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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

" woh) el SRS axkd J b Jlasl gbes O el o3 0 5las
Primer (5°-3’) Amplicon size Annealing Gene Accession number
temper ature name
F: ACCTTCTCGCCGGTCAAGTA
R: ACCCGTTGTATCGGTTTGTGA 61 60 PAL DHOAC016ZD07FM1
F: TTAAGCGCGAATTCAGCTAAAGT
R: GGAATGCTCGAATGTCAAGGTT 62 62 TLP DHOAGB6ZC11RM1
F: GCAGGGATGAGCACAATGT ,
R: CCCACCACTGAGCACACAATGT 180-210 57 Actin AF282624
o g m (4

Oley S 5 55 Sl aS das o OLS 3L )ls a2 Jsdr
bl Lld 51 TLP) wles 05 0l sy Sodl 51
o Ol 805 Obey X 585 Jolie ST pioman (ol Hls ons
2 e s e 4 SL e (PSO.0D) s pme TLP O
(2 Sl el (7 ) 255 el lie il
on s 55 33 Gm S35 e el YA Ol o
Gla esls by apm b sl syl e
S Ol i 55 50 das 0 DL PAL 05 Ol 4 by e
PAL 05 0L Olier 555 2 Ol X G Rz 31 5 Ssfl
Bl 1 as bl il s pae bl Bl S
Olej 53 PAL 05 o Ol Olspe 48 515 0L Ole) x 5 585
5 LC106-C) 55 55 e (Sosl 51 oo sl YA 58 (cla

ol 4 LCI06-C 555 (o 5 Slalllae ol

wl & b Y sty (Davar, 2011; Amouzadeh, 2012)
)jja.w “ &;,.w‘ ol ob\b QL:»J Y JJJ‘?- DL LEJL"'JJ L}ALO G)B
Ol (o Js5s w3 il & 5585 sl ) 2
RO r[’u‘ gl —CS 55 olsS 5 s TLP 5 PAL sl
fhdfﬁﬂ\)@b)ch‘fdw‘RNA%S\ Jg.&l
0Lz -RT 5 kb iS5 Vgems oy o 0L 1 5,81 U5 5,
» M5 NTC s b 55 eae 5 DNA L Sl g s
sy il o STy 12l 53 RNA L DNA & (Ss )l eue
wa'j«}';j) J,.Sb ¢L>u‘ Qsz*")bfgfltjb A;,.IAJJ';S)J .bl;
aMoJ‘JQL@Yd&&)JL&QJUJJwML&w‘,&

.(%afw\,)\g.,.;,:g);:,ﬂ)uguuchNAww,ﬂélﬂPCR@uﬁm oA RNA is -y s

Figure 1. Quality of extracted RNA and PCR results showing the accuracy of synthesized cDNA 3h after inoculations (from

right to left)

- \y¥ag QMU 9 )LQQ Al O)Lo.:) /W“ o °)3‘>/ ’_Mw “} swl 9 ¢ SM;) g;'”“"e Py


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

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

[ DOR: 20.1001.1.25885073.1396.6.1.6.8 ]

OLes 5 655 e 593 9 SWgeT YT fid Sl U5 Ol e

L o o501 0l Kol olS 55 Real time PCR sla 2815 53 081 5 ISIRNA GUL ol VT b ole 55 el 0085, Slas wosd sla e Y K2
(o & ol s VL 5D Gl il ol s ISl Sty (oley Jole 7,5

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.
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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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