VA4 Jlea /Yo lach Qula / oSub jaoliS ja (say,1S (sLaha g5

$

— 18 5 ILET i 93l 30 MY B ol 3 (g9 3 Jols g HARIC B 5 oyl &l gk (o 9
L g St

Toaljolag e Lid, 9" S (ol y ¢ glale 93lS 953 (33 8T Gl g

plol hlall (yas olsuiils (cauals aalio 9 (55 9Ll ouSuiily (594 355 533 09 58 «($ 5 JLAS (559 9355 g3 0l ) (ualiandi S Babews (5 gcdinla -
Oyl (2938 (o)) et

Oyl -39 38 (o)) (e plal (all (s oSy (caualo palia g (5 9Lulis Lusiliily (55 41 930 33 09 S jlaudisls -

s g OLELls (rl aalis 9 (555 LS LSl (ALIS ST 9 aal 95 09 5 alieal ¥

r.darvishzadeh@urmia.ac.ir :auilss J gicue®

ANV/Y 2l gyl WAVIYF 228l o fe

oasSa
2o slagslan Gasiage 5 (S wgd o slaul Sclerotinia sclerotiorum g, b 5 «€ ala ey oLas s Il Sav o
ol goban b ablis slagiss (niabatl 3 (S solan @ Jasle glagus 5 51 saliinl g ee slad & ool 5o GlaSHls]
55555 5SS Om solsae LI, OSIEST o olas o Kl (S g solan & caplie gl (b, SLolKe 5o 1)
s Jeolse b s oad o gels slag Ol s ok 5l ol sud sualae HARIC B 3 ol 5 Lass gl 51 el
(psls S32) LCI064C/B*A slagys¥ 5u MYB (5 51 pews 5595 Jole s HARIC_B 5 ol olsme coia 533 0ol 5o 30 S o aaliis
23 50 oy slesaany GaSly Ghgs b Lass g5l (golan Jele 558 A7 salaa b (Soll 51 was 5lu 28T (Lules) SDR19
29 03 Ol ol € ad sualie dallle wyge (Y g oo HARIC B 05 glo oSl (s 00 0 mpn 28l Oled
3909 05 Ol demlie 5o Grinas ol 8L (B3 s solen Jole g5 L (Susll 5laas Gle) =n X L LC1064C/8%A Y
el i Sl 5 sms glagle) 51 s 5o 5o SDR19 0¥ b deanlio s LCIOBAC/B*A ¥ L ol (e <€ aid swss ¥
@853 o9 besadie 3 59 Ol Ol o (Alie LU, G MYB s 5 w55 Jele s HARIC B o3 ol (6811 senlie
an sl sl 50 (s s HARIC B &5 olos S 5m3 53 MYB i 31 s 55 Jole Y] Gl o saalitio LC1064C/8*A
LC1064C/B*A (¥ o lie wnli b ool St (sl (s 0 Ol Gl S 0l S50 Ol ST Hu ol g Kl S 4
Jsliie Sbls Plal Huaslie w s ali)aad 63 50 5 6S0e (oY 51 AL G185 g0 (I oS g0 o 5o L g5l (5 lans Jole Jilie o
S s soliiel

(S PCR (s 5355 Jale (5 o glie (55 Ol (32 55 Ol = suals slae i

aab . Phoebanthus  Viguiera (Tithonia daads

sBsS ady (s8,90 slla sl (ol (Heiser et al., 1969)
(500 V=AY s alisl 9 505 VY= (a5 al8)))
ciubs ool cubls o Ss6sT (Bhutta, 1998) sl e
FAO, ) s,la 1y oolsa s oF bulyd 5 LS 31 pavess
oy O ST sl S5y e ) (2010
€ ol T saias K gl ol cand pass 955 gala

