, P. 2000. Canola. Agricultural Information
Affairs, Ministry of Jihad-e-Agriculture, Tehran, Iran. 115 pp. (in Persian).

Yang, M., Yang, Q., Fu, T., and Zhou, Y. 2011. Overexpression of Brassica napus
BnLAS gene in Arabidopsis affects plant development and increases drought

tolerance. Plant Cell Reports 30: 373-388.

OF4






