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Abstract
The fungus Myriosclerotinia sulcatula is a close relative of the notorious polyphagous plant
pathogens Botrytis cinerea and Sclerotinia sclerotiorum but exhibits a host range restricted
to plants from theCarex genus (Cyperaceae family). To date, there are no genomic resources
available for fungi in the Myriosclerotinia genus. Here, we present a chromosome-scale
reference genome assembly for M. sulcatula. The assembly contains 24 contigs with a total
length of 43.53 Mbp, with scaffold N50 of 2,649.7 kbp and N90 of 1,133.1 kbp. BRAKER-
predicted gene models were manually curated using WebApollo, resulting in 11,275 protein-
coding genes that we functionally annotated. We provide a high-quality reference genome
assembly and annotation for M. sulcatula as a resource for studying evolution and patho-
genicity in fungi from the Sclerotiniaceae family.

Genome Announcement
Fungal plant pathogens are a major threat to global food security. The notorious

necrotrophic plant pathogens Sclerotinia sclerotiorum, the causal agent of the white mold
disease, and the gray mold disease-causing fungus Botrytis cinerea are the two most
devastating pathogens of the family Sclerotiniaceae; both infect more than 600 plant species,
including important oil and vegetable crops (Boland and Hall 1994). However, the Scle-
rotiniaceae family also includes species restricted to a narrow range of host plants, saprobic
species, and biotrophic lineages (Navaud et al. 2018). Species from the genus Myrio-
sclerotinia have a host range restricted to plants from the Cyperaceae and Juncaceae
families of grasses (Schumacher and Kohn 1985). The nutritional habit of Myriosclerotinia
species was proposed to be biotrophic but remains poorly documented (Schumacher and
Kohn 1985). The Myriosclerotinia genus forms a monophyletic clade separate from the
Botrytis and Sclerotinia genera within the Sclerotiniaceae family (Navaud et al. 2018).
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M. sulcatula Schumacher & Kohn is a facultative pathogen colonizing culms of sedge plants
(Carex and Shoenus spp.) and are recorded across North America and Europe (Schumacher
and Kohn 1985). As a close relative of B. cinerea and S. sclerotiorum, M. sulcatula is
particularly interesting for exhibiting a very distinctive lifestyle and host range. Here, we
present a chromosome-scale reference assembly and a manually curated reference gene
annotation for M. sulcatula isolate MySu01 isolated from Carex culm.

The fungal strain Myriosclerotinia sulcatula MySu01, collected from Carex culm in the
Naturpark Bayerischer Wald, Zwiesel (Germany) in 1989, was obtained from the Center for
Biological Sequence Analysis Fungal Biodiversity Center (CBS-KNAW) microbial collection
(strain CBS 145.92). The fungus was cultivated on potato dextrose agar (PDA) at 23°C or was
stored on PDA at 4°C. For high–molecular weight DNA isolation and Oxford Nanopore
Technologies sequencing,M. sulcatulawas grown in potato dextrose broth at 23°C for 3 days.
Next, the mycelium was incubated in 1.5% (wt/vol) Lysin enzyme mixture from Trichoderma
harzianum (Sigma-Aldrich) in 50 ml of enzymatic digestion solution (0.8 M mannitol, 200 mM
citric acid/trisodium citrate buffer, pH 5.5) for 3 h. Then, the suspension was filtered through
100-mm cell strainers (Falcon Corning) and was centrifuged at 8,000 × g for 2 min to collect
fungal material. The pellet was resuspended in 500 ml of Tris-EDTA buffer (pH 8.0). DNA was
extracted with the MagAttract HMW DNA kit (Qiagen), following instructions from the
manufacturer with the following adjustments: 80 ml of Proteinase K, 20 ml of RNase A, and
600 ml of buffer AL for cell lysis were used. After lysis, the solution was filtered through
Miracloth before adding 25 ml of MagAttract suspension G beads and 600 ml of buffer MB.

Library preparation and sequencing were performed at the GeT-PlaGe core facility,
INRAE Toulouse, France, according tomanufacturer instructions “1D gDNA selecting for long
reads (SQK-LSK108)”. At each step, DNAwas quantified using theQubit dsDNAHS assay kit
(Life Technologies). DNA purity was tested using a Nanodrop (Thermo Fisher Scientific), and
size distribution and degradation were assessed using the Fragment Analyzer (AATI) high
sensitivity DNA fragment analysis kit. Purification steps were performed using AMPure XP
beads (Beckman Coulter).