5! ol (Helianthus annuus L.) <1, ola,Sotsl

s 4dso (Compositae L Asteraceae) LS, s,
sl £ ol Helianthus  us asl o dlss
555 O RET 6 el 4 513K 5 5 )55 e slans
s p355e5S 2N =2X =34 L usiglos slao S goa

o Cplosad GAla Glaislansa o ie aal


mailto:r.darvishzadeh@urmia.ac.ir

=) s 5a 9y Jole 9 (05 Ol S oy 3

S SE po Lo s Kl ags s Ho 5 0K oo (Su 05
COS Sl sl g 0 wlsa (S3500) odly Gasb
(Morall et al., 1976) wi< o (a soes 53) S olay
ol sd 50wl g ge alusl Gl 51 Jusls sla ) spen Sl
Loy Bl Wb gboas 5 ol slaml e
0 5ol8 o8 Gl LGS auls sugll 1) Bk (o s
IS 50 LT (283 5 gha 4S Wty o 58 (i€ 5 Ko ol 3
Willetter and Wong, ) ol sads (adiie g,6 (Su)
LS (S oll Lo g5 3l 5 0 (s olaws s 935 L) (1980
L Laaili suels Gu psabionse wiy gtbiny & olS o
slae alles GLALS L oo slT Lol )58 (slacians Gulas
Huang and Hoes, ) sisly 3l wd, Juad Jalg) Lo
et &) pem o Tl sull slagae Lo andle (1980
poslicae mood 4 S o pd e salls B3 s O 5 2a2iS
28l 5 wild s 15 LT 555 ol ke 4y 5 K5 i
(solan i dalie o sl 05505 susll cianid
08 s LS s (Suseds 5 o) Osr e
oL ol 59 Ysane 5 S e Sy oS S Ju su)lse
el (Sae sugll il gy om O g sad SEA
a2 B oS laditia o) s gl 5o wsd Gilka
Gl el Jals o oS sl B il s K @
Ol 5oL adle B (S aS asd o swan ilends JSUES
tla yo Job Lo il S gn Lo paen sSal il oo (sl
cage 9 80 S 38 Gab 4 LK L 5 Slasl es S
LS oo S b of pdle 5 wisd Bk (Saas
Gulyaetal,, ) s i oo salls Gubo iy phaos 50 o 5eS
(1997
olaml oga o Sclerotinia Lua o 6 slac <
(Adams and Ayers, 1979; Purday, 1979) sl
Boland and Hall, 1994;) sy Sbise el
SYsb s 5 aslie slacia ol s (Purday, 1979
Bardin and ) (Jle < 5 i Ysane) S o cae

wawd mbe 5 OBy 5 LaL oolea (Rl el
228 55 ghe (FAO, 2010) s e lagles
YPOYYOAS L sl YoV Jla Lo oles Lo olasSils]
oSke bugio b o3 FVARY VY Wil ole o ,USa
FAO, ) ol suid Gi5I8 LKA Hu a Sl VALY/A
2 Jls Graa 5o ol Ho ol ciS ) pla (2017
CUM STV RRPY VIR I DI P St PO I S
Sy i 8 gaa Gl SulsT se a1 .(FAO, 2017)
oabaial wsa o L Gl Segs sladls s S )
iy (w50 VF) K (ae 50 00) Lises 5 Guy 9 wilauls
Ofss 02l paie Gpaniy Jue) alals 5 (wsju Ve) Ll
25 (FAO, 2010) 55K o o seune Sl o S
A Jold on 9 Jolas slagpeling sl Gl Sl
s Salad plhalne oy slawwl 5 g2 s Ky, E D
L elaodss oo s ned 4 5 2l oo JyoiulS 318
dlai$ (Murphy, 1994) o sis co O geune YU 52 50
Cn 503 592 1ol s 5 (S0 55 O as sl s 4
Olose 4 YL (se)0 Yo IA) claa s S 5 (sa ) YO)
Olo8 soliinl uy e als g Heab (2132 sladel s Ho JeSo
oS
Slae @bl Giels sui)y s 5 s Alias Jolse
© Olsie ) Jolse dhan 31 € wipd e plaSlsl
bug € dle g plas ol (Sawg olay
Sclerotinia sclerotiorum (Lib) de Bary <) las
Y| B PPN | PR SRR PHENE LR G | V-1 PR V- | BN
Jole ¢, (Bolton et al., 2006) S o o)l5 Jsane
Gt Wb 4 Galial gl alal ads bogoles
Sk 3 ol bge B S o cue SV b (oK)
olan sl (lidse o Wl oo peddie HS 5L 5o
(S5 lnse) (omlnse o) Glsa Gk 5 (S Lwla
G adea b oS ail o ) w5 SB o oo K0

