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ABSTRACT

Damping-off disease of cucumber is one of the most destructive diseases of cucumber in worldwide. In this work, the potential
of jasmonic acid (JA) for induce resistant against damping off disease was investigated. The effect of JA on activity of
Polyphenol oxidase (PPO), Peroxidase (PO) and Catalase (CAT) enzymes and total phenol was assayed by spectrophotometric
method. Expression level of three plant defense genes as Lipoxygenase, Cupi4 and Phenylalanine ammonia-lyase genes was
analyzed using qRT-PCR method. Drop-plate method was used to assay inhibitory effect of JA on radial growth of fungi.
Exogenic application of JA decreased disease severity in the infected plants but did not inhibit mycelia growth on solid
medium compared to control. Our results showed that JA application substantially increased the activity of oxidative enzymes
at different concentration. The highest enzyme activity was recorded after 48 hours post infection (hpi) at a concentration
of 400 mg L' of JA. Gene expression analysis revealed that JA is differentially able to increase the mRNA transcripts of all
tested genes at 48 hpi. The expression level of Cupi4 gene was higher than the other genes in treated plants. Induced systemic
resistance by JA was mediated through an enhanced expression of ISR marker genes and increase of antioxidant enzymes
activity. Based on these results, we suggest that exogenic application of JA could be considered as plant resistance inducer.
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OZET

Cokerten hastaligi diinyanin her yerinde hiyarlarda en tahripkar hastaliklarindan biridir. Bu galismada, ¢okerten hastaligina
kars1 jasmonik asitin (JA) uyarilmis dayanikliligi tesvik etme potansiyeli incelenmistir. JA’nin polifenoloksidaz (PPO),
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peroxidaz (PO) ve katalaz (CAT) enzimlerinin aktiviteleri ve toplam fenollere etkisi spektrofotometrik yontemle
belirlenmistir. Ug bitki savunma geninin, Lipoxygenase, Cupi4 ve Phenylalanine ammonia-lyase ifade seviyeleri qRT-
PCR yoéntemi kullanilarak analiz edilmistir. Mantarin dairevi gelisimine JA'nin engelleyici etkisi damlatma yontemi
kullanilarak tespit edilmistir. JA’nin distan uygulanmasi bulasik bitkilerdeki hastalik siddetini azaltmasina ragmen
kat1 ortamda misel gelisimini engellememistir. Sonuglarimiz, farkli yogunluklarda JA uygulamasinin oksidatif enzim
faaliyetini bliyiik oranda artirdigini gostermistir. En yiiksek enzim faaliyeti 400 mg L' JA yogunlugunda bulagtirmadan
48 saat sonra kaydedilmistir. Gen ifadesi analizleri bulastirmadan 48 saat sonra JA’nin biitiin test edilen genlerin mRNA
kopyalarini farkli da olsa artirabildigini ortaya koymustur. Cupi4 geninin ifade edilme seviyesi, uygulama yapilan
bitkilerde, diger incelenen genlerinkinden daha fazla bulunmustur. JA tarafindan uyarilmis sistemik dayaniklilik, ISR
isaretleyici genlerinin ifade edilmesi ve antioksidan enzim faaliyetinin artis1 vasitasiyla olmustur. Sonuglar, JA’nin
distan uygulanmasimin bitki dayanikliligini uyarici olarak kabul edilebilecegini gostermistir.

Anahtar Kelimeler: Real-time PCR; Savunma enzimleri; Elisitorler; Cokerten hastaligi; Gen ifadesi; Cpui4 gene

