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ABSTRACT

Benzothiadiazole (BTH), a plant defense activator, has recently been found to restrict downy mildew
development in sunflower. To elucidate the background of this phenomenon, a research programme was
started and some of our preliminary results are reported in this paper. The gene expressions of glutation
S-tranferase (GST), defensin (PDF) and catalase (CAT) were the subject of investigation using
compatible, incompatible and partially resistant sunflower — Plasmopara halstedii interactions,
respectively. The accumulation of all three gene transcripts were found to be increased in the susceptible
sunflower genotype following BTH treatment. Furthermore, in case of the resistant sunflower, HA 335,
BTH enhanced GST and PDF accumulation, whereas with the partially resistant RHA 340 the results
were ambiguous. It is hoped that our findings may contribute to a better understanding of the plant’s own
defense system triggered by chemical inducers.
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INTRODUCTION
Although Plasmopara halstedii can be effectively controlled by using genetic resistant plants and seed
treatment with fungicides, protection can be hindered by the genetic variability of the fungus (Albourie et
al., 1998; Gulya, 2007). Thus, besides the traditional control strategies, there was a need to look for
alternative methods to provide effective disease control. One solution can be the use of systemic induced
resistance, i.e. the activation of the defense system of plants.

The plant activator BTH (benzo(1,2,3)thiadiazole-7-carbothioic acid S-methyl ester) has already been
shown to induce activated resistance in many crops against a broad spectrum of diseases (Cohen et al.,
1994; Kogel et al., 1994; Pajot et al., 2001). BTH appears to be able to restrict downy mildew symptoms
in sunflower under greenhouse conditions (Ban et al., 2004). Microscopic observations show that BTH
treatment significantly decreased the development of fungal structures associated with cell necrosis and
H,0,; accumulation in the BTH-treated susceptible sunflower hypocotyls.

Glutathione S-transferase (GST) has a well defined role in plant detoxification reactions. It is capable
of catalyzing the binding of various xenobiotics, like pathogens. Various abiotic stressors are the inducers
of GST activity in plants (Dean et al., 1990). GST is also considered one of the antioxidative enzymes,
because it plays an important role in the protection against oxidative membrane damage and necrotic
disease symptoms. Enhanced GST activity has been found in plants after pathogen infection, for example
in barley plants infected by powdery mildew (EI-Zahaby et al., 1995), and tobacco plants infected by
TMYV (Fodor et al., 1997).

To protect themselves against pathogenic attacks, plants evolve diverse strategies, for example the
synthesis of antimicrobial peptides, like defensin. Defensin is a small, cysteine-rich antimicrobial peptide,
existing in a wide range of plants and animals. Urdangarin et al. (2000) described full length sunflower
cDNA from Helianthus annuus flowers encoding for defensin, and the authors supposed there was a
relationship between enhanced expression of a defensin gene and decreased susceptibility to Sclerotinia
sclerotiorum. Solis et al. (2006) isolated a defensin gene from Lepidium meyenii, having activity against
Phytophthora infestans.

Catalase is one of the main antioxidant enzymes; it catalyzes the dismutation of H,O, into water and
dioxygen. This enzyme is located in peroxisomes and glyoxisomes. Catalase activity is affected by abiotic
stressors, like boron (Karabal et al., 2003), light and chilling (Gechev at al., 2003), and acid rain (Gabara
et al., 2003). In sunflower, catalase activity was increased by UV-B radiation (Costa et al., 2002) and
cadmium treatment (Azpilicueta et al., 2007). Niebel et al. (1995) demonstrated induction of catalase in
potato upon nematode and bacterial infection as well. Several plants have multiple CAT isoenzymes. For
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example, in sunflower at least eight isoforms (CAT1-CAT8) have been described (Azpilicueta et al.,
2007).

MATERIALS AND METHODS
The USDA sunflower inbred lines RHA 274, RHA 340 and HA 335, as well as Plasmopara halstedii
pathotype 700 were used to get one compatible, and two incompatible combinations. While HA 335 is
characterized by total resistance, RHA 340 exhibits HLI (hypocotyl-limited) resistant type (Viranyi and
Gulya, 1996).

