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Project facts

= Title: VIRTIGATION — Emerging viral diseases in tomatoes and cucurbits: implementation
of mitigation strategies for durable disease management

= Funding program: European Union‘s Horizon 2020 research and innovation
= Call topic: Sustainable food security — new and emerging risks to plant health
®» Type: Research & Innovation Action

® EU contribution: EUR 6,998,668.34

= Start: 1 June 2021

® End: 31 May 2025

® Duration: 4 years

= Number of partners: International consortium of 25 partners from 12 countries

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irtigati @
research and innovation programme LA e T

under grant agreement No 101000570
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Project facts

= VIRTIGATION is an international
collaboration of 25 partners from
academia, industry, growers, SMEs,
agricultural extension services and
research & technology organizations
from 12 countries:

® Belgium, Spain, Luxembourg, the
Netherlands, Italy, France, Germany
and Austria as EU countries

® The UK, Israel, India and Morocco as
non-EU countries

This project has received funding

from the European Union's Horizon 2020 0 ﬂ o @ irtication.e
research and innovation programme wWww.virtigation.eu @

under grant agreement No 101000570
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Project facts

= VIRTIGATION is coordinated by the Department of Biosystems at KU Leuven. The coordinator
is Prof. Hervé Vanderschuren from the Laboratory for Tropical Crop Improvement:
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Project challenge

= New aggressive viruses spreading in greenhouses and fields across the world threaten the
multi-billion value chain of tomato and cucurbit (i.e. cucumber, melon, pumpkin, zucchini
and gourds):

® The whitefly-transmitted begomoviruses Tomato leaf curl New Delhi virus (TOLCNDV) and the
Tomato yellow leaf curl virus (TYLCV)

® The mechanically transmitted tobamovirus Tomato brown rugose fruit virus (TOBRFV)

® Due to their rapid transmission, these plant diseases are difficult to control and can cause
complete crop loss in affected areas

® Producers often use chemical pesticides to fight these viruses, which exposes growers and
consumers to pesticide residues

®» At the moment, only limited organic solutions exist on the market to combat these viruses

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irticati @
research and innovation programme LA e T

under grant agreement No 101000570
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Project challenge

® Current spread of TOLCNDV, according to the European and Mediterranean Plant
Protection Organization (EPPO):

Tomato leaf curl New Delhi virus (TOLCND)

O Present @ Transient 2022-03-01

(c) EPPO https://gd.eppo.int

This project has received funding

from the European Union's Horizon 2020 ° ﬁ o @ irtization.e @
research and innovation programme AN A E R TR NS

under grant agreement No 101000570
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Project challenge

= Current spread of ToBRFV, according to the EPPO:

Tomato brown rugose fruit virus (TOBRFV)

2022-03-01

© Present @ Transient (c) EPPO https://gd.eppo.int
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Project challenge

=» Symptoms of infection with various » Typical TOBRFV infection symptoms

plant viruses, i"d'_‘di“g ToLCNDV (© Landwirtschaftskammer Nordrhein-
(© R. Ramos-Sobrinho) Westfalen)
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Project aim & objectives

= The aim of VIRTIGATION is to develop rapid and long-lasting solutions to combat
emerging viral diseases in tomato & cucurbit, implemented through 6 specific objectives:

1.
2.

T

Knowledge sharing and engagement of stakeholders in research activities

Develop robust diagnostic tests, quarantine measures and identify ecological factors driving
disease outbreaks

Understand plant-virus-vector interactions
Develop Integrated Pest Management (IPM) solutions
Identify and pyramid natural resistance to viral diseases and vectors

Train the tomato and cucurbit value chain

= VIRTIGATION further seeks to increase the know-how of the value chain to better
control and manage viral diseases, through its multi-actor approach anchored in co-
creation and co-design

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irticati @
research and innovation programme LA e T

under grant agreement No 101000570
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Project solutions

= VIRTIGATION seeks to develop a set of bio-based remedies to protect tomato and
cucurbit crops from emerging viral diseases caused by ToBRFV, ToLCNDV & TYLCV

®» The project will propose and demonstrate several innovative solutions, including:
® Bijopesticides against the whitefly virus vector

