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Abstract
Objective
The wheat is one of the most important sources of human food. In production of this
product abiotic stresses such as drought, salinity, temperature, etc., involved in
cultivation. Therefore, identification and evaluation of genes involved in stress resistance
in this plant is very importance. Aim of this study was identifying responsive genes to

drought and their expression variation in, resistant and susceptible wheat.

Materials and methods
The data available on the NCBI GEO microarray data were collected in 2018. The

libraries were belonging to drought resistant and drought susceptible wheat under stress
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and control conditions. Using meta-analysis, altered genes expressed under stress
conditions were identified for each group of cultivars. Significantly expressed altered
genes were identified, the aci-reductone-dioxygenase-like protein (ARD) gene was
evaluated for laboratory confirmation. Leaf sampling was performed in 4-leaf stage at
three times 2, 4 and 7 days after stress with a control sample with three biological
replications. RNA extraction from leaf samples was performed using RNx ™ -plus

extraction solution and Real time PCR reaction using specific primers of d ARD gene.

Result

Among differential expressed genes of resistant cultivars, transcription factors genes
were Myb3, ethylene responsive 5a, MIKC-type MADS-box WM24B and salinity
inducible ERF4 and in sensitive cultivars, transcription factors such as WRKY15,
MADS-box TaAGL8, WRKY39 and Myb have increased expression. By identifying the
genes and transcription factors mentioned and changing their expression, wheat cultivars
can tolerate drought stress. Real time PCR results of ARD Gene for 604 and Sundor,
drought resistant and drought susceptible wheat varieties was consistent with the results

of the meta-analysis and it confirmed the result.

