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Abstract: Cucurbits powdery mildew is one of the most detrimental diseases of cucumber plants worldwide. A detailed
insight into the biological processes leading to resistance or susceptibility to the pathogen would pave the road for an
efficient disease-resistance breeding program. In the present study, the molecular and biochemical responses of a resistant
vs. a susceptible cucumber cultivar infected with Sphaerotheca fuliginea were investigated. The alterations in the activity
of two antioxidant enzymes i.e. superoxide dismutase (SOD) and catalase (CAT) were analyzed during different time
courses. The changing pattern of the expression of PR-8 gene (chitinase class III) was evaluated through qPCR. Results
showed that the PR-§ gene expression was raised in the leaves of both cultivars 96 hours post inoculation (hpi), however,
with a 6 times higher expression rate in resistant cultivar compared to the susceptible one. The results imply that PR-§
may be a key factor of resistance to the pathogen. For both cultivars, SOD showed similar activity pattern and was raised
at the early hours post inoculation and showed a peak 6 hours post inoculation with higher activity in the resistant cultivar.
In contrast, CAT showed distinct activity patterns between cultivars and showed comparatively higher activity in the
susceptible host. The possible reasons for these differences are discussed. The results of the present work give a more
clarified insight into the possible mechanisms behind the resistance to cucumber powdery mildew caused by S. fuliginea.
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INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the widely
grown and economically important vegetables throughout
the world [1] which is constitutively under risk of attacks
by fungal pathogens. Powdery mildew, caused by
Sphaerotheca fuliginea F. cucumidis Jacz. is a widely
distributed disease of cucurbits affecting most cucumber
cultures in greenhouse and field conditions [2-4]. In
addition, development of greenhouse cultures has
provided a favorable condition for the pathogen to
maintain over the year and spread much severely.
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Pathogenesis related (PR) proteins PR-8, known also as
chitinase class III and cucumber chitinase are an
important group of plant pathogenesis related proteins [5]
participating in a broad stress responses of plants. Since
chitin is present in the cell wall of fungi, the study of
chitinases is quite relevant when analyzing the fungal
attack. Induction of chitinase expression by fungal,
bacterial or viral infections is well documented [6]. In a
study on melon plants, a strong relationship between
resistance to Fusarium oxysporum and chitinase class I1I
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have been reported [7]. In addition to cucurbits, chitinase
class III showing both endo- and exochitinase activity
have been isolated in the leaves of other plants [8]. In
melon plants heat shock protein has been reported to
induce expression of Chitinasel enzyme along with
salicylic acid resulting in systemically increasing
resistance to gray mold fungus [9]. Depending on the type
of plant resistance mechanism, after pathogen attacks,
accumulation of reactive oxygen species (ROS),
particularly superoxide free radicals (O%) and hydrogen
peroxide (H20:2), increases rapidly to inhibit further
development of pathogens. This is while there are several
enzymes eliminating ROS in infected plants. Conversion
of the superoxide free radicals (O%) to molecular oxygen
and H20z2 is catalyzed by superoxide dismutase (SOD).
Elimination of H202 is catalyzed by catalase (CAT),
peroxidases and other scavenging enzymes [10]. There
are a number of reports addressing antioxidant enzyme
induction associated with the defense against plant
pathogens fungi [11,12]. While, in other reports,
particularly in relation to biotrophic fungal pathogens,
plant defense responses have been associated to inhibition
of antioxidant activity and accumulation of H202 [13],
where, H202 participation in defense mechanisms e.g.
direct antimicrobial activity, papilla formation [13],
inhibition of fungal spore germination [14], hyper-
sensitive response (HR) [15] and inducing signaling
pathways of systemic acquired resistance (SAR) [16] has
been reported.

To our knowledge, despite many investigations on plant
pathogen interactions, there are just few reports [17-20]
of studies comparing the responses of a resistant vs. a
susceptible plant genotype. The objectives of the present
work were to comparatively study the response of a
resistant vs. a susceptible cucumber cultivar infected with
S. fuliginea aiming to document possible differential
responses of the cultivars.