Pre-germinated seeds were soaked in an aqueous solution of BTH (160 mg/L) for at least 6 hours
(first day), followed by their inoculation with P. halstedii sporangia (50000 sporangia/ml) using the
whole seedling inoculation technique (Cohen and Sackston, 1973). Germlings were subsequently planted
into pots filled with a commercial soil mixture and grown in the greenhouse (18/24°C, 60 % RH, 16h
light) for 3 weeks.

Samples were taken 3, 9, 13, 16 days after infection (dpi). The whole seedlings were frozen in liquid
nitrogen and ground with mortar and pestle. Total RNAs were extracted using the Qiagen Plant Mini kit,
and then the extracted RNA treated with RNase inhibitor to protect the extracted RNA and with DNase I
to remove genomic DNA contamination. The extracted RNAs were measured with spectrophotometer and
the RNA concentration of 1ug/ul adjusted. One pg of RNA was reverse transcribed using iScript cDNA
Synthesis Kit (Bio-Rad).

Primers for PCR amplifications were applied according to Radwan et al. (2005) and Azpilicueta et al.
(2007) as shown in Table 1. Twenty-five pl of the PCR reaction mixture contained 1ul RNA, 1 unit of
Taq DNA polymerase (Fermentas), 2.5 ul 10X Taq polymerase buffer, 1 pl 2.5mM dNTP mix, 1.5 pl
25mM MgCly, 2.5 ul 5 uM primers and 13.8 pl PCR water. PCR reactions were performed using a Gene
Amp PCR System 2700 PCR machine. The amplification program included an initial step at 94°C for 3
min and 25-32 cycles (Ha-EF1a: 25; Ha-GST: 26; Ha-PDF: 30; CATAZ2: 31) of 15 sec at 94 °C, 15 sec at
Tm °C (Ha-EF1: 58; Ha-GST, Ha-PDF: 61; CATA2: 50), 20sec at 72°C.

The PCR products were electrophorized through 1% agarose gel, visualized with ethidium bromide
and photographed in a Molecular Imager Gel Doc system (Bio-Rad). The signals from gels were
quantified using a Quantity One program with molecular mass ruler (Bio-Rad), and normalized over the
signals from Ha-EF1a.

Table 1. Primer sequences and accession numbers used in this study

Gene' Primer sequences Accession
number

Ha-EF-1a Forward 5’-AGGCGAGGTATGATGAAATTGTCA-3’ AAM19764
Reverse 5’-GTCTCTTGGGCTCATTGATTTGGT-3’

Ha-GST Forward 5’-CCTCAGGATGCTTACGAGAAGG-3’ AY 667502
Reverse 5’-GCAGAAATATCAACCAGGTTGATG-3’

Ha-PDF Forward 5’-ATGGCCAAAATTTCAGTTGCTTTCA-3’ AF364865
Reverse 5’-AAGACTTGCACTGGTCATCACAG-3’

CATA2 Forward 5’-TTCCCGCTTGAATGTGAAG-3’ AF243517
Reverse 5’-CCGATTACATAAACCCATCATC3’

'"Ha-EF-1a: constitutive elongation factor 1a, Ha-GST: glutathione S-transferase, Ha-PDF: defensin, CATA2: catalase isoenzymes.

RESULTS

In general, Ha-GST transcript accumulation was higher in the untreated resistant sunflowers than in the
susceptible ones. At 3 and 9 dpi the highest transcript accumulation was detected in the HA 335 plants. At
13 and 16 dpi, however, this accumulation was higher in the ‘HLI resistant” RHA 340 plants as compared
to HA 335. The BTH treatment increased Ha-GST transcript level in both the susceptible and totally
resistant plants throughout the experiment. The effect of BTH treatment on this transcript accumulation in
the HLI resistant plant was contradictory, because the treatment increased the transcript accumulation at 3
and 16 dpi, but appeared to reduce it at 13 dpi (Figl).

