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drought treatments, nematode and fungus and their interactions at three times
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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

Joc Magnaporthe grisea ply ;o by slazul
0090 b oumgigy yoS B S OSNACLO (VF) wis' o
©)l38350, OSNACLY 5 lbwy & il e NAC
lg 1AW é.&.l) C)); Lgl.bj); JLl OsNAC19 uL.J .qun
2B (5 by wads 4 M. grisea WY 55l olp
PR > (5 cnl men 5 8L Gl @ cwdl
Caus 35 3595 (MEIA) sl Sgomls Lo 1 oolainl
Sb ol GBI e seb 4 Sy il g ABA &
Cuoglio 3l odlawl ol pldl Oldlles gbs 3do (V)
S ey e epglie pB)l Wy cua > (S
ol 03 () bl Al Codl (oogliod (silaw S0k
15518) TANACL-D1 (g4, o plowl (sl gy ksl
a ol ol (T, aestivum ;3 NAC sibe awsis)
Golow 4 pylie 3) TAFROG L sy .o TaNACL-D1
Cuoglio g Ml azily ol (T. @€StiVUM 3 pgy,l568 7,
W Gl cote job & FHB (gilan plp 3 1) puS
p..é) Jel FUERWINV-A R )A01> L;A.JUa.a » QMM .(Yl\)
5 pli- S Jols WSy i L g F.oculmorum
o3l NACB9-3 5 sl ol g B-wlei- Sis
0 A 03) cpl Ceagliie )3 g 4Bl (g pKeta
Chog MalS' (5090 528 S5 (JA) dpusl Sgenl>
O & el eedal o (o Sles Yl A cusl ol
4 oadgwl NAC (glays )b s colp 5 ()

oxsdld Jols (sl a4 oagll GlalS > el gl

5l SHp sasgeme Gl dles 5 ause Pty dl.méwl,.{
Gliseo glyl Lawg oS wibe gy L b by
Shy S (1Y) 2950 wdas (TFS) (cangig) (sloygsl
oS sl I NAC siny 1555 odlgls sliasl S i
Loy L) NAC (sous clabloxs g Sy gl el
4 Yoo o5 ditws N gLl jo (el (glasewl VF-=V0-
C sl > e Yo (odall (09> o (55> (pripan
Fr 9 Aan o8P e 58 C bl il
Saa sl ol Sy 5 Canl gipl sl ol
Oe9> 2hes (YY) WS CgS iy b Sl 1) cundpmly
LS5 s DNA & Jlail eglaiun b e L NAC
09> 59 lacnSgn plo b bjelgyin b b jeslsgen
a ol b Jols 3oyl 5l a8 (YY) Cawl 09y ol e NAC
@l (YA) a2l Gl eaipd 9 ) b
oyl lasl ST a8 ol ol bl el
5 L@(‘ )I )i)..) u_">).3 Lol (\\sY;') ..\J)l.) u,u.m u_’b).c 9 Lc).w
S wle anj g Gmjp SR 4 Eel 9
) uL“ u“l)s‘ L umLf a5 J)b‘.)?a &b dLhJLw
I3 n Jie gles 4 o)l 45U olS gl NAC
w3 (opf 5 OSNACE) (cwngy) sbaygslé


