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Gene expression profiling of transcription factors associated with
resistance to Sclerotinia basal stem rot disease in sunflower
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Sole & Suslie Cilys O3 g A5 bl el ol (@, 2004
ol cilse eyl Ll (Daver et al., 2010) Ll e
o O 1 ol ol 03 Canslie Sl ke sk (J g
adlas (JSpe slais, anwy L (Hahn, 2002) tas
3 bolen 4 Cuslie 53 ;855 0SUS o) Slosar
M5 sl el odin 5 gl Caslis s ot glapuslS
Sl B Sos 5 gl 5 edle (ilen 4 pslie OLaLS
35BSk 2l 2 OLLS el sl el 51 L (il
S skiles (Grover & Gowthaman, 2003) s, alks
3003 55 DS clijls 05 OlalS Hlekial 55 an s S Loy
2 Jed b Sl gl s gt LSS 5 axe s
sl al daly ol s st b Sl de> o,
&S 55k o (Monaimet al., 2011) ol 4l anw 55 35S0 S
L St gl B s s s S
LROS W5 L ladyl b ol 45 suS o sl _alS slad b
Heidarvand & ) >335 . 51 (Reactive oxygen species)

o Ypeme o 4 WROS (Madi Amiri, 2013
S50 SIS s 3 4L s (5350 (SUa ] plio
GRS S ) Al i 03 (et 03 S e 5o
sk 0dd (555000 1 S o 035k dham dile 025 8 5 0l
3 o D3 s 55 e S e (S Sl A
.(Kazemi Shahandashti et al., 2013) . ls cS,lis o8
23U (5o s 03 S Jlb 4y zwie Sk 53 LROS ez
Jolse 03 Ol s el 3 nl S 35 e olan|
ol 5 5355 o s Slld 5 e 3 kS 5 e B
Dynowski ) .S e eslel o Jaol i b 6,850 gl 1 Jshe
obs STy sl ol s (et al., 2008; Lohar et al., 2007
o bl Ggolen laeslEls S o 31 &S
@Mad 5 ek Jled Ol 53 by Sl 51 slas semms
lad 4 a8 Lpdon st il J5m 055 b J e 055
oe> (Okushima et al., 2000) L3S o Jaze Jshoips
Jolos e dlis @ & Lol b b slagnsis
PR Gl Sy, oLsd oo M5 e b 25 L sl
ool oS Wss 0 edwl (Pathogenesis related proteins)

doddo

o5 4 Glue (Helianthus annuus L.) ols Sl

53 ol csly; oS sl o (Asteraceae L, Compositae) olsS
e M5 s Sl Gan (S8 ol s @ Oler el e
ols Sl iy, el,l .(Vollmann et al., 2010) 3 .5 s ol
13 eslanal 5550 2y el 6l 5 VU e, doys Js &
s 53 Shs p8ss ol & ool Ol ST 5,8 s
& e Sclerotinia > .(FAO/EBRD, 2010) il .
«v 5 (Gulya et al., 1997) .:L » Sclerotiniaceae ol 5l
« S trifoliorum 5 S minor S sclerotiorum >, S
St o Sl 5 s Sl aals 3 28 Lizl e
Loy sled a4 i cpl Glaal S oy Sodd a5 5
Boland & ) & Sl wals .(Saharan & Mehta, 2008)
53 B e Vb el 5 e slie plil W 5 Olg (Hall, 1994
¢S5 » 5 (Bolton, 2006; Bardin & Huang, 2001) Sl
(Davar et al., 2011) (g by bole ilies glaglis S35
o313 13 oalS sla S les S 3 S e 5o 206 ol
Cel ob Kbl ws, el sl s Solen opl ol
sl b s 5558 0 g s 4k Wl iy, Sty
LS o 3)ls Jpame & 6305 Dol 0T Sl deles ol
plad o .(Amoozadeh et al., 2015; Emamgholi et al., 2015)
Olpe s L s Al el g 1o 01 ST 28 S L bl
Ll o ke olS w sl ol Dl sla Sl 51 S
Micic ) das fals do s Ve Ul Jgams Ol Ll 55 o0 oS
e ol Sl Sl Ly Ml Ol s (et al., 2005
- Jpams 3 Shes 5 A,y 2alS Col &S il e 0l Skl
ailis 53 Solaw (nl 4wy 5 g (Ershad, 1995) 5,z
s s ol CES 5 e (RIS sl 558 et
3 aS A e g 4.38\)&: wer s Dol Cany Lol
sshe by Jsame She (SiS cod gl
3 (Jeie ol &S5, .(Emamgholi et al., 2015)
Ll oo 2lid s ISl (S Solew Co e g sla s
& 0sSU (Bert et al., 2004; Emamgholi et al., 2015)