HA-PDF transcript accumulation was found to be higher in the resistant sunflower lines than in the
susceptible one, similar to the HA-GST transcript accumulation. The effect of BTH treatment on PDF
activity was detectable in both the susceptible and totally resistant sunflowers. In case of the ‘HLI
resistant plants, Ha-PDF transcript accumulation was increased by BTH treatment on the second and the
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last sampling days only. Among the untreated plants, the totally resistant plants showed Ha-PDF
transcript accumulation at 3 dpi, whereas in all the BTH treated plants this transcript accumulation could
be detected on the first sampling day. In the second sampling day the increase in transcript accumulation
was observed in all plants examined, and there were no differences between the two resistant genotypes.
At 13 and 16 dpi the maximum accumulation was evident in the ‘HLI resistant’ plants. It is interesting to
note that there were no differences detected between the untreated ‘HLI resistant’ and the BTH-treated
susceptible plants at 9, 13 dpi (Fig. 1).
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Fig. 1. Accumulation of gene transcripts in sunflower plants after BTH treatment and Plasmopara
halstedii inoculation. 1. glutathione S-transferase (Ha-GST); 2. defensin (Ha-PDF) and 3. catalase

(CATA2) gene expression in a susceptible (RHA 274), partially (HLI) resistant (RHA 340) and totally

resistant (HA 335) sunflower line. Each value represents three replicates (+S.D.)
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As for catalase activity, both resistant sunflowers exhibited higher CATAZ2 transcript level, than did
the susceptible one, except for 3 dpi. After the first sampling day, catalase activity was not detectable in
the untreated susceptible sunflower plants, but BTH-treatment considerably increased the level of CATA2
transcript. In case of untreated ‘HLI resistant’ plants, a continuous increase in transcript accumulation of
CATA2 was found to reach its maximum at 16 dpi. With the exception of the third sampling day, the
BTH treatment increased the transcript accumulation in the ‘HLI resistant’ plants as well. In the totally
resistant untreated sunflowers the accumulation of CATA?2 transcript reached its maximum at 13 dpi (Fig.

).

DISCUSSION
In this study molecular changes in BTH-treated sunflowers were the subject of investigations associated
with infection by P. halstedii. PCR was used in an attempt to describe induced resistance events in
different sunflower genotypes.

Glutathione S-transferase usually detoxifies xenobiotics in plant tissues. We found an increased level
of GST activity in the BTH-treated, susceptible sunflower and this increased activity resembled that
detected in the ‘HLI resistant plants’. Fodor et. al (1997) reported similar results with tobacco either
treated or non-treated with salicylic acid. In contrast, El-Zahaby et al. (1995) found a significantly higher
level of GST activity in susceptible barley plants than in resistant ones after powdery mildew inoculation.
They assumed that the fungus itself contained GST enzyme, so that both the host and the pathogen might
contribute to this increase in GST activity.

Defensins are a class of antimicrobial peptides found in several plants, including sunflower. In our
experimental conditions defensin gene expression was induced by BTH treatment in the susceptible
sunflower plants, and this enhanced level was equally found in the ‘HLI-resistant’ plants. Similar to
Radwan et al. (2005), Ha-PDF transcript accumulation was lower in the non-treated susceptible plants,
than in the resistant ones.

Catalase is usually considered to be one of the most important antioxidant enzymes. BTH treatment
increased CATA2 transcript level in the susceptible sunflower plants but this effect was not evident in the
resistant sunflowers.

In conclusion, the plant activator BTH had a positive effect on the natural defense system of
sunflower by enhancing the expression of three genes that are considered to be associated with the
chemically-induced host resistance to P. halstedii.

ACKNOWLEDGEMENTS
This research was supported by the National Research Fund, OTKA no. T0433219.

REFERENCES

Albourie, J.M., J. Tuorvieille, and D.T. Labrouhe. 1998. Resistance to metalaxyl in isolates of the
sunflower pathogen Plasmopara halstedii. Eur. J. Plant Pathol. 104:235-242.

Azpilicueta, E.C., P.M. Benavides, L.M. Tomaro, and S.M. Gallego. 2007. Mechanism of CATA3
induction by cadmium in sunflower leaves. Plant Physiol. Biochem. 45: 589-595.

Ban R., F. Viranyi, K. Korosi, and S. Nagy. 2004. Indukalt rezisztencia a napraforgd-peronoszporaval
szemben. Novényvédelem 40:545-550.

