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Table 1- Chemicals used in cDNA synthesis reaction

Chemicals Lo osle Amount lui.
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Chemical Lo oslo Amount lui.
cDNA (1 pg/pl) 2 ul
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ddH20 Upto 15 pl

0 S e =[(22.9% ABA5)- (4.69x ABB3)IxV / 1000x W
FSn e S 2o Jds S

¢S ke = [(20.2x AB45) + (8.02x AB63)]xV / 1000x W
FS oS A S JBsS

e Vohisy e maed b 5s oder Ol A YL Ly, o
0 S oUW 5 2 e e s dopn A Ol Ll
Al S e

Seslinad by lyme o 10ds sl o
Bates s, 5l eslizal LYO'C £) (slos 53 5 0k oKows
A S eIl (VAVY) Ol

» CAT) VB w5l el 531 ‘.ﬁsi KON [PE K PE
o4 s e sy Sl Sl eslinal Lol S sl a3 YO (gles
A g, Seslul (VAAL) Aebi

3l S e eS| ol Kl ﬁ;.ﬂ I[P PES
GeSle B ys i sl (Y00Y) O1Ss 5 Ranieri s, L
SeosSaldonl 5 eS|l ST

Aol YA medsb 53 S spde Mg by Salssaes

H.O,

Il (S o3Il 130 poms s ST 5 gos ﬂ}si I PER P

S 51 3 RNA £l saul Cg €DNA 5w 5 RNA £ e
Chomczynski and Sacchi ) A& eslewal Jopls 2,
RNA s DNA I 36 @b 03 o 5l ol (1987
=S & DNase | RNase-free o 51 L jlas 51 ol 15
DNase w5l 038 Jlad b 5 Sl (g0 s S eslinal e b
Vo e a5 sl Ve e 50 LEDTA 2l Sea ¥ i |
CohS 5 CaaS 03l 13 518 Sl a3 VO (sles s add
NanoDrop 1,5 5b 5,81 J3 5 eslizul L sdiiz| sl RNA
bl essy Sl 5 (ThermoScientific 2000c, USA)
RevertAid™ First .S S 4 CDNA & RNA L5 .43 S

- AN Gliumo) g jarly 1V o jlouds / pikidcd 093 | iams 3 (o] § Sl (smicideo


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.10.8
http://gebsj.ir/article-1-331-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.10.8 ]

C;..Lw5@:.7\9

e 205 Ol 5 K5 g 5 ST

Sl NCBI Wl oKL s 65 L0050 S56T 1 b
L ls rl g ssrse pdS oS 5o s p 250 )
5> A3 S eslizal 3,50 Oligo7 il 5 53 S5LT ~1 b ol
2 0p eolasl bl gl et b gls ST Sl
A S 15 0se50 5, 50 NCBI sl primer-BLAST jle 5
L3 5 4 b Gln sdd b gla ST

.CMA‘aMaJJJTY’JjV\z-JAQMA:JJA

RNA £l el - &
Figure 1- RNA extraction

it b sl ST Ed Y U
Table 3- List of designed primers

. . o Product Accession
Gene  Primer Sequence (5'-3") Tm, °C size, bp number
) F CACGCTTCCTCATGCTATC
Actin g CTGACAATTTCCCGCTCAG 58 123 AB181991.1
F GGGCACCTGAAGATGAAATC
SOD R TTGAATTTGGTCCAGTAAGGG 58 120 FJ890986.1
APX F CCAGCACCAACAAGTGATAC 58 121 AY513261.1
R CCAGCACCAACAAGTGATAC
F GCGAGAAGATGGTGATCG GU984379.1
CAT R CTTGATCTCATGGGTGAGG 58 143
PECS F CCAGGAAAGATAGCAAGSS 58 101 KC175596.1
R AAACCATCAGCAACCTCTG
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Table 4- Analysis of variance (ANOVA) for studied morphological traits

Q\J,M.:CLA 6-’\).]“’.)5 Ll s Slas S8 sm s Sas Qs Sl 03
(Source) (d.f) (Seed Yield) (Biological Yield) (1000 grain weight)
(Cultivar) o3, 1 20899836.53" 141703000.88™ 3.46™
S P L):M;
2 10043776.354™ 29650062.38™ 2.43™
(Drought Stress)
Lo J;.Jr_e B
2 36307.27" 402947.38™ 0.16"
(Cultivar*Drought stress)
el ol
12 7586.00 267089.83 0.06
(Error)

bl o OB g iy Jolis 56

I Gze BB pas NS o> S 9 0 o )d (6> e i 5 Ay e

*and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant.

