[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1393.3.2.3.6 ]

) (S 9 ECBS wge

ol Bl 5 st 2 Cngli b B 0 i Jolgs ol adllng | TS T s
- Lo
ol SLST

Study of Expression of Transcription Factors Associated with
Resistance to Black Stem Disease in Sunflower

\ . #) . LY . \ : ;
nga.«:.-:\fj a:b'u.i.l))ét.o)«JQAJ«J\;-J%}‘J-‘)L:-:ﬁ).J“ﬁ

Faramarz Hoshyardel*, Hamid Hatami Maleki?, Reza Darvishzadeh, Morad Jafari’

;C)L.a\aj;j?.,qb};b\‘5)J}L5dj})$ﬁwjlwu)6wyfw\> -\
eyl o8NS (3,5LaS e aSiils alS (655 5SS 5
e olils (g3, 5LeS suSiils bl el 5 celyios 5 Sbslul Y

1- M.Sc. in Agricultural Biotechnology, Professor and Associate Professor,
Department of Plant Breeding and Biotechnolgy, Faculty of Agriculture, Urmia
University, Urmia, Iran.
2-Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of
Agriculture, University of Maragheh, Maragheh, Iran.

r.darvishzadeh@urmia.ac.ir : : oy xS G oL J sts o 55 3%

(YOI 2 o dy 506 = AT/AS 3l s 5 ,0)

ovuS>

Phoma of (kb & Wil o OO ST 26 Sl Sskw (g sogo o 3 olw 4l

AP2 HD-Zip wgigy Jolee SO plE Ol ddlln cpl 1o .ow! macdonaldii SIS slassly

ENSAT-B5 slaowigsi 58 MYB family ¢ WRKY family.MYB related «domain
(MAG 4 _wlu> g MP10 (MP8 4 pglac) AS613 (silow ol zi6 4loa ¥ o 4  wl)

3 aw Ol KT (MP8 ¢ _wlu> 9 MP10 (MAG & pylio) M5-54-1 4l g 595 9 g‘é)igb‘é“-
> RT-PCR g5 b 9 Sskow ok z 6 MP10 9 MP8 (MA6 slawlas b FaglT obow adlw
AP2 domain @299y Jolo 4wl ddllae 3390 w939y Jolas Obw 93 Ab (wyy w959y Jwolge

OUS aloe —Cwigi) Calisee Ol § o (8118 S 9 MYB family ¢ WRKY family
g5 Ol § plei ;o MYB related 9 HD-ZIip ke 95 4 bgs o SO s il

O3 el

g D9l 4 — i 983 ol F 4 4y OT Olpo bl A D957 (S13 (a0 gl 4 diloer
MYB-Related o3 <5 g 38 ial™ 9 HD-ZIP &5 g5 w38 (381 45 310 Oli5 gubs
Slomyl ¢ 3udsd (9l 58 .ol F30 MP10 s MP8 (slayaylus 4 AS613 Cuigh cwglio dlm! o
SBO3 295 ol L MPL0 9 MAG (sl 4l 4 s 8L ie> uigid 53 Cwglie

ol B3y 53 MYB relatedg HD-Zip


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.2.3.6
http://gebsj.ir/article-1-77-en.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1393.3.2.3.6 ]

OLSes 5 syl gn

Sl 4 Cenglio b Lo o (w9995 Jolge Oly dxdlan

$lads Slo part adllle (S gs gla s an s L
53 s el 5 bagsolan 4 Cslie 55 855 08U S
(olo 4 pslas QLS W5 gl o o is 8 g o slis
el Lyl il sla03 1B S5s 5 lild el
b OLalS 55 plis IS sy g il 50 LS el
S S ERNOH o P S0 [ i | L;uc}wti 5 adsl ol L;Laéwti
oy e S 035 Slsely saeSs ST sl sla sl
Grover and ) Ly 3 o (5 il o oLb> slazl 3l
LS el gl looiS e ale 1 .(Gowthaman, 2003
Sl g e S il e R cglin ladss olo Ll 53l 0L se
ol G5 STy LAl o 4 055 i)
L ks s glass - )5 5 (Hypersensitive Response)
& S 1> PR (Pathogenesis Related Proteins) 15 Lo
5 okl SA (Salicylic acid) deul Sdwdle ) 55 5 as
LS o slagaly slaetiS Jlab Sis 5l oS Lo oSl 52
5 S osls oSl sl a5 e3ls (I 15 s
sl i T gaen Lngmaly el 05 8 a8 85 )
i 355 o 3l Szl 4 Cueslie o 2150 L
s Jlse o Cud g lan By s ol Ol &S Conl ol
31 535 Jsl g (Zhang et al. 2013) 55 o i ol
Stz 55 Sl wan 3 03 0ly J RS 3 SIS (gl5
IS o et 1y eSS b Law@)l S5l 5 s &
35 5y Jole V00 JINYe 550~ (Chew et al. 2013)
La i i a3 Wl 51 (5 S ol o 5158 OlalS
Riechmann and Ratclife, 2000; Gof et al. ) 4s,ls &
AP2 (sla s 1 cibises om s, Jalse Ol 31.(2002
Mare et al. ) WRKY «(Aharoni et al. 2004) Domain
HD-ZIP (Yamaguchi and Shinozaki, 2005) MY B (2004
La i am el 5o 1) A8 5300 (Javelle et al. 2011)
4l 03 s Jolse A8 olos ilsee Dlids Gl
5ol 6l el s coal 4 S Oy pw it gla kS
oS Jmond 3 1 Loneis g ol A (Y000) 0L S
Sl G U3 g0d ooy 2 S 5Tl 53 e sl

