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Drought stress is one of the most important limiting factors for plant growth and soil
fertility, which causes crop yield reduction. In order to investigate the relative expression
of genes related to drought stress tolerance, four genotypes (including two sensitive and two
resistant genotypes to moisture stress) of bread wheat as factor A were subjected to a
factorial experiment on basis randomized complete block design with three replications
under normal and drought stress at the beginning of flowering stage as factor B in the
research farm of Azerbaijan Shahid Madani University. The results of analysis of variance
showed a significant difference at least at 1% probability level between drought stress levels
according to most studied traits. Based on the results from the comparison of means of traits,
the high tolerance of Eroum cultivar to drought stress was due to the higher increase in
MDA and H202 and lower decrease in traits of chlorophyll a, total chlorophyll content,
carotenoid content. In addition, the Mihan cultivar was more tolerant to drought stress
because of the higher increase of proline, carotenoid, POX, and CAT, due to drought stress.
The expression of genes in the examined samples was performed by semi-quantitative
polymerase chain reaction in three replicates. Glutathione peroxidase gene (GAPDH) was
used as housekeeping gene. Examining the relative expression level of antioxidant genes
showed that the high tolerance of Mihan cultivar to drought stress can probably be attributed
to the high activity of catalase and ascorbate peroxidase enzymes and the high tolerance of
Arum cultivar to the higher activity of antioxidant enzymes proline synthetase, peroxidase
and attributed to superoxide dismutase. Considering that the antioxidant genes catalase,
ascorbate peroxidase, proline synthetase, peroxidase, and superoxide dismutase in tolerant
cultivars showed a significant increase in expression under stress and normal conditions
compared to sensitive cultivars under the same stress and normal conditions; so, this genes
may induce tolerance to drought stress in plants under stress conditions.
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S.0.V Mean of Squares
df Carotenoi Proline Protein Peroxidase MDA H20: Catalase Grain vield Chlb Chla Total Chl

d content content content  content content  content y content  content content
Replication 2 0.023 11.475" 1.155" 0.014™ 0.281 0.004 0.048 7075.122 0.020 0.0001 0.003
Genotype (G) 3 0.134~ 100.953 ™ 1.670™  0.083™ 4464™ 1.076™ 85626 7682.015™ 0.145™ 0.054™ 0.132™
Stress (S) 1 0.063 1386.331™ 0.834 1.202 ™ 27.985™ 9.041™  362.828™ 61927.74™  0.007 0.127 ™ 0.442 ™
G*S 3 0.131° 81.656 4685  0.207™ 2747 0.698™  40.33™ 3073.119™  0.005 0.016 ™ 0.082 **
Error 14 0.031 1.846 0.218 0.002 0.196 0.008 1.653 5093.82 0.011 0.001 0.004
CV (%) 33 10.20 3.24 4.85 30.04 9.52 11.14 43.53 46.33 12.07 14.28
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Reaction of cultivars Chlb content

to drought stress Genotype (mg.g FW) STl GMP MP
Tolerant Mihan 0.427 @ 0.817 301.158 311.229
Tolerant Eroum 0.064 ¢ 0.486  232.265 262.748
Susceptible C-93-4 0.261° 0.281 176511  185.766
Susceptible C-93-11 0.158 b¢ 0.434  219.448 224.116
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Stress level Chlb content ( mg.g FW)
Normal 0.245¢
Stress 0.210%
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Stress Chl a Total Chl Carotenoid Proline MDA H20: Catalase Qrain
Genotype level content content content content (b) content content y|eld_
(d) (d) (d) (©) (©) (@ (g.m?)
oy Normal  0222°  0285¢  04g9® as22c 099 o34 4893 355850
Stress 0.140¢ 0.205 ¢ 0.421° 14.649 b 3.6132 2.052° 9.0664 139.910f
Mihan Normal  0.4852 0.901 2 0.472° 6.222¢ 0.181¢ 0.261f 8.573d 389.7602
Stress 0.227 ¢ 0.299 cd 0.996 2 27.579 2 1.084t 1.015°¢ 16.413° 232.698¢
C-93-11 Normal  0.431° 0.620 0 0.454 ° 6.003 ¢ 0277 0.257f 8.5034 269.623°
Stress 0.229 ¢ 0.354 ¢ 0.323° 27.682 2 1.394b 0.794¢ 23592 178.610¢
C-93-4 Normal  0.199 0.508 © 0.487° 6.245¢ 0523 (0.444¢ 8.6434 243.673¢
Stress 0.159 de 0.371¢ 0.573° 13.784 P 41223 23512 12.648¢ 127.869

