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ABSTRACT

The complete mitochondrial genome of Pyricularia oryzae Cavara 1892 strain Guy11 is 34,865bp in
length (GenBank accession number OP095391), containing 29 tRNA genes, 2 rRNA genes, and 15 pro-
tein-coding genes (PCGs). The gene order and orientation are novel compared to other
Sordariomycetes species with sequenced mitogenomes in the GenBank database. Phylogenetic analysis
suggests that P. oryzae Guy11 and 19 other Sordariomycetes species form a monophyletic group. The
complete mitochondrial sequence of P. oryzae Guy11 will be a valuable resource for species identifica-
tion, population genetics, phylogenetics, and comparative genomics studies in Sordariomycetes and
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Introduction

Pyricularia oryzae (sexual state: Magnaporthe oryzae), the
causal agent of the rice blast disease, is a well-known patho-
genic fungus in worldwide agriculture. Outbreaks of rice blast
constitute a significant constraint to world cereal production
and food security. It is estimated that the annual yield loss of
rice is sufficient to feed more than 60 million people (Nalley
et al. 2016). The resistant rice cultivars will lose their resist-
ance upon planting for 3-5years as P. oryzae evolves rapidly.
The fungus causes blast disease on a vast range of economic-
ally important species, including rice, wheat, barley, millet,
maize (Pordel et al. 2021), and other species of the Poaceae
(Gramineae). It is now known that P. grisea consists of a cryp-
tic species complex containing at least two groups based on
distinct genetic differences and a lack of interbreeding cap-
acity (Zhang et al. 2016). Strains isolated from Digitaria have
been defined as P. grisea, whereas isolates from rice and
other hosts have been named P. oryzae (Klaubauf et al.
2014). The current P. oryzae reference genome (MGS8) is
based on the laboratory strain 70-15 (Dean et al. 2005),
which is a progeny of the intercross between strain CH104-3
(rice isolate) and AR-4 (weeping love grass isolate), with the
backcross parent of Guy11 (rice isolate) (Chao and Ellingboe
1991). The mitochondrial sequence is still absent from the
reference genome (https://fungi.ensembl.org/Magnaporthe_

oryzae/Info/Index). Therefore, in this study, the complete
mitochondrial sequence of P. oryzae Guy11 was assembled
and compared to other Sordariomycetes species. This result
could be helpful for species identification and the genetics

and evolutionary processes of P. oryzae and other
Sordariomycetes species.

Materials

Pyricularia oryzae Cavara 1892 strain Guyll (ATCC®

201236™) was first isolated in 1979 from diseased rice leaves
collected by Notteghem in French Guiana (Leung et al. 1988).
The original strain from ATCC in 2013 was maintained and
asexually propagated at Xiaohong’s lab at Zhejiang
University. Specimen for sequencing was collected from
Guy11 cultures grown in liqguid medium by Xiaohong in the
lab in Hangzhou, China (30.3012N, 120.0866 E). The speci-
men was deposited at the Crop Disease Laboratory, Zhejiang
Academy of Agricultural Sciences in China, under voucher
CDL01018 (Jiaoyu Wang, wangjiaoyu78@sina.com).

Methods

Mycelial growth on the CM medium was collected using the
documented method (Xu et al. 2011). DNA was extracted
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using the CTAB method (Talbot et al. 1993). Sequencing was
performed on an lllumina HiSeq 2000 platform (lllumina, San
Diego, CA). Two DNA libraries, PE150 with an insert length of
500bp (SRR20852133) and PE250 with an insert length of
500bp (SRR20852132), a stranded RNA-Seq library with an
insert length of 300 bp (SRR25783615), were constructed.
Reads were trimmed and assembled using CLC Genomics
Workbench 22 (QIAGEN, DK) with default parameters. Contigs
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with high coverage and longer than 6kb were filtered and
blasted against the nt database (ftp://ftp.ncbi.nlm.nih.gov/
blast/db/FASTA/nt.gz) of NCBI with a cutoff e-value of 107%°.
Mitogenome hit was checked for a ring-shaped structure.
Overlap of the ends was manually fixed by mapping the
reads back to the mitogenome in CLC Genomics Workbench
22. Further, the resulting contig was annotated using the
MITOS2 web service with RefSeq 63 Fungi dataset and mold

Figure 1. Colony, appressorium morphology, and blast symptoms. (A) Mycelium growth on a petri dish (Photo taken by Jiaoyu Wang). (B) The three-celled conidia
germinate and form an appressorium, the specialized penetration structure (Photo taken by Jiaoyu Wang). (C) Rice leaves with rice blast symptoms (Photo taken by

Xiaohong Liu). scale bars are 1cm, 10 um, and 1.cm, respectively.
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Figure 2. Genome map of Pyricularia oryzae Guy11 mitochondrion. This map was generated by CLC Genomics Workbench. Features were individually labeled.
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genetic code table (Donath et al. 2019). The detailed annota-
tion manual curation process using infernal with Rfam
(Nawrocki and Eddy 2013, Kalvari et al. 2021), Prokka
(Seemann 2014), hmmer with Pfam (Eddy 2011, Mistry et al.
2021) was provided in Figure S1. The sequences used in the
phylogenetic analysis were rotated by MARS with the "-a
DNA’ option (Ayad and Pissis 2017) and aligned using MAFFT
version 7.490 (Katoh et al. 2002, Katoh and Standley 2013).
The aligned sequences were trimmed using trimAL 1.4.rev15
with the ‘-automated1’ option (Capella-Gutierrez et al. 2009).
Nucleotide substitution saturation test was performed using
DAMBE 7.3.5 (Xia 2018). A maximum likelihood (ML) tree was
constructed using RAxXML version 8.2.12 (Stamatakis 2014)
with 1000 rapid bootstraps, GTRGAMMA model was
employed.

