-~

¥ VN g Y oyl foad o Jlo /sely; lalS oMol anliing,

" 59)-’ ‘\J&Q"

il (b e 5 (535S ol oS
b oS ol wlilags,

Oyl g Heterode[a filipjevi aild g Fusarium f:ulmorum @G “:;-wb ‘_5“&‘_,.,.,5 b
OU a8 )3 NACEO-3 i gig; 55518 (3f ol $oN1 2 Wl il

el jole Zldllas o T Slwd W 7 Iy ime 15 ol ) 550

O‘)ﬂl ‘3)5).9(3 (3)5).@(5 olRusly .d)')?Li‘.f oaSisly «bls C)Lo‘ 9 6)919&45a 55; )| L;..;L;..S)Lf 692@25‘5 -\
( neda.mirakhorli.54@gmail.com : Jsguwe o g5) )yl )5y )8 0 o1l ¢(65,9lsS 0.l (lils g Mol 5 (<5905 gu 04,5 jliabiwl =¥
Oyl 0,8 3 )8y o8y by pole 0l ¢ wlidicumsj 095 ¢ )luiils Y
4S5 ST (CIMMYT) pu5 g 5 2ol (Ml g 39 50 o lutils =¥
DR ARIALEAF SR PN VEo < IVINVE iy go,b
OY LYY caoio

-‘?W M-LS%

& 15,8 o B ) g it S LET s Oy e Jalge glgil (5l cot puiS dles I jaih OME as e balpd )3 1duR g dode
2 55 S5 ol 355 055 o b JUb s 5l (gunsiny 55 auly (il L oS arlye 3 255 gn Jyamo 3,Slos 3 31 ialS sl
2 NACBI-3 usis) 15516 55 ol 655 ooy yols sadllan j) Goan g oo W5 glsil il 53 obS Cenglin Slow) capms (aglie slagenl
D91 () e g () S GRS 4 Gl )3 pAS ol

»» Triticum aestivum (cal,l5, (sloosls i jpud 5 (umj slo a5 glgil il )3 Cooglio b baspe (gloy Gl 5 s g W Wigy g g0
(St S 55 ) ol S9N oy pslate & 43,8 Ol alSilof] a0l (sl NACE9-3 o gig) 59556 5 oy NCBIGEO ol
MelS b B 3 oyl ialojl 2 )b Cygo 4 bgl obaw 9 oUg> wluS 5 o Heterodera filipjevi x5l 9 Fusarium culmorum g8
590V g el FA celw YF loj duw 3 (g5 diged 9 30,5 Jlasl (w5lad &y poldo) Silverstar 5 (z,68 & pylao) SBP-CL16 puiS 03, 93 j>  Solas
S5l 5l o3l b b (c9%0] oy g Real-time PCR 251y DNA iluog RNA gl 5ciljl g 392 aay <l 5l b a5 Jlas j) o
5 plos NACB9-3 5 soluass]

polie 8y . odalie Jali 4y Cous s ST )5 A5 13, 93 o )3 NACB9-3 (5 s (o o)ljae 50 6yl sime 38l adllas ) sdiBL
o8l wles i yo (Silverstar) les 4y plie 18, 53 g 3 lis Wled A5 4y Caumd gyl ol W13 gy B i cou (SBP-CL16) ¢, «
sl Wbl ©hge 4 i1 Jlesl 4 Caws YL Ly (Il 38INACE-3 5 da i lojon Jlesl b cpioras .35 odalie (¢ i oyl
Slgn WBda 55 4 exmdzul slag) (5yled dg) o il wisd o Wl Alus cla i Bl 0 NAC gy slaysSh 16 S domls

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.52547/jch.14.41.42 |

S sl Y o3l b &l el i & Joxie SLE lgi gl calio o yd

Real-time PCR (25T 3 las Jolgs «umjé 5 Jolse 16l (50315

o ol b bl 3y dol Jaase
A (FY) adlb e asS A+ 5l i Jols Heterodera
M cunS slassles uLn 3 sdlaidl dL"’439§ O3 ylobeo
H. o H. filipjevi H. avenae laS (CCN)
Sl ads b bwls ) (V) Slad ascie latipons
9 DS (83)) i) 9y p paF S M ey
P ()] 2508 & dnd M) Sy 15 Sk
SIS 5 leadgs (ah Sog aemy [ialS by
&S ol ol bl (Yr) aoles o Dbl aily 5 Sles
S eSS oS ol K6 o H.oavenae slassle
hld oolaidl blod 5l ans o &) lojer oMo Joame
5,80 O e sl gslow ;500 51(VO) sl o Cuonl
eolind Slew Ol sk edess 5 Cisbye bl
& S Sl SULs o a3l e (FHB) abiw oy
Fusarium Head ) FHB .S o 3)ly &Y game oyl
2B 48 3950 sl 3y lew Jole 93 Lawgs baas (Blight
tJols asb o S gistle b aaly 3,5 oyl
F. graminearum o F. culmorum Sacc ¢,
Jele o 2S5 S50 Jds 4 5 (YA) Schwabe
0dd (e Slo> 5 Sl lagSy Clysar 5l