culgd o8 g b g wdu,y (Sas olal Glidee i,

1Sclerot



=) s 5a 9y Jole 9 (05 Ol S oy 3

© oeplie 5o daas pn Bss delse v LGS Olo (pus
Sl lhsans) el 418 K alasl o KT 5o (g lass
9 Joolidisa AYAL ,Kaa 5 g, ATAY () Kan
Alignan et s\yas ), Kaa g saly caas AYAY () Kaa
slallas Lo .(al., 2006; Darvishzadeh et al., 2007
OlosSosT e glie o MYB pcw g, Jole cufie i
Caol sk saaline L o Kl 56 5 ab Sogll o
(VA8 oLKaa g sal)y caal)

Ol plas 5o HARIC B o5 coeal 4 255 L
Fusar ) ol s il (Saswss olan Jele g8 wle
W MYB ngg, Jele o i@ o (et al, 2012
(VA8 LK 5 auly i) elin slapnlSe K yas
@5 5 s dele Ol Oleses & aalllas fpl oo
oSl b glaSslsl oY 4o ;o HaRIC_B o5 s MYB
b lesans Sl SuS L s)las 0 o liie canlan
Real time polymerase chain ) _asly L) L 3l
ol 48 K555 oLl o, e (reaction

Lagdiyy 9 9l
Solans Jeole B salua 9 LS ul g0

isolan © 2SIy) LC1064C/8*A Lalla slacpy
el e dadlpd HedS pldie aglie Aia
sl gslan & L2SI,) SDR19 , (ASGROW!
oSl b (USDAL Sladas 350 (S 5el s el
solen Jele g8 A37 Gl o ool canlia
Oy olalllae b5 34 Sclerotinia sclerotiorum
SY oL (WYY GLlKan 5 Slada o ge) Wik SlaT
0559 ST SlaEaT dea go ) sud ORI oS8T sla
Institut national de la recherche) .l
aalllas o) 90 wlaa .wu S 4gs (@gronomique; INRA
Savesy solan Jole gLl @ sagll o ,SsT g 515 5

2 The United States Department of Agriculture

sLaclaa 5o s mu8 Kl g (Huang, 2001
LS olan Gastege 5 (S Olsie 4 solay Jole BlA
Bolton et al., 2006; Davar ) s st o Galus Lal<
sabie 5o golay o 4w 5 psud (€t al, 2011
Jans (ol 0l 5 ) macs GhalS &aels 558 G e Jla
-0 L;AAQC:Q]JAG‘.AA_)JJ R VI STV RN
-@M\ngwh‘mswtj_}ﬁ_}lém‘,
(Emamgholi et al., 2015) s 5.z

Slhiosad gaallbs (JKge slaghs, strws b
o Lgolay & cwslie o 5850 GSBS Glags
JJJQJLAA C;u-u‘ s J..-\-Q-A-u: C:A-AJG.A BL) J:\AJ ‘-;LAJlSJ:)LI.U
OL&\Z\g ‘A:\J‘J bA:s:) L’,LM:S JLA::.A.U‘ B (s LA;)Lafzi «<
(_;‘).v U_c.\.u (_gLA‘s:Lu.e.a.u J,A\SS 9 4.:.4...‘\93 Sl Hd ):u
08 5 s a8 lan salan pls 0 Jaad b (S5l
coad L g SSLL sl daly ol
-0l @l Ly o (Abdel Monaim et al., 2011)
Dsolas lapuslEols Sae dan il 5 &S elis sla
o oad Jbad Gloae 5o a5 5l (e same (g g0 ol
Gsad Glsie 4 sadine (Loae LS Hu e slie Sl el
olar & oeplie gl (LSS SbolKe Ho 1)
05 Olbs v LSSl S pal 558 S S O
{(Fusari et al., 2012) c.l sus sualine HaRIC_B

ssiso Jelse b a4 elis lel ol
s s, Jolse (Zhang et al., 2013) wo S o aulis
83 slacdls (5 4at Hu (5 Gl LS Ho glS glhal )
s s Jelse e 3 (Chew et al., 2013) wusl oo
Aharoni et al., ) AP2 Domain sla s g, «alise
MYB (Mare et al., 2004) WRKY 2004
s (Yamaguchi Shinazaki and Shinozaki, 2005)
oo by o o sn,L (Javelle et al, 2011) HD-ZIP
Loabaly 5o aadllas fpain oS0 il LIS @ uly

' The Associated Seed Growers, Inc.



