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ABSTRACT: Fusarium ear rot (scab) is one of the most important disease in wheat and other small grain 
crops, which influenced strongly by weather conditions. The purpose of this study was investigation of 
changes in oxalate oxidase (OXO) and �-(1, 3)-glucanase transcripts to determine the initiation time point 
of wheat defense response to Fusarium graminearum. For this purpose, two wheat cultivars including 
Falat and Sumi3 as susceptible and tolerant cultivar respectively were planted in field at Gorgan 
agricultural research station. Total RNA was extracted from infected spikes sampled at 1, 3 and 7 days 
after inoculation. First standard cDNA was synthesized by using total RNA and used as template in 
quantitative real-time PCR (qRT-PCR). The result showed that the expression of OXO gene in 
susceptible variety (Falat) was decreased at all time points after inoculation. But the expression of this 
gene in tolerant variety increased in 7 days after inoculation however it was decreased at 1, 3 days after 
inoculation. The expression of �� -1, 3 glucanase gene in tolerant variety increased in 7 days after 
inoculation but in susceptible variety, the expression of this gene was much lower than tolerant one at this 
) time. 
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qRT-PCR  quantitative real-time  PCRFHBFusarium head blight 
DON  deoxynivaleno   GAPDHglyceraldehyde-3-phosphate dehydrogenase 

 
INTRODUCTION 

 
Fusarium head blight (FHB), also called scab, is a devastating and insidious disease of cereals including 

wheat (Triticum spp.) and barley (Hordeum vulgare L.) worldwide. (Ma et al., 2009). FHB of small-grain cereals is 
not a single-species problem like powdery mildew (Erysiphe graminis), leaf blotch of barley (Rhynchosporium 
secalis) or leaf blotch of wheat (Septoria tritici), but can be caused by up to seventeen different organisms (Dardis 
and Walsh, 2002). Despite the range of species implicated in the disease, Fusarium graminearum, F. culmorum, 
and F. avenaceum appear to predominate worldwide. The risk of a FHB epidemic is high when natural inoculum is 
abundant (e.g., conidia or ascospores on crop debris on the soil surface) during warm, humid weather at flowering 
(Buerstmayr et al., 2000). The disease may cause severe losses in grain yield and grain quality. Furthermore, the 
most serious threat of FHB is the contamination of the harvested grain with mycotoxins especially deoxynivalenol 
(DON) (Buerstmayr et al., 2000). DON was reported as a virulence factor to aid colonization of the pathogen in the 
host. DON and other trichothecenes also can function as inhibitors of protein synthesis, which exhibits deleterious 
effects on animal production and human health (Yu et al., 2008). The earliest signs of spikelet infection are water-
soaked lesions on the glumes. The most economical and efficient way to protect wheat from FHB is to develop 
genetically-resistant varieties (Mackintosh et al., 2007). Although developing FHB-resistant wheat is a primary 
objective of many breeding programs, there is a limited understanding of the molecular mechanisms involved in the 
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infection of wheat by F. graminearum (Kruger et al., 2002). Fungal attack of plant tissues induces a series of 
defense mechanisms. These can be in the form of morphological structural or biochemical changes. The latter can 
include deposition of lignin, callose, or phenolic compounds, or synthesis of pathogenesis-related (PR) proteins. 
Among the PR proteins plant hydrolases, � -1, 3-glucanase and chitinase, have been the most extensively studied 
and implicated in a number of fungus–plant systems (Han et al., 2005). It has been shown that these enzymes are 
able to degrade � -1, 3-glucans and chitin, two major structural components of fungal cell walls, and thus inhibit the 
growth of the fungus (Arlorio et al. 1992). It has also been shown that the breakdown products of the fungal cell wall 
components act as elicitors of plant defense responses (Takeuchi et al., 1990). In the case of Fusarium infection of 
wheat it has been shown that � -1, 3-glucanase and chitinase accumulated in higher concentrations in host tissue 
and in fungal hyphae, especially at sites where host cells were in close contact with fungal hyphae. The 
accumulation was much higher after infection of a resistant than of a susceptible cultivar, suggesting that this is one 
possible mechanism for retarding pathogen spread in a resistant cultivar (Kang and Buchenauer 2002). The 
induction of PR genes is a general response to FHB, but it has been observed that few PR proteins are up-
regulated, earlier, faster and/or more in resistant genotypes than in susceptible genotypes (Steiner et al., 2008). 
Quantitative Real-time PCR analysis showed basic chitinase, �(1,3;1,4) glucanase and �-(1,4) glucanase genes 
was significantly down regulated in the susceptible cultivar (Falat), whereas their expression were significantly 
increased in the resistant cultivar (Sumi3). The transcript of neutral PR-1 gene exhibited a particular pattern and 
was induced significantly in 7 days after inoculation in the resistance cultivar. Result showed that respected 
encoded PR proteins might play important roles in defense reaction of wheat to Fusarium graminearum (Soltanloo 
et al., 2010). Increasing in lipase transcripts was observed at 6 hours to 7 days against F. graminearum spore 
suspension and 24 hours to 7 days against fungal extract in tolerant variety (Sumi3). Also lipase transcripts 
increased at 6 and 72 hours against DON treatment in tolerant variety (Sumi3). These increases observed whereas 
accumulate of lipase gene decreased in susceptible variety (Falat) (Bagheri Bajestani et al., 2012). Oxalate 
oxidases are another type of PR proteins (PR-15) with superoxide dismutase activity. These proteins generate 
hydrogen proxide that can be toxic to different types of attackers or could directly or indirectly stimulate plant-
defense responses (Van Loon et al., 2006). 