Aodko
=i oS (yieres I (S (T. aestivum L) puis
5L;)Jl§w‘l:¢%)som@;ﬁd\idl9;;4{c\§wl
On P dgbee 4BLS Gl Camex Sl 2j90 (g
Ob paS L T, aestivum (s4565 wlS pl dixie sladssS
Ol Cnyii g (20> ) €t 5 o oyt Sy

38y 0090 Job 53 S (A) Lilise (10)3 AF) g5

S 5 (Bes)las 5 SBI) s G2 Elgil (2 pne

Moy ) gl a8 aals J1)38 ()5 (6)9 ((Sd) (i o
e i (FY) dleice ooy lagiisly &
g5 sdlojl LS 53 b STy 5l onwg 4ials g g
38des g 0y G g )3 3 (Jole paddgilie 5 0F Ol
oy & (Suid e Jelgs 5l 4 (F0) 9o plals
OblS 3Sles 5 43 gormdials Lol Jolo o9
Sis 5 by Sl 3 (S (Y) cel 2 e
Gy dilye gdlawly 4 ol Sl Ol zg s &S sl K
Vgamo (FA) 13l ady) Goyb j o] ol ) it
Sl g 1 low Jalge 51 (ol poyme 3 paiS aisle M
ks (Heterodera spp.) K1 slasls aes
4 g chlus & WS e HlE CunS (godimd


http://dx.doi.org/10.52547/jcb.14.41.42
https://jcb.sanru.ac.ir/article-1-1312-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.52547/jch.14.41.42 |

¥Y

i el lillis 5 Sl M (3T 15 0] (550

9 38 le gan > YO by b aiy SBUI o g was
odls )l)B u.:L.wg) celw VP 9 u.gu)l.: celw A &9 ugLu
A5 3y90 St Jlosl «utS 1 g olin gy )3 D
L85 Oygo bazalS (g9 p
Sb el cdib Al (St 45 Jlesl e
@ ol paie wze obte cpl @l Gl )9
Slojlail & s aslsl iolosl ) edlatwl 5y50 S bl
Ol celo V¥ sl | an b g B lilS iS5l oS
d@?l L:J-l Olise 5l g 00 SSejlul OL\K 5lodds o g.j
dopd Vv el cud b bl S S 4 snd asls]
Cag o )3 oy Fo (Sits (15 el culpl ] cesyy
= byl jlaop £l 4 QS e 4 o]
o i Jleel can Byb s gl Ol JS
sdibis SB sladises jl Blos slacuus H. filipjevi
gyl 5 yglaes 4S5 958 4> Kursehir-Yerkoy
aan ¥ by o oedd S slbcanw ud
Voo glagY g ln e car oSl
Jatie o8 ol ax 3 Vo0 5Bl lod 4 (50 51 (I2)
wwls e cbad; Wl (i el Coa Gugw LAD
Ll (F) wxd)S 13 Y gdoye )Y dae Fev oyme
o) ol @l b owlS e (gleesdl ca
Cawdy JoUse gy 4 5 0 (gjlw )& F. culmorum
oo (SBP) (5B oo )Silen canly 55 okl
ST Lo (59) 3 5oy Vo Do 4 e S ol
gm0l 005 03> Wby uil)eld jo olSiwd > egiuas
s 4 oyl jaie Ol 45 g B05 oail S lae paw
o gl e ol il g adel gmeibisges
B sdbsb Cend  Jlew gy @ el ek
(V) 48 o5 eomalS

YE Jols Jlej gl dus (o 255 s plosl
Sdises jlda i Jlosl | s 59, Y g celio FA el
4) RNA zlzawl ooy b g (g paigel cdy, il
sled (L.w‘ Caugj > ¢85 RNA-total cuS (salows
il oad gl RNA cuas aul .ud o)less A
S o 581 200 MY 5 (s g2 55589580 s,
L CDNA i g yiegidg Sl jl oslaiwl b RNA 500
PrimeScript™ RT 1,55 .8 s 4 by yo oS 5l oalitul
oS ole axpy =Ve by o 4 pbsl reagent Kit
a5 5 NAC69-3 o3 L;Lm)fjlé] R R SRV
I elal L (LB Jws)  ACTIN
[cqi- http://www.bioinformatics.nl Colw
5 (V Jso) o)k bin/primer3plus/primer3plus.cqgi
Oligo7  Jley 51 Al ooy cax
http://biotools.) OligoCalc csls 4 OligoAnalyzer
ol (nubic.northwestern.edu/OligoCalc.html

