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RNAi a natural mechanism
RNAi inhibits gene expression (via mRNA) in a  
sequence-specific manner induced by 
double strand RNA (dsRNA)

Gene silencing can be partial or complete 
post transcriptional inhibition of gene activity  



• Direct delivery by crop plant
Host induced Gene Silencing (HIGS)*
Applications: a) Functional genomic studies,
b) improvement of important agronomic traits
c) Protection against pests/pathogens

• Delivery via spray-application
Spray-Induced Gene Silencing, (SIGS)**
Applications: Topical application to control pathogens and
pests.

RNAi: A NATURAL MOLECULE IN PLANTS and TARGET 
ORGANISMS (PESTS/PATHOGENS) 



ENHANCED SHELF LIFE
(Meli et al. 2010) 

Silencing of α-Man or β-Hex enhances tomato shelf life:
α-Man and β-Hex normally participate in the degradation of cell wall N-
glycoproteins and the generation of free N-glycans, which further
stimulate ripening

(A) RNAi (T0) and wild-type
(control) fruits were
harvested at pink stage and
stored at room
temperature(22–24°C in 55–
60% relative humidity).

The progression of fruit
deterioration was recorded by
time-lapse photography. Time
after harvest is specified by
days.

HIGS



ARCTIC APPLE -resist oxidative browning

Approved by the US
Department of Agriculture
(USDA).

RNAi apple with silenced
polyphenol oxidase gene

HIGS



Improving food/product quality 

Examples: 
 Change fatty acid profile in Soybean
 Modified starch Potato 
 Tearless Onion
 Removing allergens: Peanut, apple, wheat

e.g. Francisco Barro 1, et al. Plant Biotechnol J . 2016 
Mar;14(3):986-96. doi: 10.1111/pbi.12455. Epub 2015 Aug 24.
Targeting of prolamins by RNAi in bread wheat: effectiveness 
of seven silencing-fragment combinations for obtaining lines 
devoid of coeliac disease epitopes from highly 
immunogenic gliadins.

https://pubmed.ncbi.nlm.nih.gov/?term=Barro+F&cauthor_id=26300126
https://pubmed.ncbi.nlm.nih.gov/26300126/#affiliation-1


RNAi for control of virus, fungal and 
bacterial pathogens
Virus control examples:  
•Crustacea : shrimps, prawns
•Gastropods : shell fish : oysters etc.. 
• Insects : e.g. Bombyx silk worm, Bees 
•Birds and Mammals : e.g. Avian flu,  
•Plants : range of viruses in annual, herbaceous and woody 

plants . Particularly insect vectored viruses

Bacteria in a range of animal and plant species 
e.g.    Citrus Greening (Candidatus spp), 



GM plants expressing  double stranded RNA (dsRNA) 
which interferes with virus using plant RNA/DNA for 
replication. Examples:  
. Papaya ringspot, 
 Plum Pox (Sharka) virus, 
(both approved in USA ++) 

PPV in apricotAphid transmitted viruses



PRSV-RESISTANT TRANSGENIC PAPAYA

post-transcriptional gene silencing-mediated transgenic resistance with
sequence homology between the transgene and the viral coat protein gene

HIGS

Gonsalves 1998 



Non 
transgenic Honeysweet

HAIRPIN RNAi GENE CONSTRUCT AGAINST PPV

• Sequence homologous to part of P1 gene sequence of PPV strain M and D.

HIGS
PPV-SHARKA DISEASE: severe European disease in stone fruit.

Honey Sweet a new plum cultivar resistant to Plum Pox Virus Infection 



Transgenic plant

Transgenic 
rootstock

Non-Transgenic scion

Non-Transgenic 
resistant fruits

INDUCING RNAI PLANT RESISTANCE WITH MODIFIED 
ROOTSTOCKS 

Transfer of virus 
resistance from rootstock 

to scion

Hairpin derived
siRNAs 

21-nt and 24-nt 



Plant Fungal disease Control 

homology-based gene silencing stimulated by transgenes (co-
suppression), antisense, or dsRNAs has been demonstrated in 
several plant pathogenic fungi/oomycetes, including: 

Botrytis : moulds
Fusarium :
Sclerotinia : 
Phytophthora : Blight 
Puccinia : Rusts 
Mildews : Powdery and Downy
Venturia :

Acting via Susceptibility genes in plants and Pathogenicity 
genes in fungal pathogen 

Botrytis



HOST-PATOGEN INTERACTION TO IDENTIFY GENES OF RESISTANCE, 
METHABOLITES AND RNA MOLECULES INDUCING RESISTENCE

Natural basis of RNAi-based crop protection
Bidirectional communication (Weiberg et al., 2013, Science)

miRNA

siRNAi

miRNA Targets 
virulence genes siRNA Targets 

defence genes
silencing

From plant to pathogen From pathogen to plants



Research on Invertebrate Pest Control 

Crop pests : 
Hemiptera, Homoptera, Coleoptora, 
Lepidoptera,   Diptera,   etc…..
Mites , Nematodes, 

Topical and oral exposure to mostly dsRNA,



NEMATODE RESISTANCE 

Root-knot nematodes

Ibrahim HMM, Alkharouf NW, Meyer SLF, Aly MAM, Gamal El- Din AY, 
Hussein EHA, Matthews BF: Post- transcriptional gene silencing of root-
knot nematode in transformed soybean roots. Exp Parasitol 2011, 127:90-
99.

HIGS



HIGS
Smartstax amd Smartstax Pro maize for corn root worm 

(Diabrotica) control : commercialised and cultivated in N 
America from 2022 and assessed by EFSA for 
Import/Food/Feed in EU. 