=) s ga 9y Jole 9 (05 Ol s oy g

o 5h3 b a5 (plaSins) (ola SH lalS
S ame s sls 18 oL Gl gl Gk 5o Siele
soie 4 alilyly b T bl Guwd aiy S opulo i3
LGl 5o G o e 518wl (gl b, Lia
3B Jae 51 (Sall 5l ans sl FA 5 YFAVY £ ¥ i
A 508 4 ple B398 s s 5wl (ol pa
S U Hekie 4 wad Jie ol S Bl gaa s
ad adl 5 ass 55, win 5.SDR19 ,LC1064C/8*A
Syse )90S5 genalin GIKh) Giue Gl o sud suls
& calivs Gulad 5 golan mad 5 cndls s gay LIKAT
(5‘):\ Ry (5‘):5&‘}‘43‘ J.\LB &‘1‘3 oo o sud d\e_\*‘ sl
saliiol SIS 4 b Buliad MalS b 51 (il T alasl

3 4l G Jalt (55) petalod saly a

“en (202 olaabodl Gl Ly Gl 4 olas K
J\}..A:s (\\“W ‘C)lJlSAA K) @@A u.A.uJA) C.u-u‘ sy LSJJT
X poalag obal) (Saedl bt claglu o gy
L osolnl suu 9 5o 3 Giabe)] Jsb Lo wiad sals enis
Sl on 6 S aw ola 0T Lol 50 S Jgans T
Llyd o oS ws slasl (NPK) Yo Yoo ¥e 0 S
;.\:sJLJ <A“)§u:uLu iy YOt sbeo Ls sady Jas
MC.'A-C-L.u VY 63‘341\5‘)/653‘)‘3 433‘,#335\.3\9%?0 U""'“"
a8l Gioss VOB-VB daye B aiia Lud oue
A37 salaa (v JSa) (Schneiter and Miller, 1981)
29SS (fuey s S has (555 solans Jole 58
(Potato Dextrose Agar, 39 gL, pH 6.0) LK1
J\,Sl:\JSJ‘ BRI saly oS (uLA.‘T AS‘).A C.\S‘)-ai Cfa‘.w)
88 (515 a5 eSS ol S il saa 5 YORY Lo b

:C 9 A37 wlaa Sclerotinia sclerotiorum 3 lass b oudi 0 g41 ol B coudsi J yias Jasl i yu ouch Cadis (sl (Y 1 alad :A - s

Potato dextrose agar cuis lauas ja ,8,lans 7,8 5 Al Jsib

Figur 1. A: View of cultivated lines under controlled conditions, B: Plant inoculated by A37 isolate of Sclerotinia
scleratiorum, C: The appearance of pathogenic fungi in the culture medium; Potato dextrose agar (PDA).
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Table 1. Characteristics of oligonucleotide primers used in real time polymerase chain reation (real time PCR) for

investigating changes in relative expression of HaRIC_B gene and MYB-related transcription factor in oilseed
sunflower lines; SDR19 and LC1064C/8*A post inoculation with A37 isolate of Sclerotinia sclerotiorum
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! Glyceraldehyde 3-phosphate dehydrogenase



=) s 5a 9y Jole 9 (05 Ol S oy 3

Vs 09 05 Ol suo 2 Oled X i8S dlEie Sl
saslse 5o (Y Jsas) Lo Llaaae (P<0.01) s o
oS aalllas w50 Gsad pan S 580 Galad] (saea
@5 1T 5o ally eolel Guliad o uibioly w3a3 el
.(Shah and Madden, 2004) s ,ls cuaa )l

