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Clubroot disease is caused by P. brassicae and affects the 26.7 billion canola
industry in Canada.

Clubroot infestations

P. Brassicae has spread rapidly
for a soilborne pathogen.

Currenty there are over 3000
cases across Alberta.

Resistance was broken by

pathotype 5x.
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We are testing responses of cultivars to distinct P. brassicae pathotypes to find
candidate genes that can be manipulated to increase resistance.



On our first experiment the
cultivar Laurentian was
moderately resistant against
pathotype 5x, while Brutor was
susceptible.
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Functional categories enrichment from RNAseq differentially expressed genes shows
contrasting patterns between cultivars.
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S Innate immune responses are activated
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SA-mediated response is fully deployed

Mutations on CBP60g and SARD1 genes increase susceptibility to Pseudomonas syringae in Arabidopsis thaliana (Wang
et al., 2011).

When NLA is suppressed by miRNA in At, susceptibility to nematodes increases (Hewezi et al., 2016). Controller of SA-
mediated immunity to Pseudomonas syringae in At (Yaeno and Iba 2008).

PBS3, also know as WIN3 (HOPW1-1-Interacting3), confers resistance to the biotrophic pathogen Pseudomonas
syringae (Lee et al., 2007; Nobuta et al., 2007).

MES9 is activated to turn MeSA (transport for SAR) into SA (Dempsey et al., 2011).
Heatmaps built with MeV using log2-fold

NIMIN1 interacts with NPR1 to repress PR1 (Weigel et al., 2005). changes from FPKM values. Hierarchical

clustering was done with Pearson correlation.



A working model of SA mediated
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Transmembrane amino acid transporter family protein
Glucose-6é-phosphate/phosphate translocator-related
plasma membrane intrinsic protein 1B
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§i§§°2melghﬁiﬁﬁgziﬁgﬁfjﬁhizjtzﬁafﬁifijfj:_:fijffd Linked to polar auxin transport (Prat et al., 2018) .
WRKY family transcription factor «— = Knockouts in At result in resistance to nematodes
sucrose-proton symporter 7 (Grunewald et al., 2008)
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MATE efflux family protein

Encodes a protein whose expression is responsive to nematode infection.
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expansin B3 Expansins enriched in the category syncytium

expansin Al

oanain AL formation may be triggered to favor pathogen

expansin Al

expansin B3 development through cell enlargement.
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A second experiment comparing two more cultivars against pathotype 3A, which is
widespread in Alberta, shows a clear picture of cell development and confirms
patterns of defense — (M.Sc. Qingin Zhou).
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Candidate genes for resistance or susceptibility can be used to validate function or
increase cultivar resistance via gene editing (CRISPR-Cas technology).

Candidate gene selection

Defense/resistance gene /\ Susceptibility gene
_SA—related, R-genes)

(WRKY, EXP, LTPs)

Modulation

Partial repression to find a
development/defense balance

Increase expression to
improve resistance

Paul and Yiping (2016)



We are using whole genome sequencing of P. brassicae isolates to find evolutionary
relationships and create pathotype-specific diagnostic tools — (Ph.D. Homa Askarian).
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Polymorphism can be exploited to create cluster/pathotype/isolate-specific
detection assays — (M.Sc. Heather Tso).
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Currently we have identified 128 INDEL + SNPs
by comparing 45 full genomes, to use for our
diagnostic assays.
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Conclusions

» B. napus immunity to P. brassicae is mainly activated through SA-
mediated signalling and sustained for longer in resistant cultivars.

» Many genes indicate common responses to nematode
infestations. The effects of increased cell size and developmental
alterations of the host may account for these common features.

» Genes found through RNA-seq studies constitute an abundant
source for functional validation and improving resistance through
gene-editing approaches.

» Diversity among pathotypes indicates common sources of
virulence and is useful for pathotype-specific diagnostic assays.
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