
B R U N O  M E Z Z E T T I  P H . D

F U L L  P R O F E S S O R  I N  P L A N T  B I O T E C H N O L O G Y , C H A I R  O F  I P L A N T A

D E P A R T M E N T  O F  A G R I C U L T U R E ,  F O O D  A N D  E N V I R O N M E N T A L  
S C I E N C E ,  U N I V E R S I T À P O L I T E C N I C A D E L L E M A R C H E – A N C O N A ( I T )

J E R E M Y  S W E E T  

C H A I R  O F  I P L A N T A

J  T  E N V I R O N M E N T A L C O N S U L T A N T S

C A M B R I D G E  C B 2 4  5 J A ,  U K

COST IPLANTA CA15223 WG4 
Meeting with stakeholders on 
RNAi socioeconomic impact

b.mezzetti@univpm.it



Encourage interactions of 

researchers across 34 

European, nearby and 

international countries

www.iplanta.univpm.it. 
http://www.cost.eu/COST_Actio
ns/ca/CA15223
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WG1 RNAi
Technology

WG2 RNAi
Applications

WG3 RNAi
Biosafety

WG4 RNAi socio-
economical

impact

WG5 RNAi Communication
and Public acceptance

Define and promote the 

most important research 

tasks for the development 

of novel  gene silencing 

strategies in Plants 

Focus on RNAi 

technology, applications, 

biosafety, socioeconomic 

and communication

Runs from 2016 to 2020. 

More then 200 experts 

are already joining the 

network from 34 countries



RNAi a natural mechanism

RNAi inhibits gene expression in a

sequence-specific manner induced by double 

strand RNA (dsRNA)

Advantages of this natural molecule:
Cross talk
Mobility
Topical application 



• Direct delivery in the crop plant

(Host induced Gene Silencing HIGS)*

Applications: a) Functional genomic studies, b)

improvement of important agronomic traits

• Delivery via spray-application

(Spray-Induced Gene Silencing, SIGS)**

Applications: Topical application to control pathogen and

pest diseases.

RNAi: A NATURAL MOLECULA TO BE APPLIED IN PLANTS



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 browning

Approved by the US

Department of Agriculture

(USDA).

RNAi apple with silenced

polyphenol oxidases (PPOs)

HIGS



International scientific workshop: Risk assessment 

considerations for RNAi-based GM plants

HIGS



International scientific workshop: Risk assessment 

considerations for RNAi-based GM plants

HIGS



HOST-PATOGEN INTERACTION TO IDENTIFY GENES OF RESISTANCE, 

METHABOLITES AND RNA MOLECULES INDUCER OF 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



INSECT AND 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

Smartstax maize for corn root worm (Diabrotica) control commercialised in 

N America and assessed by EFSA for import into EU. 



Chewing insects

RNAi activity in tabacco targeting the cytochrome p450 monoxygenase gene

(CYPAE14) of the cotton bollworm, Helicoverpa armigera inhibited expression of

the CYPAE14 in this lepidopteron pest. The inhibition of CYPAE14 expression in

these insects led to their increased sensitivity to the natural defence compound,

gossypol, produced by the plant. (Mao et al., 2011)

Image of larvae on cotton boll.

Larvae previously reared on leaves

of control R15 or ds6-3 T2 plants for

10 days were transferred to cotton

boll for another day

WT

HIGS



I case study:

PRSV-RESISTANT TRANSGENIC PAPAYA

In 1992 a papaya expressing the coat protein of papaya ringspot virus

(PRSV), shown fully resistance to the virus under field condition (Fitch et

al. 1992).

HIGS



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: THE EUROPEAN EMERGENCY IN THE

CULTIVATION STONE FRUIT.
Honey Sweet a new plum cultivar resistant to Plum Pox Virus Infection



HIGS A POVERFULL STRATEGY TO SOLVE ANOTHER IMPORTANT  
EMERGENCY IN EU, eg. Xilella fastidiosa AFFECTING OLIVE 
PRODUCTION

Acting on bacteria

Or acting on the vector
Philaenus spumarius



Apply RNAi only to rootstock 

Transgenic plant

Susceptible scion Protected fruits

INDUCING RNAI PLANT RESISTANCE BY INDUCING RNAi 

PRODUCTION IN ROOTSTOCKS 

Introduce resistance to 

diseases

Hairpin derived

siRNAs 

21-nt and 24-nt 

HIGS





C. Duan, C. Wang and H. Guo (2012) Application of
RNA silencing to plant disease resistance Silence
2012, 3:5.

3) Application of dsRNA on plant surface by spray.

Exogenous induction

Insect
Fungi
Bacteria
…
Contol fruit ripening

SIGS



SIGSHIGS

Very high potentials for controlling
diseases in horticultural plants



Control of Fusarium graminearum by dsRNA directed against Azole
fungicide targets (CYP51 genes) - SIGS setups and systemic uptake

SIGS



ANOTHER IMPORTANT  EMERGENCY IN EU:
RNAi: virus-induced gene-silencing against invasive

wing-spotted fruit fly Drosophila suzukii

Dr. Clauvis 
Taning

VIGS in cells with engineered Flock House Virus
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Virus + RPS13

Control

VIGS effects in adult flies

Frontiers in Physiology, 3 July 2018; https://doi.org/10.3389/fphys.2018.00805

https://doi.org/10.3389/fphys.2018.00805


Mitter et al., (2017) Induction of virus resistance by exogenous application
of double stranded RNA. Current Opinion in Virology, 26:49–55.

Exogenous application against viruses:
without and with nanomaterials

SIGS



International scientific workshop: Risk assessment 

considerations for RNAi-based GM plants



CONCLUDING THOUGHTS 

- RNAi a natural molecule offering new opportunities for plant

improvement and protection.

- RNAi technology doesn’t produce a new protein

- Endogenous RNAi induction can be a durable approach for

pathogens control.

- It is possible to downregulate a gene function in particular tissues

and/or organs, while preserving it in other tissues and/or organs or

developmental stages

- Systemic silencing signaling: possibility to apply RNAi only to

rootstock.

- RNAi is exploited to protect crops from pathogens

- Alternative technologies are being explored to deliver dsRNA as a

topical application to trigger the RNAi pathway against pathogens.



• RNAi Spray – SIGS No GMO 

Gene editing is GM, says 

European Court 

(25/07/2018)

TO SOLVE OPPOSITION AGAINST GMO

HIGS

SIGS



Thankyou 
www.iplanta.univpm.it. 
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04/03/2021

iPlanta Multimedia on RNAi technology:
https://youtu.be/GPRyXVPsw38
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