COMMISSION IMPLEMENTING DECISION (EU) 2018/2046 of 19 
December 2018 authorising the placing on the market of 
products containing, consisting of or produced from genetically 
modified maize MON 87427 × MON 89034 × 1507 × MON 88017 ×
59122, contains DvSN17 (RNAi) and Cry toxins 



Exogenous induction of gene silencing 

Insect
Fungi
Bacteria
…
Control fruit ripening

SIGS



Exogenous applications of dsRNA 
Apply synthesised dsRNA :-

Spray Induced Gene Silencing : SIGS 
Includes:
Foliar and flower applications for arthropod pests, 
viruses, fungal infections and Herbicides.

Arthropods : mostly ingestion of dsRNA applied to 
plants some direct uptake

Fungi : direct uptake of applied dsRNA or uptake of 
dsRNA into epidermal cells and transfer to pathogen. 

Weeds : direct uptake 

Seed treatments for soil organisms (e.g. nematodes, 
fungi) 



RNA has high environmental sensitivity and low persistence

Requires formulations to allow persistence, uptake, absorption, 
mobility and activity in target

Formulations include nanoparticle carriers = bioclays



RNAi as a Foliar Spray: Efficiency and Challenges to Field Applications
Bao Tram Huang, Neena Mitter et al 2022 



SIGSHIGS

Diseases in horticultural plants:   HIGS and SIGS 



Colorado Potato beetle  
(Leptinotarsa decemlineata) 





Fusarium : Cereal ear blight and grain infection 



From Varroa parasitism



+ Queensland Univ Australia

Also Bayer, Syngenta and other companies involved  

SIGS development 



Main Research and Biosafety Issues  
 the mechanisms of activity and methods of delivery  of 

ds/siRNAs to targets. 
 miRNA interactions with RNAi mechanisms
 application bottlenecks depending on whether the target genes 

are in planta (i.e. viral or plant transcripts), or in fungi, insects, 
nematodes etc. 
 Environmental stability of dsRNA
 Non-target effects in related and unrelated exposed species 

and food chain effects 
 Off target effects : role of bioinformatics and omics for food and 

environment RA. 
 Scale up : How to scale RNA production
“The art and science of taking the RNA scale-up recipe from the 
lab to a manufacturing plant.”
https://www.greenlightbiosciences.com/how-to-scale-rna-
production/



• Knockdown of a non-target gene

• Due to sequence homology

• e.g. conserved domains within 

protein families

• Important for research applications

Off target effects and effects on non-target organisms

Off target effects

• Knockdown of any gene in non-target organism

• Due to sequence homology

• Important for risk assessment

Silencing effects on non-target organisms



Bachman et al., 2013 – Transgenic Res

Effects on non-target organisms and off target effects: 

Corn/maize:  MON87411; “Smart Stax Pro” : Chrysomelids



• Bioinformatics is a useful tool in target design and to 
minimize potential risks

• siRNA sequence specificity requirements still uncertain

• Available sequence data is still limited

• Genbank 2022: 3200 insect genome sequences (several 
duplicates)

• i5k projects  (BaylorCM/HGSC)

• However: unlikely to be very useful in risk assessment at this 

moment. But in future ... ? 

Bioinformatics: 



• Bioinformatics: useful guide but not definitive

• dsRNA persistence in the environment

• Routes and Level of Exposure to siRNAs and dsRNAs 

including amplification

• Potential Non and Off targets :  requires information on 

sequence homology, mis-matches etc..

• EFSA Guidance on GM RNAi Plants 
Risk assessment considerations for genetically modified RNAi plants: EFSA’s 
activities and perspective April 2020
Frontiers in Plant Science 11   DOI: 10.3389/fpls.2020.0045

Additional Data requirements for ERA 

of GM RNAi plants (and SIGS) 



GMO regulations

Not operating  in EU 



SCIENTIFIC AMERICAN 

What Did COVID Teach Us about Preparing for a 
Plant Pandemic ?

The question is not whether we’ll experience such an event; it’s 
whether we’ll be ready when it strikes

By Jonathan Margolis June 20, 2022

 All COVID vaccines (and many others) produced 
by GM technology.

 Some COVID vaccines based on RNA technology.
 We need to move focus of regulations away from 

process to product and how it will be used, since 
similar products can be made by many processes.

https://www.scientificamerican.com/author/jonathan-margolis/


Regulation of Exogenous applications of dsRNA  e.g SIGS

De Schutter et al. Front. Insect Sci., 05 January 2022

EPA



Regulation of Exogenous applications of 
dsRNA in EU
 Assessed as chemical pesticides.
 At present no agreement on how they should be  

assessed and additional data requirements. 
Should they be classed differently :   Biopesticides or 

bioactivator/stimulant  ? 
 OECD working group and others studying this. 
OECD  (2020). Considerations for the Environmental Risk 
Assessment of the Application of Sprayed or Externally Applied ds-
RNA-Based Pesticides. 
Szekacs et al. RNAi Based Pesticides. Front Pl Sci 2021; 12: 

714116.
doi: 10.3389/fpls.2021.714116 
PMCID: PMC8358595
PMID: 34394170

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8358595/


Thankyou 
www.iplanta.univpm.it. jeremysweet303@aol.com

Thanks to iPlanta contributors to 
this talk 

https://www.youtube.com/watch?v=GPRyXVPsw38



https://www.youtube.com/watch?v=GPRyXVPsw38

Available as 
E-Book – FREE ! 

Mange Tak

Thank you 

jeremysweet303@aol.com
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