Bert et ) ol ol sdalive (Hloy 4y JolS Cooglin b o3 535
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23 Srasle Yox £rladlulS 5 50 s 4 (INRA)
A ST L el B b B s e iy Lo
Lyls 55 OllS e LS ClS amalS P Ll 1SS
PO s Zasby ol S ol ar s YOEY gles L ol J 8
s ode g Cell VY Glasy S s s Loy Aoy
Schneiter & Miller, ) wsl 5,5, VEVE al> o b azia
b i 5,3 BT L 53 2B alur (1981
L &) 55 ¢S Y4 Olpe « (Potato Dextrose Agar) PDA
- Sl a3 YOEY glos L b BBl 4 s 5 oS PH=6
Jole 2B Lo Kbl slaamalS ~db o Jime sl S
L) 5 g oskite s A el (S P Al e 55 (goles
o4 3 e Y kS 4 e s b (Ul
o3> L3 Ol Ble glawl ss 5 s S Had S Ad; «
Loasle gl )b ) S Copby L ke 4 LU
Ao SOl 53 e A 0dild iy e ey s WSLL
o= b Sl 5l e cole FA 5 YF OY & (Lald)
ool 0355 53 5 A8 Sl wsed o3yl e ) B
bl JxS sk 4 as Jame sl S Sl ar s A 5 8
5 LCL0B-C (slasu¥ 5l eds mili olS s medls
Sde ol 53 B esls u,@&;\@;,)%URHAZGS
Davar et al., ) s,l> ;y.-jcé\jq))y@”f(; odalive OISl

(2010

CDNA 52w 5 RNA | Sl

il Jsloes 5l eslaial L adisal 31 RNA gl A

CS S S, Gk Ol Wlstw oS %) RNX-plusTM
kS 5SS ey 3l e 23S el 555 s oSl
Fermentas .5 3l cDNA =Ll gl ‘a.\.;df}:w,\ RNA
dy o ek pl s eslel LIFE SCIENCE#K 1621
SES 5 sl ol OF 2y S 0 Slide w0 g ,md ke /Y o 2l
\ B o Cb?;';w‘ RNA _,':‘,}jjjg':" e e LA Loy
Glos 53 adds 0 Cde 4 3lge gl Ay LIL S Sl

G o dlse sl A 055 5 5l e 23 815 20°C

.(Okushimaet al., 2000) . l5> Sires

5 Jolse ey Al 4 PR a5, Ol
5l s ssy Jelss (Zhang et al., 2013) 55 S . s ol
Ll e odiy il aes 53 05 Ol J S 3 IS (gl
23 ey Jele VO JINYee 50 (Chew et al., 2013)
la i el 3 Ol 5 5 a8 ol ot 5518 OlalS
Gof et al., 2013; Riechmann and Ratclife, ) L s &
AP2 lacn5s, wilises s, Jelse Ole I (2000
Mare et al., ) WRKY ((Aharoni et al., 2004) Domain
 (Yamaguchi Shinazaki & Shinozaki, 2005) MYB (2004
a el 03 SR ol (Javelle et al., 2001) HD-ZIP
o5 Ole s p b sl 5 andlas i 0586 . ls L i
O3 ST L3 (ola 4 Cslie 53 Jbs e gias ol s
Mohamadian Farsani et al., 2014; Nouri, ) <ol 4 S ol
2015; Hoshyardel et al., 2014; Alignan et al., 2006;
sk 4 ol fags > (Darvishzadeh et al., 2008
Stz Golew 4 Cuslie 53 Lt sy Jolss )
Sl ol s slaesls slesleady 5 olass IS
Solew Jolo B blie 53 013 Sl glacnY (28l (58
L3g ok eslined QTL s 3 o5 ol s ISl Sy
oSty LY ss (Amoozadeh, 2012; Davar, 2011)
L s o o s Jolse Ol 5 s 8 bl Sline Sl
S ebsol 2,5 Real Time PCR SsS L (glaw 40 s sl
RERIKY

