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Neue Pflanzenschutzkonzepte: RNAi-Technologie
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Host - Induced Gene Silencing (HIGS)

Spray - Induced Gene Silencing (SIGS)

Examples (and requirements) for RNAI-
based plant protection against:
* Insects
* Fungi

* RNAI-based plant protection - outlook

e
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A quick reminder... PHYTO

Phytopathologie JLU Giefen
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(UsfgggEﬂﬁlmT Host — Induced Gene Silencing (H|GS) PH TO
Example: Fusarium graminearum s T

Transgenic approach (Nowara et al. (2010) Plant Cell 22:3130-3141)

Application: GMO Maize vs WCR (Head et al., 2017)

A B o0 ke o
2 < 90 |
=] = 80
o @ 70
Cytoplasma E 60
/ Host induced gene silencing \ ﬁ ﬁ
‘NtEeu.s- ~ 9 = E 30
g 9% 8 £
/ E
: = o g er—— e
e L A .JJ—> ‘?@ e E}D Silencing S . Col-0 ev line1 line$ line 10line 11
\ ! 21250t Transgenic line
N o -
. _ :
i J
Plant cell &
O
- - - 8
Host-induced gene silencing of cytochrome P450 "
lanosterol C14a-demethylase—encoding genes confers | £
. " " o
strong resistance to Fusarium species 3
Aline Koch?, Neelendra Kumar?, Lennart Weber®, Harald Keller<, Jafargholi Imani?, and Karl-Heinz Kogel*'
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RS Spray-Induced Gene Silencing (SIGS) Py
CIESSEN Topical application of RNA — a GMO-free approach s s

Non-GMO approach (Koch et al., 2016)

Patent: Bayer (Monsanto): patent WO 2011/112570 (Sammons et al., CYP3-dsRNA = ii ii i! |
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J”ﬁ&ﬁlﬁféﬂg‘m Spray-Induced Gene Silencing (SIGS) PH T0
CIESSEN Topical application of RNA — a GMO-free approach

Non-GMO approach (Wang et al., 2016)

b Fruits Vegetables Flower
Patent: Bayer (MonsantO): patent WO 2011/1 12570 (Sammons et al., Tomato Stramlher’r’l&r Gral}e Lettuce Onion Rose
2011)
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Bidirectional cross-kingdom RNAIi and fungal .

uptake of external RNAs confer plant protection —dsRNAs

Ming Wang', Arne Weiberg", Feng-Mao Lin?, Bart P. H. J. Thomma?, Hsien-Da Huang?
and Hailing Jin™
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dsRNA design strategies (target(s))?

M ShortdsRNAs
NIRRT AR s Long dsRNAs

Stability of dsRNA (formulation potential)

Off-target prediction and precautions

Other

tissues Transformation availability?

Plant cell

Adjusted from: Cai et al. 2018. Cross-Kingdom RNAi - nature’s blueprint Emergence of resistant/tolerant
f d i hnology. .
or modern crop protection technology. mlcrObeS/peStS?

Accessibility for application and cost

considerations
- 290z 0090009090099 BBV
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Requirements for fungal uptake of dsRNA and gene
silencing in RNAi-based crop protection strategies
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Ena Setié¢ and Karl-Heinz Kogel
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(b) Environment

CME proteins

RNAi-based crop protection strategy
against fungi — obstacles and
experimental approaches
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Current Opinion in Biotechnology

Ena Sedié
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Control of insects by dsRNA ’PH T0
Example S[toblon avenae Phytopathologie /' JLU GieBen

Aphid target ,,SHEATH PROTEIN" (shp)

epidermis

mesophyll phloem

(CC) (SE)

from Plant Physiology, USA (2012) @ intercellular sheath-salivation @ intracellular pd-salivation @ intracellular E1-salivation

Tjallingii W F J. Exp. Bot. 2006;57:739-745 (modified)
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Control of insects by dsRNA ’PH T0

i Example: Sitobion avenae, HIGS Transgenerational phatopahasis/) JLu Gipen
Silencing

120 Barley (Hordeum vulgare)
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Silencing the expression of the salivary sheath protein causes % 20 s
transgenerational feeding suppression in the aphid Sitobion o P . i
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2 weeks on 7 generations on wt plants
shp-dsRNA plants
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RNA-based technologies for insect control in

plant production PH i 0

Phytopathologie /' JLU Giepen

Shaoshuai Liu &, Maelle Jaouannet b &, D'Maris Amick Dempsey ?, |afargholi Imani @&, Christine Coustau ° &,
Karl-Heinz Kogel * & &
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Insect cell p PTGS
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T sRNA
TOr dsANA
sRANA or dsRNA
Topically applied dsRNAs
Intracellular SRNA/dsRNA —> [spray-induced gene silencing;
(host-induced gene silencing, HIGS) SIGS, mechanical inoculation)
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Xylem

nature A RTI C L ES ¢

p ant S https://doi.org/10.1038/s41477-021-01005-w

[ "] Check for updates

OPEN
Exogenous miRNAs induce post-transcriptional
gene silencing in plants

pS18.YFP

Federico Betti'¢, Maria Jose Ladera-Carmona©®'¢, Daan A. Weits', Gianmarco Ferri?, Sergio lacopino?,
Giacomo Novi®@', Benedetta Svezia', Alicja B. Kunkowska', Antonietta Santaniello?, Alberto Piaggesi®,
Elena Loreti > and Pierdomenico Perata®1

miR399-Cy3

Merge
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"”ﬁ,}hﬁ%‘m Natural RNA exchange between plants and microbes  PHYT0
CIESSEN (not just pathogens!) - Cross-kingdom RNAI

