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Abstract
Colletotrichum is a fungal genus (Ascomycota, Sordariomycetes, Glomerellaceae) that
includes many economically important plant pathogens that cause devastating diseases
of a wide range of plants. In this work, using a combination of long- and short-read
sequencing technologies, we sequenced the genome of Colletotrichum lupini RB221, iso-
lated from white lupin (Lupinus albus) in France during a survey in 2014. The genome
was assembled into 11 nuclear chromosomes and a mitochondrial genome with a total
assembly size of 63.41 Mb and 36.55 kb, respectively. In total, 18,324 protein-encoding
genes have been predicted, of which only 39 are specific to C. lupini. This resource will
provide insight into pathogenicity factors and will help provide a better understanding of
the evolution and genome structure of this important plant pathogen.

Colletotrichum has been reported as one of the 10 most important plant-pathogenic fungal
genera worldwide based on its scientific and economic impact (Dean et al. 2012). Anthracnose
disease caused by Colletotrichum spp. can affect a wide range of plants in agricultural and nat-
ural ecosystems. Lupin anthracnose outbreaks began in the 1980s and rapidly spread world-
wide, becoming a destructive disease affecting all lupin species. Today, this disease can cause
substantial yield losses as high as 100% and is the major limiting factor for lupin production
(Talhinhas et al. 2016). Lupin anthracnose is caused by Colletotrichum lupini, a species of the
acutatum complex (Damm et al. 2012) that contrasts with other members of the latter by its host
specificity (Talhinhas et al. 2016). In addition to its economic significance, C. lupini is a model for
evolutionary research due to its peculiar host-association pattern (Baroncelli et al. 2017).

C. lupini RB221 (also known as IMI 504893 and UBOCC-A-117274) was isolated from
symptomatic white lupin (Lupinus albus) in Brittany (France) in 2014 during a survey of Col-
letotrichum spp. associated with lupin anthracnose. This isolate was chosen because it
belongs to the most representative population of C. lupini worldwide and because it has
been previously used in pathogenicity and molecular assays (Dubrulle et al. 2020a, b).
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High molecular weight DNA was extracted using a cetyltrimethylammonium-bromide
protocol (Saghai-Maroof et al. 1984). DNA (17 ll at 242.0 ng/ll) was used for library prepara-
tion and sequencing. Illumina sequencing libraries were prepared using the Nextera DNA
Library Prep kit. Samples were sequenced with an Illumina HiSeq 4000 platform (250 base,
paired end). The C. lupini RB221 genome was also sequenced using six lanes of Pacific Bio-
sciences (PacBio) RS II SMRT cells.

C. lupini RB221 PacBio sequences were assembled using CANU v1.7.1 (Koren et al.
2017). Illumina sequences were analyzed with FastQC (Babraham Bioinformatics) and
trimmed with Trimmomatic v0.33 (Bolger et al. 2014). The trimmed sequences were used to
correct the PacBio assembly using LoRDEC v0.5 (Salmela and Rivals 2014). The contigs
corresponding to the mitochondrial DNA (mtDNA) genome were identified by local BLASTN
v2.9.0 (Camacho et al. 2009) searches using the C. graminicola mitochondrial genome Gen-
Bank CM001021.1 (O’Connell et al. 2012) as the query sequence. The completeness of the
assembly was assessed using BUSCO v3.1 (Sim~ao et al. 2015) while statistics were evalu-
ated with QUAST v5.0.2 (Gurevich et al. 2013).

The MAKER2 v2.0 annotation pipeline (Holt and Yandell 2011) was used to annotate
the genome of C. lupini RB221. Transcriptomic data of the same isolate grown in liquid
culture and during plant infection are available in the European Nucleotide Archive, biopro-
ject accession number PRJEB40331 (Dubrulle et al. 2020b). All libraries were merged
and assembled using rnaSPAdes v3.8.2. (Bushmanova et al. 2019) and aligned to the
genome with HISAT v2.1.0 (Kim et al. 2019) to select only those belonging to C. lupini
RB221. The transcript sequences were used as biological evidence in MAKER2. Three
different ab initio gene annotation programs were trained for use with MAKER2.
GeneMark-ES v4.10 (Borodovsky and Lomsadze 2011) was self trained for each of the
four genomes. AUGUSTUS v3.3 (Stanke et al. 2006) was trained using the transcript
sequences. Transfer RNA (tRNA) were predicted with tRNAscan-SE v1.3.1 (Lowe and
Eddy 1997). Putative functions were assigned to the annotations using BLASTP v2.9.0
(Camacho et al. 2009) to identify homologs in a database constructed of proteins from
the UniProt database (release 2013_12). Secreted proteins were identified using SignalP
v.5.0b (Nielsen 2017).

Fig. 1. Circos plot displaying Colletotrichum lupini RB221 genomic features. From outside to inside:
chromosomes (gray blocks), GC content (brown line graph), protein encoding genes (orange lines),
and transfer RNA (tRNA) genes (red lines).
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The genome of C. lupini RB221 is 63.407 Mb, divided into 11 nuclear chromosomes
and 1 circular mtDNA. The N50 of the final assembly was 7,871,922 while the L50 was 4. Of
the 11 nuclear chromosomes, 10 have telomeric repeats (TTAGGG) on both ends, and 1
has telomeric repeats on one end and gene clusters coding for ribosomal RNA on the other
end. BUSCO predicted the genome to be 98.90% complete. Further genomic information
can be found in Figure 1 and Table 1.

The gene annotation includes 18,324 proteins of which 1,767 (9.64%) are predicted to
have signal peptides and, therefore, are predicted to be transported out of the cell into the
extracellular space. Protein clustering analysis of all available Colletotrichum proteomes
(Baroncelli et al. 2016, 2018; Huo et al. 2021) revealed that 47 clusters (48 proteins) were
unique to C. lupini; among those, 39 lacked similarity with any other sequence available in
the NCBI nonredundant protein sequence database (e-value cutoff = 10−3) and, therefore,
were classified as species specific. These genes may be associated with the peculiar
capability of C. lupini to infect lupins and, therefore, selected for further analyses.

The genome sequence of C. lupini presented here will be useful for further research
into the biology and evolution of these destructive pathogens.

Data Availability
The strain sequenced in this work has been deposited in the CABI culture collection

(IMI 504893) and in the UBO Culture Collection (UBOCC-A-117274). The data generated in
this study are publicly available from the NCBI GenBank database at Bioproject ID
PRJNA360503 and Biosample ID SAMN06211573. The genome sequences have been
deposited in GenBank under the accession CP019471-CP019482. The genome can also be
accessed on the JGI MycoCosm website.

Author-Recommended Internet Resources
Babraham Bioinformatics FastQC:

https://www.bioinformatics.babraham.ac.uk/projects/fastqc
JGI MycoCosm: https://mycocosm.jgi.doe.gov/Collup1/Collup1.home.html
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