WRKY (slais 0 65 A jaseio (Vo) mva g 5 Sy

dodfo

33 #LS (Helianthus annuus L.) sl 5 ols Kbl

Oy ald 5l 4y S e (g5mns e Ll
«ib (Angiosperms) OKILlg axli 5 «(Phanerogams)
o3l gl 5 (Asteracea) izl o5 (Dicotyledon) s gla]ss
oS opl el g5 S YN=YXSYY L (Heliantese) Taslls
S ol 3 (AS 8 5 s e Olim 2o #5
e w ol Sl (Hu et al. 2010) 53 5 o iS58
5ol e Lyl 5 b 85l 5 ol S (s euss (Rl
oS 5 SEE Al s ClS S el aS @l
sl s 5 edle (Rauf, 2008) ol ods Las OLL
S A Gl ohy (Fers GRS (et
03 SislS SNpams Sl age Mo 1 B Jelse
e Sl Sl Kol dle (law AL e Olgzr el
sl Phoma macdonaldii 7,5 aw s 45 < Ols sl s
sl eI sl ol (6 la ol (SaCkstON, 1992) 545 e
Yo Ve S Cae s el Wl Jsb s S e (o)
S Wl s Ao Jals Eel piamen 55 Shes o
S g ok s ol Sl Jgams [2alS (Carson, 1991) s 52
Sl YU Sl 0355 olST w555 o e olen Jule
bole 206 L Sl imen (Debaeke and Peres, 2003)
Sl Ll Sl AAS Sl e 5 YU b, s oles
ol e 3 pslis sl 55 5l eslinnd (Gulyacet al. 1997)
055G ol OF U8 sla iy cnislasl 5l S solon
ol eslie cile ol b OB ST (S5 ke
Fo caslie b 555 a Js ccal el jasiia (o)l
Roustaee et al. ) ol oi3 5 Slubis ol aBle (5law @
6 Caslie Sy 45 ol esls OLi adsl Sllas L(2000a
Sk Sose 4 g eds ek O ST s L (ooles
8 olllks s (Roustaee et al. 2000b) s5s o J xS
(Bert et al. 2004; Rachid Al-Chaarani et al. 2002)
03 el bl ol 4 S Caslie (¢l il WQTL
Cilys sgms oS AL S Cl odn S plulis ol Sl

\yay ub.w.n)sful{, 1Y oyl [Vo,90 /w) @N‘ 9 S (W0 -


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.2.3.6
http://gebsj.ir/article-1-77-en.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1393.3.2.3.6 ]

