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Abstract: Pathogenesis-related (PR) proteins and phytoalaxins have been implicated in disease resistance in
several plant-pathogen interactions. Resistance in plants to the hemibiotrophic pathogen, Septoria tritici was
associated with an early accumulation of -1,3-glucanase (PR-2)  and  chalcone  cyntase  (CHS)  transcripts.
The oligomers of -1,3-glucanase, degrade fungal cell walls and CHS catalyse the first committed step in
flavonoid biosynthesis branch and therefore they inhibits pathogen growth and protects the plant from
pathogens. To identify the begining time of defensive response in plant against pathogen,  after inoculating
two varieties of wheat with septoria spores in 2-leaf stage and sampling the inoculated  leaves  at  different
times (0, 6 and 12 houres and 1, 2, 3, 5, 7 and 10 days after inoculation), expression pattern of chalcone synthase
and -1,3-glucanase gene was studied with Real time PCR method. The result showed that the expression of

-1,3-glucanase gene in susceptible variety increased in 12 hrs after inoculation however it was decreased at
the beginning times after inoculation. But in resistant line the gene transcripts was increased immediately after
inoculation Accumulation of transcripts in resistant genotype is due to the role of glucanase enzyme in
degradation of pathogen cell walls and preventing of its growth. But accumulation of high level of this gene
transcripts in susceptible variety is due to its role in degradation of plant cell wall when pathogen over power
to plant and leads to increase leaf necrosis and chlorosis. Againts expression of CHS gene decreased in both
resistance and susceptible variety that it is due to decrease the accumulation of flavonoids and inhibits the
plant metabolism by pathogen. Therefore the resistence of plant is reduced and then the symptoms of disease
including chlorotic and necrotic lesions of leaf and pycnidia are appeared.
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INTRODUCTION advantage for farming areas where this disease causes

Septoria tritici blotch of wheat  caused  by  the techniques with high specificity and sensitivity, which
fungus Mycosphaerella graminicola (Fuckel) Schroeter have been  used for detection and identification of
(anamorph, Septoria tritici Rob. ex Desm.) is one of the fungual disease. A Real-time PCR is based on the labeling
limiting factors of the  wheat  culture  causing  important of primers, probes, or amplicon with  fluorogenic
damage of yield and can lead to the total destruction of molecules and allows detection of the target fragment to
the wheat culture [1-3]. Identification of new sources of be monitored  while  the  amplification is in progress [4, 5].
resistance to this disease is important for sustainable The development of reliable methods of quantitative PCR
management of the disease. has opened up many further possibilities for both foliar

Understanding the mechanism of disease resistance and root  pathogens  [6-8]. This method was developed
will help seek for new approaches to wheat breeding for for the  detection   and   identification  of  several  other
disease resistance. Improving resistance would be a great wheat   pathogenic   fungi,   including  S. nodorum [9] and

significant financial losses. PCR-based assays are rapid
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M. graminicola [10] and enabling high throughput has been shown to impart resistance against fungal and
diagnostics of plant pathogen infection in a relatively bacterial diseases [30]. In addition to the induction of
short time. To prevent economically damaging epidemics, phenolics and phytoalexins, active plant defense also
integrated disease management, combining good cultural involves  expression of pathogenesis-related (PR)
practices, resistance breeding and the appropriate use of proteins [31]. In this study we used two defense response
fungicide inputs is needed. A more sensitive method genes includind chalcon syntase (CHS) and -1,3-
using PCR, which detects S. tritici earlier in its latest glucanase.
phase [10], might allow better-timed fungicide sprays to Chalcone synthase is the key enzyme of flavonoid
eradicate  the  disease.  This  would  also  enhance current biosynthesis and catalyzes the formation of the central
risk assessment models [11] that might lead to more intermediate in this pathway, naringenin  chalcone,  from
profitable disease control with less impact on the 4-coumaroyl- CoA and three molecules of malonyl-CoA
environment. In the interaction between plants and [32]. It is the only enzyme which is specifically involved
phytopathogens, plants have evolved defense in the synthesis of all classes of flavonoids, such as
mechanisms to strengthen their cell walls [12]. Plants chalcones, flavanones, flavones, flavonols, anthocyanins
synthesize an array of pathogenesis-related (PR) proteins and isoflavones.
such as PR-1, PR-2 ( -1,3-glucanases), PR-3 (chitinases), CHS genes, or cDNA copies of these genes, have
PR-5 (thaumatin-like proteins) [13] and also plants been isolated from several plant species including
accumulate a variety of low molecular mass natural Antirrhinum majus, Zea mays, Petunia hybrida,
products, known as secondary metabolites in response to Petroselinum hortense and Phaseolus vulgaris [33, 34].
both biotic and abiotic stresses. These responses can be The two plant hydrolases, PR-2 ( -1,3-glucanase) and
triggered by the elicitor molecules derived from the cell PR-3 (chitinase), degrade fungal cell walls and may
surfaces of various fungi, bacteria and host plants or from therefore inhibit pathogen growth directly [35, 36].
the proteins/glycoproteins secreted by microorganisms Oligomers of -1,3-glucan and chitin released from the
[14-16]. hydrolysis of fungal cell walls may, furthermore, act as