MATERIALS AND METHODS

Plant material

Powdery mildew resistant Green Magic and susceptible
Super N3 cucumber (Cucumis sativus L.) cultivars were
chosen among a collection of cucumber cultivars we
recently investigated and were screened in another study
to identify resistant and susceptible cultivars [21]. A
number of 50 seeds per cultivar were grown in 15 cm-
diameter plastic pots and randomly arranged on

greenhouse benches. Growing was conducted under
controlled conditions with a 14/10 h light/dark
photoperiod, average temperatures of 24°C for days and
18°C for nights and a range of 30-50% relative humidity.
The soil composition was 1:1:1 perlite, peat moss and
coco peat. Once every four days, plants were watered to
saturation with 0.1% NPK (20:20:20) fertilizer solution.

Pathogen culture and plant inoculation

The pathogen was isolated from infected greenhouse
cultures and maintained on susceptible plants under
controlled conditions. S. fuliginea inoculum suspension
was prepared from freshly sporulating leaves by
immersing a few pieces of leaves in 200 ml tap water
containing 200 pl Tween 20 as surfactant and adjusted to
3-5x10* conidia/ml. For pathogen inoculation, plants with
first fully expanded true leaf, were transferred to an
inoculation room with a suitable temperature and relative
humidity. The upper surface of the leaves was inoculated
by spraying uniformly with a hand sprayer until tiny water
droplets covered the leaf surface but not flawed. After 30
minutes, as the surface of the leaves dried out, plants were
kept in darkness for 24 hours with relative humidity and
temperature ranges of 70-80% and 15-20°C, respectively.
The room conditions were then set on a night/day relative
humidity ranges of 75% / 60% and temperature ranges of
18°C / 24°C, respectively. Leaf samples were harvested
in three biological replicates over the time courses of 0, 6,
12, 24, 48, 72 and 96 Hours Post Inoculation (hpi) and
then immediately transferred to liquid nitrogen and kept
in -80°C. All experiments including gene expression
analysis and biochemical assays were performed for three
biological replicates.

Analysis of PR-8 expression using Quantitative
RT-PCR (qPCR)

Total RNA from leaf samples was extracted using an
optimized protocol using TRIzol reagent (Invitrogen)
following manufacturer recommendations. All RNA
samples were treated with DNase I (Thermo Scientific)
for 15 min at 37°C for elimination of possible genomic
DNA contaminants. cDNA was synthesized using 2 pg of
total RNA, oligo(dT) primers, RevrtAid reverse
transcriptase and RiboLock RNase Inhibitor (Thermo
Scientific) according to the standard protocol suggested
by manufacturer. Final cDNA reactions were diluted 5
times with TE buffer. Before the main qPCR an PCR was
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done for 30 cycles (94°C for 30 s, 60°C for 30 s, 72°C for
1 min) using 2 pl cDNA as template. The PCR products
were separated on 2% agarose gel and visualized under
ethidium

UV-transilluminator after staining with

bromide.

Primers for qPCR were picked using Primer3 online
software and were checked again using OLIGOS analyzer
software. All assays were validated using standard curve
validation procedures. PCR was carried out using the one
step SYBR® Green RT-qPCR with hot-start 7ag DNA
polymerase (Thermo Scientific) in a BIO-RAD real-time
PCR machine (CFX96™ Touch Real-Time PCR
Detection System) following manufacturer's
recommendations and with a 60°C annealing temperature
and 40 cycles. A housekeeping gene (Actin) was used as
reference gene for normalization, and comparative gene
expression method (2-24T) was used for data analysis.
Genes transcript accession numbers, amplicon sizes and
the primers are given in Table 1. Relative quantification
of gene expression was determined by amplifying the
target PR-§ and the reference actin genes. The specificity
of the PCR reactions was confirmed by melting curve
analysis of the products, as well as by size verification of

the amplicons on 2% agarose gel.