55 HaRIC B o35 olo ol s s
5o 53 05 Ol 5o ol sy, LC1064C/8*A oy
eoieS (Y USa) i saalie (Sugll 5l aas calils sla
et 5 (Sasll 5l an el w50 03 Ol Ol
ad saalie (Susll 5 s cielw YA 5 YF Lo ol oloae
oY 50 Lo HARIC_ B (35 ols (s oS0 dnlie Lo (Y JS2)
o9 ole Olhee S ad saaldn panye Wy
58 53 SDR19 0¥ b «uwslia s LC10BAC/8*A oY
(Y JS2) el Sl (solass s slagle) 51 S
3o o (Wald-type) all 5 s 5LeT Gubal 53 bl a3
MYB-) MYB 5 5} cew i, Jole 03 ol slasals
5 w5 S« aas e olas (related transcription
Y Jlaia) w59 03 Ole s (S9sll 3 am ple) s
Y)Y SN g (P<0.01)  wmys
Shams el 4w Ha Gl ol5ee o 53S LC1064C/8*A

il oo

Sham sl YA 5o 05 ole Oliee cpside 5 (Sl
oS SDR19 ¥ Lo (Y JSa) b sualie Soll
Croida 5 (Sosll Ol am melu VY 5 4 Lo Gle Ol
celia YA s LCL0BAC/S*A ¥ osned ol olie
¥ 90 Lawlie Hu (¥ JSa) wd saalie (Susll 51 aa
ole i 4k o L LC10B4CIB*A ¥ 5o ol olsse
Ol mouts aliie Cp e 4 golo e lide sla
oo foa 988 aline SDRI9 (0¥ [0 o€ (5, gem H9 ol 4y
3 ol el 4 4 s (Soll 5l aas el (it
ol celos (id 0 cnad (Sogll 5 aa cela VY o
Sl aas cels YA 5 VY la ole)y Lo (Y Kd) el aisl

(7 JSn) el 48l Gl 33l o5k 03 Ol (Sall

27 oo 3 ealiial b lag3 ol bo ©ladl (et o S
Livak and ) oKicedl 5 Sloal b 3 st 4l AACT
«=d S alasl (Schmittgen, 2001

sotel slads i

2 L5 Ol (et Olose ) deala slasals 43505
s Jla s dals 45 i S aladl Buleas SLelS b sl
Gas bowobl e palesl clalasl g
& alasl (Brunner et al., 2002) n.l,Lb
SAS 9.4 Ao3lass O soliinl b Lasoly Luils ) 9o s
b aey YV F 5555 EXCEL L Ll gad . cid S alas

S 9 i

S eoks solul s ols @ e b Ghagsy Gl Lo
oo e suliil LS Gy ol dless @l OSI 05
ool sl (WAY GhKaa 5 sorual) AdaS
solan dole gl & (U pui€ 85 5o JsSl5e slagaly
05 3 g3 ol olee @ilwdless sl «slosgs S5
3 ) o o8 BaS soliial sl il g
© ooeglie b basie slags oo oS (WWAY (l,lKes
Triticum ) oL ax€ 5o (S Ssosiee @olen
solieal (A ly U3 05 ol sias oniSI G 3 5 (@estivum
Ol s sl (VAT (LKea 5 Sial) fuigen a
59 @lolan b base oyl s Silssel VT Jis
Piriformospora 3, e gl g5 b s cous yan aui€
OSB3 50 s Saie b Sugll 51 Lu indica

S soulai] Lasuly (0 sal o laslic) (6l 5
> (Wald-type) all g s LT Gulad s uibiyly w)as
i s34 ols plas HaRIC B o5 ol slassls g5,
Jliial wans 59 olo a5 52 (Sosll 3w Gle)y ue
JslEie 31 iaaa g Lloaae (P<0.01) wsjs Y
V Jlaial was 5o 05 Ol suo 2 58 Gle) X i)
3 deals b (Y Jsan) as Llagiae (P<0.01) ws o
@ 55 534S uls ol (ANOVA-Type) e 1 sl s L]



A =) s 5a 9y Jole 9 (05 Ol S oy 3

oYy (MYB-related transcription) MYB o 3 w93 gy Jole g HARIC_ B (5 (e (ylas &l juads (uils 5l g du 323 - Jgaa
Solans b (Sugll 3 pus caelaa YA 9 YF Y (hidh cdaw 38 95 (9 ,5018T LC1064C/8*A a glis A3 9 SDR1O ulwa sta
ouddi J 538 Jaul ydi a0 A37 aslaa Sclerotinia sclerotiorum

Table 2. Analysis of variance for changes in relative expression of HaRIC_B gene and MYB-related transcription
factor in oilseed sunflower lines; SDR19 and LC1064C/8*A at 3, 6, 12, 24 and 48 hours post inoculation with A37
isolate of Sclerotinia sclerotiorum in controlled conditions.

