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RNA interference for Crop protection

Can we deliver RNA as a topical applicationinstead of genetically
modifying the plant?
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Trigger molecule of RNAI Is Double stranded RNA

In transgenic or GM plants pathogen
specific dsRNA Is integrated into the
genome of the plant to afford protection

« Community acceptance STILL SINGLE?  ALWAYS,

« Concerns regarding environmental “
impact

* Regulation of use

« Cost and time involved

« Lack of transformation protocols DNA

Dzu.doodles.com

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B



Queensland Alliance for Agriculture and
Food Innovation

RNA-based biopesticides to control virus infection

dsRNA + Pepper mild
mottle virus

Pepper mild mottle virus

Tenllado et al, 2003

A perspective on risks associated with RNAi-based biopesticides — Nov 13, 2019
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It works!

12 papers
10 viruses
11 host plants

T. Vadlamudi, et al Joumnal of Virological Methods 275 (2020) 113750

PRSV + dsCP PRSV + dsHC
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Fig. 2. Development of disease symptoms on the local leaves (LL) and systemic leaves (SL) of papaya plants at 2, 7, 14 and 25 days post-inoculation (dpi) after
inoculation with the PRSV-Tirupati isolate. (A-D) Papaya plants infected with PRSV alone, showing local leaves gradually exhibiting chlorosis (A) and mosaic (B, C),
and systemic leaves with total leaf distortion in (D). (E-L) Papaya plants either co-inoculated with PRSV and dsCP (E-H) or PRSV and dsHC (I-L), showing symptom-
free local and systemic leaves.

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) Is a research institute ot The University of Queensland (UQ), supported by the Queensland Government.
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Issues with spray of naked dsRNA as a
topical application

 Unstable

 Degradation by enzymes on leaf surface
 Not protected from UV and sunlight

« (Can get easily washed off after spray
 Protection lasts for only 5 -7 days after spray

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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dsRNA spray on maize for control of virus infection

Sugar Cane Mosaic Viral Infection

Disease incidence ( % )
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Ganet al. (2010)

Stability of dsRNA spray only lasts 5 days

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Is there another way?
Can we deliver RNAI as a spray as a stable

application?

‘1;“;;,:.;9"

NaturalNews GOl

http://www.naturalnew s.conygmos.html

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Stabilise? Environmentally
| friendly?

Degradable? Stick to the leaf?

How can we convert naked dsRNA
experiments into a commercially
viable system for farmers?

Protect from rain? Non-toxic?

Easy to adopt?

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Innovation - Alternative to chemical pesticides

RNAI based Biopesticides - BIOCLAY

» RNA as the biological active ingredient
» Clay particles as delivery agents

Inventors:
Prof. Neena Mitter
Prof. Gordon Xu

= Prof. Max Lu
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BioClay —Delivery of RNAI as a Spray Formulation

A stable, non-toxic, non-GM spray application for sustainable crop
protection- clay nanoparticles to deliver RNA interference

BILL&MELINDA

GATES foundation

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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BioClay :

DsRNA: Trigger molecule of RNAI

+

Layered double hydroxide (LDH)  cescuomsmonmmcemos s
proposed clay that is an anionic layer
material

Mitter et al Nature Plants 2017

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Schematic of BioClay
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The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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The Clay:

Layered double hydroxide (LDH) 0 e A R TN
Positively charged nanosheets & o) v
20-80 nm (average 45 nm)

Electron microscopy of LDH

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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dsRNA Loading
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LDH-NOs3 LDH-dsRNA aggregate

300 bp = 100 nm

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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DsRNA LOADING ON LDH TO FORM BIOCLAY
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Outcome: dsRNA of varying size can be readily loaded onto LDH nanosheets to develop BioClay

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government.

CRICOS code 00025B
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Stability of dsRNA loaded into LDH

e untreated RNase f
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Outcome: LDH increases stability and protects dsRNA from degradation compared
to ‘naked dsRNA’ when sprayed on the leaves under glass house conditions.

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Stability and adherence of BioClay

BioClay

Naked

Before
Wash

Before
Wash

After
Wash

After
Wash

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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DsRNA enters plant cells

Surface Cells Veins

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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BioClay protects from virus infection 20 days after spray
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» Leaves sprayed with BioClay targeting Pepper Mild Mottle Virus
(PMMoV) on Day 0 and challenged with virus at different time
points

»No viral symptoms on sprayed leaves while unsprayed leaves
show virus lesions

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Protection on new growth

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government.
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CRICOS code 00025B
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Topical application of BioClay (dsSRNA:LDH)
affords protection from CMYV in New unsprayed
leaves
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The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B



THE UNIVERSITY : Queensland
OF QUEENSLAND ‘ Government

AUSTRALIA

Co-inoculation of virus and dsRNA

dsRNA
suspension
© dsrRNA 5 days
protection
><><><><>< window
dsRNA
degradation
on leaf
e siRNAS surface
dsRNA
enters
leaf )
o Virus RNA 20 days

- dsRNA loaded on /\/\/ protection
clay nanosheets Spray application e window
dsRNA
3‘ % @ protected from

degradation
q o Degraded Virus RNA and slowly

released
Mitter et al (2017). Current Opinion in Virology

. il | over a longer
) A I S period

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Active against viruses, insects and fungal pathogens

5 pg of actin-dsRNA 5 pg of GFP-dsRNA Water
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Miguel and Scott, 2015 McLoughlin et al. 2016 CYP3-dsRNA
Fruits Vegetables Flower

Tomato Strawberry Grape Lettuce Onion Rose
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Wang et al. 2016

Koch et al. 2016
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DsRNA spray for Botrytis

a Fruits Vegetables

Strawberry Lettuce

WT

dcli

del2

dell del2

Bidirectional cross-kingdom RNAI and fungal uptake of external RNAs confer plant protection Ming Wang---- and Hailing Jin , Nature Plants 2016

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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BioCClay for control of Fungal diseases

ARC Research Hub for Sustainable Crop Protection -
Targeting Fungal Diseases and Officially Opened in Aug 2020

e ~$18 million cash and in-kind
Universities, multiple RDCs,

State Governments and
Industry partners
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Topical RNA application — NON-GM

In Australia, the Office of the Gene Technology Regulator has legislated
topically-applied RNA is exempt from GMO regulations (Schedule 1A —
Technigues that are not gene technology)

This item provides that technigques involving applying RNA to an organism to temporarily
Induce RNA interference are not gene technology, provided that:

« the RNA cannot be translated into a polypeptide
« the organism’s genome sequence cannot be altered as a result, and
« an infectious agent cannot be produced.

‘*»?

usrruu.m &
IDPEL

Gene Technology Amendment (2019 Measures
No. 1) Regulations 2019
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https:/lec europa.eufjrc/sites/jreshffilesiipts_jrc_89736_(online)__final pdf

THE NEXT BIG THING IS VERY SMALL

Nanotechnology and small RNAs could represent new source of key improvements for the agricultural sector.

Nano-related applications in the agricultural sector have not yet impacted the market.

Design of regulation and public opinion are crucial

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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RNA based biopesticides:

* Topical spray

* Tissue Culture

« Seedling applications
* Baits

* Feed

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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PROTECTED ANIMAL HEALTH !
CROPPING !l
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NSt farming

Endless
possibilities...

Hailing Jin, Nature Plants , 2016

Datald ooy e

The Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. CRICOS code 00025B
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Thank you
FROM THE BIOCLAY
TEAM

Prof Neena Mitter
n.mitter@ug.edu.au