1. Introduction

Damping-off disease of cucumber caused by
P aphanidermatum is one of the most destructive
diseases of cucumber under greenhouse condition
(Chaube & Pundhir 2005). The activation of resistance
responses, such as hypersensitive resistance and
expression of relative-defense genes during systemic
acquired resistance mechanism are mediated by a
signal transduction pathway (Edreva 2004). Plant
hormones play an important role in molecular
signaling to enhance resistance mechanisms (Vallad
& Goodman 2004). Different antioxidant enzymes
such as polyphenol oxidase (PPO) and peroxidase
(PO) are involved in phenol oxidation and are
correlated with mechanisms of plant defense against
microbial pathogens (Zhang & Klessig 2001;
Maffei et al 2007). Jasmonic acid (JA) as a member
of plant hormones, regulates plant responses to
various biotic and abiotic stresses (Gundlach et al
1992). The increase of JA in infected plants with
some plant pathogenic fungi has been reported,
whereas in mutant plans for JA signaling, fungal
growth and development were increased (Trusov
et al 2009). Rhizome and seeds priming of ginger
plants with synthetic analogue of phytohormones
resulted in induced systemic protection against
P aphanidermatum (Ghosh & Purkayastha 2003).The
role of lipoxygenase (LOX) genes in plant defense
responses indifferent plants has been investigated.
Increase of Lox gene expression has been reported
in several infected plants with pathogenic agents as
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Pseudomonas syringae in Arabidopsis (Melan et al
1993) and in compatible and incompatible tomato
lines infected with Pseudomonas syringae (Koch et
al 1992). Plant defense against pathogenic agents
will be affected by lignin content of plant cell wall.
Phenylalanine ammonia-lyase (PAL) enzyme is
involved in plant cell wall lignifications (Miedes et al
2015). Expression level of PAL gene in resistant line of
tomato was suppressed compared to susceptible line
(Lee et al 1992). Volatile plant secondary metabolites
could directly suppress growth and development of
pathogens in attacked tissues. This suppression could
be resulted from Lox-catalyzed reactions (Croft et
al 1993). A new cDNA molecule named cucumber
pathogen-induced 4 (Cupi4) has been characterized
in infected cucumbers with different pathogens
and after treatment with three biochemical plant
resistance inducers. A high level of Cupi4 transcripts
was accumulated in infected tissues and was
systemically spread throughout plant (Phuntumart et
al 2006). In this study the effect of JA on the radial
growth of P. aphanidermatum, antioxidant enzymes
activities, expression level of some defense related
genes and disease severity in inoculated cucumber
with P. aphanidermatum was investigated.

2. Material and Methods

2.1. Infection of cucumber with P. aphanidermatum

Seeds of the susceptible cucumber plant (cv.
Es2862) were surface sterilized in 3% chloramines
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T (Sigma) for 3 minutes and washed three times in
sterile distilled water. Surface sterilized seeds were
planted in plastic pots (16.5 cm deep % 5.5 cm top
diameter) containing autoclaved sand-loam-clay
soil (1:2:1). After the seedling emergence, the
seedlings were irrigated every three to five days,
or as necessary for normal growth, with full-
strength Hoagland’s solution. A standard isolate of
P aphanidermatum was used in this study. A piece
of 7 day-old cultures from P. aphanidermatum
growth on Corn Meal Agar (CMA, Merck) medium
was used for plant inoculation at 4- to 6-leaf-stage
(Chamswarng & Cook 1985). A plague of medium
colonized by the fungus was placed in the vicinity
of cucumber roots. Disease severity assay was
evaluated based on a 0-5 scale (Tablel) (Sunwoo
et al 1996).

Tablel- Infection degree based on disease severity in
infected cucumbers with Pythium aphanidermatum

ngge::eon Symptoms Percentage
0 No visible disease symptoms 0

1 Leaves slightly wilted 0-30

2 30-50% of entire plant diseased 30-50

3 0-70% of entire plant diseased ~ 50-70

4 70-90% of entire plant diseased 70-90

5 Plant dead 100

2.2. JA treatment

Chemical treatment of plants was done with a 5%
JA solution (J-2500, Sigma-Aldrich St. Louis)
dissolved in 100% ethanol. Ethanol 0.1% (w
v'') was applied to control plants. Solution was
neutralized by NaOH to pH 7.A concentration of 0,
100, 200 and 400 mg L' (1 mL) were used for the
treatment of plants by dropping on the surface of
all leaves of 21 old-day cucumber plants (at 4- to 6-
leaf stage) (Anderson et al 2004). In control plants,
a 10% (v v') solution of ethanol in water was
applied. The three replications, each consisting of
six pots, were performed for each treatment (Traw
& Bergelson 2003).

