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Abstract

The oyster mushroom Pleurotus ostreatus is a basidiomycete commonly found in the rotten wood and it is one of the most cultivated edi-
ble mushrooms globally. Pleurotus ostreatus is also a carnivorous fungus, which can paralyze and kill nematodes within minutes.
However, the molecular mechanisms of the predator–prey interactions between P. ostreatus and nematodes remain unclear. PC9 and
PC15 are two model strains of P. ostreatus and the genomes of both strains have been sequenced and deposited at the Joint Genome
Institute (JGI). These two monokaryotic strains exhibit dramatic differences in growth, but because PC9 grows more robustly in laboratory
conditions, it has become the strain of choice for many studies. Despite the fact that PC9 is the common strain for investigation, its
genome is fragmentary and incomplete relative to that of PC15. To overcome this problem, we used PacBio long reads and Illumina
sequencing to assemble and polish a more integrated genome for PC9. Our PC9 genome assembly, distributed across 17 scaffolds, is
highly contiguous and includes five telomere-to-telomere scaffolds, dramatically improving the genome quality. We believe that our PC9
genome resource will be useful to the fungal research community investigating various aspects of P. ostreatus biology.
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Introduction
Pleurotus ostreatus is a common edible basidiomycete that ranks
second for global mushroom consumption (Cohen et al. 2002;
Sánchez 2010). In the wild, this fungus prefers temperate habitats,
such as subtropical forest (Hilber 1997), where it extracts nutrients
from dead or dying trees (Karim et al. 2016). In order to degrade the
wood, P. ostreatus releases several enzymes such as lignin,
cellulose, and hemicellulose (Sánchez 2009). Nematicidal toxins
produced by P. ostreatus under starvation conditions, such as
trans-2-decenedioic, can paralyze and kill their nematode-prey
(Barron and Thorn 1987; Kwok et al. 1992). Another potential toxin,
linoleic acid, reduces nematodes head size (Satou et al. 2008).
When nematodes contact the mycelium of P. ostreatus, fungal tox-
ins enter the prey through their sensory cilia, leading to hypercon-
traction and calcium influx of pharyngeal and body wall muscles,
ultimately causing necrosis of the neuromuscular system (Lee
et al. 2020). However, the identity of the toxins and how exactly P.
ostreatus induces rapid cell necrosis remain unclear.

The P. ostreatus dikaryotic strain N001 that produces fruiting
bodies is a common commercial strain (Pe~nas et al. 1998; Larraya
et al. 1999a). In Larraya et al. (1999b), two monokaryotic strains
(PC9 and PC15) were differentiated from N001 in order to study
reproduction and cloning in this mushroom. These two mono-
karyotic strains of P. ostreatus exhibit differences in growth

pattern, with PC9 exhibiting faster growth relative to PC15.
Although the genomes of these two monokaryotic strains have
already been sequenced (Riley et al. 2014; Alfaro et al. 2016;
Castanera et al. 2016), the quality of the PC9 genome is poor for
current standards. Whereas the latest version of the PC15
genome comprises only 12 scaffolds, the currently available PC9
genome (hereafter denoted PC9_JGI) is still distributed across 572
scaffolds, most of which size are smaller than 1 kb (Alfaro et al.
2016; Castanera et al. 2016). Despite PC15 having a more complete
genome assembly than PC9, PC9 is often the preferred strain for
research due to its robust growth in the laboratory. For instance,
PC9 has been used to study ligninolytic activity (Nakazawa et al.
2017a, 2017b, 2019), gene modification (Yoav et al. 2018), and
transformation (Nakazawa et al. 2016). Genetic manipulation has
proven to significantly increase the production of primary and
secondary metabolites in several filamentous fungi that are im-
portant in industry (Banerjee et al. 2003; Kück and Hoff 2010).
Therefore, a high-quality PC9 genome is needed to enable scien-
tists to conduct advanced genomic studies and to facilitate func-
tional analyses of P. ostreatus genes.

