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Executive summary and recommendations

A key deliverable from the RESISTVIR Programmetfoe Co-ordination of research
on genetic resistance to plant pathogenic virusestlaeir vectors in European crops
was the production of a report that summarisestinent state of research and makes
recommendations about future research prioritiekis Treport provides those
recommendations. The analysis highlights the ingmmé of resistance strategies
being aimed at both virusger se and their arthropod or fungal vectors. Ideally this
would be in an integrated approach that attemptstterstand the impact of genetic
and practical protection of crops on pathogen agctor populations in a way that
will lead to an increased understanding of the qipies of durability of resistance.
Necessarily this will also include practical fast@uch as virus detection, diagnosis
and epidemiological studies. The Recommendati@rg in scope and scale with
respect to the current funding instruments avaglatirough FP7. Reflecting the
diverse nature of the emerging needs in this aceasa the EU, specific targets of
intervention are not identified in the Recommermai although current and
emerging priorities are described in the Reporth®athe Recommendations identify
principle areas of future activity. The followingeBbommendations are suited to a
programme of support under the definition of ‘Cbtaative Projects’:-

Recommendation 1The EU should invest further in the identification of natural
resistance genes, including those conferring quantitative resistance and those
targeted against virus vectors.

Recommendation 3The EU should monitor progress in the field of virus diagnosis
and encourage industry-led support for the refinement of the technology.

Recommendation 4:The EU should invest in an integrated approach to
under standing and managing population dynamics for viruses and their vectorsin EU
agricultural systems.

Recommendation 5The EU should continue to support fundamental research on
plant viruses but in a way that encourages greater co-operation between parties with
common interests and with a credible strategy for delivery to key crop species.

Recommendations 6 and 7 are less specific and remded to highlight two
important general aspects of funding.

Recommendation 6:The EU should continue to support research related to
improving agriculture in developing countries, especially in the area of disease
amelioration.

Recommendation 7The EU should invest in training in the area of plant pathology.

Recommendation 2 is different in that it seeks ddrass an outstanding scientific,
political and socio-economic issue that relateth acceptability of plants carrying
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GM-mediated virus resistance in the EU. This ambitiwould be a large
multidisciplinary project that would bring togetherery different scientific,

sociological and economics disciplines in a manmbkich lies outside practices of
current EU funding. The proposal is that the EUsiders a special Collaborative
Project designed specifically to address the hiatushe low acceptance of GM
technology within Europe:-

Recommendation 2:The EU should invest in the development, from laboratory to
market, of a high value GM virus-resistant crop that can act as an exemplar for the
utility of the technology, the rigour of the risk assessment and the value to the
consumer.

The recommendations recognise the potential gerpactical value of previous
research, especially in areas of identificationnafural resistance genes and RNA
silencing for delivery of virus resistance to ElWbms. They also more generally
recognise the need for translation of fundamentdearch to improved crop
productivity. The recommendations recognise retatyaps in the EU research
portfolio and identify ways in which new technolegimay be brought to bear on
complex and important agronomic problems in plaathplogy. Knowledge gained
from the proposed studies will be essential forftiiere competitiveness of European
agriculture.
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ResistVir Report

D44 Remit:-

1. "The report should also provide an in-depth ysialof research projects funded,
and define those areas that have been extensivetyed in the past.”

2. "The impact of EC research projects will be ceddn a specific section."

3. "This report will aim to highlight the differemteeds in each European member
state, identify synergies or overlaps with otheses¥ch areas, and encourage
development in the most important areas.”

1. Background

In line with human need to maximise crop produtyiyilant viruses have been, and
always will be important in agriculture. What issecertain is the precise nature of the
threat from these important pathogens in the fd@xpanding global trade, changing

agricultural practices, food security demands oémpanding population, demand for

bioenergy, climate change and the genetic plagteit viruses themselves. Since

viruses are transmitted by animal, arthropod og&livectors, each of these will also

bring a unique set of challenges relating to thespective biologies.

