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ABSTRACT

Despite recent population studies on Italian populations of Pyricularia oryzae, little
information is available regarding their genomic structure and effector gene content. Here, we
compared three representative Italian P. oryzae strains (ITC28, ITC35 and ITC82) with
reference strain 70-15. This led to the identification of 1-2 Mb of new contigs with no match
to the reference strain. Gene prediction performed on the contigs returned 894 genes, of
which 19 encode proteins with effector characteristics. Among these candidates, protein
FUN _000690-T1 matched the sequence of effector IUG6, which is associated with high
virulence of strain 98-06. These data could be useful to better understand the molecular
mechanism of pathogenicity in Italian strains and to provide targets for diagnostic tool

development.

INTRODUCTION

Rice is one of the most important crops worldwide, as it is the main source of calories for
almost half of Earth’s population (Wei and Huang, 2019). Italy is the main rice producer in
Europe (Tenni et al., 2021). One of the biggest threats for Italian rice cultivation is rice blast
disease, caused by Pyricularia oryzae Cavara (Krachmer et al., 2017). The most efficient
integrated management strategies against this pathogen are chemical fungicides and resistant
varieties (Srivastava et al., 2017). The first study that characterised European P. oryzae
populations (Roumen et al.,, 1997) gave crucial information for rice breeding in Europe,
allowing to understand which resistance genes are more efficient in disease tolerance based
on the physiologic races that can be actually found in Europe. Since then, only one other

research group explored the structure of Italian P. oryzae populations with the aim of



defining the physiologic races composition in Italy (Abbruscato et al., unpublished). They
molecularly characterised 150 Italian P. oryzae isolates using SSR markers that allowed to
identify three lineages. From these main groups, three strains (ITC28, ITC35 and ITC82), one
for each lineage, were sequenced and used for artificial infection assays to find resistant rice
cultivars. In this announcement, we report the results of our analyses for three P. oryzae
strains (ITC28, ITC35 and ITC82) isolated in northern Italy. In particular, we focus on the

identification and characterization of new effectors compared to the reference strain 70-15.

RESULTS

UNMAPPED REGION ASSEMBLY
Assembly statistics for the unmapped reads of the three strains are shown in table 1. Gene
prediction on the strain-specific contigs revealed 894 genes, of which 276 on ITC28 contigs,

226 on ITC35 contigs and 392 on ITCS82 contigs.

Table 1: assembly statistics for unaligned sequences of stains ITC28, ITC35 and ITCS2.

Strain | N°contigs | N°contig | Bigges | Total % GC | N50 Ns per 100 kbp
s (>1000 | t contig | assembly
bp) length (Mb)
ITC28 | 1,060 464 34,987 | 1.46 4497 | 1,649 | 0.68
ITC35 | 940 348 34,987 | 1.14 43.99 | 1,308 | 0.87
ITC82 | 1,175 620 34,987 | 2.07 4523 | 2,446 |0.48
EFFECTORS

Analyses indicated the presence of 19 effector-associated genes, whose products formed 16
protein clusters (table 2). Comparison of these protein sequences with those of known P,
oryzae effectors in Phybase returns a single match, with protein FUN 000690-T1 of strain
ITC82 emerging as a putative homologue to effector IUG6. This effector was first found in
highly virulent P. oryzae strain 98—06 and its role in host infection was demonstrated
through knock-out and complementation experiments coupled with infection assays and
2015). proteins (FUN_000439-T1,
FUN 000687-T1, FUN 000896-T1, FUN 000926-T1) present characteristics which match

transcriptomics (Dong et al., Four additional

those of small secreted cysteine-rich proteins (Krijger et al., 2014) and thus represent prime



candidates for further analyses. Another protein (FUN_000331-T1) is suggested to act as a
transcription factor, which is compatible with pathogenic mechanisms previously elucidated

in P. oryzae (Kim et al., 2020).

Table 2: list of new putative effectors found in Italian strains of P. oryzae, compared to
reference strain 70-15. Each protein is assigned to a cluster, based on all-vs-all sequence
comparison, and is assigned a putative site of action based on EffectorP analysis results, as

well as gene onthology terms, if found. Highlighted rows indicate small secreted cysteine-

rich proteins (SSCPs).