In current study, we have employed qRT-PCR technique for investigation of expression pattern of oxalate 
oxidase and �-(1,3)-glucanase genes of wheat in response to FHB. The goal of the present study was evaluation of 
two PR proteins to determining initiation time point of wheat defense response to Fusarium graminearum in tolerant 
and susceptible cultivars. 

 
MATERIALS AND METHODS 

 
Plant materials 

Two spring wheat genotypes with contrasting phenotypes for FHB tolerant were used in this study; the 
highly FHB-tolerant cultivar, Sumai3 and the highly susceptible cultivar, Falat. To prepare inoculums, one isolates 
of F. graminearum originating from field collections of Gorgan was cultured on potato dextrose agar medium. Spore 
suspension was prepared based on protocol (Soltanloo et al., 2010). Plants were grown in field at Gorgan 
Agricultural Research Station in 2009 and inoculation was conducted in 6 to 7 weeks after germination at anthesis 
according to Zadoks stages 65-69 (Zadoks et al., 1974). Either 10 �l of F. graminearum spore suspension or 
distilled water was injected between the palea and lemma of 10 central spikelets per each spike on different plants. 
The mock inoculation was made by distilled water in both ‘Sumai3’ and ‘Falat’ for all time points. The infected 
spikes were collected in three replications for RNA isolation at 1, 3 and 7 days after inoculation (DAI). Immediately, 
the sampled spikes were placed on liquid nitrogen and transferred into -80 ˚C freezer for storage until RNA 
extraction. Total RNA was isolated from the F. graminearum conidia suspension-inoculated (tester) and mock 
inoculated (control) glumes of ‘Sumai3’ and ‘Falat’ using RNX-PLUS kit (Cinagen, Iran) according to manufacturer's 
instruction. Extracted RNA was quantified by spectrophotometer and its quality was verified on 1% agarose gel 
electrophoresis. RNA was treated with DNaseI enzyme (Fermentase

TM
, Germany) to remove DNA contamination 

before cDNA synthesis. The first strand cDNA was synthesized from 2 �g of total RNA using M-MuLV Reverse 
Transcriptase (Fermentase, Germany) and oligo(dT)18 primer. The forward and reverse primers for qRT-PCR were 
designed by Primer3 online software (Rozen and Skaletsky, 2000). Table 1 shows properties and sequences of 
primers for Oxalate oxidase, �-(1,3)-glucanase genes and also for the reference gene, glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). 