Consequently, we decided to sequence and annotate an
updated genome for PC9. In this study, we used long PacBio reads
and Illumina reads to assemble the genome of P. ostreatus strain
PC9 and functionally annotated its predicted proteins. The final
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assembly, obtained by merging draft assemblies built with CANU
(Koren et al.) and FALCON (Chin et al.), was distributed across 17
scaffolds, including five telomere-to-telomere scaffolds. In addi-
tion, the N50 of our assembly is �3.5 Mb, which ranks it among
the best for currently available Pleurotus genomes. In summary,
here we present a new high-quality PC9 genome that will be help
the fungal research community to study this important mush-
room.

Materials and methods
Fungal strain and DNA extraction
Pleurotus ostreatus strain PC9 was cultured on yeast extract, malt
extract, and glucose medium (YMG) at 25� for 7 days. Mycelia
were collected from original plates (5 cm) and added to a 100-mL
YMG liquid medium shaken at 200 r.p.m. at 25� for 3 days. After
3 days, the culture was transferred to yeast nitrogen base without
amino acids liquid medium (YNB), and it was shaken at 200
r.p.m. for 2 additional days. DNA was extracted by using cetyltri-
methylammonium bromide and purified with chloroform, iso-
propanol, and phenol-chloroform.

Genome sequencing and assembly
PacBio long reads were sequenced from the P. ostreatus PC9 ge-
nome using the Pacbio RSII platform, and a PacBio SMRTBell
Template Prep Kit 1.0 SPv3 was used for library preparation. This
approach resulted in a total of �0.3 M reads with a mean length
of 14,742 base pairs (bp), representing 161X genome coverage for
PC9. The Pacbio reads were used to construct two draft assem-
blies. The first assembly was built with Canu (v1.7) (Koren et al.
2017) using the parameters genomeSize¼ 36 m, useGrid ¼ false,
and maxThreads¼ 8. The second assembly was built with Falcon
(pbalign v0.02) (Chin et al. 2016). For this latter assembly, the
configuration file was downloaded from https://pb-falcon.read
thedocs.io/en/latest/parameters.html, and the parameter
Genome_size was set to 36 Mb since published P. ostreatus pub-
lished genome sizes range from 34.3 to 35.6 Mb (Riley et al. 2014;
Alfaro et al. 2016; Castanera et al. 2016). Next, we used Quiver
(genomicconsensus v2.3.2) (Chin et al. 2013) to polish both these
PacBio assemblies. Information on the raw polished draft assem-
blies is presented in Supplementary Table S1.

The Canu assembly contained more telomeric regions,
whereas the Falcon assembly was more contiguous. We merged
both assemblies using Quickmerge (v0.3) (Chakraborty et al.
2016), with Canu as reference and Falcon as donor (Canu–Falcon)
or vice versa (Falcon–Canu). The Falcon–Canu assembly showed
better contiguity, having only 29 scaffolds (Supplementary Table
S2), so we selected it as the basis for our final assembly.
Redundant contigs were detected using nucmer (Mummer4)
(Marçais et al. 2018), which were subsequently filtered out of the
assembly. Nucmer was also used to detect large overlapping
regions within the scaffolds. When a unique overlapping region
(scaffolds overlapping at multiple sites were not merged together)
exceeded 10 kb, presented high identity (>99%), and lay at the
end or beginning of the scaffolds, we manually merged the two
scaffolds at the overlapping region (Supplementary Table S3). In
total, 10 scaffolds were merged in this way, yielding five larger
and more complete scaffolds (scaffolds 2, 4, 6, 7, and 13 of the fi-
nal assembly) (Supplementary Table S3). Finally, the cleaned as-
sembly consisting of 17 scaffolds was further polished using
Illumina reads and Pilon (Walker et al. 2014). A total of 100 M
Illumina sequence pair-end reads of 151 bp were used for Pilon
polishing.