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

[ Downloaded from jcb.sanru.ac.ir on 2025-10-17 |

[ DOI: 10.52547/jch.14.41.42 |

s e s 5 S S o 5T 15 005 155

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

Cusl oSoe NAC (slagyj o> 1 e gl b SalS
4 (YY) asl ash slate Fuel calisee sla i 4 S
Slallas (agh cpl @l b alde (odagh ) Jbe plgie
&S Sid 4 palie Guegdul)] LS a8 A5 oy ol
o ABA & Cand S 0 ol ) ATAFL s 1 i
SdoyoyS @b s Sk s slas]
&S slasS 4 (FY) wog wlus L Botrytis cinerea
o5 ol uwl)sl (Suis il cod ol gdalllae jo
<\§L;”.> 2 b oy Silverstar puiS 18, ;5 (plp YF/YY)
0f ol ‘)*" bl C)b O By )5 olS ()5 )‘)9 E
2y 53 Conglie oo yobo 4 > 3 HUNACE 1 Sglgen
Blumeria graminis F.sp. hordei 895550 g6 S92
Botrytis Pseudomonas  syringaessle 15 ke
a0 Lials |y Alternaria brassicicola 4 cinerea
o8l ol iaeh il ol gli )0 cizmen (V- D)
30 F.culmorum z,B ,les 5,0 NAC69-3 5 )l
PS5 8) 2 )b & Cuglie ialjal g (eglie slaguly
ol ole olise LialS b 4SS g0 40 3,5 CBP-CL16
o5 Glejen Jles b g H. filipjevi wles jles 31 0 o3
o8l Wled i 4y o8 ol Cawlus (l5ee gy B-wles
Jlesl 31 )3 Silverstar puiS o8, a5 59y Jbs jd () .l
MAJLQJQAMJJLACI )JI ).) U)U ‘)J.A w_ab OMJ‘)SI
Cighs g (Sutd olojen G5 (5 pme ) Gl (8,5 1,8
sl (Wl glls S aUls s 4 Sigh
90 & Jozd & e Wlgi o ¢ olaid] 58 4 jastie
iaily s 4 Wl e piomen (wSe gy gd (IS
S b leds Wi Jds a4 lS gosd s
RS 93 p & iy Cowlus carge ;03 (Sgw | IS
Al gl i §l Sy dalis ol cod (YY) 2
RERTTBIE *5‘5‘ b ‘) u) Ok )‘ S dsi”
bl lye NACEO-3 of ol o5l g9y 3 pol>
—Suis sdlBaw il cou Silverstar puS o8, o
Al ) (ol YYAY) (pSaiis olo Ll gy B-wles
o5 ol dj‘iﬂ Wl ol PH{KTN Ci)yc L S e Sl b
» o NCBI GEO jizo salyl5; gols callas oyl jo
g S & Jeode pB)l 3 NAC60-3 5 ol iol3dl
205 ool oS oo LS g A8 (0 Mo By ()5l 4 pslie
SBP-CL16 pui5 p8,l ;5 H. filipjevi 4 F. culmorum
2, s Silverstar o

28l o > sl Vg 55351 b 5l S ol
L Sis sble o 1381 YL 65 s 4 jobpen g
@Boigh by D90 CliS yuiie g SWI (Sl
@ olS zel p» S by leld cbaie;

Wil gt 53 (SNAC o985 4 Lgiye) i
gyenl 5l om dimd o gl sl Sogemwls 4 RD26
SNAC (sl )5Sl opess S5 ) o5 cawl Jo LB
9 2 &S Cul pSes dl Sdganls 4 sxmdzl;
(A) Soled &8 b (st g (Shans GRS Gl

SRIBI L &S 608 eaalie (YY) ohlSen 5 saps
w95 & ) NAC 05 o (i ((Suid 5 gslaw
OF ol ol owide 9 <8l GBI gy puS
) b b doyd iy Sis i plSin ,3 TANAC2A
b o) S o) (S GNge 4 Cos
slog lolid o ()15 0 alie Ojgo 4 (izren
C306 puiS pB)) oy (St & Joob Sy Jsiaws
;I (Recombinant inbred line) RIL bulks s WL711
Sl (ol slodbl L QTLslaplUl 3.l 5 b
RIL 4 C306) Suis a5 4 Jose obls bl
WLIP19 NAC69-3 ,lsi oy ok i)l (bulks
» () Wl slas 1, WRKY45 3 WRKY71 NAC2
Sgson ) TANACOBY (5 sgesy sl
oS & oxmdguly Jb yais 9 (cusl TANACE9
A5 lwls (ABRE) ABA & oxmdpwly 5 (DRE)
@ ozl Jld polie cpl 4 oigd Jate slacnSyn
S st gy sl Sl (S5 ol (oS
Cuoglio Jotume (63, Mos slagj 5l ook sl (o oo
Oexed () Wod oo LS )3 (uwjpd OIS ply
5L Jleis] 4 15gbliSa puiS s Lol cunle s
Lo Sgoen o5 cuiis @l TaNACB9 5
s TaNAC69-3 TaNACG69-2 TaNACG69-1 )
Sl Joyd AD i caalis > 4 a5 (TaNAC69-4
o3 Slas o sl (San JS (859 I o > el
B 3 5 (17) a2l aihs alie b by (Sl
oS d oy geh  Jbs 5 aps
ol paS gadn, y (https://www.affymetrix.com/)
5 bwgie gaw 13 (ol ok 4y (15 g laulpd cod
(BY) 298 plo (St G5 Jsb 3 plp V5l e
(St S5 cod ol gadlhe ol mbs b alie
80y 0 Jals a4 cuwd NACE9-3 5 ol e
VEIYY) Slos & polio o (nly VIAY) )6 & polis 43,
05 o byl ol ls (B)b 5l sl il (1
L Puccinia triticina 4 o3yl pa5 ;5 TaNAC069
o lis BSMV-VIGS ()5 odgeld s 1 03l
Cuoglie ol b)) (cugigy walal B2jb I 0F nl oS
Pathogenesis-sla 5 (gilw b aSle ¢ olislow plp 5
GiSL 4 by sla; ke L Related) PR (Gene
2 PS5 Cuaglio 3 it il (ROS) JUb (yjems] gl
Ol sloodly doxs )3 e )b (PE) Sy (505 55 4y
e TaNAC69-3 clyi ol 4 b ol sy 4
Ko ke o (S s Sty (a5 Jlse b
(0V) 8o 595k 9 b