Total protein content

For total soluble protein content, 200 mg of leaf tissues
was powdered in liquid nitrogen using a pre-chilled pestle
and mortar and then homogenized in one ml
homogenization potassium phosphate buffer (100 mM
potassium phosphate buffer at pH 7.0 containing 0.5 mM
EDTA). The homogenate was then centrifuged at 17000
g for 20 minutes at 4°C and the supernatant used for
determination of the total protein content and enzyme
activities. The total soluble protein concentration was
measured according to the Bradford [22] method and
bovine serum albumin (BSA) was used as standard.

Table 1. Genes and related primers used for qPCR.

Gene Name

. Primer sequences (5' to 3')
(Accession No.)

PR-8 GCGGTTTTGGATGGCGTTGAT
(M24365.1) GTCTAGGTGAGCGTCTGGTA
Actin GATTCTGGTGATGGTGTGAGTC

(AB010922.1)  TCGGCAGTGGTGGTGAACAT

SOD activity assay

The activity of SOD was determined according to a
previously described method [20] with some
modifications. Three tubes with the same reaction
conditions were used including: 1.5 ml of 50 mM
phosphate buffer, 0.3 ml of 130 mM Met, 0.3 ml of 750
mM nitro blue tetrazolium (NBT), 0.3 ml of 100 mM
EDTA-Naz and 0.5 ml of water. The enzyme extract (0.05
ml) was added to the first tube and then exposed to 4000
lux light for 15 min at 25°C. The second tube was also
exposed to the above mentioned light conditions, while
the third tube was stored in the dark. One unit of SOD
activity was defined as the amount of enzyme required to
cause a 50% inhibition in NBT reduction at 560 nm
wavelength.

CAT activity assay

CAT activity was determined using the method described
by Aebi [23] with slight modification, wherein CAT
activity was estimated based on declining of absorbance
of oxygen peroxide H202 at 240 nm. A 2 ml reaction
mixture was used containing 30 mM H202, 50mM
phosphate buffer (pH 7) and 0.05 ml protein extract.

Data analysis

Relative expression levels of mRNA for PR-§ gene were
analyzed using BIO-RAD CFX manager software
(version1.1.308.11111), and the transcript abundance of
chitinase expression was normalized based on that of
actin as reference gene. Data obtained from enzyme
assays analyzed using the SAS 9.1 statistical software.

RESULTS

Analysis of PR-8 gene expression

Comparison of PR-8 expression profiles in the resistant
and susceptible cucumber cultivars showed significant
differences in gene expression rates (Figure 1). For both
cultivars, in the first 12 hpi there was no significant
increase in chitinase expression compared with the
control (0 hpi). A slight and negligible increase in the
gene expression was observed from 24 to 48 hpi. This is
while the two cultivars showed a significant rise in the
gene expression at 96 hpi, but the gene expression rate of
the resistant cultivar was dramatically higher than that of
the susceptible one, so that, the expression of resistant
cultivar raised by 6 times (more than 300 normalized
relative expression) higher than that of susceptible
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cultivar Super N3 (less than 50 normalized relative
expression) (Figure 1).

SOD activity

Compared to the control (0 hpi), activity of SOD showed
a significant alteration during the time course after
inoculation in both resistant Green Magic and susceptible
Super N3 cultivars. The pattern of SOD activity alteration
was almost the same for both cultivars so that the enzyme
activity was raised during early hours of post infection
time, was declined after 6 hpi, reached near its initial rate
at 24 hpi and then remained constant until the end point
of the experiment i.e. 96 hpi (Figure 2).
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Figure 1. Relative gene expression profile of PR-§ over a time
course from 0 to 96 h in resistant (Green Magic) and susceptible
(Super N3) cucumber cultivars after inoculation with powdery
mildew caused by S. fuliginea.
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Figure 2. Changes in the activity of superoxide dismutase
(SOD) enzyme over a time course from O to 96 h post
inoculation with S. fuliginea in the resistant (Green Magic) and
the susceptible (SuperN3) cucumber cultivars.
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Figure 3. Alterations of the activity of catalase (CAT) enzymes
over a time course from 0 to 96 h post inoculation of S. fuliginea
in the resistant (Green Magic) and susceptible (SuperN3)
cucumber cultivars.