2.3. Antifungal activity assay

Antifungal activity was assayed on PDA solid
medium using drop-plate method. For this reason,
9-cm Petri dishes were inoculated with a 5 mm
agar plug cut from the edge of one week old
P aphanidermatum cultures. One hundred micro
liters (three drops) of JA in different concentrations
were then added to the Petri dishes and then were
incubated at 2542 C. Cultures were observed daily
for a week (Gavin 1957).

2.4. Biochemical assay

To protein extraction, a fine powder of leaf tissues
prepared in liquid nitrogen was homogenized with
ImL of sodium phosphate buffer (0.1 M, pH 6.5).
The homogenate was filtered and centrifuged at
6800 rpm for 15 min at 4 °C (Rahman et al 2006;
Abkhoo & Sabbagh 2016). The supernatant liquids
were used for the enzyme activity assay. To phenolic
compound extraction, a 70% aqueous ethanol (v
v!) solvent was used. Folin-Ciocalteu (Sigma)
reagent was used to determine total phenolic
content (Singleton & Rossi 1965). An aliquot (1
mL) of extracts was added to 9 mL of distilled
water. One mL of Folin-Ciocalteu phenol reagent
was added to the mixture and was shaken. After
3 minutes incubation, 10 mL of saturated Na,CO,
solution was added to the mixture. The reaction
was incubated at room temperature for 60 minutes
and then, the absorbance was measured at 765 nm
using an UV-Vis spectrophotometer (Unico, USA).
The Microsoft excel software was used to calculate
the standard deviations and mean values. To PO
enzyme activity assay, 10 uL of protein extracts and
2 mL pyrogallol (0.05 M) were added to 0.5 mL of
H,0, (1%) and were incubated at room temperature
(Hammerschmidt et al 1982). To investigate PPO
enzyme activity, 200 pL of the protein extract was
added to 1.5 mL of 0.1 M sodium phosphate buffer
(pH 6.5) and then 200 pL of catechol (0.01 M) was
added (Donovan et al 1998; Doan et al 2014) and
for catalase activity assay, crude leaf extract (10 uL)
was added to the reaction mixture (1 mL) contain
sodium phosphate buffer (0.05 M, pH 7.0) and H,O,
in the final concentration of 10 mM (Barka 2001).
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Absorbance changes were monitored at 240, 420
and 470 nm wavelengths for catalase, PO and PPO
enzyme activity assay, respectively.

2.5. qRT-PCR analysis

Expression level of Lox (F: GAGAGCGTAAG
GAATGGGATAGAA; R: CACCGGGTTCGGAA
AGG), PAL (F: GGTGTTCTGCGAGGTGATGA,
R: AGGGTGGTGCTTCAGCTTGT) and Cupi4
(F: TCACTGTGGTGTGTGCTCTC; R: ACTCAA
GCCATTGCCTTCCA) genes was analyzed using
qRT-PCR method. The Actin gene (F: GAAGG
AATAACCACGCTCAG; R: ACACAGTTCCCAT
CTACGAG) was wused as reference gene.
Quantitative RT-PCR was done by using a light
cycler (Corbett 3000, Australia) at 95 °C for 4
minutes, followed by denaturation at 95 °C for 20
seconds, 20 second primer annealing at 61 °C, and
elongation at 72 °C for 30 seconds in 40 cycles, with
a five-minute extension at 72 °C after the final cycle.
Each gene amplification was prepared in triplicate.

2.6. Statistical analysis

The SPSS statistical software (version 16.0) was
used for data analysis. Values were expressed as
mean + standard deviation (SD). Gene expression
analysis was calculated using the Representational
State Transfer (REST) method (Pfaffl 2001).

