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Study of gene expression profiling of phenylalanine ammonia-
lyase and thaumatin-like protein in sunflower infected by
Sclerotinia stem rot disease
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Table 1- Oligonucleotide primers used for studying gene expression profiling of phenylalanine ammonia-lyase and thaumatin-
like protein in sunflower (Helianthus annuus L.) genotypes in response to Sclerotinia stem rot disease agent
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Figure 1. Quality of extracted RNA and PCR results showing the accuracy of synthesized cDNA 3h after inoculations (from

right to left)
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Figure 2. Temperature melting curves of thaumatin-like protein, phenylalanine ammonia-lyase, 18SrRNA and actin genes in
real time PCR in sunflower (Helianthus annuus L.) genotypes infected by Sclerotinia stem rot disease agent (from right to left).
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Table 2- Mean percentage of necrosis on sunflower genotypes inoculated with Sclerotinia sclerotiorum isolate SSU53 under
controlled conditions

(As3) SSUB3 wlus 4 sy Licw & oY
Reaction to SSU53 isolate (Percent) Origin Type Line
. V¥ Al Breeder Line RHA265
<gfij"> CJL‘Z‘ v Mbﬁ Breeder Line LC1064-C
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el 0 (5,831l (6 ey oy g0 4 Bl L )

Reaction of sunflower linesto 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 variations of phenylalanine ammonia-lyase and thaumatin-like protein genesin
sunflower (Helianthus annuus L.) genotypes (RHA265 and LC106-C) in response to SSU53 isolate of Sclerotinia basal stem

rot disease agent.

TLP (sl 4 255 0 PALY ;U el VT o 3051wy Sk s

P-value MS P-value MS df Source of variance
Y N VOVEYAADIA e FEO/N0 \ )
eyt VEFAOIAQYY oy Y\ OV/0 ¥ ol
AR \¥YOsasaYy ey FFYA/AY ¥ Oles X 55
./49.M™ YEFA oy [ idd \ ‘}fsjﬂ BIISCYRGIAIE o
jaqr"s VAAE. ey TAYY /e 3 S5l am cela ?
/49A™ ASYIVY 09" YYOF/A8 \ ST 3l ae el 1Y
/4y ¥14)1 ¥y C/AFA™ YA \ a5l dw cela YY
ey VY FAYF VA Y ey s \ S5l da el YA

53 by G b 5l s Sley Julie s 0LalS coaglie 5o
Cdled a8 ey il b 5 ey 520 551 Sl (Gla e
S 3 SIS BT IS PAL S e L) Bl STl g2
ol Jos s sl el by Jd A5 e glnl s eliS
ool s O s s VT b —L aeliad 51 sy el O
D e 3 s Ol oS 5 ol a8 Al e el Sl
3 e bl (J b OS5 S e 3 bl us
CJled a5 4S5 Lla o ule (Achnine et al., 2004)
L g o sl J b Slinte Ol peas Aol oo 552 5 4 PAL
5 Ol bl oS 503 S8 22 O mman g3dae Gla A
(23 el Gl e OIS, LS Ol Sl Clasls
23 meslie 5 o Sl JiE 5 UV glaandl ol 3 Lablows
35 mzman PAL LS o (5L ol 5o 1 LB 5 bl Llis
oS sl ol s (ol Kos 5 s 2SI LS S
NS i sk o OLS 5l bl o S LEs Ol
ebotle 5 S ilan dax e 53 200 ls s 5 28
OF 153 sPAL Ol (51531 L ol o s Dol Oz
ol b i ol 5 elS Caeslas ¢ J b LS 5 Ol il
53 Jets slags Oy il 3l (Wenet al., 2005) Wb
ol sl 4 caslie Glal (JSse oS 5 slis
oo el 5 le Jalse 51 mmns b ol 3 T 36

G853 a5 Sadla &=k 53 PAL 05 0L: Ol e

il S35l e sle csl 5> RHA265 5 LC106-C
sdalin S5, 51 ey ol 8 05 Olo Olee o 2 2L
Ea s oy 27 A il 4 Al Sl e 05 Ol Ol s A
il (ST 5l e sl YA Ol 3 Isdoes 5 3l 2alS @
L Sl Gk 53 PAL 03 Ol Ol copl b alie .23l
=5 4zl 5l e el VY 2S5 (Puccinia triticina) S
3 &3k Sals =l Sles 51 ey 05 Ol 50 5 3L Ll
3 essmasn S5 L Olagen ol YA Olej 53 oo
(Asghari et al., 2013) 3L 5153l 6 e sdoe Ll
(PVPAL) PAL 05 0Ly Lis s JSal-Lo ) a5 53 oo
(Oliveira et al., 2015) sls L5 15 ga gy x5 90>
Csie sloml Oy 2als 5l a5 20580 s Yl
A5k o e 4 SLEI L Olejan olS 3 456
ey 3 pslie o5 55 05 Ol Ol e .(Asghari et al., 2013)
YA 53 5 el oS5 ol V88 Sos N5l e el ?
05 0l Ol (F USC2) 552 0T ol g A S5 1 51 o el
L alie 53 LCL06-C pslis o35 53 ol cnl o3 PAL
oS Sl SRl gols pme 55k 4 RHAZES ol 55
oS Ceslie 55 0 ol St A (g ek UL S

