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Chapter 1: Background information

1. Rice blast fungus Pyricularia oryzae

The filamentous ascomycete fungus Pyricularia oryzae causes blast disease in
various species of gramineous plants, such as rice, wheat, barley or finger millet. P
oryzae penetrates the host plant by producing an infection specific cell called
appressorium and interferes with disease resistance mechanisms by secreting fungal
effectors. P, oryzae is frequently used as an ideal model for studies on host-pathogen
interactions.

2. Chromatin status

There are two main chromatin regions in the eukaryotic chromosome, euchromatin
and heterochromatin. Euchromatin has an open structure allowing active gene
transcription. In contrast, heterochromatin exhibits a highly condensed structure
with transcriptionally silent genes and is classified into two types, constitutive
heterochromatin and facultative heterochromatin. The structure and function of each
chromatin state can be regulated by nucleosome modifications, such as histone
modifications.

3. Histone methylation

Histone methylation occurs when methyl groups are added to amino acids of histone
protein by the activity of histone methyltransferases. Histone methylation can
impact chromatin structure based on the target amino acid residue position and the
degree of methylation.

4. Histone H3 Lysine 27 trimethylation (H3K27me3)

H3K27me3 is described as an epigenetic mark for facultative heterochromatin and is
associated with transcriptional silencing. H3K27me3 is catalyzed by the SET-domain
Enhancer-of-zester enzymes, a catalytic subunit of Polycomb Repressive Complex 2
(PRC2). The deposition of H3K27me3 significantly affects various cellular processes
and plays crucial roles in maintaining the integrity of the genome and promoting
fungal genome evolution. The deletion mutant of MoKMT6, which removes the
H3K27me3 deposition in the genome, resulting in serious defects in infection-related
morphogenesis and virulence of P oryzae.

5. DNA damage

DNA damage can be caused by endogenous, exogenous or environmental agents, such
as reactive oxygen species (ROS), UV, and irradiation. Double-strand breaks (DSBs)

are known as the most dangerous form of DNA damage against genome stability.
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Additionally, horizontal gene transfer (HGT) is considered as a natural event that
causes DNA damage during eukaryotic genome evolution. Genetic materials are
transferred between distantly related organisms, which contrasts vertical
transmission from parent to progeny.

6. RNA interference

RNA interference (RNAi) is an RNA-dependent gene silencing process that regulates
gene expression in most eukaryotic organisms. There are three major components in
RNAi machinery, consisting of Dicer, Argonaute, and RNA-dependent
RNA-polymerase (RARP). Recently, RNAi has been proved to play an important role
in the interaction between transcription, epigenetic modifications, and DNA

methylation by utilizing sSRNAs as a molecular guide to specific target sequences.

Chapter 2: Transferred DNA is associated with the silent epigenetic mark
H3K27me3 in P, oryzae

Genetic variation in many pathogenic fungi may be caused by asexual exchange of
genetic materials. Various HGT-derived genes have been reported to play important
roles in fungal genome evolution. Genome integrity in eukaryotes is maintained by
epigenetic regulation mechanisms, such as histone modifications and DNA
methylation. H3K4me2, H3K9me3, and H3K27me3 affect various aspects of genome
regulation. Moreover, an association between DBSs and H3K27me3 in mammals has
been observed.

When comparing the genomes of two blast isolates, Br48 and 70-15, megabase-scale
variable domains were detected in Br48 genome. Interestingly, chromatin
immunoprecipitation (ChIP) analysis revealed that repressive epigenetic marks,
H3K9me3 and H3K27me3, were associated with the variable domains in Br48
genome. Detailed sequence analysis of several segments in Br48 genome suggested
that some of them may have been obtained by HGT from other Pyricularia species.
To globally detect possible HTG genes in Br48 genome, I examined the phylogenetic
concordance of genes by defining an index, namely the IPC. IPC of a gene is
calculated as a correlation coefficient between the ranking of species similarity and
gene similarity. Low IPC levels were associated with high enrichment of H3K27me3.
This result indicated that H3K27me3 is closely correlated with HGT-derived genes in
the variable domains in Br48 genome. The role of H3K27me3 in the regulation of the
possible HGT genes was examined by RNA-seq analysis using a deletion mutant of

MoKMT6 which encodes lysine methyltransferase responsible for H3K27me3 in P
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oryzae. Gene groups with lower IPC levels were up-regulated in Amokmt6, indicating

that H3K27me3 preferentially repressed transcription of HGT-derived genes.

Chapter 3: Impact of interplay among histone modifications on the H3K27me3
distribution in the P oryzae genome

Histone methylation occurs on lysine and arginine residues and impacts gene
expression, depending on the position of the methylated residues in histone proteins
and the degree of methylation. Histone lysine methyltransferases (KMTs) are an
enzyme group which catalyzes the transfer of methyl groups from S-adenosyl to
lysine on histone proteins. The loss of KMT genes causes the redistribution of specific
histone modifications. In P, oryzae, deletion mutants of eight possible KMTs revealed
that KMT mutations showed the defect in the infection-related morphogenesis and
pathogenicity. Therefore, I analyzed the impact of gene deletion of three KMTs,
MoSET1 catalyzing H3K4me2/3. MoKmtl catalyzing H3K9me3, and MoKmt6
catalyzing H3K27me3, on H3K27me3 distribution in P oryzae genome.

Based on ChIP-seq data of the Br48 strain, three major genomic compartments were
identified, including euchromatin (EC), facultative heterochromatin (FH), and
constitutive heterochromatin (CH). In Amosetl, the most significant change was
observed in the CH region, characterized by a decline of H3K9me3 and an increase of
H3K27me3. Additionally, two distinct H3K27me3-rich regions were defined by the
adjacent genomic region, H3K4me2 or H3K9me3. These findings demonstrated that
H3K27me3 levels were affected by other histone modifications such as H3K4me3 and
H3K9me3. However, the mode of their effect differs significantly depending on
genomic compartments. Especially, H3K27me3 appeared to compensate for the loss

of H3K9me3 to repress target genes in the CH region.

Chapter 4: Role of RNA interference key components in H3K27me3 maintenance in p.
oryzae

In this chapter, I inspected the effects of RNAIi core components on H3K27me3 in the
P, oryzae genome using double knock-out mutant of MoDCL (Ad2dcl) and triple
knock-out mutant of MoRdRP (Ardrpt). ChIP-seq analysis with antibodies against
H3K9me3 and H3K27me3 was performed to elucidate the role of MoDCL and
MoRdRP in the P oryzae genome. On a global scale, H3K9me3 and H3k27me3
distribution did not differ considerably in Ad2dcl and Ardrpt compared to WT.

However, close-up mapping data depicted differences in the histone modifications
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between WT and RNAi mutants at specific genomic locations. H3K27me3 deposition
showed a reverse relationship with H3K9me3, meaning that H3K27me3 levels tend
to increase at genomic locations where H3K9me3 levels decline. The foldchange (FC)
of RPM values in deletion mutants compared to WT was calculated to analyze the
effects of Dicer and RARP mutants on H3K9me3 levels and H3K27me3 levels. The
data indicated that H3K27me3 levels changed up and down at certain locations in
the CH region. The relationship between repetitive elements and the histone
modification alteration was also examined in the RNAi mutants. The results
suggested that RNAi components were required to target TEs for silencing by

H3K9me3 deposition. H3K27me3 appears to compensate for H3K9me3 reduction.
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