CAT activity

CAT activity significantly differed over time in both
resistant and susceptible cultivars, however, in contrast to
SOD, the pattern of CAT activity was dramatically
different between two cultivars (Figure 3). In resistant
cultivar (Green Magic), CAT activity was significantly
raised at 6 hpi, almost remained constant until 48hpi and
then declined to its initial rate, while in susceptible
cultivar (Super N3), elevation of CAT activity was
continued to 24 hpi, remained constant until 72 hpi and
then declined to its initial rate (Figure 3). According to the
enzyme activity peak, elevation of CAT unlike to SOD
was more than 1.5 fold (1.97 vs. 1.23 U) higher in the
susceptible than in the resistant cultivar. Also, CAT
activity was declined later (72h vs. 48h) in the susceptible
cultivar which was much higher than in the resistant
cultivar (Figure 3).

DISCUSSION

We recently conducted a comparative study on both
cultivars “Green Magic” and “Super N3” along with 18
other greenhouse and outdoor cucumber cultivars in
response to powdery mildew caused by S. fuliginea
aiming to identify resistant and susceptible cultivars [21].
Wherein, the cultivars Green Magic and Super N3 were
identified as extremely resistant and susceptible
respectively. The cultivars were then chosen to
investigate comparatively in terms of the factors studied
here. Analysis of PR-§ expression revealed that a higher
level of PR-& transcript was expressed in the resistant
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compared to the susceptible cultivar which is in
accordance with the resistance of the cultivar against S.
fuliginea. Chitin is a common material in the cell wall of
fungal organisms including powdery mildew of cucurbits,
thus chitinase hydrolyzing the pathogen cell wall is a
quite relevant factor when studying resistance to the
pathogen [7]. We clearly documented the upregulation of
PR-8 in the leaves of cucumber plants infected with
powdery mildew caused by S. fuliginea. A strong
relationship between resistance to the pathogen and
upregulation of the PR-8 gene can be deduced from the
differences between the expression of this gene at 96 hpi
in the resistance and the susceptible cultivars (Figure 1).
These results agree with several other reports conducted
on different plants infected with fungal pathogens e.g.
barley infected with powdery mildew [8], cucumber
infected with downy mildew [6] and muskmelon infected
with Fusarium oxysporum [7]. In addition to fungal
pathogens, induction of chitinase expression in relation
with bacterial, viral and even abiotic stresses such as heat-
shock have also been well documented [6,9]. Also,
External applications of chitinases to control powdery
mildew of strawberry by spraying on fruits and leaves
[24] as well as to control the disease on barely by
microinjection into coleoptile epidermal cells [25] have
been reported.

Two antioxidant enzymes SOD and CAT showed
contrary activities in the leaves of resistant and
susceptible cultivars. As shown in Figures 2 and 3, SOD
was more active and CAT was weaker in the resistant
compared to the susceptible cultivar. Both CAT and
peroxidase are antioxidant enzymes eliminating reactive
oxygen species (ROSs). SOD catalyzes conversion of the
superoxide free radicals (0%) to molecular oxygen and
H202 and CAT catalyzes elimination of H202 during
oxidative damages [10]. Thus, the patterns and levels of
the activity of both enzymes in the resistant cultivar may
be correlated with defense responses related to H20:2
accumulation. Different reasons for this argument are
suggested including: i. accumulation of ROSs, e.g., H202
which is known as oxidative burst (OB) can be the earliest
occurring events in plant host cells. The ROSs formed in
this stage may act as antimicrobial agents, ii. in another
different mode of action, H2O2 particularly takes part in
cell wall fortification via cross-linking of the cell wall
proteins, iii. H2O2 may serves as a substrate in cell wall
apposition (papilla formation) [13], a strategy by which
plants can restrict access of fungal pathogens to the plant