Conclusion

According to gene expression results and other outcomes of metanalysis in this study, an
effective step can be taken in predicting drought resistance and susceptibility in different
wheat cultivars.
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Figure 2. The flowchart of step analysis in this study
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LOC606341 ribosomal protein P1
. 1.83
-3.37 -2.73 gstféb glutathione transferase
-1.30 1.37 Pepc phosphoenolpyruvate
carboxylase
-2.06 —_— LOC100415845 aci-reductone-dioxygenase-
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-1.2 1.46 CRT1 putative calreticulin
-1.91 _— hsp16.9-12L.C2 heat shock protein 16.9
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ol oRIB 0F rl el pB)I 53 exlosly (LS glis a5 jolailan g 3yl (5 4 oaimd Gl (slagyf clld (aliEl g
oLS goi 5 43y (slp 90 plosl (LHC) @1 Dy s b Lids S (claiuig 51 oolisnl b &S siwgid .caslodly olis
P Ngde )5 50y (ol dtu slay bawg & Wb sbml GlshE Hles LaseSMS I LHC (laysigyy bl wte
5 (PSI) 1 pissid 5| e 195 (cloos S ilioo e W=+ Sy 5 olgis o ol LHC (g e Jle oloks
sJsse 4 zule o (Dekker & Boekema 2005; Daum et al. 2010) wlows JuSis (PSH) T gt g
s> 5P Jsl el Jlail g9 cul w98 Jate 15955 Glis 3 asgSg)lS Sy g (0 5@ Jido)lS) id)ls
05 o) ueles Bl 55 (Liu & Shen 2004; Neilson & Durnford 2010) cl jls 550 yg5 3l clabloxe ¢ 555 s
sl S Wiy ol GRS 55 ol 5itogts GEalS (o185 STy Lo @y pllie Bl 53 4S5 cenlod Sy ol Ll
5 ool slacsis Colis 53,5 o 51,5 5l cow (S i 4 STy (Jdg)lS dlgtne (i il el 4 Ve
OF 3> (LS polie o s pB)l ey (Sl JUS) glis }.‘.Jbu:‘ P 2oy om jhasde iy 148 Gl i ) polis
palie pB)l 3 5 ol AUl p3 b L S cdbs 4 cons i bl jd g)bme Gl LialS elus pB,1 5 ARD
AR Sla oyt sl 05 Ol 391 03085 L5 LS Tl 4 o G5 Ll 53 tne ol 20 L IR paS
A5 Ll
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MADS-DOX  dlos 5| wsginy s5S5 V o olus 5 polia pl)l ;5 bols ylis |y gyl ime lo s 45 05 ololis
e giny HsSB ¥ b ol ol il38l TAAGL3S, drought-responsive factor-like, DRFL1a zinc-finger
» ,»» WMI19A 4 bZip type bZIP1. MIKC-type MADS-box. MADS-box TaAGL11bZIP  fels o5
€thylene responsive 5a Myb3 wsg, slaygSl pglis plB)l )5 silarily ol s pglie o wlus Bl g5 g
clopl & wgigy ;956 9 9 oo I3l salinity inducible ERF4 MIKC-type MADS-box WM24B
WRKY15 MYB g, ;656 0 oy glis 368 5 1) )b gxe ol il NAC NAM 4 EREBP
Pl wgigy HeSt K LS g ole Ll wles pB)l > Myb 3 WRKY39 MADS-box TaAGLS
Ol e )3 &S an ooy Jold (TF) wgigy sloygSe isls (lis 368 11, Jb ire ol (tals WRKY4AS
S5 b sl b g <BliS 536 jack RNA (55 0 Jolge oo (FOMMes et al. 2020) )l (255 gy gdaw 53 05
Lgdie 0F Ol palaS cage o Culled
2 8l e diunly 39290 po5f (503l 4 Blai pl g MBlige glite Cilite Cldgage )3 (cungiy) Jelge ol
pb &S WRKY o939, Jolos (Van Nimwegen 2006) »)ls (¢ yuiw omgigy Jolge dlas il 15,5 peis ol as
Sy ) cwlors 4,3 (lysine-tyrosine- tryptophan-arginine) .l ows cblis agsliwl ks 5l odlgls oyl
S8 o 8 s (LS e (slasil B 3 008 oo 5 0aS Jlub lsie 4 g it (LS )3 gy 0AS il (claedlsils
Ao JolSS g3 a5 Wil o iy sloyeSlh S5 sleodlgls oy 5 e85 (S el oyl (Rushton et al. 2010)
o &S d olbodiS ool wgis, Jelse ol (Berri et al. 2009) wloas e3yS Siscaclas Jbo LS
P& cwl 55 SHpoelgls el (S5 WRKY (Eulgem & Somssich 2007) s5,ls Lae oo 5 cute slacyld
35 JolSs by ealgls ol slays (UlKer & Somssich 2004) cuslons caiS (ol juw slisl plos 5 Jle lalS
999y )95 (Eulgem et al. 2000) wlools 335 Wapyjgily L oauSablio (o8> sla)ls gl obj o Sazmn by
Causier et ) s o W) 25 LS5 boguasns g plawyo £ s dain) (oSl dawgi sl oo i MADS-boX
3 ol DNA - Jlasl fped 3 &8ss shuwlginel 05 oas cldadle 4l MADS-bOX casse .(al. 2002
slasl gge 5,SLesDOX MADS- (35 0355 (slasShag o it il -Canlond oanlio )55y (unsiy) sloysS8
Bk 3l o5 0dlgls ons pbul Glillas 3l s e )3 15l Cov |y olS dmwgi g iy jl Gl (gl ads a5l ]
alisee slaodlgls Lo 4> (Yang et al. 2012) wlows sl g JolS poij pdaw > (Sadciclan g b Siscaclas
Lodlgls  pyiesse 5 owyS,p 5l S basic Leucine Zipper (bZIP) syl g )Se gy, Jolse
& Fwl des I alke claanl > odlgls ol Lacl (Nijhawan et al. 2008; Wei et al. 2012).:b .
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DNA & Jlasl lp p3¥ g5k anb Lolulys o3lgls ol .(Jakoby et al. 2002; Alves et al. 2013) s )l> 28 (s3]
OlS > S el ul Lasl (Liu et al. 2012) 55500 a3 lis (pgeliayond slp 5l 250 Gog) o 40l
59l (Wei et al. 2012) «,> (Nijhawan et al. 2008) z,, (Jakoby et al. 2002) uowginl)] dbos j akice