Sl 4 Cwglio b Lad o w939y olas Oly 4l

OLSas 5 syl

5 MP8 MAB slanlir & Soslize LaSTy sl,ls (al. 2007
L0 Jsd) il o Sl sy ol 2,6 MPIO
3035 ol COSS ENSAT-BS o) ) Jodr 4 ax 5
R 2050 4l f 5 4 weo M5-54-1 5 ASIE (sls s
Y S MBBAL (s sl e sl STy (slls
(Single-seed (550G SIL os, b Bl anwys al igr
axdl b oS el ASBI3 5 55 G, U s s Sl descent)
4435 0 Do 4y iS5l S S 55 5k s el Sl Y
CTL s edd Syieds doys P e o IS pun Jsbe 3
SO L Sy a3 ooy e e o LS el lads
o J,mS Ll 2 L ady SSUT a5 ek S b gy e
-l a3 YO wilsy 5 VA Sl sles Gy dob csla VF)
Fov glaceY dowy S Yo PEM? ST Ly, cus ol S
L Jame (Aos A JIVO Cugby 5 Lad o el Ol
olis) oM el & sm ialesT L(Rustaee et al. 2000b)
(Gaw YL o oS 03 sl 5 pha VL ol o5 00
drg o ) ola oS Skl 20 LB s 1SS A
glos 5 (Kb Bl 53 26 el IS 55500
Yoo balie LB S oSSl e YO
SYRRPEIIS R NP EE R NP REPUS A P
o5 5 dess OF QU O shen 6 T e a0
Jo sS4 055 5S S s Il e 3 Ao ys YO/
Rustaee et al. ) 1 awg, S, ¥ 0 Sl glaasals
S L bazalS , o1 5l ae )5l csle TA L .(2000b
gl & Koy Zogby il s s (Plexiglas) Glas iy,
Sl 33 6 a5 5l s e oS LS 0L,
sael O dgome 25 S Vo dis SISO a5 J 28
il oS pde il GU J S sk 4 as el
e s s ENSAT-B5 5 ASBI3 (slaciysj 5l e
SIS 8 R ERN ! C.LL 3l A 39, VU M5-54-1 asl
oo LS5 3 mols Do w55, sdalie SSGI D

.(Roustaee et al. 2000b) s ,l> > 3>

Aol Lol an Cuglie Sl ply e )3 Gloy S8
=5 4 GMERF3 05 0l (Y++8) 0ls 5 Kil5 (cpiman
ol 05 ey Ll e AP2ERF s, 5580
350 Sl 5 olS 45 s sad edalie 5 Lsls 13 ey 55 e
3 2SSt slagsban o o s 00 Caslie
Gk ds e DL s S ey Gl b aslie o 20
05 0l 48 Wi e de (Y00 V) 0l LSen 5 STl Sladlas
2 Lalen 4 Cuslie CeLWRKY sy lale & by
(Y0 8) OLSon 5 Ol b5 & il 53 355 0 2
Slai=Y 5o La0) Cdipn, Ol 5o il gLuld sl
P. ZL3MP6 i oy ol 5 ol s Ols sl
Yoo S el el SSS5)eslizal L5 macdonaldii
03 s easas Jelss 5 (2s slaintis s b ks 0 CDNA
(s el 3 s S Gleld (len ol gl Slesply
HD-) s iy Jsle mw Ol (Yo 0A) O 5 o535 55
M6-) ols Klsl 33 53 53 1, (MYB s AP2 Domain ZIP

sl Sl Jale 255 e alis L o (AS13, 54-1
A3 e 55 1) ds gy 0l =il (MP1O , MP8 MAG)
S 05 el o (Yoo A) Ol 500l o) @l Ll
AP2 domain s 55, Jule 53 Ol a5 5ls 0L Actin I=1s
Soslite anlim—o 65 il LS 5 s MYB-related
sdali HD-ZIP w555 Jolo 0L 3 5sls S b= 55 035
HD-ZIP e 55, Jolse Ol omny oo ool 31 a0
WRKY -family s MYB-family MY B-related AP2 Domain
MP8 MAB sLawlix L ol o3 1 0ls Solil glac 55 5o
RT- 5l eslazul L (P. macdonaldii) (s ley Jule b MP10

sl e €EFal stls J,=5 05 5 oS PCR
L sig) 9 dlgo

Solon Jolo U sl 5 AL 5l4
G55 55 Jald G ol 55 elinad 55 aLS slse
M5-B4-1 asil igr iy} ol san 4 ASEL3 5 ENSAT-B5
Darvishzadeh et ) 3 Sldlas ulul p 45 Ls gy Ols Skl

- IWAY Loy 9 3y /T 0 louds /Y 0590 [ (S ) (o] 9 Sl ) (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.2.3.6
http://gebsj.ir/article-1-77-en.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1393.3.2.3.6 ]

OLSes 5 syl gn

Sl 4 Cenglio b Lo o (w9995 Jolge Oly dxdlan

oSl Ol JUs a5 A osls L8 am s YY gles 55 aids #0
(aled‘ sy VO Sl ;\deﬂlﬂ, ax Ve gl b (845
A

