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In the absence of a pathogen genome, and in order to identify new resistance possibilities in canola to clubroot

disease, a cDNA library from Plasmodiophora brassicae-infected canola tissues at 35 days post inoculation was

constructed. From this library 15 putative effector sequences (pathogen secreted proteins that aid pathogen

infectivity) were identified as not being expressed in resting spores but expressed at later stages of infection and

disease progression. Of these, 10 are associated with plant Programmed Cell Death (a plant process to inhibit

pathogen spread) and are being studied further as possible tools for improved plant resistance. The subsequent

publication of the P. brassicae genome (2015) provided the project with a reference genome against which we are

able to map our infected versus non-infected transcriptome data. While still being analysed, these data are providing

the necessary insights into the plant-pathogen interaction network(s) that highlight the pathogen's successful ability

to escape detection, throughout its complete intracellular life cycle, by the plant. Once identified, we will be able to

target key stages in these networks to effectively unmask the pathogen and thereby present it to the plant's

'immune' system for degradation. To guide us in this work we have established a tool box of staining technologies

that allow us to track the intracellular life-cycle progression of P. brassicae. This project has successfully positioned

our clubroot research group for future success in the utilisation of pathogen protein targets for improved resistance

to clubroot disease in canola.

s. Introduction: Brief project background and rationale.

Clubroot, resulting from an infection by Plasmodiophora brassicae Woronin, is a devastating disease of Brassica,

especially canola (Brassica napus). Clubroot disease arises from a compatible interaction between the susceptible host

plant and virulent P. brassicae. However, a plant resistance (R) gene, encoding a plant immune receptor could recognize

the pathogen-derived avirulence Avr gene product resulting in a highly efficient plant defence reaction being activated.

Because R gene-based resistance is based on the recognition of a single pathogen-derived effector, the resulting

resistance is highly specific and usually easily overcome by successive generations of the pathogen. Clubroot resistant

varieties of canola have been identified, however, where this resistance relies on a single R gene we are seeing erosion

of the level of resistance due to pathogen evolution (Canola Council of Canada 2014). One way to establish new

resistance in canola is to identify 'new' R genes in resistant relatives and to incorporate these genes into the canola

germplasm. In this way, four R genes have recently been identified; Rpb1 & Rpb3 on chromosome A3 (B. rapa), Rpb2 on

chromosome BS (B. nigra) and Rpb4 on chromosome AS (8. rapa) (Chu et al 2015).

Previous to our studies, only a few effector proteins had been identified from P. brassicae; i) PbPPll - shares identity 

with several proteins found in other intracellular pathogens (Engleberg et al 1989; Moro et al 1995; Bulman et al 2006; 

Siemens et al 2009), ii) PbPDAl - containing a 'NodB-type' chitooligo-saccharide deacetylase domain known to 

deacetylate substrates including xylan and chitin and as such may play a role in cell wall penetration and early 

colonisation, and iii) PROl - a serine protease suggested to be involved in clubroot pathogenesis by stimulating resting 

spore germination through proteolytic activity (Feng et al 2010). The lack of knowledge of the molecular biology of P. 
brassicae infection, clubroot disease development and the mode of action of secreted effector proteins and R genes, 












