3. Results and Discussion

3.1. Fungal inhibitory and disease severity

The disease severity was reduced three days after
treatment of plants with 400 mg L' concentration

of JA in the presence of P. aphenidermatum, when
compared to control. Disease reduction was not
significantly different from the first to fourth days
afterapplication of 100 mg L' JA compared to control
plants (Table 1). The results of inhibitory growth test
showed that radial growth of P. aphenidermatum
on solid medium had not significantly affect from
all concentrations of jasmonic acid (Table 2). A
positive effect of methyl jasmonate (MeJA) on
mycelial growth and spore germination of different
necrotrophic fungi as Colletotrichum acutatum
(Cao et al 2008), Alternaria alternate (Kepczynska
& Kepczynska 2005), or Erysiphe graminis fsp.
Hordei (Schweizer et al 1993) has been reported.
But, the effect of methyl jasmonate on mycelial
growth of Aspergillus flavus showed that this
compound did not affect mycelial growth or colony
appearance (Goodrich-Tanrikulu et al 1995). The
inhibitory effect of exogenous application of methyl
jasmonate and JA on the mycelial growth and spore
germination of soil-born fungi has not been well
elucidated. These results indicate that reduce of
disease severity cannot be related to direct effect of
JA on fungi growth at the root surface of cucumber.
Disease severity test in cucumber seedlings infected
with P. aphanidermatum was assayed at three week
after inoculation. In the control (non-treated infected
cucumber), disease incidence was higher than that
treated plants. The maximum reduction was recorded
at a concentration of 400 mg L' of JA. Also, disease
severity was significantly reduced at concentration
of 100 mg L' and 200 mg L' of JA compared to
control but this reduction did not significantly differ
at 200 mg L' compared to 100 mg L' of JA (Table
2). Activation of jasmonate-dependent defense

Table 2- The effect of JA on disease severity (three week after inoculation) and growth rate inhibition of

Pythium aphanidermatumon solid culture medium

JA concentration (mg L) Disease severity** (%)

Inhibition percentage*

0 4%

100 2.86"
200 2.85
400 1.57¢

1.93 (£0.02)
1.95 (£0.04)
1.85 (£0.06)
1.65 (£0.05)

*, each value is the mean (+SD) based on 48 measurements in duplicate experiments; **, in a column means followed by a common
letter are not significantly different at the 5% level by Duncan’s multiple range tests (DMRT)
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pathways in Arabidopsis thaliana plants infected
with Pseudomonas syringae pv. Tomato (Pst) lead
to significant reduction in disease severity (Van et
al 2000). Pre-harvest application of sweet cherry
fruit with methyl jasmonate (2 mM) significantly
reduced soft rot disease compared to control (Yao &
Tian 2005). Based on these data, we suggested that
JA application at a high concentration (up to 400 mg
L") could decrease disease incidence via systemic
acquired resistance mechanism.

3.2. Total phenolic compounds

Total phenolic compounds assay showed a
significant increase of these compound 48 hpi upon
treatment of JA at 400 mg L' concentration and then
was slowly decreased at 72 hpi for all concentration
of JA. For 24 hpi, there was not significant increase
of phenolic compounds between JA concentrations
while compared to control (Figure 1). Phenolic
compounds in plant are necessary for growth and
defense responses to invading pathogens. In plants,
a broad range of secondary metabolites with toxic
activity against pathogens are produced (Lattanzio
& Cardinali 2006). These defensive compounds
can reduce disease damage only after initial time
after inoculation which leads to an effective defense
response (Wittstock & Gershenzon 2002). A
direct and positive relevancy between the quantity
and quality of phenolic compounds and induced
systemic resistance has been demonstrated in
infected plants with different pathogens in the
presence of resistance inducers (Elliot 1999; Amzad
Hossain & Shah 2015).

Total Phenol fo mio 8200 8400 (mglt)
(mg g! leaf FW)

1
09
o8
07 -
06 =
o5 T T
04
03
02
01

o 4

0 24 a8 72

Hours post inoculation

Figure 1- The effect of JA on the phenol component
in infected cucumber plant with Pythium
aphanidermatum

3.3. Oxidative enzyme activity

The polyphenol oxidase activity was increased
within 3d after inoculation for all JA concentrations
(Figure 2), but the highest level was observed with
400 mg L' JA is as classes of plant hormones
modulates oxidative enzyme activities which result
to plant resistance and subsequently protect plant
tissues against pathogens (Gundlach et al 1992).
As shown in Figure 2, during the first day after
inoculation (24 hpi), PPO activity was not increase
for all JA applications. The highest level of enzyme
activity was observed at a concentration of 400 mg
L' two days after inoculation. At 72 hpi this rate
was significantly reduced when compared to 48 hpi
(Figure 2).