353, 9 olge
ol Jolo z 50l b (Sl 5 aLS sl

Sy Lol Sl RHA265 5 LC106-C Y s
Sk sz Solay Jols 26 SSUBB w4 &slize il
bl o (Sclerotinia sclerotiorum) a3l 4z oL s ISl
Amoozadeh, 2012; ) Lad bkl iy Ollles ml

aslp o ST Olidis a5l oY L4 (Davar, 2011
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5 oSl a5 20 s adyl il s 4ids 10 Wby
b Yol S sle ) 40 sl 53 sl V0 Lels s > ¥
- ol 4 s VY les 3 S0 s SHLT 4 ame gles o
3 A o PCR laast 2 pledl 5l o258 5 el o1 S
Cob e Bl eslinal by el s 4 03 8 Gl osd
oy skt i 1B 05 o 4 by e Jpemme 2S5 s
\As o5 5| Real Time RT-PCR ;I fol= slaesls 05 el
(Nouri, 2015) (\ Jsd=) L3 S sslinal Jtls J 28 ol gew
bl s 2o

AACT sy 5l 05 Oby oms Olpee dsmle sl
650 ACT 0l oslinal 15 &y 4 (Pfaffl et al., 1981)
53 oS Jbo 5 05 CT =l gl 53 i 5590 05 CT =il
—dalis 5y b s 05 CT =aald € 50 ACT (i 4 gas
— s 4 yes ACT) -AACT sl 3 odiS Jle s o5 CT
4 a0l Hlad ges 53 05 Ol Ol (Uals & 503 ACT

Z_AACT Syl A dals

o CT Lals,y cpl 53 oAb aewles
05 Ol e Ol 31 ool slaesls 4o Al o ailzad
D35 Jlop Mo g 23S el ol SLIS b b
SR e b bl e nlel Sl gl
457 .S el (Brunner et al., 2002) Ol Ken 5 Brunner
Shoeslial bbb S0ke alie 5 Laesls bl

A oy EXCRL L Lals 505 .23 S olonil SAS 9.1, 15310 5

OX S2S1s Bl s Koo ¥ s 23,5 plasil 25 S505 S
A>15 Y+) RiboLockTM RNase Inhabitor o 51 125 S )
Vs OVl V) ONTP bglse 25 See ¥ (a5, 50
RevertAidTM  M-MuLV  Revers ) w3l s S
Slse ol Ayl a4 (s S s a=ly Yoo (Transcriptase
43l ol ) (b Sk Sl el Sl de s SLS
VY°C glos ;5 aids 0 e w0 5 YY°C (glos 53 a3y £+ ks
(Sl aw CDNA i Cieo o p sl A s I3
e J xS 5 (X 03) NTC e J 28 —RT e J 28
L CDNA S )y S iz S 4B S L o
Aol b 5 s, 50 CDNA AASTRNA o5 sla SHLET 5l sl

.(Nouri, 2015) .& 5 PCR

Real Time RT-PCR 51,

AP2) sy Julss 51 G 0L anslis sk o

B S35 53 (MYB Family 5 HD-Zip {Domain
Darvishzadeh Lw 5 i > b b S5ET 51 (sl ils
Jsd=) A eslersl (Darvishzadeh et al., 2008) ol ,Kan
bl 235,80 VYO > 5 Redl Time PCR 15 ()
Maxima SYBR Greer/ Fluorescein gPCR = )5 s #/Y0
sl S5kl 51 a5l 1 S +/0 Master Mix (2X)
CDNA )5 S VY0 [V 405 S V) Reverse 5 Forward
SSSY s US55l sole o s S F oy (0,55 S0 00)
51 eslezul L Rotor gene Q-Pure Detection-Qiagen oo s

Rea Time RT-PCR s sslical 3, 50 g4 5508 55 Kol gla ST -V J g

Table 1. Oligonucleoctide primers used in Real Time RT-PCR

ot M 5 Sos 05 0 ke Reverse ; Forward $;i1 T™°C

DHOAQA11ZA10RM1 AP2 Domain transcription CX946549 F.CAAGAACTCGGCCAATTCGT OA
factor R:AGGAGTAGCAAGGCACCATCA