protoplasts. Secondary metabolites with antimicrobial
activity, accumulate in papillae structures. Also, rapid
formation of such structures has been suggested to be
correlated with enhanced resistance to pathogen
penetration and vice versa [26]. Thus, successful cell
wall-associated defenses such as papillae formation can
resist the pathogen penetration at earlier stages and
eliminate the need for costlier defense responses such as
HR (hypersensitive response) cell death. Biotrophic
parasites such as powdery mildew interacts with living
plant cells by utilizing fine strategies for interacting with
the host cell wall [27]. Thus, papillae formation can be an
effective barrier against powdery mildew and other
haustorium-forming fungi which have to penetrate cell
wall to make feeding structures (haustorium) [28].
Additionally, H2O2 induces cell death and acts as a signal
for induction of systemic defense responses [15].
Systemic acquired resistance (SAR) is another way by
which plants respond to necrotizing pathogens leading to
an enhanced resistance to the pathogen throughout the
plant. It has been shown that salicylic acid acts by
reducing CAT activity and this reduction acts as a second
messenger in activating the expression of pathogenesis
related genes [16]. Inhibition of spore germination of a
number of fungal pathogens by H2O:2 has also been
reported [14]. In brief, considering the above mentioned
H20: related defense responses on one hand and the
activity of SOD and CAT enzymes in the leaves of the
resistant cultivar (Green Magic) on the other hand, we
may suggest plausible basic roles for H2O2 in the defense
against the biotrophic powdery mildew causing agent S.
fuliginea. Although, more biochemical investigations e.g.
measuring H202 concentration changes during infection
are required to prove this suggestion.

CONCLUSION

The results of the present study including analysis of PR-
8 expression and determination of the activity of the two
antioxidant enzymes i.e. SOD and CAT in the leaves of
susceptible Super N3 and resistant Green magic cucumber
cultivars clearly revealed different responses of the
cultivars. The chitinase gene was highly expressed in both
cultivars at 96 hpi, however the expression level was
dramatically higher in the resistant compared to the
susceptible cultivar implying a positive role of PR-8 in the
resistance to S. fuliginea. In comparison, the resistant
cultivar showed a higher level of SOD activity, while by
contrast, a lower activity of H2O2 eliminating enzyme i.e.



38

Journal of Plant Molecular Breeding (2016) 4(2): 33- 40

CAT was observed which may suggest key roles for H202
in related resistance mechanisms.

ACKNOWLEDGEMENTS

This study was conducted using funds provided by
Genetics and Agricultural Biotechnology Institute of
Tabarestan (GABIT). The authors also wish to thank the
laboratory staff of GABIT for their technical assistance.

REFERENCES

[1] Huang, S., Li, R., Zhang, Z., Li, L., Gu, X., Fan, W, Lucas,
W, Wang, X., Xie, B., and Ni, P. 2009. The genome of the
cucumber, Cucumis sativus L. Nat Genet, 41(12):1275-
1281.

[2] Lebeda, A., and E. Kristova, 2000. Interaction between
morphotypes of Cucurbita pepo and obligate biotrophs
(Pseudoperonospora cubensis, Erysiphe cichoracearum and
Sphaerotheca fuliginea). Acta Hort, 510:219-229.

[3] Rankovic, B. 2003. Powdery mildew fungi (order:
Erysiphales) on plants in Montenegro (Chernogoria). Mycol
Phytopathol, 37:42-52.

[4] McCreight, J.D. 2006. Melon-powdery mildew interactions
reveal variation in melon cultigens and Podosphaera xanthii
races 1 and 2. J Am Soc Hort Sci, 131:59-65.

[51 Hamid, R., Khan, M.A., Ahmad, M., Ahmad, M.M., Zinul
Abdin, M., Musarrat, J. and Javed, S. 2013. Chitinases: An
update. J Pharm BioAll Sci, 5(1):21-29.

[6] Metraux, J.P. and Boller, T. 1986. Local and systemic
induction of chitinase in cucumber plants in response to
viral, bacterial and fungal infections. Physiol Mol Plant P,
28(2):161-169.

[7]1 Balde, J.A., Francisco, R., Queiroz, A., Regalado, A.P.,
Ricardo, C.P. and Veloso, M.M. 2006. Immunolocalization
of a class III chitinase in two muskmelon cultivars reacting
differently to Fusarium oxysporum f. sp. melonis. J Plant
Physiol, 163:19-25.