PPO activity
(AO.D. min".g"! leaf FW)

4

0O m100 0200 @400 (mg L)

3

2 —
1
0 — T T T

0 24 48 72

Hours post inoulation

Figure 2- Change of polyphenol oxidase activity in
infected cucumber with Pythium aphanidermatum
under JA treatments

These results indicate the effect of JA timing to
trigger defense mechanisms in infected cucumbers.
Relation between PPO enzymes to wounding and
enzymatic browning has been studied in a number of
plants (Demir & Kocacaliskan 2001). This enzyme
plays an important role in biosynthesis of alkaloids
under biotic and abiotic stress (Bilkova at al 2005).
Like PPO enzyme, a significant level of PO enzyme
activity was recorded at a concentration of 400 mg
L' during the 48 hpi. A significant reduction was
observed after 72 hpi in all JA concentrations but
this reduction was not lower than the early days
after inoculation (Figure 3). These results indicate
long-term effects of JA on systemic acquired
resistance. The antioxidant PO enzyme is essential
for induced systemic resistance and could be used
as a biomarker of induced resistance in plants for
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cell wall lignifications (Ku¢ 2001). In this work,
JA application on infected plants showed a direct
relation between disease reduction and enzyme
activity. Our data showed that PO activity is
enhanced in treated plants at different concentration
of JA.

PO activity D0 m100 @200 @400 (mg L)

(A O.D. min'! g'! leaf FW)
1

0.8
0.6
0.4
0.2 +

o

(o] 24 48 72

Hour post inoculation

Figure 3- Peroxidase activity in infected cucumber
with Pythium aphanidermatum under different JA
treatment

Increase of PO activity has been resulted in
number of plants associated with phytopathogenic
fungi (Kruger et al 2003; Silva et al 2008) and also
other biotic-elicitor as bacteria, nematode and virus.
In the infected Palm trees with Fusarium oxysporum
sp. albedinis, application of JA at a concentration of
50 uM resulted in increase of PPO and PO activity,
1.3-2.2 times, respectively compared to non-treated
plants (Jaiti et al 2009). The results of this study
are in agreement with related works. A significant
increase of catalase level was observed within 48
hpi for all JA concentration and then was returned
to control treatment at 72 hpi. Unlike other enzyme,
the highest effect of JA was noted at 200 ppm of JA
concentration resulted to increase of catalase level
in infected cucumber (Figure 4). These observations
indicate that low concentrations of JA could play an
important role in enhancement of induced defense
mechanisms. Change in oxidative enzyme activities
induced by silicon application has been demonstrated
in infected cucumbers with Phytophthora meloni and
they showed a positive correlation between silicon
concentrations and CAT enzyme activity compared
to control plants (Mohaghegh et al 2011). Increase
of antioxidant enzymes activity have been shown in
infected wheat with Blumeria graminis f. sp. tritici,
(Elliott & Snyder 1991). The present results here are
consistent with our previous study in which change

in PPO and PO enzymes were increased in infected
wheat with Fusarium graminearum induced by
silicon (Ghazimohseni et al 2014) and infected
cucumber plans with Phytopthora melonis induce
by commercial extract of alga (Abkhoo & Sabbagh
2016). A high level of induced systemic resistance
in inoculated cucumbers with Pseudomonas syringe
pv. syringe (a hypersensitive reaction inducer) at
24 hpi has been demonstrated (Smith et al 1991)
which is in agreement with our results. Based on
these results, we could conclude that JA can leads
to induced systemic resistance through increase of
oxidative enzymes activity especially at the initial
time after infection.

T
Catalase activity 00 m100 0200 @400 (mg L

(umol min! mg! protein)
60
50 7
40
30 A
20 A
10

0

0 24 48 72

Hour post inoculation

Figure 4- Catalase activity in infected cucumber by
Pythium aphanidermatum treated by different JA
concentration

3.4. Gene expression analysis

Gene expression analysis showed that the level of
Loxgene in response to damping-off disease reached
to a maximum level at 48 h post inoculation at
all concentrations of JA. Quantitative real-time-
RT PCR confirmed a 21-fold change of Lox gene
expression in infected plants treated with JA at
concentration of 400 mg L' at 48 h post inoculation
when compared to the control treatment (Figure
5).These results indicate that over expression of Lox
gene is directly dependent on pathogen stimulation
at the first days post inoculation. These results
indicate that a low concentration of JA is able to
induce systemic acquired resistance. The decretive
role of Lox genes in systemic acquired resistance
and the plant defense responses to abiotic stresses
such as pathogenic fungi has been demonstrated
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(Feussner & Wasternack 2002). It has been reported
that Lox genes are expressed in Arabidopsis, tomato
and cucumber plants in response to exogenous
application of phytohormones (Feussner &
Wasternack 2002; Liu et al 2010).