Genome annotation
To annotate the assembled PC9 genome, we used funannotate
(v1.5.2) (Jon Love et al. 2019) with the pipeline described in https://
funannotate.readthedocs.io/en/latest/tutorials.html. We used
the following commands: funannotate mask, to softmask the ge-
nome, funannotate training, and funannotate predict to generate
preliminary gene models and consensus gene models [using:
AUGUSTUS (Stanke and Waack 2003), GeneMark (Borodovsky
and McIninch 1993), and EVidenceModeler (Haas et al. 2008)], and
funannotate annotate to add functional annotation. The functional
annotation obtained with funannotate includes Interpro terms,
Pfam domains, CAZYmes, secreted proteins, proteases (MEROPS),
BUSCO groups, Eggnog annotations, Clusters of Orthologous
Groups (COGs), GO ontology, secretion of signal peptides, and
transmembrane domains (the full annotation is available in
Supplementary Table S4).

Genome analysis and comparison
General assembly statistics for example length and N50 of
the scaffolds/contigs were calculated from the assembly fasta
file using Perl scripts count_fasta_residues.pl (https://github.-
com/SchwarzEM/ems_perl/blob/master/fasta/count_fasta_resid
ues.pl). BUSCO completeness was computed using BUSCO 3.0.1
(Sim~ao et al. 2015; Waterhouse et al. 2018) against the
Basidiomycota dataset basidiomycata_odb9 (Sim~ao et al. 2015;
Waterhouse et al. 2018). Repetitive elements were identified us-
ing a custom-made repeat library created according to a pipeline
described previously (Coghlan et al. 2018). The repeat library was
used as input for RepeatMasker (Smit et al. 2013–2015), and the
results were further analyzed using the one_code_to_find_the-
m_all script (Bailly-Bechet et al. 2014). The presence of telomeres
in the scaffolds was established by searching for the telomeric
repeats (TTAGGG)n (Pérez et al. 2009). Finally, we used Circos
(v0.69.0) (Krzywinski et al. 2009) and D-genies (minimap v2)
(Cabanettes and Klopp 2018) to illustrate the different genomic
features of our assembly and to compare it to the previously
published PC9_JGI genome (Alfaro et al. 2016; Castanera et al.
2016).

Data availability
The final assembled and newly annotated genomes of P. ostreatus
PC9 (denoted PC9_AS) has been uploaded to NCBI and is available
with accession code: JACETU000000000.

The raw PacBio reads of P. ostreatus PC9 have been uploaded to
Sequence Read Archive (SRA) and the submission code is
SRX9217013.

Supplementary material is available at figshare DOI: https://
doi.org/10.25387/g3.13023269.

Results and discussion
A new genome assembly of the P. ostreatus PC9
strain
Long PacBio and Illumina reads were used to sequence P. ostreatus
strain PC9 to improve genome quality. The size of our P. ostreatus
PC9_AS genome assembly is �35.0 Mb (Table 1), which concurs
with the sizes of the currently available P. ostreatus genomes:
PC9_JGI (35.6 Mb) and PC15 (34.3 Mb) (Riley et al. 2014; Alfaro et al.
2016; Castanera et al. 2016). A comparison with other Pleurotus
species revealed that our P. ostreatus genome is smaller than that
of Pleurotus eryngii strain 183 (43.8 Mb) (Yang et al. 2016),
Pleurotus tuoliensis strain JKBL130LB (48.2 Mb) (Zhang et al. 2018),
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and Pleurotus platypus strain MG11 (40.0 Mb) (Li et al. 2018).
PC9_AS is distributed across 17 scaffolds, with the maximum and
minimum scaffold sizes being 4.86 Mb and 9.1 kb, respectively.
The N50 value of our assembly data is 3.5 Mb, which ranks it
highest among the available Pleurotus genomes, including for
PC9_JGI (N50¼ 2.09 Mb) (Alfaro et al. 2016; Castanera et al. 2016),
PC15 (N50¼ 3.27 Mb) (Riley et al. 2014; Alfaro et al. 2016; Castanera
et al. 2016), CCMSSC03989 (N50¼ 2.85 Mb) (Wang et al. 2018),
P. tuoliensis strain JKBL130LB (N50¼ 1.17 Mb) (Zhang et al. 2018),
and P. eryngii strain 183 (N50¼ 509 kb) (Yang et al. 2016). The total
annotated gene number in PC9_AS is 11,875, which is slightly
fewer than for PC9_JGI (12,206 genes). This phenomenon might
cause by the no match between PC9_AS and PC9_JGI genomes,
observing that scaffolds 16 and 25 of PC9_JGI are not highly
aligned to the PC9_AS genome, showing the gap between PC9_AS
and PC9_JGI genomes (Figure 2A). The completeness of our PC9
genome assembly was assessed with BUSCO (Sim~ao et al. 2015;
Waterhouse et al. 2018) using a Basidiomycota dataset. We
obtained a 97.2% BUSCO completeness, with 1289 complete
BUSCOs, 1284 complete and single-copy BUSCOs (99.6%), 14 com-
plete and duplicate BUSCOs (1.1%), 9 fragmented BUSCOs (0.7%),
and 28 missing BUSCOs genes (2.2%). Overall, our statistical
analysis suggests that our PC9_AS assembly is more completed
and integrated than that of PC9_JGI (Alfaro et al. 2016; Castanera
et al. 2016).