VN e /9 ojleds [omd o Jlo /i oly; olalS Mol doliingy

Loy VE-F0 LialS (gjlen olhlud ales sl (YY) ol
(V1) Jgame 03 Yo+ (als 5 (§5) als Jlia o
b g e g i rddgs wurd Sogll 31 5 o5 ik
@ Moo gilie 5 %) Wby baaip wory oF
(V) D95 00 023 0jeS 535 laS) & j90

alaylis ol Jooo glp alS (2l (laguslse
Gob ) i JUiml (JUSew <l Jold lae
Jitas b (ABA) wul Spjal 4 dtenly (slo jrone
b giloJld (5 4 oxmdgel of gle ABA
(Fr) sl (Sl 5 (Soidnid lagel
» Cis yolie g NAC gy 1556 S5 claolgls
Ot b b e il clay] Sgegy 4ol )3 dal b Jols
Joo (i85 JiSew Jige slrosims Uil plgis 4
Wi cnl ol OB L o8 e Gk 5l g (YY) 1S
SipE g () OIS P 90 B 4 olS Cuaglie cge
3 ol welas > NAC odlgls (slas (OF) g s
5 8 o oSS b goi 5 0 dlox Sl alS slasi] B
(ol el Sy Gy Bl (ol e e JSW5
9 ) US4 Fwl g wgl Glojley Sl
2 (FEFYDAFAAF  DFFIY) ALS o &5 1 el
05 ol s eyp Baa b ol lagh il ol
St s b i o NACEI-3 s, 5556
Jlae iyl o H. filipjevi xles ¢ F. culmorum g,18
g0 Silverstar g SBP-CL16 a8 o3, 90, gl
b3

W gy 9 2190
S o ygdilgn YIS

9 B 390 (magey el Sl Jiagh ul
NCBI (slaosls il j) oozl b o] i 4 (ol
sallz) sloodly jgaie (yl 4 285 &)e0 (£) GEO
L5 5 (GSE30436) s aali 5 Suid i 4 by
5 GSE54552 GSE54556) suS sals o po)ljsd
i ol ool b 58l g 15 5y9l>,5 (GSEA3706
B (oorst 330 GEOZR U1 Jools ol 3 3550
(dop & Jlas! o L) NACB9-3 55 culs 3 .c)S
lolid aoglio sl )3 3> o] jl (S plois 4
e Ol Ol samlie lp & cul drg BB S
degedme @lS Sald g Wl 5 Al gy sl
s cél (DataSet) (glosls
Pdylol anl sy

ob pAS oy 90 slayh pobs iagh )
5 ()88 4 pslis) SBP-CL16 slapl 4 (T. aestivum)
A S 5 oo 3 50 5l (Wled 4y polie) Silverstar s,
oliwd 50 Gy ¥ U Y Gl 4y joly LMD Seaedd
oo 9 03 &lgx AT Bl gad VY slod L 3Ll
W oyl S ol S G 50 dae iy


http://dx.doi.org/10.52547/jcb.14.41.42
https://jcb.sanru.ac.ir/article-1-1312-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.52547/jch.14.41.42 |

ey pole glidllae g Sl M Dy 15 ) 530

¥¥ Jilize @l 1 5 Heterodera filipjevi ssles 4 Fusarium culmorum g, « Suis sla i il

Table 1. Oligonucleotid primers designed for Real-time PCR

Real-time PCR alxl (¢lp osis b cla S5el =Y Jgun

C) Jlesl slod 53 b Jobo

(00) o0 (0r) 361 i S5l o3 pb
5. ) 5- GAAGCTGCAGGTATCCATGAGACC-3' Sense Primer ACTIN
5- AGGCAGTGATCTCCTTGCTCATC-3' Antisense Primer
5 o8 5'- AAACCCGCTCATCTACTCGC-3' Sense Primer NAC69-3

5- ATGCCGTTGTACCTATCGCC-3'

Antisense Primer

(Ui pas g G5 gdaw 93 L S35 2) @B 5 wles
Y¥) sl pdises oloj o (Silverstar ¢ SBP-CL16) 8l
2 (o Jlel 1w aan S g celw FA el
el 380l oKl (g)5liS (goaSily cKAQLo)‘]
NACGB9-3 )5 oo o 66N Oy puans (gl 8,8
sl oszmes g S b 4 cuns G5 Sl
L NAC69-3 - (Ct) sabuwl JShuw slaodly (g3l Jloys
oo W Wy gy 51 (ACTIN) b Ju8 o5 sleosls
Iley SaS b G (VY) 2 odlanal (20 [AACH) s
odly uib,lg 4350 &F asws IBM SPSS Statistics
J5i2) 35 ¢l (GLM) (gogas (5 Jao sy b Jloy