From an EU perspective, assessments of threaldskake into account the
size of Europe, its geographic, environmental aredeorological diversity, and its
diversity in agricultural practices associated wé@bonomic benefits and societal
preferences. The EU extends from subtropical carditof the Mediterranean basin
to the northern arctic tundra and from the mildjshoonditions of the Atlantic Coast
to the summer/winter extremes of the mid-continlecitaate in the east. The climatic
differences dictate the diversity of crops in the.EThese include annuals and
perennials (notably vines and trees), and vary fisub-tropical members of the
Solanaceae (peppers, aubergines, tomatoes) to rgresdlands for grazing in the
north. Equally, agricultural practices associatathwpen prairies, intensive arable,
and glasshouse systems bring unique environmemiisumique problems associated
with viruses and their vectors. Also, intensive maudtures result in very different
selective pressures on viruses and vectors whempa@a to mixed culture systems.
The growing interest in lower input (e.g organi®@t yroductive farming adds a
further dimension.

Legislative constraints on farming, in the forml@fver insecticide thresholds,
have probably taken little account of indirect irojpan the spread of virus diseases.
Equally, societal interest in organic farming hast mecognised potential for
generation of a pool of virus pathogens that casigtein crop or native species and
could be transmitted to nearby organic and nonfocgaites. Last, and of major
significance in the context of virus resistancesejgction by much of the EU of GM
technology. Technology for delivery of pathogen isesice through GM has
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progressed furthest with respect to viruses bulipuiervousness is preventing its
effective deployment.

The combination of factors listed above presenteaarmous challenge to
researchers in establishing the underlying biokigprinciples behind durable virus
resistance and in its deployment to economic bemétin the EU. The instability of
all of these factors means that the optimal resesirategy is to ensure preparedness
and flexibility to respond to diverse challenges. pkesent, this could be delivered
through GM technology but, without a change in pubhd political attitudes, more
time needs to be spent on more conventional appesai understand durable virus
resistance. As a consequence, there is an incgedsmand for effective solutions to
virus problems that carry public acceptability, d@nd certainly timely to devote more
effort in this direction.

1.1 Viruses as pathogens

Plant viruses generally have small genomes withtduncoding capacity, which
typically encode a capsid protein, a replicasegingta movement protein to assist in
symplastic trafficking through the rigid plant ti&s, a vector transmission factor, and
a suppressor of gene silencing; some of theseifursctmay overlap within a single
protein. Most plant viruses have single strandsil R&NA genomes, although viruses
with double stranded (ds) RNA, ssDNA or dsDNA atemur. Subclasses of viruses
that have more complex genome arrangements andsdtiet have dispensed with
one or more functions also exist. An additionakslaf pathogens, viroids, which lack
all protein coding functions, can also be the causfeserious crop diseases. In the
general comments below viroids should be considgyadnymous with viruses.

Most viruses are transmitted by arthropod vect@sg. aphids, hoppers,
whiteflies) although fungal- and mechanically-tnauitsed viruses are also important.
These vectors and insects in particular are maykaffiécted by climate and we can
expect that changes in the climate will bring névallenges through the effects on
insect pests. Viruses may be circulative and eepticative (multiplying in vector
cells), persistent or non-persistent in their vectd@he transmission characteristics
differ in each of these situations. A review of kpblems and strategies relating to
vector transmission of viruses is available of/otie RESISTVIR website:
http://www.RESISTVIR-db.org/key_reports.htrExpert Group 5 Report. Vertical
transmission of viruses through seed occurs forymams-crop interactions but is
variable in its impact on productivity.

The impact of virus infection in crops is througdduced yield and reduced
product quality, especially for fruit crops. In arah crops, losses may be restricted to
one sowing although creation of contaminated sanld seed transmission can both
lead to significant losses in subsequent genemtigklso establishment of a
population of pathogens in the local environmeng.(eveed hosts) can also have
follow-on consequences. For perennial crops, tlobdlpm is more significant. This
applies particularly to vines and fruit trees. Hoewe the potential interest in
perennial grasses (e.gliscanthus spp.) and trees as biofuel crops raises new topics
for research. An overview of key virus problems Earope is available on the
RESISTVIR website: http://www.RESISTVIR-db.org/key_reports.htmExpert
Group 1 Report.
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Viruses exist within the environment as metastgipulations which are
influenced in character by the nature of specifimsthost (incl. crop and weed
species), virus-vector and vector-host interactio@enetic variation in these
populations comes about through errors in genomeliication and genome
recombination, and provide a ‘quasi-species’ pdpaiaof genetic variants which is
subject to environmental selection. Genetic plagtiof viruses is one of the main
factors influencing the scale of threats from dsgeaBreakdown of resistance by
adaptedi(e. virulent) virus variants involves different evbtnary forces. The most
obvious one is the selection pressure exerted éydhistant plants in favour of the
virulent virus variants. Additionally, the appeacarof the virulent virus variants and
their future dispersal in the agro-ecosystem depemu mutation frequencies of
viruses, bottlenecks exerted on virus populatiorg raigration capacity. These latter
three evolutionary forces are largely influencedtbg dynamics of populations of
virus vectors and can be the target of variousrobntethods.