The genome architecture of P. ostreatus strain PC9 is shown in
Figure 1A. We used the highly conserved sequence (TTAGGG)n to
determine telomere locations (Moyzis et al. 1988), which represent
the ends of the chromosomes in fungi (Schechtman 1990;
Farman and Leong 1995). Out of 17 scaffolds, five possess telo-
meric repeats at both ends, indicating that these scaffolds repre-
sent complete chromosomes (Figure 1A). In contrast, four
scaffolds have a telomere at only one end, and the remaining
scaffolds lack any apparent telomeric repeats. Interestingly, the
small scaffold 14 (62,249 bp) have telomeric repeats so scaffold 14
may constitute the ends of other scaffolds lacking telomeres. We
also compared the PC9 and PC15 telomere region (Supplementary
Figure S1), and we found the telomeric regions of PC15 showed a
similar repeat number of about 24 telomeric repeats distributed
in tandem at the beginning and the end of its seven telomere-to-
telomere scaffolds and the five other half scaffolds. Regarding
scaffolds without telomere regions, we found simple repeats at
the beginning and the end of scaffolds 2 and 6, as well as the end
of scaffold 8 hindering their consolidation into more complete
scaffolds. In addition, we observed that the beginning of scaffold
1 contains class II transposable element (TE), while no genes, TE,

or simple repeats were found at the beginning of scaffold 3 and
the end of scaffold 7. Larraya et al. (1999b) used pulsed-field gel
electrophoresis to determine how many chromosomes of PC9
and PC15 have and reported a total of 11 chromosomes in
P. ostreatus, thus suggesting that our assembly is close to the
chromosome level.

The average coverage depth of PC9_AS is 135.3 reads per 10 kb
(Figure 1A). Regions of high coverage depth are apparent at the
ends of most scaffolds, perhaps due to the presence of telomeric
repeats. Interestingly, regions of low coverage depth are found in
some of the smallest scaffolds, such as 16 (45,074 bp) and 17
(9086 bp). However, other small scaffolds show high coverage
depth, such as 12 (135,750 bp), 14 (62,249 bp), and 15 (54,081 bp).
The regions of higher coverage depth in these smaller scaffolds
may correspond to the presence of repeats whereas, because of
low repeat numbers in centromeric regions, the regions of lower
coverage depth might represent misplaced centromeres.
Aneuploidy is characterized by abnormal chromosome number
and has been observed in other fungal species (Käfer 1960; Cox
and Bevan 1962; Pollard et al. 1968). When this phenomenon
occurs, differences in the depth coverage of the abnormal chro-
mosomes can be clearly observed. However, in our assembly, we
did not observe an evidence for aneuploidy. The gene density of
PC9_AS in sliding windows of 100 kb is also illustrated in
Figure 1A. Gene density is consistent among the different scaf-
folds, with an average of �33 genes per 100 kb. Moreover, we ob-
served regions of low gene density that mostly align with
stretches of telomeric repeats and with clusters of TEs.
Telomeres consist of several tandemly arrayed (TTAGGG)n
repeats, which hinder gene translation at these sites. Similarly,
low expression of genes proximal to TEs has been reported previ-
ously (Castanera et al. 2016), potentially explaining low gene den-
sity in their vicinity. Although TEs are located near centromeres
in certain fungi (Klein and O’Neill 2018), density of TEs in PC9_AS
is highly diverse among most scaffolds (Figure 1A). A similar phe-
nomenon has been reported for the previously published PC9_JGI
and PC15 genomes (Castanera et al. 2016), wherein regions of low
gene density aligned with zones harboring many TEs. We identi-
fied a total of 253 TE families in our PC9_AS genome, i.e., more
than the 80 TE families reported previously for PC9_JGI and PC15
(Castanera et al. 2016). These TE families account for 7.12% of the
total PC9_AS genome, greater than the 6.2% and 2.5% cited previ-
ously for the PC15 and PC9_JGI genomes, respectively (Castanera
et al. 2016). This striking difference between PC9_AS and PC9_JGI
may be due to the fragmented nature of the latter, a scenario
that often hinders TEs identification. In Table 2, we summarize
the TEs identified in PC9_AS, and it reveals that Class I transpo-
sons account for 89% of the TEs, with LTR-retrotransposons being
the most abundant family of Class I elements (Supplementary
Table S5). This outcome corroborates findings for the PC15 ge-
nome (Castanera et al. 2016). More detailed information on the
TEs identified in PC9_AS genome—including size, number of frag-
ments and repeats, and total bp—is presented in Supplementary
Table S5.

