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Abstract: In this study, the phytoalexin accumulation in plant tissues was investigated using the callus
culture technique in eggplants with the treatments a Verticillium dahliae elicitor. For this purpose, one
susceptible cultivar Solanum melongena L. cv. Long Purple and one resistant wild species S. sisymbriifolium
to Verticillium wilt were used as the plant materials. Elicitors were applied to the calluses obtained from the
hypocotyl explants of both the species. Autoclaved spore suspensions of V. dahliae were used as the elicitor.
The elicitation was stopped at 24, 48, and 72 h after the elicitor application. The callus extracts were
analyzed by gas-liquid chromatography. The V. dahliae elicitor was induced by a solavetivone phytoalexin
accumulation in the eggplant callus tissues under in vitro conditions. The highest accumulations were
obtained from a ‘2.0 mL V. dahliae x 72 h after elicitation’ treatment and the ‘dose * time after elicitation’
interactions were found to be statistically significant. At the highest V. dahliae elicitor application dosage, the
amount of solavetivone in the callus cultures of the resistant species was higher than the amount in the
susceptible cultivar. The phytoalexins could be very effective in the resistance metabolism of eggplants
against to V. dahliae.
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1. INTRODUCTION

Turkey is the 5th largest producing country of eggplant after China, India, Egypt, and Iran, with
approximately 850.000 tons of eggplant produced annually (FAO 2015). The protected cultivation of
eggplant accounts for 20% of the total eggplant production in Turkey. Commercial production of
eggplant is limited by soil-borne diseases, one of which is Verticillium wilt, caused by Verticillium
dahlia Kleb. It is estimated that about 20% of the Turkish eggplant crop is affected by its disease
(Saydam and Copgl 1973, Kirbag and Turan 2006). In the districts of Antalya, the average prevalence
rates of the Fusarium and Verticillium wilting diseases were detected about 20%. While the
prevalence rate of the Fusarium is about 35% in Mersin, Verticillium was under 5% (Altinok et al.
2012). Some years, if weather conditions are favourable for Verticillium development, a major
reduction in the yield or quality may occur in the open field or greenhouse areas.

Verticillium is one of the most destructive and serious diseases of eggplant. Once the Verticillium
fungus is introduced into a field or greenhouse, it can survive for several years in the soil. The
combined effect of irrigation and Verticillium wilt infection significantly reduces the early and total
production of eggplant and decreases its quality (Bletsos et al. 1999).

Verticillium wilt is caused by the soil-borne fungus Verticillium dahliae (V. dahliae) and the
Verticillium fungi are difficult to control (Zhang et al. 2012). Their ability to survive in the soil for
long periods with or without a host plant and the colonization of the water-conducting tissues within a
plant, limit any scheme to eradicate the pathogens. According to Karademir et al. (2010) the new
cultivars are not immune to the Verticillium wilt pathogen and their resistance is indicated by reduced
disease incidence and reduced disease severity. Prevention of the disease and the use of resistant
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varieties or cultivars, using the resistant rootstocks are perhaps the best methods for controlling
Verticillium wilt (Basay et al. 2011).

The response of different eggplant cultivars to Verticillium wilt is variable. Neshev et al. (1997)
determined the response of 37 eggplant cultivars to Verticillium wilt fungus. After natural infection,
they calculated the injury index of the plants. About 35% of the cultivars turned out to be highly
resistant and 54% were slightly susceptible. Daunay et al. (2000) stated that a resistance source in S.
melongena germplasm against V. dahliae is yet to be found and indicated the importance of wild
Solanum relatives. They also stated that the resistant genes could be determined by certain markers
and that these genes could be used in transgenic plant technology.

Induced resistance offers opportunities for biocontrol. The production of low-molecular
antimicrobials stress metabolites, known as phytoalexins, is a good response of plants to infection by
microorganisms (Gonzélez-Lamothe et al. 2009, Iriti and Faoro 2009). Phytoalexins are known to be
extremely effective on the subject of resistance formed against disease in plants. The biosynthesis of
phytoalexins is believed to be one of the major defensive systems of higher plants.