Statistics
Gene Source of (eoLe1)
(03) variations Wald-type statistic ANOVA-Type statistic
(ol b (alls a3 s Lal) (PSR- N))
dfv dfo Chi-square  P-value dfin ~ dfo  Chi-square  P-value
HaRIC B Genotype 1 20 68.45 0.0001 1 439 20.82 0.0001
B (e553)
Time 4 20 89.58 0.0001 298 43.9 32.92 0.8531
(oled)
Genotype x 4 20 60.10 0.0001 336 15.3 11.94 0.0002
Time

(oled X i sh3)

MY B-related transcription Genotype 1 20 8.03 0.0046 1 14.3 8.03 0.0046
(553)
Time 4 20 15.22 0.0043 3.7 143 3.67 0.0068
(ole3)
Genotype x 4 20 7.96 0.0929 3.7 143 1.60 0.1758
Time

(Oled X @553)
:Chi-square (Denominator degrees of freedom) ¢ 5. o131 4a 0 «dfo (Numerator degrees of freedom) o s (0157 4n 5o dfiy
Jlaal Hlaie P-value (IS a 5o s L]
dfy: Numerator degrees of freedom, dfp: Denominator degrees of freedom, Chi-square: Chi-square statistic, P-value:
Probability value.
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Figure 2. Expression profiling of HaRIC_B gene in partial resistant (LC1064C/8*A) and susceptible (SDR19) lines of

oilseed sunflower (Helianthus annuus L.) at 3, 6, 12, 24 and 48 hours post inoculation with A37 isolate of Sclerotinia
scleratiorum in controlled conditions.



=) s 5a 9y Jole 9 (05 Ol S oy 3

N w
(61 o
I ]

N
o
I

2l © cuad g,
[
o o
| |

(62}
I

MYB-related Jole saiiS oS 3 ol ol se

o
|

LC1064C/8*A

2 7 'Y Y¥Y ‘ ¥A Y ‘ Y¥ YA

7 VY
SDR19

soled S5

2855 ~(wel) Gl
9 LCL064C/8*A aglis A (¥ yo (MYB-related transcription) MYB cui 3 o g3 gy Jole ouiis as o5 Glus s oI -V S
Lol i 49 A37 aulaa Sclerotinia sclerotiorum 3 jlass b (Su gl ) us csebas YA 9 YF Y (ki s A8 9 1 ,5008T SDR19 uliwa

oads J s

Figure 3. Expression profiling of MYB-related transcription factor in partial resistant (LC1064C/8*A) and susceptible
(SDR19) lines of oilseed sunflower (Helianthus annuus L.) at 3, 6, 12, 24 and 48 hours post inoculation with A37 isolate

of Sclerotinia sclerotiorum in controlled conditions.
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Abstract

Basal stem rot caused by Sclerotinia sclerotiorum is considered the most important fungal disease of
sunflower in Iran. Application of resistant genotypes is one of economic strategies for the disease
management. Recently, in association mapping for resistance to sclerotinia rot disease in sunflower, a
significant relationship has been observed between the lower Sclerotinia-induced necrosis and HaRIC_B
gene expression. On the other hand, expression of defense genes is highly regulated by transcription
factors. In this study, using real time PCR technique, the expression level of HaRIC B gene and MYB-
related transcription factor were studied in partial resistant (LC1064C/ 8*A) and susceptible (SDR19)
lines of sunflower inoculated with the S. sclerotiorum isolate A37. In studying the expression pattern of
HaRIC_B gene in two lines, it was seen that the expression pattern in the LC1064C/8*A line was
increased regularly from one sampling time to another and the expression rate at any time was more in
LC1064C/8*A line than SDR19. Comparison of HaRIC_B gene expression and MYB-related
transcription factor revealed a reasonable relationship between the expression level of both genes,
especially in the LC1064C/8*A ine. This finding highlight the possible major role of MYB-related
transcription factor in stimulating HaRIC_B gene expression and consequently inducing resistance to
Sclerotinia in sunflower which, of course, needs further investigation. By confirming the resistance of
the LC1064C/8*A line to Sclerotinia at the molecular level, this line could potentially be used in the
production of resistant hybrid cultivars in conventional plant breeding programs.
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