Real-time RT-PCR xS,

s Joelss S e Ol bl ke & G ol o
sl b gl ST 5l gslen Jule zb L Sl s
(Y Jsd) s eslial (Yoo A) Ol 500l fogss law s
Vo Jels ads e Y —=>> > Real-Time PCR <],
Biosystems) .l , 53 SYBR Green b, lx. , ), S
Jpams 235 SV 5 S5LET a5l Jge 5L Y (Applied
S s S ¢l sl 35, (Reverse Transcription) RT
ABI PRISM  ol&xws ;3 PCR STy (5 355 0 445
a5 00 14l 5 3l eslazl L (Applied Biosystems) 7900HT
Vo e a8 il a3 A0 idds ¥ e 4 ol S sla
SO Sde w5l S il x5 A0 (glas L3 S ¥ s
Alignan et ) 1 el aids S Sote 38 Sl a2 F0
al. 2006; Hewezi et al. 2008; Poormohammad Kiani et al.
La ,usly PCR LSS 5, .(2007; Roche et al. 2007, 2009
Colal S sl S U Lo S e A5 e
U Ol i 6 Ol 3 il ] 53 i S 513
ol o N g Sse ol )5 5sd o e Les
3300 Sy 4 SIS plos asl 358 e e3ls Lasis
V0 e 318 mle ax s £ 5 B0 Se a sl S sl
5580 L pe sl eobal 8 gles aids Yo 0f Jlis 4 5 436
2 S plamil LSS Y 5 PCR gla Sy il e 8 sl
51 Real-Time RT-PCR ;I |wl> slaosls 05503 Jbo i Cogr
o=l 03 s S eslenul s J S 03 Olse 4 €EFAl 03
YOPOT gy sheslial b ba0) Oly L3 &l i it canllae

2 S plesil (Yoo ) Schmittgen  Livak a0t 41|

o ot 31 0l Sl (gls o5 55 53 (Sola 455 Jawsio =V Jger
Darvishzadeh et al. ) ous J =5 Ll s > P. macdonaldii sl

(2007

Table 1- Mean disease severity score of sunflower genotypes
inoculated with P. macdonaldii isolates under controlled
conditions (Darvishzadeh et al. 2007)

Ol Sl i 55 7B aler
Genotype Isolate
MAG6 MP8 MP10
AS613 6.74 2.24 3.63
ENSAT-B5 6.78 7.76 7.50
M5-54-1 1.24 6.46 2.21
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Percentage of cotyledon petiole area showing Phoma black
stem were scored from 1 (resistant) to 9 (susceptible) as
proposed by Roustace et al. (2000b), seven days after
inoculation, where 1, 0-5% petiole area with necrosis
spreading downward into the stem; 2, 6-10%; 3, 11-20%j;
4, 21-30%; 5, 31-40%; 6, 41-60%; 7, 61-80%; 8,
81-99%; and 9, 100%.
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Table 2- Oligonucleoitide primers used for quantitative real time RT-PCR
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Figure 1- Expression profile of genes encoding transcription
factors HD-Zip (1), MYB-related (2) in original lines ‘AS613’
, ‘ENSAT-B5’ and mutant line ‘M5-54-1" challenged by three
Phoma black stem isolates (MA6, MP8 and MP10)
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Table 3- Analysis of variance for the effects of three P. macdonaldii isolates and three sunflower genotypes on the expression of

transcription factors associated with resistance to black stem disease

Sourcesof Changes &l a5 sl df MS
Gene 0 Rep Isolate Repxlsolate  Genotype Genotypex|solate
AP2 domain transcription factor 26 326 805 0.47 50.61" 1.83
HD-Zip transcription factor 26 1.06 0.84 0.36 7.89" 4.44"
WRKY _family transcription factor 26 065 6.99 34 93.3" 4.44
MY B-related transcription factor 26 193 7219 0.65 33.92” 9.81"
MY B-family transcription factor 26 2.65 2.8 0.22 3.14 2
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ABSTRACT

lack stem is one of the most important fungal diseases of sunflower caused by

Phoma macdonaldii. In this study, expression level of some transcription factors

(TF) including HD-Zip, AP2 domain, MY B- related, WRKY family and MYB

family were studied using quantitative RT-PCR in sunflower genotypes,
including ENSAT-B5 (susceptible to al 3 studied isolates;, MA6, MP8, MP10), AS613
(resistant against MP8 and MP10 and susceptible to MA6), and M5-54-1 (a mutant
genotype, resistant against MA6 and MP10 and susceptible to MP8) following infection
by MA6, MP8 and MP10 isolates of P. macdonaldii. Among studied TFs, the expression
level of two TFs, HD-Zip and MY B-related, were significantly different in genotype-
isolate combinations but the expression level of three other TFs including AP2 domain,
WRKY family and MY B family, were not significantly different in several genotype-
isolate combinations. The expression of HD-Zip and MY B-related were suppressed in
infected genotypes. Results revealed that increased repression of HD-Zip and decreased
repression of MY B-related are affective in induction of resistance to MP8 and MP10
isolates in AS613 genotype. In this study, the induction of resistance in mutant genotype
against MA6 and MP10 isolates was accompanied with decreased suppression of HD-
Zip and MY B-related genes.
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