Coolad)S )18 )y )5 (POurabed et al. 2015) 4 o (Liu et al. 2014)

9 S g g ol Slamse L il ly 45 s o (ot lwliad (0 ol (BB bo3T o

(¥ Jgi) aidlpo Jogine (P<0.01) wopo ) Jlazsl aws 13 ARD (5 ol 695 22 i 9 St blite Sl eiomen
g sl o Cglite oo b A% Jlaisl 4 604 5 SUNAOr Cwgj ¢ &5 wdbge e opl & Lol SISl g 4l dxe
2 8l pS 0l (695 2 joy Vg ¥V )3 (s 5 Sl (g Ggliste (goins (i (Suis il zobaw (gl sne
590 Vg (lwgie) 5oy ¥ hnd) jo) ¥ 035 50 ARD (5 gl ol sdlioe (SiS (35 & pglie 08, &5 604 )
I gme o8y cpl 0 S lalpd 4 cand plo Gl cpl Lol caslesg olo pialidl s JpiS cdle b anslie ) (1)
sody 45 SUNAOT 3, > cwlad S 3l (lassy By o) (] )3 GG ol dad 4 (ke dunlio ;> 5 sl 0355
2 ol S oy o (7 S8 ) canlaly o (RalS S8 @ o o 4w ) Al e (SUiS (A5 4 (el
bulyd & s by (B8 J5 G35 51 G Ja) V9 59y ¥ slaple) )3 g Cuslodg =¥ B (e 4 G35 1 G o) B ole
IS oles By 0 ARD 5 sl Sl Shagly ol )3 00 plosl lUTlie gl (e 53 ey I ixe S8
5 ol Cawds (a5 g Ml oo o plul LIk guls b gunen « REAI tiMe PCR 1 osel cows & guls &5 cosloss
259 Oesie Obg e 3 45 A3l e Sllgs 5 LS dog Sl g S yiie ARD odlgls S e b 1 sbTke
Sglie oo 3l cdled 93 b ccawlodds Juog o) 4 59 BeS lgic 4 a5 o3 e 4 azus ARD (LN et al. 2005) s
Iy (MSP) (ysigsio Gl pame 13 9390 (4659 iy dl> o ARD sl 395 (FE%Y) opal ,31.(Xu et al. 2010) asb o
S5 51 Ll S o 5 )y S o (56te) ~F 955 =Y (igeto SelsiS Sl sy ] 50 4y 5 i3S o 3018
Sydise W5 Soigmgnss Jio ¥ dul olen 4 S ASgige gma gl Jpaze S il dpue (NI
gy daw Cuol (Sae iyl & Gl g law plp )d Cuglie calise (clayune [(Deshpande et al. 2017)
Gl 5 4 doly 3 ol Sl JUSiw g 25 5,8 Bl i oo 3 Sl (K00 TAARD .5 a5 |, TAARD
e bl SIS e 9 o1 i yume > TAARD 5 Slee iy Chog oplply S odliiw] ok e 5 055
S juw sosd o3 maw 3 PAS (glgize b oolyen SARD Ly« uejuw o (XU et al. 2010) sgunles
Kim et al. ) ssbacsly sxj e wyiwl » oo i Cul (Soe PA 3 ARD o5 sas o olis ccanladl i8]
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Table 3. Analysis of variance for ARD gene in wheat genotypes at different times after

applying drought stress

i Zlio @33l 4, Olaspo (ke
Source of variation Degree of freedom Mean Square Sig.
SE¥) "
1 125.500 0.000
Genotype
o
3 6.994 0.001™
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155
’ 3 0.528 0.605™
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s % G 55 -
” 3 15.416 0.000
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solosl olesl
L 21 0.842
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Figure 3. DEG Expression of ARD gene in tolerant wheat (604) and Sensitive wheat

(Sundor) genotypes at three stress levels 2, 4 and 7 days after drought stress
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