The production of sesquiterpenoid phytoalexin capsidiol by peppers (Stoessl et al.1972, Ustiin 1990)
and tobacco (Chappel et al.1987) in response to inoculation with variety of fungi has been described
previously. Rishitin (Tomiyama et al. 1968), phytuberin (Varns et al. 1971), and lubimin (Metlitskii et
al. 1971) are the sesquiterpenoid phytoalexins from potatoes, and rishitin is also (Tjamos and Smith
1974, Ahmed et al. 1997) produced in tomatoes. Solavetivone has been described from Hyoscyamus
muticus (Ramakrishna et al. 1993, Mehmetoglu and Curtis 1997). Ward et al. (1975) obtained
sesquiterpenoid phytoalexins, especially in the lubimin from the infected fruits of eggplant.
Sesquiterpenoid phytoalexins and their structures have also been reported in eggplant by Stoessl et al.
(1975). Emmanouil and Wood (1981) found some biochemical compounds in S.melongena roots
following inoculation with V.dahliae or treatment with benzimidazole fungicides. One
sesquiterpenoid, lubimin, was identified. Imoto and Ohta (1988) described the production of
diacetylenic compounds in the cultured cells of eggplant upon treatment with abiotic elicitor.
Yoshihara et al. (1988) identified by IR, NMR and GC-MS, three sesquiterpenes: solavetivone,
lubimin and epilubimin from the roots of S.melongena. Phytoalexins in eggplant include lubimin,
aubergenone, 9-oxonerolidol and some other hydronerolidoles reported by Kuc (1992). Five known
sesquiterpenoids, solavetivone, lubimin, lubiminoic acid, aethione, and lubiminol, were isolated from
the root exudates recovered from S. aethiopicum (Nagaoka et al.2001). Another sesquiterpenoid,
described as 3-beta-acetoxysolavetivone, was formed in the roots of Solanum abutiloides plants,
which are highly resistant to soil-borne pathogens, such as Fusarium oxysporum f. sp. melongenae, V.
dahliae, and Ralstonia solanacearum (Yokose et al. 2004).

There is limited information available on elicitors of antifungal compounds in Verticillium diseases
(Pegg and Brady 2002). There are some researches on the induced resistance of several plants by
using V.albo-atrum elicitor but V.dahliae is rare. Induction of resistance to Flocco et al. (1998)
detected an increase with maximum capacity of PO activity in cell cultures of horseradish, when they
used Verticillium including elicitor and some other abiotic elicitors.

In recent years, tissue culture techniques have facilitated experimental research to a great extent, have
made it more reliable, and have provided the opportunity of working with uniform materials under
controlled conditions. Some studies have been made on the subject of the mutual influence of
‘resistance to fungal diseases — phytoalexin accumulation’ and useful conclusions have been drawn
(Kroon and Elgersma 1993, Hoshino et al. 1994, Duchense et al. 1994, Shaghi et al. 1995, Gardner et
al. 1994, Ellialtioglu et al. 2001).

In this research we aimed to have some information about: a) the accumulation of the phytoalexins in
the eggplant genotypes (susceptible cultivar and resistant species) by eliciting V.dahliae biotic
elicitor, b) Elicitation time and dose of V.dahliae spore suspension elicitor under in vitro conditions,
c) Potential of the callus culture system for the detection of genotype resistance and screening studies.

2. MATERIALS AND METHODS

It has used one resistant wild eggplant species S. sisymbriifolium and one susceptible eggplant cultivar
S. melongena cv. Long Purple as the plant material. In the previous stage of our studies, the
assessments of Verticillium resistance were made using both of these genotypes. As a result of the
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tests carried out by infecting the V. dahliae isolate obtained from an infected eggplant in a greenhouse
in Antalya (Turkey), the variety of Long Purple was found to be susceptible (60.7%) and S.
sisymbriifolium was found to be fully resistant (Ustiin et al. 2006) (Fig. 2d).

2.1.Callus Cultures

Callus cultures of the eggplant genotypes were initiated. The seeds were surface-sterilized with a 2%
solution of NaOCI for 10 min, followed by rinsing in 3 changes of sterile water. The sterilized seeds
were then placed on MS basal medium (Murashige and Skoog 1962) in Magenta vessels. After 20
days, pieces of hypocotyls (15-20 mm) were prepared from the in vitro germinated seedlings, and
were placed on MS medium supplemented with 1.0 mg I 2, 4-D and 0.1 mg I* Kinetin, according to
Uslu-Kiran (2004) (Fig 2a). Incubation was at 25 + 1 °C and under darkness continuously. After +3
weeks, callus tissues were grown successfully (Fig. 2b, c) and the original hypocotyl tissue was
removed from the callus pieces. The callus cultures were subcultured every 4 weeks and at 2 weeks
before the inoculation of the elicitors.

2.2.0btaining of Sesquiterpene Standards

Standard curves of compounds were needed to determine the sesquiterpenoid phytoalexins to the
eggplant-calli. For this purpose, first, the slices of potato tubers were elicitated using 0.1 M CuSQO,
elicitor for 5 days (Ustiin 1990). The method specified by Desjardins et al.(1995) was followed during
the elicitation of the potato tubers and the extraction of the phytoalexin compounds from the diffusate
solution. Next, the methods explained by Brindle et al. (1983) and Desjardins et al.(1989) were used
to obtain the standard curves of the rishitin, lubimin, and solavetivone by thin-layer chromatography
(TLC) and gas chromatography (GC). These were shown to have the same TLC (Rf and color
reaction) and GC (RRt) properties as the 3 sesquiterpenoid phytoalexins of solavetivone [(Rf 0.44,
buff, RRt (methyl arachidate, 0.56), rishitin (0.21, blue, 0.72) and lubimin (0.28, turquoise, 1.20)]
(Fig.2e). Details of the location of the phytoalexins with vanillin-H,SO,4 and the analytical methods
were obtained from Brindle et al. (1983).