Cultivars were Pishtaz and Niknejad.
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Figure 2- Mean comparison of Grain Yield, Biological Yield and 100 Grain Weight traits under drought stress in two

cultivars of wheat
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Table 5- Analysis of variance (ANOVA) for studied physiological traits
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Figure 3- Mean comparison of Chlorophyll a, b and Total (mg/g FW), Proline contents (umol/g FW) traits under drought stress in two

cultivars of wheat.
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Figure 4- Mean comparison of CAT, APX and SOD traits under drought stress in two cultivars of wheat
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Figure 5- Mean comparison of gene expression of CAT, APX and SOD traits under drought stress in two cultivars of wheat

S Ll s cos mﬂ Gladols 3 mans 03 i b Sl
o Aw 3 SEE IS el s aglie L SL (Ss
035 53 VB 05 s ORI 51 (Sl 55 Sl ey p S
Yozt OF s oS 390 ol o35 4 Coed B gte 5 pslis
Wil o SVBE 0F antld prs 55 Ade g g5 5l L
S S Corge gy L SL Jlal S b
3B ey LSt s wlis 5l Ol 33 8 0 05l 5 o 555
©5 sl CahNGWU134 (3, slaazalS oS . ;5 (SOD)
wlspl O oS g i sl Shaan253 o3, s
Gb il il S Ll s e VB L alie POD

&b o 5> S MG 25 POD 5 CAT SOD s

Vo St 150 VB T 05 Ol Olee o ey e
2 s (S S s 0By 0 e o las e b b ds o
353 s (S 15 Bl s O eS8l 5SG 3,
S pBs s 1 VGK ﬁ)-ﬂ (0 JS8) Al sdalin sty
5 A ldib s sKa 5 s e lsoal
23 OiasdeadenSl,y oole lhds &S 55l o Jas 3505 oS
el B ol by 5 S (S 55 3L sl e
Garg and Manchanda ) —l OLLS ;3 055 4e LS|,
Slssme Do pslie pBl 5o (.J_J-;T ol esdle 4 (2009
Wl phal 8l (i 55 4 el o513 0T Ole 31 2
Che 4 Wlg e 05 Ol s tals (Hameed et al. 2011)

1Y¥aA ULM)S)*OL: 1Y o lou /M 099 /‘f"w.u) @NI,M} (WO -


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.10.8
http://gebsj.ir/article-1-331-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.10.8 ]

L;-LW}UJJB

e 205 Ol 5 K5 g 5 ST

g belse B8 ol el SNl glaael 3 b
a5 (Acreche and Slafer 2006) Ll o 3 Sas (oS
Sl Sl s K5 pwdkige Go,b 3l s Shas o138l i
a als 5 Shes 0 iS end S5 s 5d SlaeslSe oS 550 e
Q‘j@ﬁw‘ Q)rﬂ g_)'i‘ JJJJM::L) o gS)) Lff-
M;@a Q_}.b ‘) J..«.SL;A S gl b Jﬂo& Y &Lho@}lg
ladly Ot S 5 VU il 5 Shae 5sad 3L Lol a5
{(Fischer 2008) Lil o <O U5 awey 3 age Slal
Slgome JS L ke Aol 25kl il 4 0LLS )55
sl s el (BISI ST slagtnw G b 5IROS
ol on 45 (P5C5 5 SOD « APX (CAT) i L Lad e 05 ks
o Sy Sdsn Sy 5 0SS slag BT el
9 o) U'l| u.i.s.: “ 6‘0}:} e Cladlze 53 &S C,éjf )bj
Laslzd 5l cblis « SlanS| ST e bl gl b sl
b J:J}J'l CvJ }J:.«M):J DL Q;Lé\ ;J> P5C5 Qj C,Ml ol
L oo p o Lo St (3L Slallas LS . A
Garaghanipur ) &S . Ol |, Sis i85« 0blS 6,8 5l
dam bl Q\_,,.G LY U’:-j)ﬂ J*L @ W (etal 2014
Ol opl ply ds aSE sl adGsly 3lSL 5 (g pa!
e ST T e b slss W3, 6 sl | Jleal
sl SIS S G 4 e lhael Eol 5,50 ) 5 axils
o5 5 APX CAT cilast 21 oo Oly shw ol
Sl s e aaly (Oldlas 1ol sl WSl 4w g
b S am Ol o cpl ol (Y4)Gill and Tuteja ) Las
o5l e sl b anslie 53 olBSG (3, GLls )