Genome annotation
A total of 11,875 genes were annotated from PC9_AS, which is
close to the current gene numbers of P. ostreatus PC15 and
PC9_JGI genomes (12,330 genes and 12,206 genes, respectively).
The full annotation is available in Supplementary Table S4,
which contain Interpro terms, Pfam domains, CAZYmes, secreted
proteins, proteases (MEROPS), BUSCO groups, Eggnog annota-
tions, COGs, GO ontology, secretion of signal peptides, and

Table 1 Genomic features of the three P. ostreatus genome
assemblies.

General features PC9_AS PC9_JGI PC15

Total, nt 35,032,978 35,630,309 34,342,730
Number of scaffolds 17 572 12
N50 scaffold size, nt 3,500,734 2,086,289 3,270,165
N90 scaffold size, nt 2,134,864 159,002 1,880,400
Scaffold max. nt 4,859,873 4,430,591 4,830,258
Scaffold min. nt 9,086 2,001 280,724
Number of contigs 17 3,272 13
N50 contig size, nt 3,500,734 99,058 3,270,165
N90 contig size, nt 2,134,864 13,737 1.571,664
GC content, % 50.79 50.94 50.95
Genes 11,875 12,206 12,330
BUSCO completeness, % 97.2 97.2 97.6

nt, nucleotides.
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transmembrane domains. We used the COGs of proteins data-
base (Tatusov et al. 2000) to catalog the functions of those genes
(Figure 1B). A considerable number of the gene functions are un-
known, but the second biggest cluster in PC9_AS, containing 595
genes, consists of genes coding for putative carbohydrate trans-
port and metabolism, such as transporters, chitinase, and
carbohydrate-active enzymes (CAZymes), among others.
CAZymes are essential to saprotrophic fungi-like P. ostreatus to
decay materials that are subsequently used as carbon sources
(Mikiashvili et al. 2006). These enzymes play important roles in
cellulose and hemicellulose degradation (Alfaro et al. 2016), with
over 130 families described to date (Cantarel et al. 2009; Davies
and Williams 2016), including glycosyl hydrolases (GHs), carbo-
hydrate esterases (CEs), polysaccharide lyases (PLs),
carbohydrate-binding modules (CBMs), glycosyl transferases
(GTs), and auxiliary activities (AAs). We further explored the

number of CAZymes-related genes in PC9_AS using the CAZymes
database (Cantarel et al. 2009) and identified 459 such genes, an
outcome consistent with our calculations for other P. ostreatus
strains (Supplementary Table S6; PC15¼ 562; PC9_JGI¼ 408). The
EuKaryotic Orthologous Groups (KOG) database, which is a
eukaryote-specific version of the COGs, has been used previously
to identify the orthologous and paralogous proteins from the
PC15 and PC9_JGI genomes (Grigoriev et al. 2012). Therefore, we
used the KOG classification available from the JGI for those
genomes to reveal how gene families are distributed in P. ostreatus
and to compare with our PC9_AS COG classification. As shown in
Supplementary Table S6, the biggest gene class among PC15 and
PC9_JGI (both with 662 genes) is signal transduction mechanisms.
However, PC9_AS only contains 447 genes coding for signal trans-
duction mechanisms. In the classes of extracellular structures
and nuclear structures, PC15 and PC9_JGI both have �100 genes