D0 100 0200 B400 (mgl')

Hours post inoculation

Figure 5- Expression change of Lox gene in
cucumber plants under JA treatment

Expression pattern of Pal gene showed a high
expression level at 48 h post inoculation for 400
mg L' concentration (Figure 6). These observations
confirm that JA plays an important role in PAL
enzyme mediation which leads to increase cell wall
lignifications as a physical barrier to phytopathogenic
agents. Pal genes over-expression (11 putative
genes for PAL synthesis) has been reported in
rice plants against Magnaporthe oryzae (Giberti
et al 2012). A low concentration of salicylic acid
and benzothiadiazole (BTH) resistance inducers,
activated the phenylalanine ammonia-lyase (PAL)
defense gene in tissue culture of parsley (Thulke
& Conrath 1998). In our study, control plants (non-
treated) showed no significant increase in PAL
activity while an increase of transcription rate of Pal

Relative expression
30
25
20
15
10 +
5
[+ ]

OO0 =100 0200 B400 (Mg L)

72

Figure 6- Expression level of PAL gene in infected
cucumber with Pythium aphanidermatum under JA
treatments

0 24 48

Hours post inoculation

gene was found at different JA concentration during
all times-points after inoculation (Figure 6). These
results suggest an essential role of JA on activation
and up-regulation of defense-relates genes.

The levels of Cupi4 transcripts were higher
than the other tested genes in infected cucumber.
Unlike other genes, high expression of Cupi4 gene
was recorded at 72 h post inoculation (25 times)
(Figure 7). These results suggest that Cupi4 might
not play an important role in defense mechanisms
at the early time-points of plant inoculation.
The role of Cupi4 gene to induce resistance of
cucumber against plant bacterial agents has been
demonstrated. The mRNA transcripts of the Cupi4
gene accumulate locally in the infected cucumber
leaves with Pseudomonas lachrymans at 12 hpi
and spread systemically throughout the plant leaves
after 48 hpi. The antibacterial properties of Cupi4
transcripts have been suggested by finding of
bacterial host cells death and high accumulation of
Cupi4 mRNA in these cells (Phuntumartet al 2006).
The effect of different bi-fertilizers on expression of
defense-related genes in infected cucumbers with
P. aphanidermatum showed a high level expression
of Cupi4 mRNA transcripts (Sabbagh & Valizadeh
2016) that is in agreement with our finding in this
study. So, based on our results, Cupi4 transcripts
might acts as hypersensitive reaction inducer in
infected tissues of plants but not at early time points
of inoculation.

Relative expression ©0 =100 0200 ©400(mgL)

30

Hours post inoculation

Figure 7- The effect of JA on Cupi4 gene expression
at three time interval after inocuation with Pythium
aphanidermatum
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4. Conclusions

In conclusion, the change of antioxidant enzymes
due to using phyto-hormones as jasmonic acid can
plays an important role to decrease of plant diseases.
Improvement of plant growth under disease stress
by application of phyto-hormones at the first time
of inoculation could lead to disease suppression
followed by systemic resistance through increase
of antioxidant enzymes activities and pathogenesis
related proteins. Study of different aspects of
gene expression analysis such as microarray and
DNA hybridization will increase insight into plant
defensive mechanisms.
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Abbreviations and Symbols

JA Jasmonic acid
PPO Polyphenol oxidase
PO Proxidase
Cat Catalase
PAL Phenylalanine ammonia-lyase
Lox Lipoxygenase
Cupi4 Cucumber pathogen-induced 4
hpi Hour post inoculation
FwW Fresh weight
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