S pathogen sRMAS

Fighting pathogens
and pests by means
of non-coding RNA

S Plant endogenoss sANAs
AU HIGS artificial sRMAS
SRLIMENTY. HIGS artilicial deRNAs

Insect/Pest Control

Fungal Pathogens

Adjusted from: Cai et al. 2018. Cross-Kingdom RNA. - nature’s blueprint for modern crop protection

C rOSS'ki ngdom technology.
communication -
detection and A novel plant-fungal association reveals ®
implications fundamental sSRNA and gene expression -

reprogramming at the onset of symbiosis

Ena Seci¢!, Silvia Zanini', Daniel Wibberg?, Lukas Jelonek®, Tobias Busche?, Jém Kalinowski?, Sabrine Nasfi',
Jennifer Thielmann', Jafargholi Imanil, Jens Steinbrenner' and Karl-Heinz Kogel
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Natural RNA exchange between plants and microbes 'PH T0

(not just pathogens!) - Cross-kingdom RNAI P

Immune response
of the plant

Bidirectional ck-
communication

HIGS/
SIGS
strategies

Open questions: . . o .
Arabidopsis apoplastic fluid contains sSRNA- and

« Transport (vesicle and/or protein bound) circular RNA-protein complexes that are located
* Stability outside extracellular vesicles
* Detection and presence across the plant-microbe B s e i sanan D Rattn Lucia Bomiego,” Kamil i 23

Ena Sedié

interaction spectrum

Contact: Ena.Secic@agrar.uni-giessen.de
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® \What is the plant — pathogen system?
® |nsects AND fungi?
® HIGS as an available, but not applicable strategy?
® SIGS and the delivery challenge?
® Formulations (and how far can they bring us)?

® Stability (in and on planta)?

® Extremely useful for plant-pathogen systems that don’t have major chemical options

® Production cost?

® |s emergence of resistant/tolerant pests/pathogens possible?

® How wide-spread is cross-kingdom communication in the first place?

Ena Segi¢ Contact: Ena.Secic@agrar.uni-giessen.de

17



Rapid Communication | Open Access | Published: 26 May 2020
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UNIVERSITAT RNAIi: What is its position in agriculture? H T O

EGIESSEN Phosopathologic/ JLU G
Bruno Mezzetti &, Guy Smagghe =, Salvatore Arpaia, Olivier Christiaens, Antje Dietz-Pfeilstetter, Huw el H iaan

Jones, Kaloyan Kostov, Silvia Sabbadini, Hilde-Gunn Opsahl-Sorteberg, Vera Ventura, Clauvis Nji Tizi

From: RNAi: What is its position in agriculture? i
Taning B & Jeremy Sweet

Journal of Pest Science 93, 1125-1130 (2020) | Cite this article
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Global geographical contributions to RNAi research. Leading countries and key research institutions in RNAi are profiled, indicating a global interest in the
field. Records represent the number of authored and co-authored articles. CA, corresponding author; Univ, university; Inst, institute
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RNAi-Based Biocontrol Products:
Market Status, Regulatory Aspects,
and Risk Assessment

Kristof De Schutter', Clauvis Nji Tizi Taning ', Lenny Van Daele?, Els J. M. Van Damme?,
Peter Dubruel? and Guy Smagghe ™

HIGS
“SmartStax Pro” maize (Mon87411) - Bayer

“Vistive gold” high-oleic soybeans (Mon87705) -
Bayer

“Super-High Oleic” (SHO) safflower - CSIRO and

GO resources, Australia
“Innate” potatoes - Simplot GM
“‘HarvXtra” alfalfa - Forrage genetics

SIGS
Field trials Syngenta and Greenlight Biosciences
against the Colorado potato beetle
“BioDirect" - Bayer, RNAI technology for protection
of pollinators

Ena Sedié

What is currently on the market/being developed?
(and how is it regulated)?

Phytopathologie /' JLU Giepen

PHYTO

Biochemical
T

Pesticide regulation 40 CFR 158

—— Chemical pesticidegs

Regulation (EC) No 1107/2009

Technical grade material
e tested in mammalia and
non-target organism

Product formulation Carriers*: formulation
mammatan tosolt and el "or-targe organism
iritation toxicology testing

* Product formulation impact
barriers to and uptake of the
dsRNA

Extra data for externally
applied product

Approval of the active
compound

Possible waivers or
adjustments to risk

gy /pproval of the PPP assessment might be

decided

Risk and environmental
— fate of the active
compound

|| ) B Agricultural

Agricultural and veterinary
chemicals code act, 1994

Assessment of the
formulation

FIGURE 1 | Schematic overview of the regulatory frameworks for RNA-based products in the USA, Australia and Europe.

Contact: Ena.Secic@agrar.uni-giessen.de
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