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

[ Downloaded from jcb.sanru.ac.ir on 2025-10-17 |

[ DOI: 10.52547/jch.14.41.42 |

!

el pole lidllae 5 Sbd M ()3T L ool 550

Oldlls ol wcwiy ol 4wl ede bl
bulyd cov NAC (cugy) sbaygSh )50 ) (JoSdge
35 sl GlapusilSe Al (pdg) g (AT e
90 JyiS NAC sloip&gy bawgs o8 oud LS
$iglsS OYgame g glp (ooladl bl 5l cpl

sl oo

Vo Jlor 5V o)l /omdlon Jls /isly; oblS ool asliingss

paiS olS 5y polate &y syl g () SIS
b ojtie sl yiid 4 Jooo Liul3el g 0,Sles dau0 Ban Ly
u) e UL.’ 69§J| a.»L.» .J)b w.o.ml )Lv.u) dolf).o
Gy el jo a8 o ol psls imgh ;3 NACG9-3
Ol ilad & pslie 5 )8 4 polie 08y 93 2 ) puS
P OIS S G cos s a5 ) ol

bjlos plo 4 Cod i Jleel 5l an atn § o

&l

1. Akar, T., M. Caliskan, J.M. Nicol, S.U. ranbey, E. Sahin, S. Yazar, M. William and H.J. Braun. 2009.
Molecular characterization of Cereal Cyst Nematode diagnostic markers Crel and Cre3 in some
winter wheat germplasm and their potential use against Heterodera filipjevi. Field Crops Research,
114(2): 320-323.

2. Biglouei, M., M. Assimi and A. Akbarzadeh. 2010. Effect of water stress at different growth stages on
quantity and quality traits of Virginia (flue-cured) tobacco type. Plant, Soil and Environment, 56(2):
67-75.

3. Breeze, E., E. Harrison, S. McHattie, L. Hughes, R. Hickman, C. Hill, S. Kiddle, Y-S. Kim, Ch.A.
Penfold, D. Jenkins, C. Zhang, K. Morris, C. Jenner, S. Jackson, B. Thomas, A. Tabrett, R. Legaie,
J.D. Moore, D.L. Wild, S. Ott, D. Rand, J. Beynon, K. Denby, A. Mead and V. Buchanan-Wollaston.
2011. High-resolution temporal profiling of transcripts during Arabidopsis leaf senescence reveals a
distinct chronology of processes and regulation. Plant Cell, 23(3): 873-894.

4. Dababat, A.A., S. Pariyar, J. Nicol, G. Erginbas Orakci, M. Goll, C. Watrin, E. Duveiller and H.J.
Braun. 2014. Influence of thiabendazole seed treatment on the integrated control of Heterodera
filipjevi on six wheat genotypes with different levels of genetic resistance under controlled conditions.
Nematropica, 44(1): 25-30.