AL P5C5 5 SOD < led il 53l L Lo e

Yang and Deng ) (oS e ol S 55 4 <=.x;§ Sl 55
.(2015; Abedi and Pakniyat 2010

(PSCS) pds  sovwsm 53 b3 S 05 Oy Olpae o)
33 2 olBSS Wy 0 05 el Ol Sl S sls Ol 5
Ot Oles 58 5 Jasin (K2 (55 53 o (55 Ll
sdaliv buge S 25 lal s s sl v.’a) 53 05 oyl
Sogmo Kay sdm B 35 (5 Ll L osype opl 3 &S A
gl VL sl PSCS 03 Ol Rl (0 JSKE) el
Sl 5 Gladss Sl b pae) o oS 5 s
(1440) 0l 5 Savoure .(Kishor 1995) ol o )18
OS5 o S 3 Jame 4 PBCS 05 Ol aS Ws S 5l
GUS 05 Ol s i 5o ol il Rl (g e
IS bl 5 LS 1 53 (PCS) (s e silie 55 s
<5 (Phaseolus vulgaris L.) Jyexe slos) a3
4 303 DL Lol s 5 C3 S IF s e S22
55 g ol sme iulssl PSCS () Sis A a5
Bl S5, el el ollks (Garaghanipur et al. 2014)
(GB) (il cpes™S 5 s s W W g c,)sjv.u?_msu
S S22 G 2o e S Jsbus e Ol |
Josly Jals o s SOl el 95l Ll 05 S
Sl bl 5 Johe O Ol Bis sl ke (5!
g bty GLbl O O WSas 5 b 5l Jske
Jid slaai S Jlie s chils 18 izes GB 5 s 5
) d Sy Sl g lul Gl 5 axils (ROS)O5mS|
3 oS e ool B sl s (el SASS 5 S n
Giri 2011; Marcek et al. ) >33 o Sist 25 Coed 05,58

(2019

sl wnd Gl ek s Civs s She &S 0T

\YﬁAQM}jjﬁk/" O)M/Me)5¢/w'j&|5a&éﬁjww -



https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.10.8
http://gebsj.ir/article-1-331-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.10.8 ]

‘_gw\w‘}‘_;’u'b

e g5 Ol 5 S5 STy

&lw

Abedi T, Pakniyat H. 2010. Antioxidant Enzyme
Changes in Response to Drought Stress in Ten
Cultivars of Qilseed Rape (Brassica napus L.). Czech
Journal Genetic and Plant Breeding 46(1): 27-34.

Acreche M, Slafer GA. 2006. Grain weight response to
increases in number of grains in a
Mediterranean area. Field Crop Research 98: 52-59.

Aebi H. 1984. Catalase in vitro. Methods Enzymology
105: 121-126.

Ahmadi A, Baker DA. 2001. The effect of water stress on
the activities of key regulatory
enzymes of the sucrose to starch pathway in wheat.
Plant Growth Regulation 35: 81-91.

Akhila S, Abraham TK, Jaya D. 2008. Studies on the
changes in lipid peroxidation and antioxidants in
drought stress induced cowpea Vigna unguiculata L.
varieties. J. Environ. Biol. 29: 89-691.

Almeselmani M. 2012. Physiological parameters for
evaluating drought tolerance in durum wheat varieties
grown in the field in Syria. Journal of Biology 1(2):
122-141.

Arnon DI. 1949. Copper enzymes in isolated chloroplasts.
Polyphenoloxidase in Beta vulgaris. Plant Physiology
24: 1-15.

Asada K. 1999. The water-water cycle in chloroplasts:
scavenging of active oxygens and dissipation of
excess photons. Annual Review of Plant Biology 50:
601-639.

Bandyopadhyay KK, Pradhan S, Sahoo RN, Singh R,
Gupta VK, Joshi DK, Sutradhar AK. 2014.
Characterization of water stress and prediction of
yield of wheat using spectral indices under varied
water and nitrogen  management  practices.
Agricultural Water Management 146: 115-123.

Bartoli CG, Simontacchi M, Tambussi E, Beltrano J,
Montaldi E, Puntarulo S. 1999. Drought and
watering-dependent  oxidative stress: effect on
antioxidant content in Triticum aestivum L. leaves.
Journal of Experimental Botany 50: 375.

