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Rice sheath blight disease caused by a necrotrophic fungus R. solani inflicts losses of up to 50% yield. No rice cultivars with
durable resistance to R. solani exist. To develop crop protection technologies, understanding of infection mechanism of R. solani is
mandatory. For this aim, employment of model plants is useful. Brachypodium distachyon is an experimental cereal plant which was
shown to be infected by R. solani. Unlike rice, two B. distachyon accessions were resistant to R. solani by inducing a disease resistance
response which mainly acts against biotrophs, suggesting that R. solani may pass through a short biotrophic phase in which small
secreted effector proteins are used to suppress host immunity before killing host plants. To verify this hypothesis, this study aimed to
identify the potential secreted effector proteins in R. solani using the model plant B. distachyon.

Identifications of effector protein genes of R. solani on rice during 10-72 hours post inoculation (hpi) have been reported previously
using RNA-sequencing technique, however, the number of the early expressed effectors was thought to be limited due to scarcity of
the fungal RNAs in plant tissues. To overcome this issue, an improved inoculation method was developed in this study. Firstly, the
number of inocula on a single detached leaf of B. distachyon Bd2 (a susceptible accession) was increased from 1 to 3. Secondly, a
sheet was inserted between the inocula and leaves to increase synchronicity of the infection hyphae. Then the inoculated leaves were
harvested at 4, 6, 10, 16, 24, and 32 hpi and subsequently used for RNA extraction for cDNA synthesis and qRT-PCR. The fungal
RNA was traced over the time course using 18S rRNA and it could be reproducibly detected from 6 hpi. Hence, this infection method
enabled to study early expressed genes in R. solani with higher sensitivity compared with the previous approach.

The potential effector protein genes of R. solani were then predicted using the genome sequence and
bioinformatics tools and 88 E. solani secretory effector-like protein genes (EsSEPGs) were identified. The gene
models of EsSEPGs were calibrated with RNA-sequencing data and most of their predictions needed to be corrected.
This result suggested the difficulty of prediction of gene model for small secreted proteins. In the end, 68 EsSEPGs
were identified and 52 genes out of them were successfully detected with variable and phase-specific expression
patterns during the time course. In this study, the expression of 22 RsSEPGs were newly characterized. These
RsSEPGs were classified into 6 clusters with their expression patterns. Clusters 1-3 comprise 23 RsSEPGs whose
expression levels mainly peaked before 24 hpi, and the remaining clusters 4-6 contain 29 RsSEPGs whose highest
expression levels were at 24 or 32 hpi. Because disease symptom was observed from 24 hpi in the developed infection
system, RsSEPGs in the clusters 1-3 and 4-6 were expected to be involved in biotrophic and necrotrophic
interactions, respectively. These results opened new avenues to study if R. solani employs effector proteins in its

infection.
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