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Draft Genome Resources for Plant-Beneficial Fungi
Clonostachys rosea Strains ACM941 and 88-710

Zerihun A. Demissie, Kelly A. Robinson, and Michele C. Loewen†

Aquatic and Crop Resource Development, National Research Council of Canada, Ottawa, Canada

Abstract
Clonostachys rosea strains ACM941 and 88-710 are beneficial microbes recognized for their
plant disease control and growth promotion properties, respectively, when applied to eco-
nomically important crops. In addition to their geographical and functional overlap, the two
strains also share a high degree of genetic similarity. In an effort to identify the subtleties that
underlie their strain-specific applications, their genomic sequence is reported here. The
genome size of ACM941was estimated to be 56.9Mb, encoding 17,585 putative genes, while
strain 88-710 was estimated to have a 55.5 Mb genome size, containing 17,188 predicted
genes. Overall, ACM941 and 88-710 share >96% of their encoded genomes, such that their
strain-specific characteristics are likely encoded in either the remaining variable 4% or dif-
ferentially regulated shared genes or both. These genomic sequences form a foundation for
future studies aimed at identifying the genomic and metabolic machinery driving their re-
spective beneficial properties.

Clonostachys rosea, a member of the family Bionectriaceae in the order Hypocreales
(Schroers 2001), is an aggressive necrotrophic mycoparasitic filamentous fungus. Based on
this property, a few strains isolated from diverse habitats have been developed as biocontrol
agents against an array of plant pathogens, including Botrytis cinerea, Sclerotinia scle-
rotiorum, and Fusarium species (Lysøe et al. 2017; Sutton et al. 1997; Zhang et al. 2008).
Strains ACM941 and 88-710, respectively, are patented in North America as biocontrol
agents against F. graminearum (the causal agent of Fusarium head blight disease) and for
plant growth promotion (Stewart and Brown 2012; Xue 2002). However, these properties are
not mutually exclusive to each strain. Strain 88-710 is superior in promoting plant growth and
development but can also impart some disease resistance (Sutton et al. 1997), while ACM941
is superior in its mycoparasitic properties. The molecular and biochemical basis of these
properties, however, remains poorly understood.

The genome of C. rosea CBS125111 has been sequenced and annotated as part of the
1,000 Fungal Genome Project initiative, while genomes of strains IK726, YKD0085, and 67-1
were reported by different groups (Karlsson et al. 2015; Liu et al. 2016; Sun et al. 2015a).
While the IK726 strain has shown antagonism against Alternaria spp. (Karlsson et al. 2015;
Lysøe et al. 2017), Bipolaris sorokiniana, Fusarium culmorum, Pythium spp., and Tilletia tritici
(Karlsson et al. 2015; Lysøe et al. 2017), strain 67-1 is best known to antagonize
S. sclerotiorum (Sun et al. 2015b). In addition to functional and geographic overlap, C. rosea
strains ACM941 and 88-710 are genetically closely related (Demissie et al. 2019). Therefore,
we hypothesized that comparative genomics along with omics profiling could be used to
identify the genetic material (both regulatory and structural) and corresponding metabolites
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conferring these differential properties. Here, we report the sequencing, assembly, and
annotation of strains 88-710 and ACM941 genome.

Clonostachys rosea ACM941 (American Type Culture Collection ATCC 74447) and 88-
710 (active ingredient of EndoFine, Adjuvants Plus, Canada) were grown at 25°C for 10 to
12 days and were maintained on potato dextrose agar plates at 4°C. Freeze-dried mycelium
was ground to a fine powder and genomic DNA was extracted using EZNA Fungal DNA mini
kit following the manufacturer guidelines (Omega Bio-tek). Genomic DNA libraries (550 bp
insert size) were prepared using TruSeq Nano DNA library prep kit, followed by sequencing
on Illumina MiSeq 2500 platform (30× coverage) according to the manufacturer guidelines
(Illumina) at NRC-Saskatoon DNA sequencing facility (Saskatoon, Canada).

Trimmomatic trimmed paired-end C. rosea ACM941 and 88-710 reads were mapped
using default settings of the “map reads to contigs” tool within the de novo sequencingmodule
of CLC-Genomics Workbench software (Qiagen), using C. rosea IK726 genome (Karlsson
et al. 2015) as reference, with “update contig” and “save unmapped reads” boxes checked.
This was followed by de novo assembly of unmapped reads (approximately 5% of total
reads), using the de novo sequencing module of CLC-Genomics Workbench. SPAdes as-
sembly pipelines based on the De Bruijn Graph was also used for both de novo and hybrid
assembly using IK726 PacBio reads (Short Read Archive [SRA] ERX2621092 [Broberg et al.
2018]) for comparison (Bankevich et al. 2012). The genomic sequences were annotated
using AUGSTA (Keller et al. 2011) and the Maker genome annotation pipeline (Campbell
et al. 2014) tools from the Galaxy server. Genome quality was assessed with Quast using
IK726 genome as a reference (Gurevich et al. 2013).