Bates L S, Waldren RP, Teare ID. 1973. Rapid
determination of free proline for water-stress studies.
Plant and Soil 39(1): 205-207.

Blokhina O, Virolainen E, Fagerstedt KV. 2003.
Antioxidants, oxidative damage and oxygen
deprivation stress: a review. Annals of Botany 91(2):
179-194.

Bulm A. 1998. Improving wheat grain filling under stress
by stem reserve Mobilization.
Euphytica 100: 77-83

Calderini DF, Abeledo LG, Savin R, Slafer GA. 1999.
Final grain weight in wheat as affected by short
periods of high temperature during pre-and post-
anthesis under field conditions. Australian Journal of
Plant Physiology 26: 453-458.

Caverzan A, Casassola A, Patussi Brammer S. 2016.
Antioxidant responses of wheat plants under stress.
Genet Mol Biol 39(1):1-6.

Chomczynski P, Sacchi N. 1987. Single-step method of
RNA isolation by acid guanidinium thiocyanate-
phenol-chloroform extraction. Analytical
Biochemistry 162(1):156-159.

Dhindsa RS, Dhindsa PP, Thorpe TA. 1980. Leaf
senescence correlated with increased levels of
membrane permeability and lipid-peroxidation and
decreased levels of superoxide dismutase and
catalase. Journal of Experimental Botany 32:93-101.

Dhindsa RS, Plumb-Dhindsa PL, Reid DM. 1982. Leaf
senescence and lipid peroxidation: Effects of some
phytohormones, and scavengers of free radicals and
singlet oxygen. Physiologia Plantarum 56(4): 453-
457.

Fabriani G, Lintas C. 1988. Durum wheat: chemistry and
technology.

FAO 2014. Food and Agriculture Organization of the
United Nation, http://apps.fao.or

Farooq M, Wahid A, Kobayashi N, Fujita D, Basra
SMA. 2009. Plant drought stress: effects,
mechanisms and management. Agronomy for
Sustainable Development 29: 185-212.

Fischer RA. 2008. The importance of grain or kernel
number in wheat: a reply to Sinclair and
Jamieson. Field Crop Research 105: 15-21.

Garaghanipur N, Shiran B, Khodambashie M, Molaie
AR. 2014. Study of Proline accumulation and gene
expression of P5CS in leaves and flower buds of
common bean cultivars under drought stress. Journal
of Agricultural Biotechnology 6: 129-142.

Garg N, Manchanda G. 2009. ROS generation in plants:
boon or bane?. Plant Biosystems 143(1): 81-96.

Gill SS, Tuteja N. 2010. Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry
48(12):909-30.

Giri J. 2011. Glycinebetaine and abiotic stress tolerance in
plants. Plant Signaling & Behavior 6(11): 1746-1751.

Grigore MN, Toma C, Boscaiu M. 2010. Ecological
implications of bulliform cells on halophytes, in salt
and water stress natural conditions. Analele Stiintifice
ale Universitatii" Al | Cuza" din lasi, 56: 5-17.

1¥aA ul*w.o)gfuL:/Y G)Lo.&/w °)5°/M}g55‘°€’.|5‘5‘.933 (S0 -


http://apps.fao.or/
https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.10.8
http://gebsj.ir/article-1-331-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.10.8 ]

C;..Lw5@:.7\9

e 205 Ol 5 K5 g 5 ST

Gupta SD. 2011. Reactive oxygen species and
antioxidants in higher plants. Science Publishers, P.O.
Box 699, Enfield, NH 03748, USA. Pp, 129-145.

Haisel D, PospiSilova J, Synkova H, Schnablova R, Ba
kovd P. 2006. Effects of abscisic acid or
benzyladenine on pigment contents, chlorophyll
fluorescence, and chloroplast ultrastructure during
water stress and after rehydration. Photosynthetica
44: 606-614.

Hameed A, Bibi N, Akhter J, Igbal N. 2011. Differential
changes in antioxidants, proteases, and lipid
peroxidation in flag leaves of wheat genotypes under
different levels of water deficit conditions. Plant
Physiology and Biochemistry 49: 178-185.

Jaleel CA, Manivannan P, Kishorekumar A, Sankar B,
Gopi R, Somasundaram R, Panneerselvam R.
2007. Alterations in osmoregulation, antioxidant
enzymes and indole alkaloid levels in Catharanthus
roseus exposed to water deficit. Colloids and Surfaces
B: Biointerfaces 59: 150-157.