Protein (strain) Cluster [Putative |GO terms
action site
FUN _000185-T1 (ITC28) |8 Cytoplasm
FUN_000203-T1 (ITC28) |2 Apoplast
FUN_000209-T1 (ITC28) |11 Apoplast
FUN_000255-T1 (ITC28) |9 Cytoplasm
FUN _000272-T1 (ITC28) |6 Cytoplasm
FUN _000331-T1 (ITC35) |1 Cytoplasm |GO:0000786 (nucleosome),
GO0:0003677 (DNA binding),
GO:0030527 (structural constituent of
chromatin), GO:0046982 (protein
heterodimerization activity)
FUN_000370-T1 (ITC35) |4 apoplast/  |GO:0016491 (oxidoreductase activity)
cytoplasm
FUN_000406-T1 (ITC35) |14 Cytoplasm
FUN _000416-T1 (ITC35) |11 Apoplast
FUN _000439-T1 (ITC35) |10 Apoplast
FUN_000457-T1 (ITC35) |5 apoplast/
cytoplasm
FUN_000687-T1 (ITC82) |12 Apoplast
FUN 000690-T1 (ITC82) |15 Cytoplasm
FUN 000831-T1 (ITC82) |4 Apoplast  |GO:0016491 (oxidoreductase activity)
FUN _000837-T1 (ITC82) |7 Cytoplasm
FUN 000848-T1 (ITC82) |3 Cytoplasm |GO:0016491 (oxidoreductase activity)
FUN _000896-T1 (ITC82) |16 apoplast/
cytoplasm
FUN_000906-T1 (ITC82) |5 apoplast/
cytoplasm
FUN _000926-T1 (ITC82) |13 Apoplast




CONCLUSIONS

In this announcement, we presented new putative effectors associated with Italian P. oryzae
strains. These data can be used to guide the selection of targets for resistance breeding in
[talian rice varieties, as well as to develop screening tests in order to better quantify the

presence of strain of interest.

MATERIALS AND METHODS
Pyricularia strains ITC28, ITC35 and ITC82 were sequenced at 10x coverage by Parco

Tecnologico Padano using a next generation Illumina MiSeq sequencer. For each strain, a
paired end library was generated using the Nextera XT DNA preparation kit (Illumina, San
Diego, California, United States). Libraries were purified by AMPure XP beads and
normalized to ensure equal library representation in the pools. Equal volumes of libraries
were diluted in the hybridization buffer, heat denatured and sequenced. Standard phi X
control library (Illumina) was spiked into the denatured HCT 116 library. The libraries and
phi X mixture were finally loaded into a MiSeq 250 and MiSeq 300-Cycle v2 Reagent Kit
(Illumina). Base calling was performed using the Illumina pipeline software. Demultiplexing
was done using an Illumina provided software. Sequencing adapter contamination and reads
shorter than 30 bp were removed with Trimmomatic (Bolger et al., 2014), then remaining
reads were mapped to the 70-15 strain reference genome using Bowtie2 (Langmead and
Salzberg, 2012). In order to investigate the presence of new effectors, unmapped sequences
for each strain were extracted from the alignment files and assembled with SPAdes
(Bankevich et al., 2012). Resulting contigs were masked using RepeatMasked (Smit et al,
2015a) and RepeatModeler (Smit and Hubley, 2015), then annotated with Funannotate
(Palmer and Stajich, 2020). Predicted proteins were filtered first with SignalP (Teufel et al.,
2022) to remove those without secretion signal, then with DeepTMHMM (Hallgren et al.,
2022) to remove those with a non-terminal transmembrane domain. Another program, called
TargetP (Almagro Armenteros et al., 2019), excluded plastid- and mitochondria-targeted
proteins, while program PredGPI (Pierleoni et al., 2008) removed proteins with cell wall
localisation. Finally, EffectorP (Sperschneider et al., 2016) was used to predict effector
function and putative action site. Presence of homologues was investigated by clustering
putative effectors using Hisat2 (Kim et al., 2019), with a sequence conservation cutoff value
of 60% and a length conservation cutoff value of 90%. Recovered sequences were compared

to those in PHI-base (Urban et al., 2020) in order to identify already characterized effectors.



Additional annotations, and in particular GO terms, were added using Interproscan v5.56-

89.0 (Jones et al., 2014).

DATA AVAILABILITY

Raw sequencing data are available for strain ITC28 (accession number: ERR10176137),
ITC35 (accession number: ERR10176471) and ITCS82 (accession number: ERR10176472).
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