DHOAQA17ZHO4RM1 HD-Zip transcription factor CX946945 F.GCAGCACATCGAGGACATCA OA

R:GGATCGCACCTCGTGGTTT

DHOAC028ZC03FM 1 MY B Family transcription ~ CD850032 F:CCTCCCTGGCACATGAAGTT s
factor R:CAAGCCGCTCCACTTCAAAG
18srRNA AK059783 F.CTACGTCCCTGCCCTTTGTACA' OMD

R:ACACTTCACCGGACCATTCAA

A8 bl 9 5l /)

0 loss /7 0590 | g ) (S 9 SuB ) (oo -
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o 50 Wald oyll el o bl aes e
.(Shah & Madden, 2004) s ,ls s 5 » (ANOVA-type)

AP2 Domain .. ss; Jols oS 48 03 Ol (Sl

bl B L Ss 15 = RHA265 5 LC106-C .Y 53 )3
Ol Olyee 4 5l Ol Blu iy ol 5 JSUl (S s (5ole
=Y L aglis 53 LCL06-C pslie Y 55 s 535 Jolo ]
S35l e sl YE 51Y laole; b RHA265 .l
2305 Ol Ol (p eS 5 (p iy el 8L R0 26
S35 e Sl YA 5T laoles s o5 4 Y !
b (RHA265) Lo Y 55 05 Ol Ol A3 sdaline
e s () S2) el sl STl e slaobs;
oo 4m T glie L AP2 DOmain s 555, Jsle d,
Ol L alaily 53l DL s Ol Sl s L5 Sl
5LC106-C N 53 ;s HD-ZIp 555 Jols oS US 0
L s Aol (solas Jole 58 L 2531 51 . RHA265
i 4o HD-ZIP w555 ol oS S 05 Ol LS stalie
(RHA265) Lo oY 5 ol Soslime Ol — 0N S 5
ol Sl 2 L (ST 5l ey el ¥ 05 0L Ol e
3505 ol Ol Olgee (ST 51 sl VY (b Sl e (Y S2)

Sl olis als el Y g g asl s fju" R

MJ@\L

4 LC106-C (Y colis ool oo 553 Dlalllas ol

S35 i« RHA265 .Y Ll oslie SSUS3 5,6 ajlis
.(Amoozadeh, 2012; Davar, 2011) Ail o  plo> odd
Jolo Bl w2, 0l ST sl o0V 5 g8 Sl
okd alyl ¥ Jed= 4> (Sclerotinia sclerotiorum) (¢ ke
2050k sla el shy by s Joder ml ol
S opY A das e 0lis (Wald-type) Wald oLl oLl
LoV Jles| cb.w 53 AP2 Domain s, Jule Ol
claw 5> MYB Family 55, Jale 0ls 35 5 (P<O.01)
O om0l e Sl Sl pae (PS0.05) sy 0 Jlex|
5> MYB Family 5 HD-Zip w55, else Ol 555 S35
x oY blae el Sls pae (PO.01) s js ) Jloz| s
e Ol sy (PO.0L) do)n ) Jlazsl mhaws 53 55 Ole
Ll bl 51 ol 2 Sl ls ins HD-ZIP o 5, oo
Jele Ol g5 oY 1 &S e e 0Lz (ANOVA-type)
O sy Oy x Y Ll Sy AP2 Domain s,
dops O Jlisl w3 HD-ZIP gy bl o
5 Sl S5 Y (Y Jsdr) AiL e b sxe (PO.05)

oS anlllae 350 wsad w5 She (L3l Opman (53,1450

sl J 28 Ll i 53 Sosclerotiorum ¢l Lls o8 SSUS3 wlax L et o331 ks, 0l Sl gla ¥ 53 55,5 Ao ys Javye =Y Jgdes

Table 2- Mean percentage of necrosis on oily sunflower lines inoculated with S. sclerotiorumisolate SSU53

SSUS3 wlus 4 STy ;:;ﬂ EWERH Liw & oY
Reaction to SSU53 isolate Percentage of inoculation Origin Type Line
(Susceptible) ..~ Yov¥ (S yal Breeder line RHA265
(Partial resistance) ¢ slie . 5 Yors b Breeder line LC1064-C