age 5 PAL 5T sl e Ly ISl 26 4 0l ST



https://dor.isc.ac/dor/20.1001.1.25885073.1396.6.1.6.8
http://gebsj.ir/article-1-164-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1396.6.1.6.8 ]

oL 5 68

e A 5951 9 SWLigeT (i¥T Lid Sl O3 Ol 4dllae

S 1S 55 s ele b (STl

=Y 03 6ol e GRIHNTLP) (sl 5 05 Ol

Ol i 315 0L L g ISl 2,6 L (S5 0T 51 s pslis
(F JS) dd eslin 6 L S35l e sl YA 05 0L
A1 53 St s 3 PR Gla (555 45 bl )
S SYsb sla Olsy po b s &8 2oy o o Tl oyl
el Ole (S5 51 ey sl YA 53 das OLES 5l
53 g e Y 1 P L eslie Y s les
Sl ST e sla Olas s ele (Y 3 &S S50
Jlazt an opl ploy s sdalie 05 ol Ol Olses L3 gl
03 palde 55 53 (TLP) (b s 05 ni Ol SRl 805k 5
53> (LP) (il s 05 A 5l S ol G55 L el

Al L5 MKl =50 (olan Jole 4 pslie 55 el

3 ZhanQuan . Jules s wal 5 OlalS 5o 1) Sy wkige S|
S5mpdS S 5 53 (ZhanQuan et al., 2009) ol,LSCes
sl Jmlpe 55 PAL o il Clad 4 063 S sdalie (sle g3
SsS mls ny il o Rl3  PR I ey e S5
B Leas e JTOWLS 53 o8 cod 0F 51 S-PAL 05 0l
aJsl Slelv 5 05 0le il Txf 53 b Shiw ele
S L s (S5, 3T 51 ey sl VY) (S 01 51 am
g8 i 5358 5l Jes opl S 558 e olS > Cuaslie sla0
Eichmann & ) Ll o 6,8 sl alS sladsle s
ol 5 psls pBl 3 PAL O3 0Ly .(Huickelhoven, 2008
Oles Js i edalie ol Lole @up;;ﬁj\ o B
Powell (sl axlllas 3 .(Ha0, 2000) 55 sty pslie pl5l ol
oJsl J=1 0 55 1, PAL &l (Powell etal., 2010) o, 1San

Y=;Ugel ¥ S

(=

Wayis B~

0 l)J?"‘

a —— e

HE- =
o —

12 24 48

[n.'...f-l_ll "l
\ (9

Sh s ol Jusls B SSU5S3 4l L Ss 47 51 . RHA265 , LC106-C slacs s e (PAL2) YU el VT ded 05 0l SN Y s

Wl iy glog s ISl

Figure 4. Expression profiling of thaumatin-like protein in sunflower (Helianthus annuus L.) genotypes (RHA265 and L C106-
C) infected by SSU53 isolate of Sclerotiniabasal stem rot disease agent.
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Figure 3. Expression profiling of phenylalanine ammonia-lyase gene in sunflower (Helianthus annuus L.) genotypes
(RHA265 and LC106-C) infected by SSU53 isolate of Sclerotinia basal stem rot disease agent.
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Abstract

Sclerotinia stem rot disease caused by Sclerotinia sclerotiorum is one of the most important diseases of
sunflower. The use of resistant genotypes is potentially an economically useful method for its control. In
this study, the expression level of the genes encoding phenylalanine ammonia-lyase 2 (PAL2) and
thaumatin-like protein (TLP) were measured in the LC106-C and RHA265 genotypes of sunflower
inoculated with SSU53 isolate of S. sclerotiorum by real time PCR technique. The results revealed that
transcript levels of both the PAL2 and TLP genes were significantly affected by genotype, time after
inoculation and genotype-time of inoculation interactions. In particular there were significant differences
between the expression of PAL in two genotypes 6 and 48 hours after infection. Concerning the
expression of the TLP gene, the maximum difference between two genotypes was observed 48 hours after
infection. The high expression level of studied genes in a resistant line compared to a susceptible one
confirms the involvement of these genes in partial resistance of sunflower to Sclerotinia stem rot disease.
It al'so confirms the resistance of LC106-C to the disease at the molecular level. The findings of this study
can be useful in sunflower breeding programs for producing cultivars resistant to Sclerotinia stem rot
disease.

Keywords: Necrotrophic fungi, oily sunflower, partial resistance, real time PCR, Sclerotiniarot.
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