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Spores land on petals Petals land on leaves 
lesions formation

Ascospore release

Apothecia under 
plant canopy Sclerotia overwinter in soil

New sclerotia inside 
infected stem

Lesion progressing 
throughout plant

Little to no genetic resistance

Poor chemical control

Sclerotia are viable for 10 years

How does sclerotinia infect and destroy canola?



What is our Solution?

Using our knowledge of 
molecular biology, we can 
take advantage of RNAi
(RNA Interference), an 
intrinsic cellular defense to 
viruses

With no true resistant 
cultivars and increasing 
fungicide resistance, a 
new control method is 
needed



What is our strategy to protect canola using 
RNAi technology?

Target 
identification 
pipeline (TIP)

Identifying off-targets 
and primer design

Synthesis of dsRNA

Quantifying transcript knockdown
(in vitro)

Assessing plant protection (in planta)



Can dsRNA molecules protect plants?

• 100+ different Sclerotinia genes tested

• 200 ng dsRNA applied to each leaf

• Over 1500 leaves inoculated!

• Lesion sizes 15 – 250% of water. 
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Water Ss2 
(Toxin Synthesis)

Ss6
(Protein synthesis)

Ss11
(Mitochondrial protein)

What does protection look like?



Can we protect canola through RNAi using Host 
Induced Gene Silencing?

• 35 independent T0 insertion lines targeting 5 different 
Sclerotinia genes

• Assessed each line up to the T3 generation to 
determine best performing lines

• Over 1000 plants / 3000 lesions were measured

• RNAi-based transgenics improve plant 
protection against fungal pathogens Selection of transgenic canola



What does protection look like?

Transgenic (SS1)Westar
Susceptible

Leaf (3 dpi)
Stem

 (3 dpi)

Hyphal plug 
placed onto 
stem

Hyphal plug 
wrapped in parafilm

Lesion allowed 
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• RNA-seq was performed on 
infected stems at 1 and 7 days 
post infection

• At 1 DPI, HIGS lines were the 
most transcriptionally active

UTC
Day 1

HIGS
Day 7

HIGS
Day 1

Day 1 Day 7

Log
2 fold change (BN
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ed)
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biosynthesis

BnaA02G07380D

BnaA04G21360D

BnaA05G27640D

BnaA07G15220D

BnaC03G12340D

BnaC03G53920D

BnaC04G45080D

BnaC05G02350D

BnaC07G49710D

BnaCNNG59260D

BnaC05g04460D

BnaC05g04470D

BnaA09g49880D

BnaA10g04230D

BnaC09g44080D

BnaA10g20270D

Global RNA sequencing directly at the site of infection of HIGS RNAi lines 
reveals putative roles for suberin and cell wall modifications in plant-

pathogen interactions

UTC
Day 7

Gene ontology enrichment 
reveals suberin and callose
biosynthesis are enriched in 
infected stems of HIGS lines

Untransformed 7 dpi HIGS 7 dpi
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• Electron dense band detected by SEM in 
secondary xylem of infected HIGS stems

• Positive stain for suberin, a polyaliphatic
polymer that is produced during infection to 
block pathogen progression
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What does whole plant protection 
look like?

Westar – susceptible (21 dpi) SS1 RNAi Line (21 dpi)



Does increased protection correlate to 
increased seed production?
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Driving innovation through discovery
Sclerotinia

causes billions 
of dollars in loss 

each year!

Development of 
RNA technologies 
will help protect 

some of the world’s 
most important 

crops

Topical and 
transgenic 

applications of 
RNAi protects 
plants against 

pathogens
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How do dsRNAs enter
Sclerotinia hyphae?

• Incubate Sclerotinia with 
fluorescein-labelled dsRNAs

• Long dsRNA 250bp sequence

• dsRNAs uptake occurs within 
hours

• The most actively growing 
regions (hyphal tips of newly 
formed branches and septate 
regions) appear to be the most 
active sites of dsRNA uptake 

2 hpi

6 hpi

Fluorescein BF

4 hpi

8 hpi



Clathrin mediated endocytosis is involved in dsRNA 
uptake in Sclerotinia

CPZ / F-Ss-dsRNA

Chlorpromazine (CPZ)
Chemical inhibitor of 

clathrin-mediated 
endocytosis

F-Ss-dsRNA accumulates 
on the outer surface of 

the cell
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Fluorescent microscopy In vitro 
dsRNA target knockdown

Ss-gfp Ss-gfp + 
Ss-eGFP

Ss-gfp + 
CPZ / Ss-eGFP

Chlorpromazine (CPZ)
interferes with target 

gene knockdown using 
two different dsRNAs

in vitro

Ss-gfp is used as a tool to 
study dsRNA uptake

CPZ prevents knockdown 
of endogenous Ss-GFP

Transgenic Sclerotinia
expressing GFP



What is our proposed mechanism 
of dsRNA uptake in Sclerotinia?
• dsRNA uptake occurs through 

clathrin mediated endocytosis
• Is there a long dsRNA receptor 

in Sclerotinia?

• dsRNAs are likely incorporated 
into vesicles

• dsRNAs are released into the cell 
resulting in target mRNA 
degradation

• How are dsRNAs processed in 
Sclerotinia at the cellular 
level?



Can we constitutively express dsRNAs
to protect plants?

Durable dsRNA expression improves plant health

Lesion size Fungal load Target knockdown

45% reduction 85% reduction 75% reduction
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