2.3.Sesquiterpene Elicitation

For the elicitation treatments, 2 g each of callus tissue was transferred to fresh medium in the petri
dishes. The callus cultures were incubated under continuous dark conditions at 25 = 2 °C in a growth
chamber. The elicitor treatments were carried out on the 14th day of the 3rd subculture of the eggplant
calli, as described previously by Whitehead et al. (1987) for peppers. As the elicitors, autoclaved
spore suspensions of V. dahliae were used. V.dahliae spores obtained from the Antalya-green hause
isolates in our own laboratory (Fig. 2f). The autoclaved spore suspensions of V. dahliae were prepared
in concentrations of 240, 260, and 480 ppm glucose equivalent and were used as the elicitor. To
provide these dosages, 1.0, 1.5, and 2.0 mL spore solutions were taken and they were dropped onto
the surface of each 2 g callus piece at 24, 48, and 72 h after treatment, and then the callus tissues were
harvested. To obtain the calluses of the control group, no V. dahliae suspension treatment was carried
out; instead, sterile water in the same amounts was applied. Three replications were carried out for
each experiment.

2.4.Sesquiterpene Analysis

Extracts were taken from the combined calli comes from each treatment by using diethyl ether, and
they were concentrated in a rotoevoporator. The concentrate was redissolved in diethyl ether, filtered,
and concentrated to dryness (Fig. 2g). The residue was redissolved in 5 mL of ethyl acetate, and the
sesquiterpenes were analysed by gas-liquid chromatography (GLC) (Hewlett-Packard 5750) fitted
with a 30 m ZB-1 column. All of the technical procedures for the extraction of the sesquiterpenes
were performed according to the method of Desjardins et al. (1995). The determination of the
phytoalexin amount was calculated as ‘pg g * fresh mass’. The results of the analyses were compared
using the SAS statistical analysis software (SAS Institute, 1990). In all of the experiments described,
no phytoalexin could be found in the water treated controls.

3. RESULTS AND DISCUSSIONS

The effects of the V. dahliae elicitor on the phytoalexin production in the callus cultures of S.
melongena cv. Long Purple and S. sisymbriifolium are shown in Figure 1a and 1b. In the calli of the
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Long Purple variety and in the wild species S. sisymbriifolium, solavetivone phytoalexin was
determined after 24, 48, or 72 h of elicitation with the V. dahliae elicitor. Phytoalexins are formed in
plant tissues by abiotic chemical elicitors (Ustiin and Ercoskun 1994) or biotic injection with
phytopathogens (Pare et al. 1991). Phytoalexins are pathogen-induced low-molecular weight
compounds with antimicrobial activities derived from a secondary metabolism. Although
phytoalexines are of very different origin, their antimicrobial effect is in general rather unspecific, and
thus efficient against a broad range of pathogens (GroRRkinsky et al. 2012).
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Figure 1.a. Effect of the elicitation dose and the time after elicitation on the solavetivone accumulation in callus
cultures of Long Purple cultivar (S. melongena) elicited with autoclaved V. dahliae spore suspension, b.
Solavetivone accumulation in callus cultures of S. sisymbriifolium elicited with autoclaved V. dahliae spore
suspension 72 hours after elicitation.

Elicitor concentration and duration of elicitor exposure play a very important role in elicitation
process (Patel and Krishnamurty 2013). The statistical analyses carried out on the solavetivone
amounts varied with the dose and time after elicitation. The triple interaction of the ‘Genotype x V.
dahliae dose x Time after elicitation’ was found to be statistically significant (P < 0.01). The
solavetivone accumulation in the callus cultures increased with the increase in the V. dahliae dosage
and the time after elicitation. The highest solavetivone accumulation was observed in the Long Purple
species at 72 h after the elicitation in the cultures elicitated with 2.0 mL of V. dahliae spore
suspensions (126.67 + 1.29ug g ). Increasing the duration from 24 or 48 to 72 h increased the
accumulation significantly in all of the doses. The autoclaved spore suspension of V. dahlia induced
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the phytoalexin accumulation in the callus tissues of the eggplants. The solavetivone formation was
obtained from both genotypes. Increases in the time after elicitation and dose of the elicitor positively
affected the solavetivone amounts in the calli (Fig. 1). In previously studies, many researchers
reported that the fungal elicitors could be used to obtain a phytoalexin formation in different plants
(Ward et al. 1975, Ustiin et al. 1996, Shaghi et al. 1995). High dosage of elicitor has been reported to
induce hypersensitive response leading to cell death, whereas, an optimum level was required for
induction (Namdeo 2004, Patel and Krishnamurty 2013). In a research, cells of C. roseus exposed
with several biotic elicitor extracts for 24h, 48h, 72h and 96h. About 2 or 3-fold increase in ajmalicine
production by plant cells elicited with bioelicitors. But increasing exposure time affected the
accumulation of the compound negatively (Namdeo and Patil, 2002).