A total of 18,262,482 (average length = 298.6 bp) and 16,141,674 (average length =
298.3 bp) reads were obtained for C. rosea ACM941 and 88-710 genomes, respectively. The
raw genomic reads were processed into 18,259,417 (average length = 292.3 bp) and
16,138,454 (average length = 291.5 bp) high-quality reads, respectively, using Trimmomatic
software in theGalaxy platform (Bolger et al. 2014). As shown in Table 1, ACM941 reads were
assembled into a total genome size of 56.9 Mb (N50 = 805,045 bp, N75 = 366,156 bp, and GC
content of 50.1%) composed of 822 scaffolds, with its largest scaffold containing 3.73 Mb. On
the other hand, strain 88-710 reads were assembled into 593 scaffolds for a total length of
55.5 Mb (N50 = 824,329 bp, N75 = 425,882 bp, with % GC content = 50.24) and largest contig
size of 3.73 Mb (Table 1). These values are within the expected range of previous C. rosea
genome assembly reports (Karlsson et al. 2015; Liu et al. 2016; Sun et al. 2015a). The N50

values of SPAdes assembly outputs were lower (data not shown), thus excluded from further
analysis.

ACM941 scaffolds were annotated to 17,585 genes, of which 527 were annotated from
de novo assembled contigs. Blast2go functional annotation identified homologous se-
quences for 10,825 ACM941 genes in the SwissProt database and only 925 (5.26%) of the
transcripts failed to find a hit in the nonredundant (nr) database. Similarly, 88-710 genome
was annotated to 17,188 genes, of which 404 were annotated from de novo assembled
contigs. Only 897 (5.22%) of the 88-710 transcripts failed to find a hit in the nr database.
Pairwise alignment of these transcripts, using the megablast module of the National Center

Table 1. Genome assembly statistics of Clonostachys rosea strains

Genome statistics IK726a 88-710 ACM941

Genome fraction (%) against IK726 99.997 91.916 93.619
# contigs 595 593 822
Largest contig 3,780,011 373,352 3,733,882
Total length 58,326,963 55,501,686 56,858,285
Number of contigs (≥1,000 bp) 595 583 814
Total length (≥1,000 bp) 58,326,963 55,501,686 56,858,285
N50 794,244 824,329 805,045
N75 365,347 425,882 366,156
L50 24 22 23
L75 51 45 49
GC (%) 50.08 50.24 50.12
N per 100 kb 1,613.65 1,570.03 954.6

a From Karlsson et al. (2015).
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for Biotechnology Information BLAST+ blastn tool, showed that >96% of the ACM941
encoded genome is homologous to that of 88-710, with almost all transcripts sharing >90%
nucleotide identity. On the other hand, approximately 98.3% of the 88-710 genome encoded
transcripts are homologous to that of ACM941 with >90% nucleotide identity. This further
implies that the biological activity differences between these strains arises either from less
than 4%of their respective encoded genomes, differentially expressed homologous genes, or
both. Only 73.8 and 74.4% of the putative transcripts of ACM941 and 88-710, respectively,
were found to have homologous transcripts in the reference genome of C. rosea IK726. The
seemingly low transcript homology level to the reference genome compared with their overall
genome similarity (Table 1) is likely due to the low number (14,268) of putative transcripts
derived from the reference genome (Karlsson et al. 2015).

Secondary metabolites are the leading candidates to mediating plant growth promotion
and fungicidal properties of beneficial microbes (Vinale et al. 2009). AntiSMASH analysis of
the draft genomes revealed that strains ACM941 and 88-710 contain the same number of
gene clusters anchored by terpene (10) and polyketide (29) synthases. However, ACM941
and 88-710 genomes contain 28 and 27 nonribosomal peptide synthetase–anchored gene
clusters and 11 and 10 gene clusters containing more than one type of secondary metabolism
anchor gene, respectively (data not shown). Similarly, comparable numbers of ACM941 and
88-710 transcripts (1,274 and 1,240, respectively) with gene ontology (GO) terms associated
with transmembrane transport were identified. On the other hand, 6,061 and 5,503 ACM941
transcripts were mapped to GO terms with oxidoreductase and ion binding activities, re-
spectively, while only 4,770 and 3,203 strain 88-710 transcripts had similar GO terms, re-
spectively (data not shown). In conclusion we sequenced, assembled, and annotated the first
draft genomes of two beneficial C. rosea strains with potential impact to sustainable agri-
cultural practices in the future. These genomic sequences will be considered in future studies
to understand their respective beneficial properties.

The draft whole-genome sequence reads and assembly are deposited in GenBank
under accession number JACYFL000000000 and JACYFM000000000 for strain ACM941
and 88-710, respectively, under BioProject PRJNA656487.
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