5. Duval, M., T.F. Hsieh, S.Y. Kim and T.L. Thomas. 2002. Molecular characterization of AtINAM: a
member of the Arabidopsis NAC domain superfamily. Plant Molecular Biology, 50(2): 237-248.

6. Edgar, R., M. Domrachev and A.E. Lash. 2002. Gene Expression Omnibus: NCBI gene expression
and hybridization array data repository. Nucleic Acids Research, 30(1): 207-210.

7. Erginbas-Orakci, G., G. Poole, J.M. Nicol, T. Paulitz, A.A. Dababat and K. Campbell. 2016.
Assessment of inoculation methods to identify resistance to Fusarium crown rot in wheat. Journal of
Plant Diseases and Protection, 123(1): 19-27.

8. Fujita, M., Y. Fujita, K. Maruyama, M. Seki, K. Hiratsu, M. Ohme-Takagi, L-S.P. Tran, K.
Yamaguchi-Shinozaki and K. Shinozaki. 2004. A dehydration-induced NAC protein, RD26, is
involved in a novel ABA-dependent stress-signaling pathway. The Plant Journal, 39(6): 863-876.

9. Halim, G., Y. Emam and E. Shakeri. 2018. Evaluation of yield, yield components, and stress tolerance
indices in bread wheat cultivars at post-anthesis irrigation cut-off. Journal of Crop Production and
Processing, 7(4): 121-134 (In Persian).

10.Jensen, M.K., J.H. Rung, P.L. Gregersen, T. Gjetting, A.T. Fuglsang, M. Hansen, N. Joehnk, M.F.
Lyngkjaer and D.B. Collinge. 2007. The HvVNACG6 transcription factor: a positive regulator of
penetration resistance in barley and Arabidopsis. Plant Molecular Biology, 65(1-2): 137-150.

11.Jeong, J.S., Y.S. Kim, K.H. Baek, H. Jung, S.H. Ha, Y.D. Choi, M. Kim, C. Reuzeau and J.K. Kim.
2010. Root-specific expression of OSNAC10 improves drought tolerance and grain yield in rice under
field drought conditions. Plant Physiology, 153(1): 185-197.

12.Kadam, S., K. Singh, S. Shukla, S. Goel, P. Vikram, V. Pawar, K. Gaikwad, R. Khanna-Chopra and
N. Singh. 2012. Genomic associations for drought tolerance on the short arm of wheat chromosome
4B. Functional & Integrative Genomics, 12(3): 447-464.

13. Khodarahmi, M., M. Dehghan and A. omrani. 2020. Genetic analysis of resistance to wheat Fusarium
Head Blight in Morvarid (resistant) x Falat (sensitive) cross. Journal of Crop Breeding, 12(34): 62-70
(In Persian).

14.Kim, Y.S., S.G. Kim, J.E. Park, H.Y. Park, M.H. Lim, N.H. Chua and C.M. Park. 2006. A membrane -
bound NAC transcription factor regulates cell division in Arabidopsis. The Plant Cell, 18(11): 3132-
3144,

15.Ko, J.H., S.H. Yang, A.H. Park, O. Lerouxel and K.H. Han. 2007. ANAC012, a member of the plant-
specific NAC transcription factor family, negatively Regulates xylary fiber development in
Arabidopsis thaliana. The Plant Journal, 50(6): 1035-1048.

16. Lin, R., W. Zhao, X. Meng, M. Wang and Y. Peng. 2007. Rice gene OsNAC19 encodes a novel NAC-
domain transcription factor and responds to infection by Magnaporthe grisea. Plant Science, 172(1):
120-130.

17.Livak, K.J. and T.D. Schmittgen. 2001. Analysis of relative gene expression data using Real-Time
Quantitative PCR and the 2-24¢T Method. Methods, 25(4): 402-408.