(S35l e 55, 4 (Sclerotinia sclerotiorum) sl i L s ISul Sae s ol Juls gl alr w0 e Ols ST gla i3 o 5 ST

sl 0 (6 S 3L (6 pmr o s a3l by 5l g retla ) s ety 9055, Coand Lo )3 Do 50 4 4S
Phenotypic reaction of oily sunflower genotypes to basal stem rot disease isolate scored 3 days after basal stem inoculation
based on the percentage of the area exhibiting necrosis symptoms on 1 cm of the stem base and all around it.
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Table 3. Analysis of variance for transcript factors variations in oily sunflower (Helianthus annuus L.) genotypes in response

to SSUS53 isolate of Sclerotinia sclerotiorum post inoculation times.

Wald-type statistic

Sl e oY Obes Oley X oY
53y Jelse dfp dfy Chi-Square dfn Chi-Square dfn Chi-Square
AP2 Domain Ve 3 VPN ¥ VA ¥ AN

HD-Zip Vs 3 ARt \ vO/A0™ ¥ VAN
MYB Family Ve \ AN ¥ A ZAnan ¥ ona
ANOV A-type statistics

Sl e oY Obes Oley X Y
535 ol e dfp,  dfy F-value dfy F-value dfy F-value
AP2 Domain ¥/40 3 Y/PA® Y/AA oyy™ Y/AA EE™

HD-Zip £/9) | VAR YIVE o/ YIVE VR F
MYB Family 1YV 3 \TAA T Y/VY ¥4 YV At

Py r.,\.cnsj(~/~0) Aoy 0 Jw}‘dﬁw)ﬁ )bd‘.u% (e/0)) Aoy ) Jw}‘dﬁw)b )bd‘.uw sl s3l3 a5 dfy tesoled s3l31 am s dfp

AP2 DOmain sy 55l Cadgiy ) ol

N

[
L

ls

BLCI106-C 554
BRHAZ2GS ~—

L8]

[ ]

12 24 43

L Sl e csll YA Y OY & ey, 0 KLl RHA265 , LC106-C sleoY 53 AP2 Domain sy, bels 05 0l o801 -V K
A Y L g3 e Aoy (00 63 T OLS) dalis b aslie 5> (S sClerotiorum) L s Al 6 SSUS3 « -

Figure 1. Expression profiling of AP2 Domain in oily sunflower (Helianthus annuus L.) genotypes (RHA265 and LC106-C)
3, 6, 12, 24 and 48 H post inoculation by SSU53 isolate of S. sclerotiorum compared to non inoculated plants. Y-axis unit:

Fold.
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Figure 2. Expression profiling of HD-Zip in oily sunflower (H. annuus L.) genotypes (RHA265 and LC106-C) 3, 6, 12, 24 and
48 H post inoculation by SSU53 isolate of S sclerotiorum compared to non inoculated plants. Y -axis unit: Fold
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Figure 3. Expression profiling of MYB Family in oily sunflower (H. annuus L.) genotypes (RHA265 and LC106-C) 3, 6, 12,
24 and 48 H post inoculation by SSU53 isolate of S. sclerotiorum compared to non inoculated plants. Y -axis unit: Fold
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s 330 Jolse Ol @S s