(¥

Table 2. Thermocycler program for Real-time PCR reaction

ACTIN 4 NAC69-3 (slayyi olo oflime (05 (owyp

Bl by sl oy LiSly SUSS &b
YTA SYBR s jl esliwl L 4 (Real-time PCR)
Voo owSly w>> L Green Qpcr MasterMix 2X
s Sen ¥ CDNA (25 Sn 0 (08 k) sy Seo
Pl (g )See N cutSy SHED 5 yudg)See N ) S5
Rotor-Gene Q oKuwd I ealatwl b wf Wy W
Sbi g 2led gaeliyy olul g (LS <S5 & by o)
ol el (Y Jpaz) €85 el b p p 3 ol
¥ 3 ol SIS b B 5 ysiSh kel bl
bgiye Soigdon 0 Y) mls »» s il e )5
boye JGSS LSS Y g ) SBUT o S gal>po 4
(S i dw Jold oy & <o (Real-time PCR 4

Real-time PCR u,wslg L;I)J. L;Y‘LOD gsw dé.cb).g -y Jg.\>

C) b o b s

w'C V- Min (Primary denaturation) 4Jsl (i pulg
w°C ' Sec (Secondary denaturation) 4, ¢l S ylg
- °C ¥- Sec (Annealing) Juas!

w°C v. Sec

(Extension) ,ss

o jlog pols yidgh ;o &S Cunl xe oyl & bilate ¢l 3!

dad Ol gl as ol i ¥ Jods 5 uibyly 4350 ol
P9 P me D9 B gme 0F Ol GRIB! e 2 Bjless


http://dx.doi.org/10.52547/jcb.14.41.42
https://jcb.sanru.ac.ir/article-1-1312-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.52547/jch.14.41.42 |

¥

b yale e 5 5L M JyosT e 135 (o) 550
V) Sl /FY oyles /pndlea Jlo /ely; lalS oMol aslisngs

Jlaze @ll g 738 5 Wlas ¢ Siid lowi 4w cou Silverstar g SBP-CL16 o8, g3 ;0 NAC69-3 5 by (uiliyly 4rjon =¥ Jgoo

L)L°j Aw ) LQ(']
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Figure 1. Gene expression pattern of NAC69-3 in two cultivars SBP-CL16 and Silverstar, at three sampling times
after applying separate and combined stresses conditions in bread wheat root
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Figure 2. Effects of drought stresses, nematode, and Fungus and their combination conditions on the NAC69-3 gene
expression in two cultivars SBP-CL16 and Silverstar, in bread wheat root
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Extended Abstract

Introduction and Obijective: Small grain cereals such as wheat, are affected by types of
destructive environmental factors such as abiotic and biotic stresses that severely reduce crop
yields. To cope with these conditions, transcription factors cause plant resistance to these
stresses by activating or suppressing the expression of genes involved in the resistance
responses. In the present study, the transcription factor NAC69-3 gene expression pattern was
investigated.

Material and Methods: To determine and select resistance genes to biotic and abiotic stresses,
Triticum aestivum microarray data at the NCBI GEO site were reviewed and the NAC69-3
transcription factor was selected for laboratory confirmation. two wheat cultivars SBP-CL16
(resistant to fungus) and Silverstar (resistant to nematode) were under drought, Fusarium
culmorum, and Heterodera filipjevi, and their simultaneous stress conditions. sampling was
performed three times 24 h, 48 h, and 7 days after stress. Real-time PCR reactions were
performed using specific primers of the NAC69-3 gene to investigate the expression pattern.
Results: This study showed a significant increase in the NAC69-3 gene relative expression at
most treatments compared to the control in both wheat cultivars. Fungus-resistant cultivar (SBP-
CL16) under fungus stress showed a higher increase in expression than nematode stress, while
in nematode-resistant cultivar (Silverstar) high expression was observed under nematode stress
conditions. Also, under simultaneous stresses conditions, the C69-3 gene has a higher
expression level than the application of each stress separately.

Conclusion: NAC transcription factors are usually induced by multiple stresses, so maybe
manipulation of these multiple stress-responsive genes will provide the opportunity to produce
the multiple stress tolerance plants with high yields.

Keywords: Destructive abiotic factors, Pathogens, Real-time PCR reaction
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