Results

The typical colony morphology, appressorium structure, and
blast symptoms on rice leaves of P. oryzae are shown in
Figure 1. The pathogen forms an appressorium, the special-
ized structure, to penetrate the leaf cuticles.

About 71M reads with 13 G bases were used in the assem-
bling. After filtration and identification, the resulting contig
has an average coverage of 6555.32. By mapping the reads
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to the manually curated mitogenome sequence, per-site
coverage was determined after deduplication. It varies from
6x to 12635x (Figure S2). Sites with coverage less than 30x
were manually checked (Table S1). No errors or heterozygous
sites were found in the sequence. The final complete mitoge-
nome of P. oryzae Guyll (GenBank accession number
OP095391) is 34,865bp in length, with a double-stranded
molecular weight of 21.536 MDa (Figure 2). The overall base
composition was 34.9% A, 13.4% C, 15.2% G, and 36.5% T,
with a biased GC content of 28.6%. The AT skew is —0.022,
and the GC skew is 0.064, indicating a higher Ts than As, and
Gs than Cs, respectively. The genome includes 29 tRNAs, 2
rRNAs, and 15 protein-coding genes (PCGs). The lengths of
the tRNAs vary from 58 to 85 bp. Small and large rRNA genes
are 1588 and 2542 bp, respectively. All of the PCGs use the
typical start codon of ATG. cox2, nad1, and rps3 use the stop
codon of TAG, while others use TAA. nadl is confirmed as a
split gene with two exons in the manual curation process of
annotations (Figure S3).

As shown in Figure 3, based on the complete mitochondrial
genome sequence of 21 species, the 20 Sordariomycetes spe-
cies form a monophyletic group using Allantophomopsis lyco-
podina from Leotiomycetes as the outgroup. Currently, there
are about 761 complete Sordariomycetes species mitochondrial
genomes in  GenBank, 701 of which are from

— Xylariomycetidae

— Diaporthomycetidae

— Sordariomycetidae

Hypocreomycetidae

Outgroup

Figure 3. Phylogenetic tree of maximum likelihood (ML) method based on the mitogenome sequences of Pyricularia oryzae Guy11 and 19 Sordariomycetes species.
The tree is rooted with Allantophomopsis lycopodina strain ATCC 66958 (Chen et al. 2023). bootstrap support values based on 1,000 replicates are displayed on each
node as >70. The following sequences were used: Pyricularia oryzae strain ZM1-2 CM048866 (unpublished), Pyricularia oryzae strain B71 CP060338 (Peng et al.
2019), Pyricularia oryzae strain P131 CP114142 (unpublished), Pyricularia oryzae strain Guy11 OP095391 (this study), Pyricularia oryzae strain ZM2-1 CP099704
(unpublished), Allantophomopsis lycopodina strain ATCC 66958 CP103019 (unpublished), chaetomium thermophilum strain DSM 1495 JN007486 (Amlacher et al.
2011), madurella mycetomatis JQ015302 (van de Sande 2012), Fusarium circinatum JX910419 (Fourie et al. 2013), Neurospora crassa OR74A KC683708 (unpublished),
Fusarium oxysporum strain UASWS AC1 KR952337 (unpublished), colletotrichum fructicola KX034082 (Liang et al. 2017), pestalotiopsis fici strain W106-1 KX870077
(Zhang et al. 2017), apiospora arundinis KY775582 (unpublished), ophiostoma novo-ulmi MG020143 (Abboud et al. 2018), Fusarium bambusae strain 5137 MH684411
(Wang et al. 2018), Fusarium redolens strain CBS 743.97 MT010909 (Yang et al. 2020), Fusarium sacchari strain CBS 147.25 MT010910 (Yang et al. 2020), Fusarium
musae strain NRRL 43658 ON240982 (Degradi et al. 2022), leptographium terebrantis isolate WIN662 OP973818 (unpublished), grosmannia fruticeta strain WIN(M)

1600 0Q851465 (unpublished).
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Hypocreomycetidae. All five available mitogenomes of differ-
ent P. oryzae strains are involved in the analysis. They are
two rice strains, Guy11 (this study) and P131 (Yoshida et al.
2016); three wheat strains, B71 (Peng et al. 2019), ZM1-2, and
ZM2-1. They are also the all available mitogenomes of
Magnaporthales species. Besides, Xylariomycetidae and
Hypocreomycetidae are separated from other Sordariomycetes
species in the analysis.

Discussion and conclusion

In this study, we got the complete mitochondrion sequence of
P. oryzae strain Guy11, the most widely studied strain in this
species. There are five complete mitochondrial sequences of dif-
ferent P. oryzae strains currently available in the International
Nucleotide Sequence Database Collaboration (INSDC). They
form a clade apart from other Diaporthomycetidae and
Sordariomycetidae species. Diaporthomycetidae divided from
Sordariomycetidae since 2015 based on the morphology and
combined analysis of LSU, SSU, TEF, and RPB2 sequence data
(Maharachchikumbura et al. 2015). This classification is becom-
ing popular in recent studies (Chen et al. 2023, Wang et al.
2023). Diapothomycetidae is not accepted as a separate sub-
class apart from Sordariomycetidae in NCBI taxonomy. In this
analysis, the resolution between Diaporthomycetidae and
Sordariomycetidae is limited due to the need for more data
from transitional species. Given the economic importance of P.
oryzae in the global agricultural system, the complete mito-
chondrial sequence of strain Guy11 will be a valuable resource
for species identification and population genetics, as well as
phylogenetics and comparative genomics in Sordariomycetes
and Magnaporthales.
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