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Grey Mould- Botrytis cinerea

e Botrytis cinereais fungal pathogen that infects over 500 crops,
economic losses across the globe of USS100 billion.

e In Victoria, B. cinereareduces commercial yield of strawberry
fruit by 16%, and causes post-harvest rots of up to 70%.

e Growers rely on regular applications of a limited number of
fungicides to control grey mould. Many fungicide/pesticide
chemistries are under threat of withdrawal.

e B. cinereahas the capacity to develop resistance to fungicides

e There is increasing worldwide demand by consumers for
produce with minimal pesticide inputs (e.g., proposed EU
Directive 22/0196)

e Berry growers urgently need crop protection solutions for B.
cinereathat are effective, sustainable and complement the use

of the limited chemistries and biological controls available ;{,ii tﬁ IER?EE



Overview

e Introduction to double-stranded RNA (dsRNA) as a fungicide
¢ Introduction to the ARC Sustainable Crop Protection ARC Hub

® Objectives and progress to control Botrytis cinereain Strawberry using
BioClay.

e Future Prospects
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Double Stranded RNA

RNAs are made by all organisms, to convert genetic material (DNA) into
proteins and enzymes (via mRNA intermediates).

Double stranded RNA (dsRNAs) are made by some organisms
(including plants, fungi and animals), and consist of folded RNA
molecules, and in plants are often involved in pathogen defence. These

dsRNAs can also be synthesised chemically.

move from one cell to another, and induce

dsRNA can
silencing/blocking of target genes (akin to the chemical inhibition by

fungicides that inhibit enzymes)
Thus it is possible to target a specific gene in a specific organism, by
using a sequence-specific dsRNA.

By targeting an essential gene in a pathogen, or one required for
pathogenesis, dsRNA can function as an effective, specific fungicide

“Spray induced gene
silencing (SIGS)”
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dsRNA Applications
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Proof of Concept dsRNA reduceSolrytis

Fruits Vegetables Flower

Tomato Strawberry Grape Lettuce Onion Rose

Water Control

“Non Botrytis”
dsRNA control

Botrytis dsRNA
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Limitations to dsRNA as fungicides

* Long-term stability is not well defined - » ¢ (
environmental factors (microbes, pH, UV, water ) = Fungal
dsRNA —»\ L// ® Target

e Dosages, interactions with other fungicides not ) N
described o B D ol

N degradation p_lant or .
environment

I

/

e Variations in efficacy due to differences in plant
surfaces (leaves, fruits, roots) unknown.

dsRNA/sRNA uptake and gene silencing in fungi
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ARC Sustainable Crop Protection Hub
Research Themes

1. Developing BioClay™ targeting fungal species of significance to both horticulture
and broad acre crops

2. Generating new knowledge - mechanism of BioClay-fungi-host interaction

3. Formulating BioClay to regulatory and industry specifications

4. Assessing community acceptance of BioClay - Policy/Consumer Acceptance

Core Technology BioClay™:
RNA-Based Biopesticides, IP developed by Prof Neena Mitter, Gordon Xu, et a/. at University of

Queensland
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BioClayV

How BioClay works:

BioClay is a layered clay carrier that
protects and stabilises the dsRNA

Allows for the gradual release of dsRNA

Topical dsRNA
@ / carrler application

o (dsRNA + carrier)
® @ & moisture
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BioClayMfor control of Fungal diseases

Sclerotinia rot of
canola/rapeseed
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ARC Sustainable Crop Protection Hub
Projects

75

Formulation and Commercialisation =~ Mechanistic Insights

’ Fusarium - Cereals

Verticillium - Cotton

A ) ‘m Policies and Social Sciences
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Overview

® Objectives and progress to control Botrytis cinereain Strawberry using
BioClay.
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ARC Sustainable Crop Protection Hub
Botrytis Strawberry Objectives

e Develop BioClay platform for the management of Botrytis — Strawberry

— Validate BioClay in lab/Glasshouse/Field Trials.

- Investigate the uptake, processing and systemic movement of double-stranded RNA and
its smaller RNA derivatives in Strawberry and Boftrytis host pathogen system.

— Generate new knowledge on the mechanisms of BioClay-fungi-crop interactions, towards
optimising the system and opening up new applications for crop improvement.
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ARC Sustainable Crop Protection Hub
Botrytis Strawberry Deliverables

e Deliverables

— Graduate one PhD student in the area of Bioclay-based tools for Bofrytisontrol in Strawberry.

— Deliver BioClay formulation for product development and commercialisation for control of Botryitis
cineredn Strawberry both pre- and post-harvest.
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Grey Mould Bolrytis cinerea

Mycelia on
senescent leaf

- O

Infection of leaf
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Petrasch et al/, (2019) Molecular Plant Pathology. doi.org/10.1111/mpp.12794



Progress

e Purified two Botrytis cinereaisolates (25414 and 28032)
and demonstrated pathogenicity in Strawberry

e Developed infection assays on post-harvest fruits

— Latent infections very challenging, particularly on consumer
fruit. Sterilisation essential.

e Optimised infection assays on detached leaves

— Latent infections very challenging

e Developed an axenic production system for two varieties
of strawberry plants
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Axenic tissue culture system for
strawberry

cv. Temptation cv. Alpine
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AxenicPathosystenfrom sterile seeds

3 dpi 5 dpi 7 dpi

cv. Temptation

cv. Alpine
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Future Prospects

e Within 6-12 months

— Validated BioClay in vitro/glasshouse experiments with existing targets, with comparison to existir
treatments

e Within 12-24 months

— Optimised BioClay in vitro/glasshouse experiments (with new/alternative targets)

e Within 24-36 months

— Optimised BioClay in pilot field trial experiments

4% LA TROBE
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Industry Outcomes

Berry growers have a product with a new mode of action against B. cinerea.

Berry growers in Australia are amongst the first worldwide to utilise dsRNA technologies for
crop protection.

The risk of fungicide resistance in populations of B. cinerea is reduced and the effective life
of current fungicide chemistries is extended through the integrated use of dsRNA

technologies.

Berry growers have more sustainable crop protection strategies that are accepted by
regulatory authorities and consumers.
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Proof of Concept dsRNA reduceSolrytis
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Proof of Concept Bofrytiswith RNA
processing mutations

Fruits Wegetables Flower

Tomato Strawberry Grape Lettuce Onion Rose
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Grey Mould Bolrytis cinerea

Mycelia on
senescent leaf
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