sl 2o yd iy Jloss | o )3 Iy gixe BB (S5l gt o 3 Ciglisi By

U g ygw &3 o b ¥ Y

-8l ety ol Sty 5l (6l A8l o (SOD) 3Bgamdspus g (Joboysyd sloplimslnl (e 5l (S
o g 31 &5 ool iSTl5T Gl Iy ales Blie (0 1) ol 5l (o)l Wlg o a5 Al o odbaitlis i
(SOD) jbgamusspnsSlig 0f ol (o ©lys e (Mittler, 2002) 395 aoe o jl()lom ol 5 0lS 55luk
(35 9 392 e (p oS C-93-4 o3 ) g e (p ey (s 9 o)l Jooie 98 93 ) ald 4 s (Suis I5 coS
Wladllas 1 (63l olaw aSol @y dn g b () JSU5) sl C-93-4 5 rype o8 b (61 sime gles o ) a3 51 C-93-11
amde QUi ) G g ) SO Pl Jeod g BsemadieSlnge Cld e cute dal
O byl 53 elass pB) L duglie 3 Jasio pB)) oL Lilidl €83 asei g e ol (Gill & Tuteja, 2010)
Foba o) Vb o puS il pB)) 5 (SiS A5 0nd ()15 a8l BgemnddeaSTgn b (il L by
T p azals o aS cul odly lis Oldllas bl o 350 guls b 38lge &5 (Kar, 2011) 2405 o 55 gommddumuS Ty o0
(Sharma et al., 2015) cusl 039y i pis byl 1y jlos (6 3ol (i Lol 1 30 5B gammd ST yogw (45 oyl o jee
oS 01 58T (55 omd et P

oS ool (Gupta, 2011) LS 15w |y HoO2 (o8 (slacdale ;5 ol 318 9 3,5 HaO2 4 (oYU il ) 5lasnST sl yoSa]
SIS, iy Bl tme 4y w3l cl lled (390 VL g 00 ()3T A sla IS0l Bl sl jlans Tyl oSl
ST 51 slaes 351 (Akhila et al., 2008) cuol (Suid 4 coglio yialiél 9 Joho Spe Linls o] dous )3 g o5
05 Ol s Sl Gl )l (18 Jsho > (5eST Ol a0l (gilesy 53 STl oSl GYBIS sl
Mado (a8 C-93-4 18y 13 5 (pyidir (e Jooxio oy ) S8l & Comd (SulS (5 o6 (APX) sl oSl
JS5) aiils C-93-4 5 yhao 08y 50 b (gl e M g 039 Lawly do o oyl Jlade Ll 51 C-93-4 4 po)l )l 54
el o pByl plo & s G5 Ly €08 |y (e 8y VL 5Sae (939 B gl oo Yloinl culple (Y
EACJCOWNRJ5 KV POTCRTSYS G KV (< P ONT



VFe ¥ yo30 & ylass iy g oloniy 8,99 o ylpt) 1)) HlOLS pale dlmo Yy

810- A
%9
(&)
9)8
N B
(@]
c
S 6
2 BC
2 5|
a
5 4 ¢
S 3
=
s 27
2 o1
|_
0

C-93-4 C-93-11 Mihan Eroum

0ls & Cand gby (i Cov wlus g Jooie pAS pB )l gemmmdtnnS T pgw () (o ol Y JSWS

g 14
S A
X 12+
<
G 10 f
c
2
2 8 r B
et
S
'g 4 + C
I
o 2
=
l_ .

0

C-93-4 C-93-11 Mihan Eroum
Genotype

A8lE 4 Cons gby S Cot e g Jooie paiS a8, lanS] by oSl o5 s ol T SIS

S5 (5§ o ol - F

Jto bl 31 63 gyl 5 019580 055 Slgis 4 (59300 danSTy oo |y Lol 5 gmslinnsS] (2585 Ygamo bajlaus]
D3] S oS Sl (s Sl 63,5 30 € py iz 5 Silans] slosuel cSppSlipul s L Sl
o219 b 5wy o3l 4 ol (ol 5lansTy a3l cdld ialél LY 51 (S (Hashemi et al., 2015) aiS' o Jos
59 STy (LSl )3 (o5 LB STy g3l (S JI claaSTys g ol cla 03], 0590395 9 0iS]
poyl Jozio v8y 53 dald & Comd (S s cod (POX) jlawSTy o5 ol omd Olyoss o500 (Sofo et al., 2010) 5,1
o1y o S5 5 4 a5 gl Vb 3,SLas (53900 B ol Yl ol {F S) 39 ) il 2
> s Ty S8 5 laga 5T ao 5l i cdlad @ )] b & s 25 bl



rr a3 Yl (S i g ST 50 5y bS] (50055 bt 3 S S o s g

30

A

25 f

20 f

15

10

B
B
N . i
0

C-93-4 C-93-11 Mihan Eroum

The relative expression of POX gene
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