For one flow cell, 5 mg of DNA was purified and was then sheared at 10 kb, using the
g-TUBE system (Covaris). A DNA damage repair step was performed on 2 mg of sample.
Then an END-repair and dA-tailing of double-stranded DNA fragments was performed and
adapters were ligated to the library. Library was loaded onto one R9.4 flow cell and was
sequenced on a GridION instrument at 0.017 pmol within 48 h.

The M. sulcatula sample for RNA sequencing was collected from mycelium (30 mm
diameter) on PDA plates by peeling 5 mm of the mycelial front from the agar and flash-
freezing the material in liquid nitrogen. The frozen samples were ground with metal beads
(2.5mm diameter) in a Retschmill apparatus (24 Hz, 2× for 1min). RNAwas isolated using the
RNeasy mini RNA extraction kit (Qiagen), following the manufacturer instructions. Genomic
DNA was removed via DNase treatment (TURBO DNase; Ambion, Thermo Fisher Scientific).
Quality and concentrations of RNA were assessed with Agilent bioanalyzer nano chips. RNA
sequencing (RNA-seq) was conducted by Fasteris on a HiSeq2500 sequencer and yielded
125 bp paired-end reads. The reads were quality- and adapter-trimmed using Trimmomatic
v0.36, applying the following settings: ILLUMINACLIP:TruSeq2-PE.fa:5:30:10 SLIDINGWINDOW:
3:18 LEADING:6 TRAILING:6 MINLEN:90 (Bolger et al. 2014). The total number of raw read
pairs was 27,860,646; 14,680,505 read pairs remained after quality trimming. The quality of the
RNA-seq data were assessed via FastQC v0.11.5 (Babraham Bioinformatics). The reads were
mapped, to the new reference assembly of M. sulcatula, using HISAT2 (Kim et al. 2015)
with −max-intronlen 500 -k 1; output files were parsed with samtools v1.7 (Li et al. 2009) and
bedtools v2.25.0 (Quinlan and Hall 2010) to obtain BAM and coverage files.

We conducted the genome assembly using the long reads from Oxford Nanopore
Technologies sequencing with Canu v1.6 (Koren et al. 2017); there were 539,594 reads
(3,983,977,882 bp), 140,671 reads (1,571,817,355 bp) remained after filtering. Then, we
performed three rounds of polishing of the genome assembly using Illumina short read DNA
sequencing data (125-bp paired-end, containing 22,571,551 raw read pairs and 19,973,645
read pairs after trimming; approximately 35.8-fold coverage) with Pilon v1.22 (Walker et al.
2014).We assessed the completeness of the genome assembly with BUSCO v3 (Simão et al.
2015) against the ascomycete_odb9 database. RepeatMasker v4.0.7 (Smit et al. 2016) with
the repeat database version RepBase-20170127 was used to quantify the extent of repetitive
sequences and transposable elements (TEs) and mask these sequences in the assembly.
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We used BRAKER (Hoff et al. 2016) for unsupervised gene prediction, with Augustus v3.2.3
trained on the S. sclerotiorum 1980 annotation dataset (Derbyshire et al. 2017) and the RNA-
seq data for M. sulcatula generated in this study. All gene models were inspected manually,
using WebApollo (Lee et al. 2013). Functional annotation was performed using the hmmscan
algorithm of HMMER v3.2.1 (Eddy 2011). Secreted proteins were identified by SignalP v4.1
(Nielsen 2017) and proteins with transmembrane domains were predicted with TMHMM v2.0
(Krogh et al. 2001).