[8] Kragh, K.M., Jacobsen, S., Mikkelsen, J.D. and Nielsen,
K.A. 1993. Tissue specificity and induction of class I, Il and
1Q chitinases in barley (Hordeum vulgare). Physiol Plant,
89:490-498.

[9] Widiastuti, A., Yoshino, M., Hasegawa, M., Nitta, Y. and
Sato, T. 2013. Heat shock-induced resistance increases
chitinase-1 gene expression and stimulates salicylic acid
production in melon (Cucumis melo L.). Physiol Mol Plant
P, 82:51-55.

[10]Heller, J. and Tudzynski, P. 2011. Reactive oxygen species
in phytopathogenic fungi: signaling, development, and
disease. Annu Rev Phytopathol, 49:369-390.

[11]1Luhova, L., Lebeda, A., Kutrova, E., Hedererova, D. and
Pec, P. 2006. Peroxidase, catalase, amine oxidase and acid
phosphatase activities in Prisum sativum during infection

with Fusarium oxysporum and F. solani. Biol Plant, 50:675-
682

[12]Dieng, H., Satho, T., Hassan, A.A., Aziz, A.T., Morales,
R.E., Hamid, S.A., Miake, F. and Abubakar, S. 2011.
Peroxidase activity after viral infection and white fly
infestation in juvenile and mature leaves of Solanum
Iycopersicum. J Phytopathol, 159:707-712

[13]Huckelhoven, R. 2007. Cell wall-associated mechanisms

of disease resistance and susceptibility. Annu Rev
Phytopathol, 45:101-127.

[14]Peng, M. and Kuc, J. 1992. Peroxidase-generated hydrogen
peroxide as a source of antifungal activity in vitro and on
tobacco leaf disks. Phytopathol, 82:696-699.

[15]Torres, M.A., Jones, J.D., and Dangl, J.L. 2006. Reactive
oxygen species signaling in response to pathogens. Plant
Physiol, 141(2):373-378.

[16]Chen, Z., Silva, H. and Klessig, D.F. 1993. Active oxygen
species in the induction of plant systemic acquired
resistance by salicylic acid. Science, 262:1883-1886.

[17]1Yao, Z., Rashid, K.Y., Adam, L.R. and Daayf, F. 2011.
Verticillium dahliae's VANEP acts both as a plant defence
elicitor and a pathogenicity factor in the interaction
with Helianthus annuus. Can J Plant Pathol, 33:375-388.

[18]Henriquez, M.A. and Daayf, F. 2012. Alteration of
secondary metabolites' profiles in potato leaves in response
to weakly and highly aggressive isolates of Phytophthora
infestans. Plant Physiol. Biochem., 57:8-14

[19]Ray, S., Mondal, S., Chowdhury, S. and Kundu, S. 2015.
Differential responses of resistant and susceptible tomato
varieties to inoculation with A/ternaria solani. Physiol. Mol.
Plant P, 90:78-88

[20]Maschietto, V., Lanubile, A., DeLeonardis, L., Marocco, A.
and Paciolla, C. 2016.
pathogenesis-related proteins and antioxidant enzyme

Constitutive expression of

activities triggers maize resistance towards Fusarium
verticillioides. J Plant Physiol, 200:53-61.

[21]Moradi, N., Rahimian, H., Dehestani, A. and Babaeizad, V.
2017. Comparative study of selected cucumber cultivars
resistant to powdery mildew caused by Sphaerotheca
fuliginea. Plant Cell Biotech. Mol. Biol., 18 :30-38.

[22]Bradford, M.M. 1976. A rapid and sensitive method for the
quantitative titration of microgram quantities of protein



Journal of Plant Molecular Breeding (2016) 4(2): 33- 40

39

utilizing the principle of protein-dye binding. Anal.
Biochem, 72:248-254.

[23]Aebi, H. 1984. Catalase in vitro. Methods Enzymol,
105:121-126.