Cohen, Y., T. Niderman, E. Moésinger, and R. Fluhr. 1994. $-aminobutyric acid induces the accumulation
of pathogenesis-related proteins in tomato (Lycopersicon esculentum L.) plant and resistance to late
blight infection caused by Phytophthora infestans. Plant Physiol. 104:59-66.

Cohen, Y., and W.E. Sackston. 1973. Factors affecting infections of sunflowers by Plasmopara halstedii.
Can. J. Bot. 52:15-22.

Costa, H., S.M. Gallego, and M.L. Tomaro. 2002. Effect of UV-B radiation on antioxidant defense
system in sunflower cotyledons. Plant Sci. 162:939-945.

Dean, J.V., J.W. Gronwald, and C.V. Eberlein. 1990. Induction of glutation S-transferase isoenzymes in
sorghum by herbicide antidotes. Plant Physiol. 92:467-473.

El-Zahaby, H. M., G. Gullner, and Z. Kiraly. 1995. Effects of powdery mildew infection of barley on the
ascorbate- gluthathione cycle and other antioxidants in different host-pathogen interaction.
Phytopathology 85: 1225-1230.

160 Proc. 17" International Sunflower Conference, Cordoba, Spain (2008)



Disease Resistance and Pathology

Fodor, J., G. Gullner, A.L. Adam, B. Barna, T. Koémives, and Z. Kiraly. 1997. Local and systemic
responses of antioxidants to tobacco mosaic virus infection and salicylic acid in tobacco. Plant
Physiol. 114:1443-1451.

Gabara, B., M. Sklodowska, A. Wyrwicka, W. Glinska, and M. Gapinska. 2003. Changes in the
ultrastructure of chloroplasts and mitochondria and antioxidant enzyme activity in Lycopersicon
esculentum Mill. leaves sprayed with acid rain. Plant Sci. 164:507-516.

Gechev, T., H. Willekens, M. Van Montagu, D. Inzé, W. Van Camp, V. Toneva, V., and I. Minkov. 2003.
Different responses of tobacco antioxidant enzymes to light and chilling stress. J. Plant Physiol.
160:509-515.

Gulya, T. 2007. Distribution of Plasmopara halstedii races from sunflower around the world. Adv.
Downy Mildew Res. 3:121-134.

Karabal, E., M. Yiicel, and H.A. Oktem. 2003. Antioxidant responses of tolerant and sensitive barley
cultivars to boron toxicity. Plant Sci. 164:925-933.

Kogel, K.H., U. Beckhove, J. Dreschers, S. Miinch, and Y. Romme. 1994. Acquired resistance in barley.
Plant Physiol. 106:1296-1277.

Niebel, A., K. Heungens, N. Barthels, D. Inze, M. Van Montagu, and G. Gheysen. 1995. Characterization
of a pathogen-induced potato catalase and its systemic expression upon nematode and bacterial
infection. Mol. Plant Microbe Interact. 8:371-378.

Pajot, E., D. Le Corre, and D. Silué. 2001. Phytogard and DL-b-amino butyric acid (BABA) induces
resistance to downy mildew (Bremia lactucae) in lettuce (Lactuca sativa L.). Eur. J. Plant Pathol.
107:861-869.

Radwan, O., S. Mouzeyar, J.S. Venisse, P. Nicolas, and M.F. Bouzidi. 2005. Resistance of sunflower to
the biotrophic oomycete Plasmopara halstedii is associated with a delayed hypersensitive response
within the hypocotyls. J. Exp. Bot. 56:2683-2693.

Solis, J., G. Medrano, and M. Ghislain. 2007. Inhibitory effect of a defensin gene from the Andean crop
maca (Lepidium meyenii ) against Phytophthora infestans. J. Plant Physiol. 164:1071-1082.

Urdangarin, M.C., N.S. Norero, W.F. Broekaert, and L. de la Canal. 2000. A defensin gene expressed in
sunflower inflorescence. Plant Physiol. Biochem. 38:253-258.

Viranyi, F., and T. Gulya. 1996. Expression of resistance in Plasmopara halstedii- sunflower
pathosystem. p. 14-21. In: ISA Symposium I. Disease Tolerance in Sunflower, 13 June, Beijing,
China.

Proc. 17" International Sunflower Conference, Cérdoba, Spain (2008) 161