® |PM strategies

® Advanced diagnostic tools for early detection of virus variants

® (Cross-protection strategies

®» At the end of its lifetime, VIRTIGATION solutions will have been validated in industrially
relevant field trials (Technology Readiness Level — TRL 5)

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irtigati @
research and innovation programme LA e T

under grant agreement No 101000570
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Overall approach

' Multi-actor approach and knowledge sharing, training of stakeholders in research\>
activities and networking with European research clusters
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Overall approach

= VIRTIGATION builds on:
® |ncreasing knowledge about the biology, pathways of entry and spread of plant viruses

® Developing new tools and plant materials, in a planned and concerted dialogue with the value chain

= |t will ensure that its solutions meet the real needs of the agricultural sector, by directly
involving growers, researchers, seed and plant protection industries in research activities

® As result of this bottom-up approach, it will further link producers directly with consumers

= The project also takes a holistic, multi-location approach to research & innovation, to
provide plant health services with adapted tools & measures to prevent future outbreaks:

® Through the development of advanced diagnostic & web-based bioinformatics tools
® Through investigation of virus diversity in their centres of emergence

® Through its models predicting future problems arising from climate change and viral spread

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irticati @
research and innovation programme LA e T

under grant agreement No 101000570
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Research plan

= The VIRTIGATION research plan is built on 3 pillars:
1. Detailed study of virus biology and transmission under climate change conditions

2. Development of classical solutions — IPM and natural resistance — to control viral diseases with
two distinct modes of transmission

3. Testing novel approaches — biopesticides, biological control, cross-protection — to mitigate viral
diseases and reduce pesticide usage

= The VIRTIGATION multi-actor approach, involving stakeholders such as agricultural
extension services, growers and companies, will help co-design research activities and

mitigation strategies

&

‘[‘:-r-* \ v
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Research plan

= The project’s research plan contains the following research & innovation (R&l) focus areas:

1. Multi-actor approach <a‘>

2. Viral genome sequencing and monitor virus outbreaks *-9-

3. Plant-virus-vector interactions

®» The project R&l areas are complemented by dissemination, exploitation and
communication (DEC) activities, consortium coordination and project management, and
compliance with ethics requirements

This project has received funding

from the European Union's Horizon 2020 ° ﬁ o @ irtigati @
research and innovation programme ARV SANEI MR IEANESE

under grant agreement No 101000570
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Multi-actor approach

= The main aim of the VIRTIGATION multi-actor approach is to co-create research and
share new knowledge on emerging viral diseases in tomato and cucurbit. The specific
objectives are to:

® (Create common tools and guidelines for implementing the multi-actor approach
® Establish the VIRTIGATION network in 11 countries covered by the project

® Use the VIRTIGATION National Knowledge Brokers to harmonize protocols and methods for data
gathering and delivering co-creation

® Coordinate events, joint activities and prepare Practice Abstracts

for the European Innovation Partnership for Agriculture 1 7
Productivity and Sustainability (EIP-AGRI), to stimulate co-design : \,\,s
and exchange of knowledge between the VIRTIGATION consortium ——#—\‘//\";

and stakeholders of the VIRTIGATION network / AN o ?'\"-*-f\ 7

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irtigati @
research and innovation programme LA e T

under grant agreement No 101000570
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Multi-actor approach

® The VIRTIGATION multi-actor approach is based on established stakeholder relations of
the consortium, which will facilitate active participation of involved stakeholders, such as:

=® Growers

® Agricultural extension services

® Agro-industry

® Universities and research & technology organizations

= The multi-actor approach is led by VIRTIGATION partner TECNOVA, and will be especially
supported by the following partners:

techoVa

CENTRO TECNOLOGICO
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Viral genome sequencing and monitor virus outbreaks

= The main aim of this research focus is to develop new methods for high-throughput
sequencing (HTS) of full viral genome and virus sequence analysis platforms, in order to
better characterize natural resistance mechanisms, identify emerging and fast spreading
virus threats, and design isolates for cross-protection

= The specific objectives are to:

® Facilitate the standardization of full genome sequencing procedures

ol e
L IR

® |ink virus diversity to entry and transmission

® Monitor virus diversity and evolution in the EU
® Risk assessment of possible disease outbreaks