The Canu assembly yielded 26 contigs between 5,732,858 and 13,241 bp in length and a
total genomic length of 43,863,912 bp (Table 1). Two contigs (tig00000103, tig00000120) had
BLASTN hits for mitochondrial DNA, totaling 330,647 bp of sequence. RNAweasel prediction
with the genetic code for yeast mitochondria identified 42 transfer RNAs without introns, two
rnpB, and the 59 portion of rns on these contigs. The larger mitochondrial contig, tig00000103,
has 94.3% identity with the S. sclerotiorum 1980 UF-70 mitochondrion (KT283062.1, query
cover 29%, E value 0.0), while tig00000120 has 82.2% identity with only 3% query coverage
(E value 7e-37); E values < E-50 are considered high quality and E values < E-5 are
considered good hits. The M. sulcatula draft nuclear genome of 24 contigs had a length of
43,533,135 bp, with an N50 of 2,649,720, an N90 of 1,133,061, and a GC content of 39.7%.
Genome size estimation, using jellyfish (Marçais and Kingsford 2011) with 30-mers, sug-
gested a total genome size of 45.2 Mbp, which is very close to the size of our final assembly.
Our assembly had a BUSCO score of 96.3% completeness (Simão et al. 2015), and ap-
proximately 3.4% of the genome consisted of repeat elements or TEs, according to
RepeatMasker v4.0.7. Twenty-one of the 24 contigs had high similarity with Sclerotiniaceae
after BLAST searches against the National Center for Biotechnology Information (NCBI)
nucleotide (searches performed December 2019); only the three smallest contigs
(tig00008974, tig00008975, and tig00008977) did not have a significant hit in the database.
We found 28 cases of canonical telomeric repeat sequences (59-TTAGGG-39 hexamers),
suggesting that M. sulcatula possesses 14 chromosomes, six of which may be complete in
our assembly, since we found telomeric hexamers to both ends.

We then used BRAKER (Hoff et al. 2016) for ab initio gene prediction, using the RNA-seq
sample obtained from mycelium grown on PDA as a guide. This approach predicted 11,628
gene models. We manually curated these gene models with an instance of WebApollo (Lee
et al. 2013), resulting in 11,275 unique gene models encoding 13,666 transcripts. The
resulting total proteome of M. sulcatula comprised 2,644 putative transmembrane proteins
and 838 possible secreted proteins, of which 75 may be effectors, according to an EffectorP
2.0 search (Sperschneider et al. 2018). The most abundant PFAM domains were transporter
domains (MFS1 and AAA-type), kinases, alcohol dehydrogenase, and Zn-cluster tran-
scription factors.

Table 1. Myriosclerotinia sulcatula genome assembly statisticsa

Feature Sclerotinia sclerotiorum Myriosclerotinia sulcatula

Genome (bp) 38,906,597 43,533,135
Estimated size (kmer) − 45.2 Mb
Genomic contigs − 24
Mitochondrial contigs 1 2
Mitochondrial genome (bp) 132,532 330,647
Full chromosomes 16 6
Number chromosomes 16 14b

Largest contig (bp) 3,951,982 5,732,858
Average length (bp) 2,431,662 1,813,881
GC content 41.6% 39.8%
N50 2,434,682 2,649,720
N90 1,815,632 1,133,061
BUSCOb

− S:97.6% F:1.0%
Repeat elements 6.2% 3.6%
Genes (BRAKER2) − 11,631
Genes (curated) 11,130 11,275
BUSCOc annotation 99.3% S:98.1% F:1.2%

a Statistics for theS. sclerotiorum 1980 complete genome assembly (Derbyshire et al. 2017) are provided
for comparison purposes.

b Estimated by number of telomeric repeats in the assembly.
c Using the database for ascomycete core genes (ascomycota_odb9). S, complete single-copyBUSCOs, F,
fragmented BUSCOs.
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Altogether, we generated a high-quality genome assembly and a manually curated and
functionally annotated transcriptome and proteome of Myriosclerotinia sulcatula, which is a
relative of the notorious necrotrophic plant pathogens B. cinerea and S. sclerotiorum but
exhibits a different lifestyle. This dataset will be highly valuable for future comparative studies
toward understanding the evolution of lifestyle and host range in plant-pathogenic fungi.

Data Availability
The sequencing datasets produced for this study are deposited at the EBI European

Nucleotide Archive (ENA) under the project reference PRJEB36718. The Myriosclerotinia
sulcatula isolate MySu01 annotated nuclear genome assembly is deposited under the ref-
erence GCA_902810775. In addition, the fasta files for the genome, CDS and protein se-
quences and the GFF file are available at Zenodo. The codes used for this study are
deposited at GitHub.
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