Figure 1 (A) Genome architecture of P. ostreatus strain PC9 based on our PC9_AS assembly. Tracks (outer to inner) represent the distribution of genomic
features in our PC9_AS assembly: (1) sizes (in Mb) of PC9_AS scaffolds, with numbers prefixed by the letter “C” indicating the order of scaffold size; (2)
gene density with 100-kb sliding windows, ranging between 0 and 50 genes; (3) distribution of TEs along the PC9_AS genome; (4) distribution of telomere
repeats with 1-kb sliding windows, ranging between 10 and 30 repeats; and (5) depth of sequencing coverage with 10-kb sliding windows, ranging
between 0 and 300 depth. (B) Predicted functions of genes identified from the PC9_AS genome, cataloged using COGs database.
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associated with each class, whereas PC9_AS only harbors two
extracellular structure genes and five nuclear structure genes.
We acknowledge that these differences may reflect the use of
different databases for gene function classification.
Interestingly, PC9_AS also contained fewer PFAM domains (6770)
compared to the other two P. ostreatus genomes (PC9_JGI¼ 7914;
PC15¼ 7972).

Genomic/genetic comparison of PC9 genomes
We performed a comprehensive comparison of the PC9_JGI
(Alfaro et al. 2016; Castanera et al. 2016) and PC9_AS genomes.
First, we observed that the number of scaffolds and contigs of
PC9_AS (17) is smaller than that of PC9_JGI (572) (Table 1). In
terms of size, both genomes are similar at �35 Mb, but PC9_JGI is
slightly larger than PC9_AS by �600 kb. In terms of the N50 scaf-
fold and N50 contig sizes, values for PC9_AS (N50 scaffold size ¼
3,500,734; N50 contig size ¼ 3,500,734) are larger than those of
PC9_JGI (N50 scaffold size ¼ 2,086,289; N50 contig size ¼ 99,058),
which reflects greater contiguity in the former. PC9 and PC15 are
protoclones of N001 (Larraya et al. 1999b), and the genome size of
PC9 is slightly larger than that of PC15. The latest updated assem-
bly of PC15 is distributed across 12 scaffolds, with a size of
34.3 Mb that is similar to PC9_AS. We used D-Genies (Cabanettes
and Klopp 2018) to construct a dot-plot alignment of the genome
between PC9_JGI and PC9_AS assemblies. The result, shown in
Figure 2A, demonstrates that the PC9_JGI and PC9_AS genomes
are highly similar, with small scaffolds of PC9_JGI corresponding
to portions of the larger PC9_AS scaffolds, which indicates that
our PC9_AS assembly is more complete. Moreover, when we
aligned the two genomes in a circos plot (Figure 2B), we observed
long regions of high similarity between the most relevant scaf-
folds of PC9_AS (scaffolds 1-11) (Supplementary Table S7) and
PC9_JGI (scaffolds 1–81) (Supplementary Table S8). Figure 2B also
reveals that, in general, more than five PC9_JGI scaffolds can be
mapped to single PC9_AS scaffolds, with scaffolds 6 and 7 of
PC9_AS incorporating 12 and 10 of the PC9_JGI scaffolds,

respectively. However, we can find that scaffolds 16 and 25 of
PC9_JGI are not highly aligned to PC9_AS genome (Figure 2A) and
among 482,463 bp of scaffold 16 of PC9_JGI only �10,000 bp can
align to scaffold 1 of PC9_AS genome (Figure 2B). Moreover, scaf-
folds 25, 43, 44, 54, 68, 69, 73, and 80 of PC9_JGI cannot align to
PC9_AS genome with criteria of identity over 95% and length over
10 kb. These might be the reason why the gene numbers of our

Figure 2 Comparisons between the PC9_AS and PC9_JGI P. ostreatus PC9 genomes. (A) Dot-plot alignment of P. ostreatus PC9_AS (target) and PC9_JGI
(query) generated by D-Genies minimap2. (B) Circos plot showing regions of similarity shared between PC9_AS (scaffolds 1–11) and PC9_JGI (scaffolds
1–81) (identity>95%, length> 10 kb).