Secondary metabolites, derived from the isoprenoid, elicitors of defence reactions [37-39].
phenylpropanoid, alkaloid or fatty acid/polyketide
pathways, are distinct from the components of MATERIALS AND METHODS
intermediary (primary) metabolism in that they are
generally non-essential for the basic metabolic processes Two wheat cultivars were used throughout the
of the plant [17]. The antimicrobial secondary metabolites experiments: cv. Tajan as susceptible to S. tritici and a
(“phytoalexins”) contribute to the self-defense systems in promising Line as resistant to STB. Plants were grown,
plants, due to their high antifungal activity and inoculum produced and plants inoculated. Leaves of S.
accumulation around infection sites soon after pathogen tritici-inoculated plants of both cultivars were sampled at
attack [18-20]. The accumulation of flavonoid compounds, 0, 3, 6, 12 h and 1, 2, 3, 5, 7 and 10 days after inoculating,
a group of secondary metabolic products which includes ground in liquid nitrogen and stored at –80°C until use.
the flavones, flavonols, isoflavonoids and anthocyanins, According to the manufacturer’s protocol, total RNA
is highly regulated in response to environmental stimuli was extracted from plant tissue using the RNX PLUS Kit
and is thought to play an important role in protecting (Cinagen, Iran). Genomic DNA of samples was removed
plants from environmental stress [21] Flavonoids have by treatment with DNase then cDNA synthesis was
many functions in plants. They are important for the carried according to the Fermentase protocol using
pigmentation of flowers and, hence, act as attractants to RevertAidTM M-MuLV (Fermentase, Germany) and oligo
pollinators [22]. Flavonoids also play an important role in dT  primer as manufacture description.
protection against UV light [23], plant pathogen defense Two primers were designed by Primer3 according to
[18, 24], auxin transport [25], pollen function [26] and their related sequences in NCBI. The sequences of
insect resistance [27]. primers, melting temperature, GC content and accession

The phenylpropanoid pathway leads to biosynthesis No. are listed in Table 1. To determine the quantity of
of a wide variety of phenolics and flavonoids that have mRNA of studied genes, SYBR Green PCR Master Mix
been implicated in several biological processes including (SYBR biopars, GUASNR, Iran) was used in real-time PCR.
resistance or  tolerance  against  abiotic  and  biotic PCR reaction mixtures were subjected to the following
factors [28, 29]. For example, induced expression and thermal profile: 94°C during 5 min, 35 cycles at 10s at 94°C
accumulation of flavonoid and isoflavonoid phytoalexins followed by 10s at 60°C and 10s at 72°C.

(18)
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Table 1: Characterization of primers used in this study
Primer name Accession No. Gene name Sequence Tm GC% Product length
13glu-F DQ090946 -1,3-glucanase GAGCTTCGGGCTCTTCAAC 60.09 57.89 161
13glu-R CGTACGTGCCCGTTACACTT 60.99 55
CHS-F AY286097 chalcone synthase TCCTCTCCGAATATGGCAAC 60.04 50 174
CHS-R GGACGCTATGGAGGACAACT 59.17 55
GAPDH-F EF592180 Glycer aldehyde-3-phosphate dehydrogenase TCACCACCGACTACATGACC 60 50 121
GAPDH-R ACAGCAACCTCCTTCTCACC 60 55

Relative gene expression was calculated by Pfaffl
formula [40]. The ratio between the target gene and
housekeeping genes (GAPDH) was analyzed by the REST
software [40]. To check the specificity of the PCR
reaction, melting curves were analyzed for each data
point.

