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Neue Pflanzenschutzkonzepte: RNAi-Technologie

Wie realistisch ist der zukünftige Einsatz von 
RNA im Pflanzenschutz – eine
datenbasierte Einschätzung
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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
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A quick reminder...

Jagtap et al., 2011
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Host – Induced Gene Silencing (HIGS)
Example: Fusarium graminearum

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

Application: GMO Maize vs WCR (Head et al., 2017)
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Spray-Induced Gene Silencing (SIGS)
Topical application of RNA – a GMO-free approach

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

Patent: Bayer (Monsanto): patent WO 2011/112570 (Sammons et al., 
2011)
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Spray-Induced Gene Silencing (SIGS)
Topical application of RNA – a GMO-free approach

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

Patent: Bayer (Monsanto): patent WO 2011/112570 (Sammons et al., 
2011)
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HIGS and SIGS applications 
Challenges and outlook

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

 dsRNA design strategies (target(s))? 
  

 Stability of dsRNA (formulation potential) 

 Off-target prediction and precautions
  

 Transformation availability?

 Emergence of resistant/tolerant 
microbes/pests?

  
 Accessibility for application and cost 

considerations 
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RNAi-based crop protection strategy 
against fungi – obstacles and 

experimental approaches 

i)Stability before uptake 

ii)Silencing efficiency after uptake

iii)Maintenance/stability of the silencing 
mechanism (durability)

Not all fungi contain functional RNAi 
machinery, nor do they (seem to) all 

uptake environmental RNA!

Contact: Ena.Secic@agrar.uni-giessen.de  
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Control of insects by dsRNA
Example: Sitobion avenae

from Plant Physiology, USA (2012) 

Tjallingii W F J. Exp. Bot. 2006;57:739-745 (modified)

Aphid target „SHEATH PROTEIN“ (shp)
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Control of insects by dsRNA

Example: Sitobion avenae, HIGS Transgenerational 
Silencing

Aphid Generation (G)

2 weeks on
 shp-dsRNA plants

7 generations on wt plants

Barley (Hordeum vulgare)
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RNAi-based crop protection strategy 
against insects – obstacles 

i)RNA length (>60 nt for some insects) 

ii)RNA transport (formulations)

iii)RNA stability (nucleases)

Contact: Ena.Secic@agrar.uni-giessen.de  
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What about exogenous plant uptake? - 
Labeled dsRNA reaches the xylem

Cy3

Xylem Phloem
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Natural RNA exchange between plants and microbes 
(not just pathogens!) - Cross-kingdom RNAi

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

Fighting pathogens 
and pests by means 
of non-coding RNA

Insect/Pest Control

Fungal Pathogens

Cross-kingdom 
communication – 

detection and 
implications
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Natural RNA exchange between plants and microbes 
(not just pathogens!) - Cross-kingdom RNAi

HIGS/
SIGS 

strategies 

Microbe 
sRNAs

Plant sRNAs

Immune response 
of the plant

Essential or 
pathogenicity-

related genes of 
the pathogen

Bidirectional ck- 
communication

Open questions: 

 Transport (vesicle and/or protein bound)
 Stability

 Detection and presence across the plant-microbe 
interaction spectrum
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How realistic is the future use of RNAi-based 
plant protection?

 What is the plant – pathogen system? 

 Insects 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? 

 Is emergence of resistant/tolerant pests/pathogens possible?

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

Contact: Ena.Secic@agrar.uni-giessen.de       17
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What is currently on the market/being developed?
(and how is it regulated)?

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
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