The relative quantification of mRNA correspond to each gene was measured by SYBR Green method 
using SYBRBIOPARS

TM
 Kit (Gorgan University, Iran). After an initial activation step of the DNA polymerase at 95˚C 

for 3 min, samples were subjected to 35 cycles of amplification (denature at 95 ˚C for 10 sec, annealing at 60 ˚C for 
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10 sec and extension at 72 ˚C for 10 sec). Each sample was evaluated in 3 technical and two biological 
replications.  

Relative gene expression was calculated by Pfaffl formula (Pfaffl, 2001). The ratio between the target gene 
and housekeeping genes was analyzed by the REST software (Pfaffl et al., 2002). Melting curve was used to check 
primer specifity.  

 
RESULTS AND DISCUSSION 

 
FHB is a serious disease of wheat and has resulted in significant economic losses around the world. 

Control heads confirmed the effectiveness of the inoculation procedure. Disease symptoms were observed on all of 
the Fusarium-inoculated control heads. No disease symptoms were observed on mock-inoculated heads. In this 
study, two wheat genotypes, Sumai3 and Falat, were investigated to determine the correlation between infection in 
spikes tissues and timing of transcript accumulation of two defense genes encoding Oxalate oxidase, �-(1,3)-
glucanase. Figure.1 shows fold increase of Oxalate oxidase, �-(1,3)-glucanase transcripts in FHB-tolerant, ‘Sumai3’ 
and FHB-susceptible cultivar, ‘Falat’, at different time points after inoculation with F. graminearum. The y-axis 
values indicate the fold changes in differentially expressed genes in ‘Sumai3’ and ‘Falat’ inoculated with F. 
graminearum compared to control (mock inoculated) at each time point  after inoculation (x axis).   

 
Table 1. Properties and nucleotide sequences of primers used in qRT-PCR. 

Gene Gene description Accession No. Forward primer Reverse primer 
Amplified 
fragment 
(bp) 

GAPDH 
glyceraldehyde-3-
phosphate 
dehydrogenase 

EF592180 5'-TCACCACCGACTACATGACC3' 5'-acagcaacctccttctcacc-3' 120 

1,3glu beta-1,3-glucanase DQ090946 5'-GAGCTTCGGGCTCTTCAAC-3' 
5'- CGTACGTGCCCGTTACACTT-
3' 

161 

OXO1 
oxalate oxidase 
precursor 

AJ556991 
5'- CTCCTTCAACAGCCAGAACC-
3' 

5'- TAAAACCCAGCGGCAAAC-3' 153 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Fold changes in accumulation of �-(1, 3)-glucanase  and Oxalat oxidase transcripts in FHB-resistant (‘Sumai3’) 
and FHB-susceptible (‘Falat’) wheat cultivars at different days after inoculation (dai) with F. graminearum. The relative fold 
change of target gene transcripts was calculated using the comparative cycle threshold method. The infected samples were 
quantified relative to the controls (mock inoculated) at the same time points. GAPDH was used as an endogenous control to 
normalize the data for input RNA difference between the various samples. Mean values and standard deviation (S.D.) for 
four independent assays are shown. Asterisks indicate significant difference between control and infected samples: 

*
< 0.05; 

**
< 0.01. 

 
As shown in figure 1, the �-(1, 3)-glucanase gene induced significantly in ‘Sumai3’ at 7 day after inoculation 

much higher than susceptible cultivar. This confirmed a previous report examining mRNA levels in which �-(1,3)-
glucanase accumulated in response to FHB infection (Li et al., 2001). Also, this is consistent to the results of 
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Soltanloo et al., (2010), according to their results the maximum transcripts of �-(1, 3; 1,4)-glucanase gene was 
accumulated at 7 day after inoculation in tolerant cultivar (Sumi3). �-(1,3)-glucanase are important components of 
plant defense responses to pathogen infection, and they are classified as PR-2 proteins (Bowles, 1990; Collinge et 
al., 1993). �-(1,3)-glucanase inhibit the growth of many fungi in vitro by hydrolyzing �-glucan of fungal cell walls. 
Furthermore, oligomeric products of digested �-glucan can act as signal molecules to stimulate further defense 
responses (Kim and Hwang, 1997).  In susceptible cultivar 'Falat', expression �-(1, 3)-glucanase gene induced at 
all times after inoculation with maximum induction at 24 hours after inoculation and then decreased abruptly. This is 
consistent to results Pritsch et al., 2000. According to their results �-(1,3)-glucanase transcripts were observed to 
accumulate as early as 6 to 12 h after inoculation with F. graminearum both in a tolerant wheat cultivar, 'Sumai3' 
and in a susceptible wheat cultivar 'wheaton' (Pritsch et al., 2000). 