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

[ Downloaded from jcb.sanru.ac.ir on 2025-10-17 |

[ DOI: 10.52547/jch.14.41.42 |

Cald jols glidllas 5 Gl M e g8 Tee 15 0] 083
I Jilize @l 1 5 Heterodera filipjevi x5l o Fusarium culmorum g6 ¢ Suzs (la i b

18. Mansoori, B., A.A. Ravanlu, K. Noorullahi, N. Azadbakht, H. Jafari and M. Qalandar. 2002. Common
wheat crown rot disease in Western Azerbaijan, llam, Lorestan, Zanjan and Markazi provinces.
Articles abstract of the 15" Iranian Plant Protection Congress, Razi University of Kermanshah, Iran,
41 pp (In Persian).

19. Mauch-Mani, B. and V. Flors. 2009. The ATAF1 transcription factor: at the convergence point of
ABA-dependent plant defense against biotic and abiotic stresses. Cell Research, 19(12): 1322-1323.
20. McDonald, A. and J. Nicol. 2005. Nematode parasites of cereals. In: Luc, M., R.A. Sikora and J.
Bridge (eds.) Plant-parasitic nematodes in subtropical and tropical agriculture. CABI publishing,

France. 131-191 pp.

21. Mcknight, T. and J. Hart. 1966. Some field observation on Crown rot disease of wheat caused by
Fusarium graminearum. Queensland Journal Agriculture Animal Science, 23(1): 373-378.

22.Naeemi, T., L. Fahmideh, and B.A. Fakheri. 2020. Assessment of TaNAC2A gene expression and
ascorbate peroxidase, catalase enzymes of five Durum wheat genotypes (Triticum turgidum L.) under
drought stress. Journal of Crop Breeding, 12(33): 20-28 (In Persian).

23.Nakashima, K., H. Takasaki, J. Mizoi, K. Shinozaki and K. Yamaguchi-Shinozaki. 2012. NAC
transcription factors in plant abiotic stress responses. Biochimica et Biophysica Acta (BBA)-Gene
Regulatory Mechanisms, 1819(2): 97-103.

24. Nakashima, K., L.S.P. Tran, D. Van Nguyen, M. Fujita, K. Maruyama, D. Todaka, Y. Ito, N. Hayashi,
K. Shinozaki and K. Yamaguchi-Shinozaki. 2007. Functional analysis of a NAC-type transcription
factor OsNACS6 involved in abiotic and biotic stress-responsive gene expression in rice. The Plant
Journal, 51(4): 617-630.

25.Nicol, J.M. and R. Rivoal. 2008. Global knowledge and its application for the integrated control and
management of nematodes on wheat. In: Ciancio, A. and K.G. Mukerji (eds.) Integrated management
and biocontrol of vegetable and grain crops nematodes. 243-287 pp., Springer, Netherlands.

26. Nuruzzaman, M., A.M. Sharoni, K. Satoh, A. Moumeni, R. Venuprasad, R. Serraj, A. Kumar, H.
Leung, K. Attia and S. Kikuchi. 2012. Comprehensive gene expression analysis of the NAC gene
family under normal growth conditions, hormone treatment, and drought stress conditions in rice
using near-isogenic lines (NILs) generated from crossing A day Selection (drought tolerant) and IR64.
Molecular Genetics and Genomics, 287(1): 389-410.

27.0lsen, ANN., H.A. Ernst, L.L. Leggio and K. Skriver. 2005. NAC transcription factors: structurally
distinct, functionally diverse. Trends in plant science, 10(2): 79-87.

28.00ka, H., K. Satoh, K. Doi, T. Nagata, Y. Otomo, K. Murakami, K. Matsubara, N. Osato, J. Kawai, P.
Carninci, Y. Hayashizaki, K. Suzuki, K. Kojima, Y. Takahara, K. Yamamoto and S. Kikuchi. 2003.
Comprehensive analysis of NAC family genes in Oryza sativa and Arabidopsis thaliana. DNA
Research, 10(6): 239-247.

29. Parry, D.W., P. Jenkinson and L. Mcleod. 1995. Fusarium ear blight (scab) in small grain cereals, a
review. Plant Pathology, 44(2): 207-238.

30. Pérez-Clemente, R.M., V. Vives, S.I. Zandalinas, M.F. Lopez-Climent, V. Mufioz and A. Gémez-
Cadenas. 2013. Biotechnological approaches to study plant responses to stress. BioMed Research
International, 2013(12): 654120.