® Assessment of virus control methods

This project has received funding

from the European Union's Horizon 2020 ° ﬁ o @ WWw.Virtization.eu
research and innovation programme .Virtiga . @

under grant agreement No 101000570
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Viral genome sequencing and monitor virus outbreaks

= |n its approach, VIRTIGATION will increase the precision of existing and proven diagnostic
methods such as CIDER-Seq and Oxfort Nanopore Sequencing Technology

= |t will build a new web-based software to study virus diversity and evolution, based on
datasets of full viral genome sequences obtained through HTS

= Exploitation of HTS dataset for genomic surveillance and epidemiological studies will allow
to overcome limits of current databases (e.g. Q-bank) in characterizing virus diversity

® Project tools will also more precisely define virus introduction and transmission routes,
and thus help determine factors that drive virus outbreaks (e.g. trade routes)

= This research focus is led by KU Leuven, and involves the following partners:
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Plant-virus-vector interactions

= The main aim of this research focus is to enhance the understanding of interactions
between viruses and their plant hosts, especially tomato and cucurbit

® Focusing in particular on ToBRFV, as well as TOLCNDV with its associated DNA satellites

® \Vith the purpose to develop new resistant plants to ToBRFV and ToLCNDV

= V\/IRTIGATION will concentrate in its approach on the introgression of natural resistance
from wild relatives to cultivated tomatoes, to develop tomato lines resistant to TOBRFV

= The recent discovery that co-infections of resistant tomato plants by betasatellites with
TYLCV can overcome the Ty-1 / Ty-3 resistance, requires the characterization and
introgression of resistance against DNA satellites using TYLCV resistant plants

® These new resistant lines will be screened for resistance to TOLCNDV

= The genes involved in the various resistant lines will be studied, as well as the molecular
pathways associated with the disease phenotypes

This project has received funding

from the European Union's Horizon 2020 ° ﬁ o @ irticati @
research and innovation programme LA e T

under grant agreement No 101000570
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Plant-virus-vector interactions

= The plant-virus-vector interactions research focus is led by the Volcani Centre, which will
be especially supported by the following partners:

1. CELE

R g 7
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Julius Kithn-Institut
Federal Research Centre for Culthated Plams

degli STUDI

W2\ UNIVERSITY of di CATANIA
1Y GREENWICH

NRI | Natural Resources Institute WAGENINGEN

UNIVERSITY & RESEARCH

CONSFIO SUSROR DF INVESTIGACIONES CHENTERICAS
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Spread of emerging viral diseases under climate change

= The main aim is to investigate biotic and abiotic factors contributing to the development
of viral disease epidemics in Europe, with particular concentration on how future climatic
conditions affect introduction and spread of viral diseases

= The specific objectives are to:

® |dentify climatic factors driving emergence and
transmission of new viral diseases

® Understand the role of seed transmission in the
long-distance dispersal of viruses

® |nvestigate the role of alternative host-plants in
disease persistence in different ecologies

® Understand virus-vector interactions in causing
disease spread and outbreaks

® |nvestigate how viruses jump hosts,
leading to new disease outbreaks

® Determine the role of mixed viral infections
in modulating host resistances and virus transmission

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irtication.e @
research and innovation programme MADVANEVITE S RS

under grant agreement No 101000570
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Spread of emerging viral diseases under climate change

= |n its approach, TOLCNDV is used as model system to investigate how climatic conditions
affect introduction and spread of viral diseases

® Empirical studies to determine the role of alternative weed hosts, cropping systems and
whitefly vectors, and the role of single & mixed viral infections in epidemics development

® |ncrease understanding of how viruses evolve to jump host from one plant species to another
(e.g. tomatoes to cucurbits in TOLCNDV in Europe)

® |ncrease understanding of how transmission of viruses via seeds spreads them across borders

= This research focus is led by the Natural Resources Institute — University of Greenwich, and

involves the following partners: &%\ UNIVERSITY o
INSTITUTE OF SCIENCE
&5 2
$CraG
This project has received funding
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Integrated virus and vector management

= The main aim of this research focus is
to develop an integrated virus and
vector management strategy. This
strategy will include:

® Targeting the whitefly vector of
begomoviruses, i.e. the Bemisia tabaci,
to reduce ToLCNDV incidence

® Developing a cross-protection strategy
to combat ToBRFV

® FEvaluating the performance of natural
virus and vector resistances in practical
conditions

= Combining different strategies such as
vector control, natural resistance and/or
cross-protection in an integrated virus
management approach

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irtigati @
research and innovation programme LA e T

under grant agreement No 101000570
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Integrated virus and vector management

= |n its approach, VIRTIGATION will test and combine existing and novel approaches to
mitigate begomoviruses through biorational control of the whitefly insect vector

= A cross-protection strategy will be developed to control ToBRFV, and environmentally-
friendly ToBRFV eradication methods

= The project will further evaluate the efficiency of natural virus and whitefly resistance
under greenhouse and field trials

= VIRTIGATION will assess the performance of different combinations of strategies to
achieve an IPM approach to control tobamoviruses and begomoviruses in practical
agricultural conditions (i.e. in fields and greenhouses)

= This research focus is led by DCM CORP, and includes the following partners in particular:
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Expected impacts

®» Understand drivers of plant virus emergence and spread, including the impacts of climate
change, through the Genome Detection Platform and an emerging virus warning app

= (Create tools to prevent, detect and control plant diseases, including through diagnostic
tests, online tracking and tracing and full viral genome sequencing — “test, track & trace”

= Develop systemic, environmentally friendly and long-lasting solutions to control both
viruses and their vectors, in line with IPM principles

= Reduce economic, social and environmental losses for European agriculture and
horticulture, by training the value chain in using virus- and vector-control measures such
as resistant plant varieties, vaccines and disinfection

= Support EU plant health data management and policies through the VIRTIGATION
network, and provide knowledge exchange and advisory tools to value chain actors
through the project’s multi-actor approach

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irticati @
research and innovation programme LA e T

under grant agreement No 101000570
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Expected impacts

80% reduction 500 stakeholders 200 key actors

- " sought to be engaged in the aimed to be trained on
aimed to be reached in tomato & o fs : .
! VIRTIGATION network emerging plant viruses &
cucurbit crop losses due to mitigation approaches

emerging viral diseases

50% decrease 1,000 users 700 decision-makers

- . e aimed to be reached with aimed to be reached with project
sought to be achieved in pesticide novel Genome Detection policy documents

usage to control viruses & their Platform tool
vectors

This project has received funding
from the European Union's Horizon 2020 oo ﬂ o @ WWw.Virtization.eu @
research and innovation programme S -

under grant agreement No 101000570
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VIRTIGATION multi-actor network

® The project will create a multi-stakeholder network on emerging plant virus detection
and knowledge exchange, the VIRTIGATION network

= |ts members are key actors and stakeholders of the entire tomato & cucurbit value chain

®» The ambition of the VIRTIGATION network is twofold:

® Gather national know-how through the coordination efforts of VIRTIGATION National Knowledge
Brokers, particularly in Spain, Belgium, the Netherlands, France and Germany

® Ensure global exchange between value chain actors in Europe, Israel, Morocco and India to
jointly combat emerging viral diseases affecting tomato and cucurbit

® The VIRTIGATION website informs about the activities of the VIRTIGATION network
through a multilingual information section

® Covering Spanish, French, German, Dutch, Italian and Kannada (regional Indian language)

This project has received funding
from the European Union's Horizon 2020 ° ﬁ o @ irticati @
research and innovation programme LA e T

under grant agreement No 101000570
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VIRTIGATION multi-actor network

VIRTIGATION

EMERGING PLANT VIRUS NETWORK
VIRTIGATION ACTORS e '4)Uf:‘:f‘f S o VIRTIGATION STAKEHOLDERS

*Guidelines and tools for the multiactor
approach
*Multi- level VIRTIGATION network

*Events celebration and Joint Activities

EIP Agri -Other

Universitities 8RTO funded EU projects
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Thank you

Name:
Affiliation:
E-Mail:
Website:

VIRTIGATION contacts:

For general inquiries: virtigation@rtds-group.com

Coordinator contact: herve.vanderschuren@kuleuven.be

Project coordinator Prof. Hervé Vanderschuren, KU Leuven
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