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Research Questions
(Harris, Overy, Blackwell, Subramaniam)

What mycotoxins are Canadian Fusarium species capable
of producing?
“* genomics, transcriptomics & metabolomics studies of
representative F. poae, F. avenaceum, F. graminearum isolates.

Why do these fungi make these mycotoxins (e.g. promote

plant infection, compete with other organisms)?

* gene modification studies, transcriptomic & metabolomic studies
of intra- and interspecies competition.




Fusarium species

« Fusarium graminearum: Main fungus causing fusarium
head blight (FHB: wheat, barley, oats) and gibberella ear
rot (maize).

« Fusarium avenaceum: frequent co-contaminant, especially
on durum wheat. Of concern with pulse/wheat rotations.

« Fusarium poae: 2001-2017 — most common Fusaria
iIsolated from oats, F. poae and F. graminearum isolated
equally from barley.

« 2018 - most frequently isolated from FHB-infected oats
and barley in ON, MB, SK.



Species-specific cocktails of secondary metabolites
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Fusarium poae genome
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* F. poae has 4 core chromosomes (with
extensive macrosynteny with the 4 F.
graminearum chromsomes) and
supernumerary chromosomes.

« Supernumerary structures contain many
gene duplications and active
transposable elements not subjected to
RIP and may be evolutionary cradles for
pathogenicity.

* Presence of supernumerary

chromosomes can influence the
expression & diversity of 2"d metabolome.




Genetic and mycotoxigenic diversity of Canadian F. poae
(with Allen Xue, David Overy, Hai Nguyen, Jeremy Dettman/ORDC)

e 268 F. poae: 203 ON, 38 QC, 27 SK oat/barley/wheat samples, 2006-2018

e Sequenced 3 genes to confirm species an
e Genetic analysis » 459 Nextseq genome

d explore genetic diversity.
seq & LC-HRMS metabolomics.
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F. poae and Emerging Mycotoxins

 All Canadian F. poae strains made Type A&B trichothecenes.

 Diacetoxyscirpenol (DAS) & beauvericin (BEA) were consistently
produced by all Canadian strains.
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Secondary metabolite profiling of F. poae grown
on 4 media
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Apicidins produced by a subset of F. poae isolates
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« Spectral matching of MS/MS
fragmentation data identified a
metabolite group as apicidins.
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» F. poae has never before been
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reported to produce apicidins.

 Apicidins are phytotoxic cyclic
tetrapeptides which inhibit histone
deacetylase, under development as
anti-cancer drugs.




Apicidins produced by a subset of F. poae isolates
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 Blastn F. incarnatum apicidin gene cluster - found in all producing
F. poae (NextSeq genome assemblies) split between 2 small
contigs.

» Absent in genomes of non-producers.
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Nanopore long read sequencing of F. poae

3 Canadian F. poae isolates sequenced

Fpl22 | Fpl57 | Fp133 Fp2516*
# Nanoporereads | 130K | 340K | 389K
Mean read length | 17,555 | 21,465 | 22,321

(bp)

Total fastq (GB) 4.27 13.3 14.2

Canu assembly - # 32 14 13 176
contigs

Total length (MB) 44.5 44.2 45.3 46.3

*\Vanheule et al 2016




Nanopore long read sequencing of F. poae

Fp133 Canu assembly
(mean coverage 200X)

Fpl22 | Fpl157 | Fpl33
# Nanopore reads 130 K 340K | 389K
Mean read length 17,555 | 21,465 | 22,321
(bp)
Total fastq (GB) 4.27 13.3 14.2
# Canu contigs 32 14 13
Total length (MB) 44.5 44.2 45.3

A\

| Core
genome

Contig Size (bp) | Annotation

name

Canul21l |12,007,395 | Chrom 1 (11.79MB) []
Canu4 9,784,343 | Chrom 2 (9.17MB)
Canul 7,824,537 | Chrom 3 (8.78MB)
Canu9 8,497,414 | Chrom 4 (8.39MB)
Canu7 939,503 Supernumerary
Canul3 3,789,164 | Supernumerary
Canul6 2,076,086 | Supernumerary
Canul212 | 91,378 Supernumerary
Canul210 |72,143 Supernumerary

+ 4 contigs = 1 mitochondrial, 3 plasmids
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Apicidins produced by a subset of F. poae isolates

Apicidin gene cluster found on predicted Fp133 supernumerary contig
13 (flanked by characteristic TE'’s).
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The Genome of the Generalist Plant Pathogen Fusarium
avenaceum ls Enriched with Genes Involved in Redox,  crosbu
Signaling and Secondary Metabolism

Erik Lysoe'*, Linda J. Harris?, Sean Walkowiak®?, Rajagopal Subramaniam?®?, Hege H. Divon®,
Even S. Riiser’, Carlos Llorens®, Toni Gabaldon®”%, H. Corby Kistler®, Wilfried Jonkers®,
Anna-Karin Kolseth'®, Kristian F. Nielsen'!, UIf Thrane'', Rasmus J. N. Frandsen'"

1 Department of Plant Health and Plant Protection, Bioforsk - Norwegian Institute of Agricultural and Environmental Research, As, Norway, 2 Eastern Cereal and Oilseed
Research Centre, Agriculture and Agri-Food Canada, Ottawa, Canada, 3 Department of Biology, Carleton University, Ottawa, Canada, 4 Section of Mycology, Norwegian
Veterinary Institute, Oslo, Norway, 5Biotechvana, Valéncia, Spain, 6 Bioinformatics and Genomics Programme, Centre for Genomic Regulation, Barcelona, Spain,
7 Universitat Pompeu Fabra, Barcelona, Spain, 8 Institucié Catalana de Recerca i Estudis Avancats, Barcelona, Spain, 9 ARS-USDA, Cereal Disease Laboratory, St. Paul,
Minnesota, United States of America, 10 Department of Crop Production Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden, 11 Department of
Systems Biology, Technical University of Denmark, Lyngby, Denmark

* Recently assembled genome sequences (lllumina Nextseq) and
conducted metabolomics profiling (D. Overy) of 17 Canadian F.
avenaceum isolates.




Metabolomic profiling of various F. avenaceum strains on
multiple media
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 Identified one novel 2° metabolite produced by a subset of strains,
biosynthesized by a gene expressed in planta.




Omics Pipeline for Studies of Mycotoxigenic and
Pathogenic Potential of Fungi
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Fusarium collaborators within Ottawa RDC
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Funding

 AAFC Emerging Mycotoxin network.
 AAFC Genomics Research & Development Initiative.
» Western Grains Research Foundation.