RESULTS

As shown in Figure (1 and 2) after inoculation in
promising Line, -1,3-glucanase transcript levels was
elevated in response to infection in inoculated plants from Fig. 2:  -1,3-glucanases gene expression pattern in
3 hrs to 3 days after inoculztion and was decreased 5 and susceptible genotype (Tajan) in different times
7 days after inoculation compared to non-inoculated (h: houre(s) after inoculation; D: day(s) after
plants. Also the highest level of gene transcripts was inoculation)
accumulated 3 days after inoculation. The transcripts level
of -1,3-glucanase was almost higher in all time point in
susceptible cultivar (Tajan) compared to resistant
genotype.

In Tajan expression of CHS gene was up-regulated at
6 hrs after inoculation but it was not significant. In both
genotypes reduced transcript levels of CHS gene were
seen in all time after inoculation. Highest decreasing of
level of gene expression was observed at 3 and 5 days
after inoculation in Tajan and Line genotypes,
respectively (Figure 3, 4). It was synchronized with
intercellular hyphal growth in the plant cells. Fig. 3: CHS gene expression pattern in resistant

Fig. 1: -1,3-glucanases gene expression pattern in
resistant genotype (Line) in different times. (h: Fig. 4: CHS gene expression pattern in susceptible
houre(s) after inoculation; D: day(s) after genotype (Tajan) in different times (h: houre(s)
inoculation) after inoculation; D: day(s) after inoculation)

genotype (Line) in different times (h: houre(s)
after inoculation; D: day(s) after inoculation)
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DISCUSSION 2. Hardwick, N.V., D.R. Jones and J.E. Slough, 2001.

After sensing an invading pathogen, Plant cells
recognize presence of fungal spores of pathogens on their
surface and initiate defense-associated responses even
within 30 min of their contact with the spores of
pathogens [41]  such  as PR-proteins (e.g. chitinases and

-1,3-glucanases) [36, 42, 43]. These enzymes hydrolyse
fungal cell walls, releasing -1,3-glucan and chitin
oligomers that act as elicitors of defense reactions [37-39].
Our result showed that -1,3-glucanase have a key role to
defense responses to S. tritici because it rapidly
accumulated in the resistant genotype and the fungal cell
walls was degraded and pathogen growth was inhibited
[35]. Oligomers of -1,3-glucan degrade plant cell walls
that due to increased the chlorosis and necrosis coverage.
Pritsch et al., [44] showed the same result that suggested
the accumulation of transcripts continued to increase until
36 to 48 hrs after inoculation. It was coincided with spore
generation on leaf surface, production of many branched
hypha and stomatal penetration by surface hyphae. Also
they showed that accumulation of defense genes
transcripts is greater and earlier in the resistant genotype
than in the susceptible genotype. Similar result was
reported by Shetty et al., [43] that showed the role of
increased gene expression of -1,3-glucanase in the
fungal cell walls and the accumulation of -1,3-glucanase
and structural defense responses, which may directly
inhibit the pathogen and protect the host against fungal
enzymes. Our data indicate that in resistant Line, elevated
transcript levels were seen early in the interaction
compared with the water-treated control, with a reduction
during the late stages. In contrast, in the susceptible
cultivar (Tajan), elevated gene expression was seen at 1
day after inoculation. This change occurred before visible
leaf necrosis occurred and probably coincides with the
pathogen entering its necrotrophic phase [45, 46]. In this
study reduction of CHS gene in both resistant and
susceptible genotypes showed that this gene is
apparently not have roles in accumulation of flavonoids
and induced the resistant. It’s meaning that the fungal cell
walls cannot be cleaved and that elicitors and further
defense responses are therefore absent [45].
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