31. Perochon, A., A. Kahla, M. Vrani¢, J. Jia, K.B. Malla, M. Craze, E. Wallington and F.M. Doohan.
2019. A wheat NAC interacts with an orphan protein and enhances Fusarium head blight disease
resistance. Plant Biotechnology Journal, 17(10): 1892-1904.

32.Placenta, C.M., J.P.F. D'Mello and A.M.C. Macdonald. 1999. A review of worldwide contamination
of cereal grains and animal feed with Fusarium mycotoxins. Animal Feed Science and Technology,
78(1-2): 21-37.

33.Ramegowda, V. and M. Senthil-Kumar. 2015. The interactive effects of simultaneous biotic and
abiotic stresses on plants: Mechanistic understanding from drought and pathogen combination. Journal
of Plant Physiology, 176(2015): 47-54.

34.Rasmussen, S., P. Barah, M.C. Suarez-Rodriguez, S. Bressendorff, P. Friis, P. Costantino, A.M.
Bones, H.B. Nielsen and J. Mundy. 2013. Transcriptome responses to combinations of stresses in
Arabidopsis. Plant Physiology, 161(4): 1783-1794.

35.Reddy, A.R.,, K.\V. Chaitanya and M. Vivekanandan. 2004. Drought-induced responses of
photosynthesis and antioxidant metabolism in higher plants. Journal of Plant Physiology, 161(11):
1189-1202.

36. Sablowski, R.W. and E.M. Meyerowitz. 1998. A homolog of NO APICAL MERISTEM is an
immediate target of the floral homeotic genes APETALA3/pistillata. Cell, 92(1): 93-103.

37.Shao, H., H. Wang and X. Tang. 2015. NAC transcription factors in plant multiple abiotic stress
responses: progress and prospects. Front Plant Science, 6(1): 902.

38. Shepherd, A., S. McGinn and G. Wyseure. 2002. Simulation of the effect of water shortage on the
yields of winter wheat in North-East England. Ecological Modelling, 147(1): 41-52.

39. Shinozaki, K. and K. Yamaguchi-Shinozaki. 2007. Gene networks areinvolved in drought stress
response and tolerance. Journal of Experimental Botany, 58(2): 221-227.


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

[ Downloaded from jcb.sanru.ac.ir on 2025-10-17 |

[ DOI: 10.52547/jch.14.41.42 |

s ol il 5 o S oy o 15 4018 00550
o) VEN Sl 1Y o)l [emd e Jls /sy lalS oMol aslitags

40. Sperotto, R.A., F.K. Ricachenevsky, G.L. Duarte, T. Boff, K.L. Lopes, E.R. Sperb, M.A. Grusak and
J.P. Fett. 2009. Identification of up-regulated genes in flag leaves during rice grain filling and
characterization of OsNACS5, a new ABA-dependent transcription factor. Planta, 230(1): 985-1002.

41.Subbotin, S.A., M. Mundo-Ocampo and J.G. Baldwin. 2010. Systematics of cyst nematodes
(Nematoda: Heteroderinae). In: Hunt, D.J. and R.N. Perry (eds.) Nematology Monographs and
Perspectives. Brill, Netherlands. 512 pp.

42.Takada, S., K. Hibara, T. Ishida and M. Tasaka. 2001. The CUP-SHAPED COTYLEDON1 gene of
Arabidopsis regulates shoot apical meristem formation. Development, 128(7): 1127-1135.

43.Tas, S. and B. Tas. 2007. Some physiological responses of drought stress in wheat genotypes with
different ploidy in Turkiye. World Journal of Agriculture and Science, 3(2): 178-183.

44.Van Loon, L.C., M. Rep and C.M. Pieterse. 2006. Significance of inducible defense-related proteins
in infected plants. Annual Review of Phytopathology, 44(1): 135-162.

45.Wang, X., B.M.V.S. Basnayake, H. Zhang, G. Li, W. Li, N. Virk, T. Mengiste and F. Song. 2009. The
Arabidopsis ATAF1, a NAC transcription factor, is a negative regulator of defense responses against
necrotrophic fungal and bacterial pathogens. International Society for Molecular Plant-Microbe
Interaction, 22(10): 1227-1238.