Kar RK. 2011. Plant responses to water stress: role of
reactive oxygen species. Plant Signaling and
Behavior 6: 1741-1745.

Karimzadeh H, Emam Y, Moori S. 2012. Responses of
yield, vyield components and drought resistance
indices in bread and durum wheat cultivars to post-
anthesis drought stress. Iranian Journal of Field Crop
Science 43(1): 151-162. (In Farsi with English
abstract)

Khan A, Pan X, Najeeb U, Kean Yuen Tan D, Fahad S,
Zahoor R, Luo H. 2018. Coping with drought: stress
and adaptive mechanisms, and management through
cultural and molecular alternatives in cotton as vital
constituents for plant stress resilience and fitness.
Biological Research 51:47.

Kishor PK, Hong Z, Miao GH, Hu CAA, Verma DPS.
1995. Overexpression of  [Al]-pyrroline-5-
carboxylate synthetase increases proline production
and confers osmotolerance in transgenic plants. Plant
physiology 108(4): 1387-1394.

Liu X, Huang B. 2000. Heat stress injury in relation to
membrane lipid peroxidation in creeping bentgrass.
Crop Science 40: 503-513.

Lobell DB and Gourdji SM. 2012. The influence of
climate change on global crop productivity. Plant
Physiology 160:1686-1697.

Maréek T, Hamow KA, Végh B, Janda T, Darko E.
2019. Metabolic response to drought in six winter
wheat genotypes. PloS One 14(2): e0212411

Mittler R. 2002. Oxidative stress, antioxidants and stress
tolerance. Trends in Plant Science 7(9): 405-410.

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

Nayyar H, Walia DP. 2003. Water stress induced proline
accumulation in contrasting wheat genotypes as
affected by calcium and abscisic acid. Biologia
Plantarum 46(2): 275-279.

Nazari B, Liaghat A, Akbari MR, Keshavarz M. 2018.
Irrigation water management in Iran: Implications for
water use efficiency improvement. Agricultural Water
Management 208:7-18.

Noctor G, Foyer CH. 1998. Ascorbate and glutathione:
keeping active oxygen under control. Annual Review
of Plant Biology 49: 249-279.

Portmann FT, Siebert S and D4ll P 2010. MIRCA 2000
Global monthly irrigated and rain fed crop areas
around the year 2000: A new high-resolution data set
for agricultural and hydrological modeling. Global
Biogeochemical Cycles 24(1):1-24.

Ranieri A, Castagna A, Pacini J, Baldan B, Mensuali
Sodi A, Soldatini GF. 2003. Early production and
scavenging of hydrogen peroxide in the apoplast of
sunflower plants exposed to ozone. Journal of
Experimental Botany 54(392): 2529-2540.

Reddy AR, Chaitanya KV, Vivekanandan M. 2004.
Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. Journal of
Plant Physiology 161(11): 1189-1202.

Renu K, Devarshi S. 2007. Acclimation to drought stress
generates oxidative stress tolerance in drought-
resistant than susceptible wheat cultivar under field
conditions. Environ. Exp. Bot. 60: 276-283.

Reynolds M, Foulkes MJ, Slafer GA, Berry P, Parry
MAJ, Snape JW, Angus WJ. 2009. Raising
yield potential in wheat. Journal of Experimental
Botany 60: 1899-1918

Sairam RK, Srivastava GC. 2002. Changes in
antioxidant activity in sub-cellular fractions of
tolerant and susceptible wheat genotypes in response
to long term salt stress. Plant Science 162(6): 897-
904.

Savoure A, Jaoua S, Hua XJ, Ardiles W, Van Montagu
M, Verbruggen N. 1995. Isolation, characterization,
and chromosomal location of a gene encoding the
delta  1-pyrroline-5-carboxylate  synthetase in
Arabidopsis thaliana. FEBS Letter 372: 13-19.

Schmittgen TD, Livak KJ. 2008. Analyzing real-time
PCR data by the comparative CT method. Nature
Protocols 3(6):1101-1108.

Sharifi P. 2012. Relationship between drought stress and
some antioxidant enzymes with cell membrane and
chlorophyll stability in wheat lines. African Journal of
Microbiology Research 6(3): 617-623.