The expression of Oxalate oxidase gene in tolerant cultivar 'Sumai3' showed significant reduction 24 hours 
after inoculation and was continued for 3 days after inoculation. But 7 day after inoculation, in spite of primary 
depletion there was significant increase in gene expression. There was significant reduction in expression of this 
gene at all times after inoculation in Falat with largest depletion in 7 day after inoculation. This is in agreement with 
results of Dong et al (2008) who showed that transgenic oilseed rape (sixth generation lines) constitutively 
expressing wheat (Triticum aestivum) OXO displays considerably increased OXO activity and enhanced resistance 
to S. sclerotiorum (with up to 90.2 and 88.4% disease reductions compared with the untransformed parent line and 
a tolerant control, respectively). Oxalic acid (OA) secreted by the pathogen during infection is a key pathogenicity 
factor of the fungus (Dong et al., 2008). The compound acidifies plant tissue surrounding the site of infection and 
causes tissue damage (Dutton and Evans, 1996). The optimal pH value for many fungal cell wall-degrading 
enzymes lies in the acidic range and thus acidification by OA may enhance activities of these enzymes (Lumsden, 
1979; Marciano et al., 1983). Additionally, OA is a strong chelator of divalent cations and sequestration of calcium 
may weaken cell walls (Bateman and Beer, 1965). Phenolics have important roles in plant defence (Métraux and 
Raskin, 1993) and there are reports that OA can inhibit the activities of 0-diphenol oxidase (Ferrar and Walker, 
1993) and polyphenol oxidase (Marciano et al., 1983; Liu et al., 1998) of host plants during fungal infection.  

OA is generally catabolised by two pathways, i.e. decarboxylation and oxidation. Decarboxylation is 
mediated by oxalyl-CoA decarboxylase or oxalate decarboxylase, producing oxalyl-CoA or formic acid, respectively 
(Kesarwani et al., 2000). Oxidation can be accomplished by oxalate oxidase (OXO, a member of the germin family 
of proteins) (Lane et al., 1993). OXO breaks down OA into CO2 and H2O2, the latter being suggested to play pivotal 
roles in plant defence responses (Lamb and Dixon, 1997; Hu et al., 2003). H2O2 at micromolar concentrations in 
plant tissues is directly toxic to microbes, contributes to structural reinforcement of plant cell walls, triggers salicylic 
acid (SA) synthesis, and has a central role in the signaling cascades that coordinate various defence responses 
(Peng and Kuc, 1992; Hammond-Kosack and Parker, 2003). It has been proposed that, through the production of 
H2O2, OXO may cause cross-linking of plant cell wall proteins in papillae at the site of infection (Wei et al., 1998) 
and functions in the plant hypersensitive response (Lane, 1994; Zhou et al., 1998). 

 
CONCLUSION 

 
Quantitative real-time PCR analysis showed that studied PR genes are regulated specifically and 

distinctively in tolerant and susceptible cultivars. Our results indicated that OXO gene is involved in defense 
reaction pathways of tolerant cultivar during 7 day of Fusarium graminearum attack. The expression of this gene 
increased significantly in resistance cultivar is an evident of their role in defense reaction to FHB disease. 
Increment of �-(1, 3)-glucanase times after inoculation in FHB- susceptible cultivar was agreement with Pritsch et 
al., 2000 and showed its role in degradation of plant cell wall when pathogen over power to plant and leads to 
increase leaf necrosis and chlorosis. 
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