46. Wilcoxson, R.D., R.H. Bush and E.A. Ozmon. 1992. Fusarium head blight resistance in spring wheat
cultivars. Plant Disease, 76(7): 658-661.

47.Wu, Y., Z. Deng, J. Lai, Y. Zhang, C. Yang, B. Yin, Q. Zhao, L. Zhang, Y. Li, C. Yang and Q. Xie.
2009. Dual function of Arabidopsis ATAF1 in abiotic and biotic stress responses. Cell Research,
19(1): 1279-1290.

48.Wu, D., Y. Sun, H. Wang, H. Shi, M. Su, H. Shan, T. Li and Q. Li. 2018. The SINAC8 gene of the
halophyte Suaeda liaotungensis enhances drought and salt stress tolerance in transgenic Arabidopsis
thaliana. Gene, 662(1): 10-20.

49. Xia, N., G. Zhang, X.Y. Liu, L. Deng, G.L. Cai, Y. Zhang, X.J. Wang, J. Zhao, L.L. Huang and Z.S.
Kang. 2010b. Characterization of a novel wheat NAC transcription factor gene involved in defense
response against stripe rust pathogen infection and abiotic stresses. Molecular Biology Reports, 37(1):
3703-3712.

50. Xia, N., G. Zhang, Y.F. Sun, L. Zhu, L.S. Xu, X.M. Chen, B. Liu, Y.T. Yu, X.J. Wang, L.L. Huang
and Z.S. Kang. 2010a. TaNACS8, a novel NAC transcription factor gene in wheat, responds to stripe
rust pathogen infection and abiotic stresses. Physiological and Molecular Plant Pathology, 74(5-6):
394-402.

51. Xue, G.P., H.M. Way, T. Richardson, J. Drenth, P.A. Joyce and C.L. Mclntyre. 2011. Overexpression
of TaNACG69 leads to enhanced transcript levels of stress up-regulated genes and dehydration tolerance
in bread wheat. Molecular Plant, 4(4): 697-712.

52. Xue, G.P., N.I. Bower, C.L. Mclintyre, G.A. Riding, K. Kazan and R. Shorter. 2006. TaNAC69 from
the NAC superfamily of transcription factors is up-regulated by abiotic stresses in wheat and
recognizes two consensus DNA-binding sequences. Functional Plant Biology, 33(1): 43-57.

53.Zhang, X.M., Q. Zhang, C.L. Pei, X. Li, X. Huang, C.Y. Cheng, X. Wang, L.L. Huang and Z. Kang.
2018. TaNAC?2 is a negative regulator in the wheat-stripe rust fungus interaction at the early stage.
Physiological and Molecular Plant Pathology, 102(1): 144-153.

54.Zhong, R., C. Lee and Z.H. Ye. 2010. Global analysis of direct targets of secondary wall NAC master
switchesin Arabidopsis. Molecular Plant, 3(6): 1087-1103.


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

[ Downloaded from jcb.sanru.ac.ir on 2025-10-17 |

[ DOI: 10.52547/jch.14.41.42 |

Journal of Crop Breeding Vol. 14, NO 41, SPring 2022 ....... ..ottt et et ettt e eett et e e et s e eeiee e ene e aneenne D2

The Effect of Drought Stresses, Fusarium Culmorum and Heterodera Filipjevi and
their Interactions on the Expression Pattern of Transcription Factor Gene NAC69-
3in Bread Wheat

Mozhgan Arkan?, Neda Mirakhorli?, Leila Shabani® and Abdelfatah Amer Dababat*

1- M.Sc. Student in Biotechnology, Department of Biotechnology and Plant Breeding, Faculty of Agriculture,
Shahrekord University, Shahrekord, Iran
2- Assistant Professor, Department of Biotechnology and Plant Breeding, Faculty of Agriculture, Shahrekord
University, Shahrekord, Iran, (Corresponding author: neda.mirakhorli.54@gmail.com)
3- Associate Professor, Department of biology, Faculty of Basic Sciences, Shahrekord University, Shahrekord, Iran
4- Associate Professor, International Maize and Wheat Improvement Centre (CIMMYT), Ankara, Turkey
Received: 6 October 2021 Accepted: 9 January 2022

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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