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Extended abstract

Introduction

Barley (Hordeum vulgare L.), one of the first domesticated crops, holds significant agricultural importance and is
globally ranked fourth among crops, following wheat, rice, and maize. Powdery mildew (Blumeria graminis) is
one of the most important diseases in barley. Upon epidemic situation, the aerial organs of the plant are covered
with a white powder that contains conidia, the causal agent of powdery mildew disease. As a result, powdery
mildew has a negative effect on the photosynthetic activities of plants, leading in decreasing in yield and economic
losses. Transcription of defense response genes is activated in response to barley powdery mildew disease, and
elicitors of the pathogen are also involved in this response. Plant defense mechanisms against reactive oxygen
species (ROS) produced in response to both biotic and abiotic stresses are involved the deployment of antioxidant
enzymes. These enzymes possess the capability to either scavenge or neutralize ROS, consequently mitigating
their detrimental impacts.

Materials and methods

In this research, the effect of fungus Blumeria graminis the caual agent of powdery mildew disease on the
expression of genes involved in resistance reactions in barley was evaluated on a susceptible cultivar (Afzal), a
semi-susceptible genotype (Line 67) and a resistant genotype (Line 104). After infection by Blumeria graminis at
seedling stage, sampling was performed at different time points (0, 6, 12, 24, 72 and 240 hours). Changes in
expression of some genes involved in responses of barley to powdery mildew were measured by quantitative real
time PCR (qRT-PCR) analysis in 2 biological replicates. The genes encoding Chitinase, Peroxidase, Glucanase
and Map kinase were studied in this research. TEF-/o gene was used as internal control (housekeeping gene).
RNA extraction was done using BioZol and cDNA synthetiz was performed using MMuLV reverse trancriptase
enzyme according to manufacturer’s protocols. qRT-PCR reactions were done using SYBR green dye in 3
technical replications by iQ5 BioRad instrument. The expression level of studied genes in different treatments was
done in REST software using the output data from iQS5 software. Relative comparison method and AACT formula
were used to calculate the relative expression of studied genes compared to control.

Results and discussion

Evaluation of molecular results showed that the Chitinase and Glucanase as the key enzymes in fungal cell wall
degradation, had higher expression levels in the resistant genotype (Line 104). The transcript level of Chitinase in
semi-susceptible genotype (Line 67) was lower than that of the resistant genotype (Line 104) and higher than that
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of the susceptible genotype. Most transcripts of Chitinase gene were seen at 12 hours after infection in the resistant
genotype (Line 104) while the lowest expression was recorded at the same time in the susceptible genotype. The
expression levels of the other two genes (Glucanase and peroxidase) were higher in the resistant genotype (Line
104) than those in the susceptible genotype. It seems that the early expression of these genes followed by enzyme
production in resistant genotypes can be due to the accumulation of free radicals and the plant's effort to remove
them which lead to hypersensitivity reaction. Increasing in MAP kinase transcripts in resistant genotype (Line
104) and its depletion in susceptible cultivar confirmed MAP kinase role in hypersensivity reaction and defense
responses of barley under powdery mildew infection.

Conclusions

In barley plants, resistance to powdery mildew is initiated through a hypersensitive reaction, occurring shortly
after inoculation with the Blumeria graminis pathogen. Six hours post inoculation, the expression of genes
encoding Chitinase, glucanase, Peroxidase, and Map kinase were increased. In the resistant genotype, this
upregulation led to a complete hypersensitive reaction, preventing pathogen growth and development. Conversely,
in the semi-susceptible genotype, delayed gene expression led to Blumeria graminis growth and development
within the plant. No hypersensitive reaction was observed in the sensitive genotype, facilitating pathogen
penetration and spread.

Keywords: Peroxidase, Barley, Powdery mildew, Chitinase, Glucanase, MAPK
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Figure 5. qRT-PCR analysis of glucanase gene in the semi-susceptible line (67), Bars indicate the standard
deviation (£SD), (d: days after inoculation, h: hours after inoculation)
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Figure 7. qRT-PCR analysis of peroxidase gene in the resistant line (104), Bars indicate the standard deviation
(£SD), (d: days after inoculation, h: hours after inoculation)
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deviation (£SD), (d: days after inoculation, h: hours after inoculation)
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Figure 10. qRT-PCR analysis of MAPK gene in the resistant line (104), Bars indicate the standard deviation
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Figure 12. qRT-PCR analysis of MAPK gene in the susceptible line Afzal, Bars indicate the standard deviation
(£SD), (d: days after inoculation, h: hours after inoculation)
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