IWAA sbeno) 9 3l 1T 0 ylosds [ pidid 0590 [ o § (Foos] 9 Sl §  cwidigeo -



https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.10.8
http://gebsj.ir/article-1-331-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.10.8 ]

e 05 Ol 5 S5 g5 STy

‘_;-LWJU’.’JB

Sharma |, Tyagi BS, Singh G, Venkatesh K, Gupta OP.
2015. Enhancing wheat production-A global
perspective. Indian Journal of Agricultural Sciences
85(1): 3-13.

Shen WB, Huang LQ, Xu LL. 1997. Ascorbate
peroxidase in plants. Chemistry of Life 17:24-26.

Shiferaw B. Smale M, Braun H-J, Duveiller E,
Reynolds M and Muricho G. 2013. Crops that feed
the world 10. Past successes and future challenges to
the role played by wheat in global food security. Food
Security 5:291-317.

Singh B, Usha K. 2003. Salicylic acid induced
physiological and biochemical changes in wheat
seedlings under water stress. Plant Growth Regulation
39: 137-141.

Singh BK, Jenner CF. 1984. Factors controlling
endosperm cell number and grain dry weight in
wheat: effects of shading on intact plants and of
variation in nutritional supply to detached cultured
ears. Functional Plant Biology 11: 151-163.

Smirnoff N.1995. Antioxidant systems and plant response
to the environment. Environment and plant
metabolism: Flexibility and acclimation 217-243.

Szegletes Z S, Erdei L, Tari I, Cseuz L. 2000.
Accumulation of osmoprotectants in wheat cultivars
of different drought tolerance. Cereal Research
Communications 403-410.

Wang Z, Weber JL, Zhong G, Tanksley SD. 1994.
Survey of plant short tandem DNA repeats.
Theoretical and applied genetics 88(1): 1-6.

Yang J, Zhang J. 2006. Grain filling of cereals under soil
drying. New Phytologist 169: 223-236.

Yang S, Deng X. 2015. Effects of drought stress on
antioxidant enzymes in seedlings of different wheat
genotypes. Pakistan Journal Botany 47(1): 49-56.

Zhao H, Dai T, Jing Q, Jiang D, Cao W. 2007. Leaf
senescence and grain filling affected by post-anthesis
high temperatures in two different wheat cultivars.
Plant Growth Regulation 51: 149-158.

- AN Gliumo) g jarly 1V o jlouds / pikidcd 093 | iams 3 (o] § Sl (smicideo


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.2.10.8
http://gebsj.ir/article-1-331-en.html

[ Downloaded from gebg.ir on 2026-02-22 ]

[ DOR: 20.1001.1.25885073.1398.8.2.10.8 ]

&W)@J\é

Genetic Engineering and Biosafety Journal
Volume 8, Number 2

Physiological response and expression of genes involved in drought

tolerance in tolerant and susceptible bread wheat cultivars

Foad Fatehi'”, Hamid Mohammadi?

1. Department of Agriculture, Payame Noor University (PNU), Tehran, Iran
2. Faculty of Agriculture, Azarbaijan Shahid Madani University, Tabriz, Iran

*Corresponding Author, Email: fatehi.foad@gmail.com

ABSTRACT

Water stress is one of the most important environmental factors that regulate plant growth
and development, and limit production. Plants can respond and adapt to water stress by
altering their cellular metabolism and invoking various defense mechanism. Manipulating
the levels of antioxidative defense system may affect yield. Therefore, the aim of this study
was to find out the relationship between gene expression of antioxidant enzymes and
proline as an osmotic regulator in wheat cultivars under drought stress. For this purpose, a
factorial experiment based on randomized complete block design was carried out with three
replications. Treatments were two Iranian wheat cultivars (Pishtaz and Niknejad) and three
levels of drought stress. Drought stress resulted in a reduction of Chl a, Chl b, total Chl and
yield in both cultivars. This reduction was lower in tolerant cultivar Niknejad. Drought
stress led to an enhancement in proline content, the activity of CAT (Catalase), APX
(Ascorbate Peroxidase) and SOD (Superoxide Dismutase) enzymes. The tolerance of
Niknejad cultivar under drought stress is associated with high chlorophyll (Chlorophyill),
proline contents which is closely related to its enzymatic antioxidants activity (including
CAT, APX and SOD). Gene expression analysis also showed that expression levels of
CAT, APX, SOD and P5C5 genes increased under drought stress. Niknejad cultivar had a
better antioxidant capacity and had a higher induction of stress-related genes under drought
stress. Therefore, this cultivar performs better than the Pishtaz under stress conditions.
Among the genes studied, it seems that SOD and P5C5 genes played important roles in
response to drought stress conditions.
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