SH3 8l 05 Ol w3 Al — 5 55 ST

Aas e OLES 5 L3 o g Lol ol 53 olS el milSe
Olen a0 Jala 585 alr (5535 (Ol jon (S5 e S
el osls 5 U s 0l KLl oLS s 1, Ladss ol
Jslss 4 culoa s 3155 (Hoshyardel et al., 2014)
MYB (Aharoni et al., 2004) AP2 Domain ..,
HD-ZIP s (Yamaguchi Shinazaki & Shinozaki, 2005)
Lo i am el 0215 i 0 5501 (Javelleet al, 2011)
S 5 Ceslie sl 3 s e Oly Rl
e a0l 5 5l ol i slal IS5 se sla
S ewlige Sl ol enlizad d3 g le Jolgo 51 s il
Mohamadian Farsani et al., ) 4= o ool olals s |,
23 Jes s Jolse s OS5 Ol o) 2 bl 55 (2014
4 S el slallls 0SS Ol KT 3 (ghlew 40 ueslis
VLI el VT i Gla0s ol siny ol oo 0 55 ol
Ols okl s 555 55 (TLP) (ol siad 55 5 (PAL2)
s ol S el bl (gl oo 2B slaalir 4 mul o
il 36 o (s e sk & a5l ot s, T S
Mohamadian ) J_ib o a3 55 Llime Jl 5 85
5 psbde slac—3 53 Lagl alles s (Farsani et al., 2014
Slads cdisis, 3l omly s VU mhw ghls o 5 4 el
Ceaslie b basd o w55y Jolse Oly andllas 55 oy a3 s 5
Jole s allis a8 a2 18 0l ST s ol 3l (5ol
MYB Family ; WRKY Family AP2 Domain .. s,
o 0L w95 calses OS5 s (ol pre sl
slads ,alss ol adlas s (Hoshyardel et al., 2014) aas
LS 5 pled 5> MYB Related 5 HD-Zip els 55 4 b, 0
g ey OF Ol oo Lol (s S o (503 e 5 sb @0 el 5 55
L3 Ol oS o 53 235 oslite alhor- 5 85 S 5
708 slaalr & muls Ols Kbl sla Y 53 TLP 5 PAL
o PAL 03 L adad; 53 45 43 1S Lt ISl b ol
Ladaly 535 Sodl 5l o sl YA 58 claoles 3 oY o
Sl gyls e Ml S5 T 51 sl YA L3 TLP O
PAL i Ol law < (5556 (Nouri, 2015) 505 5 5 Ol

Jole edS 0 05 0l 6 Sl ol mls b
- RHA265 ; LC106-C -.Y 55 ,s MYB Family . 5,
5305 Ol Gl s 5 ISl (olas Jole 2B L sS4
L Sl 5l e ¥ om dsl 0o s RHA265 b oY
(P USs) sl ol 2als Wy, of 5l da 5 A5 sdalie zb
LCL06-C pslie ¥ 53 psiss balo cnl OLs Olsn i 5
S5l s Cel VWY RHA265 ol Y L oaglie
IS A8 05 Ol Lo sas als 0L il L s ISl 2,6
Olas 3l b 40) LaOles JiS1 53 MYB Family o 5, Jole
el ol Al e i sl Y s (Sl Y s
ol 4 Coslis L MYB Family w555, Jole Yoz
Ol Ol pwoman AL ails DL ols Kbl s Lag s Sl
AP2 s, Jmle 0le LMYB Family o sy, ool
s Jole 55 dn el 4.l Sl s DOmain
Solaw 4o Cnglin )58l L MYB Family 3 AP2 Domain
sl Bl s ol Kl s L Il

3 AP2 Domain v 55, Jelse eacsS S 03 Ol &
=Y L alis 53 LC106-C o 5lis Y ;> MYB Family
IS 05 0le .l il 5l (gl gas 5 sb & RHA265 .l
Ol im Y oS 5 4 ates 50 HD-ZIP o 5355 Jole oS
53 andllan 3550 e 5y Jolse Ol Ol iy 00 o slie
Yoo b b n¥ s 5 el VY 0l b aglie oY
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Abstract

Sclerotinia basal stem rot is an important fungal disease of sunflower. It reduces growth and crop yield
worldwide. The aim of this study is identification of resistant lines and confirmation of the accuracy of
QTL analysis done for resistance to this disease in previous research in order for their use in sunflower
breeding programs. In this study the expression of transcription factors (AP2 Domain, HD-Zip and MY B
Family) responsible for resistance to disease was studied in susceptible (RHA265) and resistant (L C106-
C) sunflower lines challenged with Sclerotinia fungal isolate (SSU53) using Real Time PCR. The results
showed that the expression of the studied transcription factors is different in resistant and susceptible
sunflower lines. In particular, expression of the AP2 domain and MY B Family increased significantly in
resistant line LC106-C as compared to a susceptible one (RHA265). The results suggest a positive role of
AP2 domain and MYB Family in resistance mechanisms of sunflower plant in response to Sclerotinia
fungal disease. According to these results, the line LC106-C can be used as a resistant line for resistance
to Sclerotinia disease. In addition, the highest expression level of genesin the resistant line compared to
susceptible one confirmed the phenotypic data used in QTL analysis in our previous research. The
findings of this study should be useful in sunflower breeding programs for producing cultivars resistant to
disease.

Keywords: Sunflower, Gene expression, Sclerotinia basal stem rot disease, Resistance.