Table 2 Classification of TEs identified from out P. ostreatus strain
PC9_AS genome assembly.

Family Fragments Copies Total (bp)

Class I
LINE/I-Jockey 26 8 18,516
LINE/L1 9 3 5,065
LINE/Tad1 39 27 77,409
LINE/R2-NeSL 4 4 6,740
LINE/LOA 7 2 2,406
LINE/L1-Tx1 15 7 13,873
LTR/Copia 307 182 238,979
LTR/Gypsy 1,468 825 1,681,184
LTR/Ngaro 51 31 38,588
LTR/ERVK 14 5 5,240
Other LINE 11 5 3,390
Total Class I repeat 1,951 (82.4%) 1,099 (80%) 2,091,390 (89%)

Class II
DNA/hAT-Charlie 11 11 5,823
DNA/hAT-Restless 5 2 3,894
DNA/TcMar-Fot1 4 4 4,431
DNA/TcMar-Tc1 31 26 18,898
DNA/hAT-Ac 1 1 546
DNA/TcMar-Sagan 34 22 10,141
DNA/CMC-EnSpm 69 39 89,604
DNA/TcMar-Pogo 2 2 2,140
DNA/RC 68 49 55,928
DNA/TcMar-Ant1 5 5 2,064
DNA/PIF-Harbinger 144 99 38,476
Other DNA 44 16 25,489
Total Class II repeat 418 (17.6%) 276 (20%) 257,434 (11%)

Total repeat 2,369 1,375 2,348,824

Y.-Y. Lee et al. | 5



assembly (11,875 genes) are less than that of PC9_JGI genome

(12,206 genes).

Conclusions
In this study, we used long PacBio and Illumina reads to assemble

a new genome of P. ostreatus strain PC9. A combination of high

read coverage and the latest bioinformatic tools resulted in a

high-quality PC9_AS genome. Compared to the currently avail-

able PC9_JGI genome, our new assembly is more complete, com-

prising only 17 scaffolds that include five telomere-to-telomere

scaffolds and the highest N50 values yet achieved for a Pleurotus

genome. Genomic comparisons between PC9_AS and the cur-

rently available assemblies of P. ostreatus evidence the high qual-

ity of our genome assembly. This new PC9 genome will enable

the fungal research community to perform further genomic and

genetic analyses of P. ostreatus and advance our understanding of

this common edible mushroom.
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Käfer E. 1960. High frequency of spontaneous and induced somatic

segregation in Aspergillus nidulans. Nature. 186:619–620.

Karim M, Daryaei MG, Torkaman J, Oladi R, Ghanbary MAT, et al.

2016. In vivo investigation of chemical alteration in oak wood

decayed by Pleurotus ostreatus. Int Biodeterior Biodegrad. 108:

127–132.

Klein SJ, O’Neill RJ. 2018. Transposable elements: genome innova-

tion, chromosome diversity, and centromere conflict.

Chromosome Res. 26:5–23.

Koren S, Walenz BP, Berlin K, Miller JR, Bergman NH, et al. 2017.

Canu: scalable and accurate long-read assembly via adaptive

k-mer weighting and repeat separation. Genome Res. 27:722–736.

Krzywinski M, Schein J, Birol I, Connors J, Gascoyne R, et al. 2009.

Circos: an information aesthetic for comparative genomics.

Genome Res. 19:1639–1645.

Kück U, Hoff B. 2010. New tools for the genetic manipulation of fila-

mentous fungi. Appl Microbiol Biotechnol. 86:51–62.

Kwok OCH, Plattner R, Weisleder D, Wicklow DT. 1992. A nematici-

dal toxin from Pleurotus ostreatus NRRL 3526. J Chem Ecol. 18:

127–136.
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