[24]Karasuda, S., Tanaka, S., Kajihara, H., Yamamota, Y. and
Koga, D. 2003. Plant chitinase as a possible biocontrol agent

for use instead of chemical fungicides. Biosci Biotech
Bioch, 67(1):221-224

[25]Toyoda, H.,Matsuda, Y., Yamaga, T., Ikeda, S., Morita,
M., Tamai, T. and Ouchi, S. 1991. Suppression of the
powdery mildew pathogen by chitinase microinjected into

barley coleoptile epidermal cells. Plant Cell Rep, 10 :217-
220.

[26]Collins, N.C., Thordal-Christensen, H., Lipka, V., Bau, S.,
Kombrink, E., Qiu, J.L., Huckelhoven, R., Stein, M.,
Freialdenhoven, A., Somerville, S.C. and Schulze-Lefert, P.
2003. SNARE-protein-mediated disease resistance at the
plant cell wall. Nature, 425:973-977.

[27]Underwood, W. 2012. The Plant Cell Wall: A Dynamic

Barrier against Pathogen Invasion. Front Plant Sci,
3:85. doi: 10.3389/fpls.2012.00085.

[28]Szabo, L.J. and Bushnell, W.R. 2001. Hidden robbers: the
role of fungal haustoria in parasitism of plants. Proc Natl
Acad Sci U.S.A, 98:7654-7765



Journal of Plant Molecular Breeding (2016) 4(2): 33- 40 40

b b po o35 ke 9 (ST 6T sl 3T cullzd 4o wglas Sphaerotheca fuliginea & )l Gewly

polie g wlws sGuiei) 3o (ol Lo

Tél}‘;l.gl.g Al Js {*"GSMQ e ‘YQLHU.:-") PUICOP PR PR KW

Ol ol 55k (ormb mlin 5 (555l pgle oSails (s pubo (53,9iS (5ol Coms ) 9 S5 0uSagy |
Qb—:‘ 3~ g‘_g)l...; as"“‘l’ é_lL;.a 9 S jyliS pole oiils ;i..u)...bl.j a”b’ v

a.dehestani @sanru.ac.ir : Jgtus odiug ™

ouuS

b Ceaglie corge a5 sy sloanl B 5l 385 (BT cl laz yulyw o k3 slaglom 2yl 5l (S gpom S
ol adlllas o 55l jloen (395l 4 Cuaglie Mol aalyy S (Fhb sl 1) e Wlg so igd (oo 3850 4 olS Lol
sl bl sloslenl b [La wlus 5 polis 4 lg 90 5o (slawnlio & ya0 4 Sphaerotheca fuliginea il s ,94) S s 4y Fewly
30 Callad g PCR b oy b 5l eslisiasl b (YoM 5LiS) PR 5 ol el i85 )13 )y 0590 (oloniom 9 (J5SUge
S 5 3 PR-8 15 oylo a5 ols lis gl el oo Judoig 43525 5 (6505 05151 VB 5 55 g saanS s gan  SiloeanSTl 5T o0 351
A0 Blie )0 Yo ) g wlac o8, 5l jtian oy # pglie o3, ,0 Sialidl ool Lol wdl (iali3l Sogll 5lam el A5 13, 95,0
3l sl sl o3gl ol a4 ceglie 5 PR-S gollS 18 clVs @l ol el oSas (oud Jloy o ol
dn el £ g ably (il Sogll adgl slacels loa o 50l (i 18, 50 0 50 1, Gl clad (55501 bgany 2008150
gole Hliad ol g0 o1, Felaie Codlad (5ol YL ¢ Llae ;o ols Las polie o8, ;o yiin CIld L 1) 055 codled &4 L;oyﬂ 5
G35 Soehe & Cuglie Lol SlapucslSio ) Cond 5509, Wyl gl @l Sdls ulus 03, 53 (s colld

Ao o )1 S. fuliginea 3| 5U L>



	Abstract
	Introduction
	Materials and methods
	Plant material
	Pathogen culture and plant inoculation
	Analysis of PR-8 expression using Quantitative RT-PCR (qPCR) 
	Total protein content
	SOD activity assay
	CAT activity assay
	Data analysis

	Results
	Analysis of PR-8 gene expression
	SOD activity
	CAT activity

	Discussion
	Conclusion
	Acknowledgements
	References