cultivar’s explants, c. callus development on the explants of S. sisymbriifolium, d. the plants after V.dahliae
inoculation, left: cv. Long Purple (susceptible), right: S. sisymbriifolium (resistant) (from the previous
studies),e. obtaining studies on the standard curves of the rishitin, lubimin, and solavetivone by thin-layer
chromatography (TLC), f. V.dahliae cultures from Antalya-greenhouse isolates, g. Studies with rotoevoporator
and redissolving stages.

An accumulation was not observed in the wild S. sisymbriifolium calli during the initial 24 and 48 h,
possible because the elicitor dose did not have enough stress effect on the resistant species. The
measurable accumulations of solavetivone were observed at 72 h after elicitation. In that application,
the highest solavetivone accumulation was observed with the 2.0 mL elicitation dose (167.17 + 2.04
ug g ) and it was followed by the 1.5 mL elicitation dose (107.50 + 0.91 ug g ). Within the same
treatment, the amounts of solavetivone accumulated in the V. dahliae-resistant S. sisymbriifolium
calluses were found to be higher than in the culture species. With the application of the V. dahliae
elicitor at the highest dose and the longest time after elicitation, the wild species accumulated more
phytoalexin than the susceptible variety. Therefore, V. dahliae could be described as a ‘good biotic
elicitor for determining of resistance V. dahliae’. Koike et al. (1992) reported similar results in alfalfa.
They applied V. albo-atrum culture filtrates to calluses of susceptible and resistance genotypes under
in vitro conditions and found that the medicarpin accumulation was higher in the calluses of the
resistant genotype than in the susceptible ones.

Solavetivone and related sesquiterpenes have been correlated with the resistance to a number of potato
pathogens, including the fungi Phytophthora infestans, which causes late blight (Preisig and Kuc
1987), and Gibberella pulicaris, which causes tuber dry rot (Desjardins and Gardner 1991), and the
bacterium Erwinia, which causes blackleg (Abenthum et al. 1995). Desjardins et al. (1997) have
reported that there was no correlation between the sesquiterpene levels and the nematode (Globodera
rostochiensis) resistance, but the rations of solavetivone to the total sesquiterpenes of the nematode-
susceptible and nematode-resistant progeny were significantly different in all of the crosses between
resistant and susceptible potato clones. In this study, the solavetivone accumulation in the Long
Purple and S. sisymbriifolium callus cultures increased by 126.67 pg g * and 167.17 with an increasing
V. dahliae dose, respectively. Similar results were obtained in potato, and it was shown that the levels
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of the phytoalexins rishitin and solavetivone were increased in potato upon pathogen infection when
colonized by the mycorrhizal fungus Glomus etunicatum (Yao et al. 2003).

In one of our previous studies, we investigated the phytoalexin accumulation in the 1-month-old fruits
of 3 wild species (Solanum sisymbriifolium, S. torvum and S. aethiopicum) and 3 local eggplant
varieties (Aydin Siyahi, Kemer, Topan 374) after elicitor treatments under laboratory conditions. The
V. dahliae spore suspensions as elicitors were prepared as 400 ppm glucose equivalent and
autoclaved. After 48 and 96 h of elicitation, the fruit samples were stored in a deep freezer. The
substances that were extracted from fruit tissues were analyzed by GLC. Lubimin was determined in
both elicitation times. In general, the lubimin amounts of the wild resistant species were higher than in
the cultivated varieties (Sevin et al. 2010). Similar results were obtained from this study and the callus
cultures; generally, the phytoalexin accumulation was higher in the wild species than in the eggplant
cultivar. According to Grof3kinsky et al. (2012), phytoalexins can also contribute to the compartment-
specific accumulation of antioxidative activities that is observed during pathogen infections. These
results indicate that phytoalexin might be a factor effective in the eggplant resistance to V. dahliae
fungus. On the other hand, callus or cell suspension cultures could be good systems for investigation
the disease resistance mechanism studies. V.dahliae suspensions were observed as an effective biotic
elicitor to improve secondary metabolite products in eggplant. To better understand the relationship
between phytoalexin accumulation and the resistance to the Verticillium wilt in eggplants, usefulness
of this techniques further studies are needed.
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