1.2 Protection against viruses

Currently, protection against damaging effects wéiss diseases is achieved either
through the deployment of crop lines with heritaldsistance to virus infection or

through use of expensive and often less sustairedpienomic practices. The latter

strategies are often targeted against arthropotbrgeaather than viruses themselves
(e.g. insecticide sprays, physical screens), agthotlhe rogueing of virus-infected

perennials is important. Legislative constraints ingecticide use and increasing
occurrence of insects resistant to chemical treatitneénean that much greater
attention will need to be given to heritable genedisistance to virus infection.

Heritable virus resistance can be divided intauradtvirus resistance genes
(RESISTVIR website: http://www.RESISTVIR-db.org/key_reports.htmExpert
Group 2 Report and Review) and resistance engideiette plants (RESISTVIR
website: http://www.RESISTVIR-db.org/key _reports.htrExpert Group 3 Report).
The latter usually takes advantage of knowledgainbt from fundamental studies of
viral processes in plants and uses GM approachesfarmer relates either to major
dominant or recessive genes conferring resistancepecific viruses or to the
products of selection identified through plant lolieg. Traits selected through plant
breeding need not always confer complete resisiapeetial resistance often
providing significant value.

Plant breeding remains a largely empirical procafisough the advent of
relatively low-cost genetic marker systems provideswelcome element of
predictability to the process. This provides fottéecharacterisation and cataloguing
of existing breeding stocks and pedigrees, whicbadicularly valuable when the
genetic identity of the desired resistance trakriswn. For elite material, especially
perennial and vegetatively propagated lines, tleeafigissue culture methods for the
production of virus-free material has significantramercial value.

At a more practical level, physical exclusion olug vectors from crop plants
and use of molecular and genetic strategies tofamgewith vector transmission of
viruses provide great potential for integratingedise limitation with constraints on
virus population diversity.
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Key elements in understanding virus pathologyrops are diagnosis of the
infecting agent(s) and need to understand the iymdgrepidemiology. Ideally, the
latter studies would identify virus-vector-plantlationships over time such that
predictions of disease progression and potentialegpucs could be made. For the
fullest understanding, this knowledge would be $eimented by data that integrated
impact of host genetics on virus quasi-speciesctira that might predict the
durability of resistance.

1.3 Research into virus resistance

This will be described in detail in later sectiokwever, in summary, this can be
divided into five main areas: 1. Mechanisms ancepival for RNA silencing to be
harnessed as an antiviral resistance strategyjehtification, characterisation and
exploitation of natural resistance factors; 3.@wmic and environmental studies to
understand the generation of virus genetic diwersihd to identify and predict the
occurrence of resistance-breaking virus variants; Té identify physical and
molecular barriers to vector-mediated transmisséma 5. Fundamental research into
plant-virus-vector interactions aimed at identifyimovel strategies for virus
resistance. This last area, which appears to getdial to the main thrust of virus
resistance research, reflects need to understasid bimlogical systems in order to
identify tangible targets for resistance strategi€dood examples here are
identification of RNA silencing targets within virgenomes and identification of host
factors required for viral transmission and infenti

1.4 Viruses as research paradigms

An important aspect of virus research directlyratiiectly related to resistance is the
‘added value’ for understanding basic biologicakteyns, reaching beyond the
immediate relevance to viruses and resistance. pbweer of viruses as biological
probes comes from close integration of these ofdigatracellular parasites into
normal cellular processes. Hence, studies withtplanses were arguably primary
drivers in unveiling the processes underlying timermmenon of RNA silencing,
which is now recognised as a core epigenetic mésmannderpinning almost all
areas of biology. Similarly, dissection of natudalminant resistance genes and their
viral avirulence partners has informed researcatedl to resistance to other types of
pathogens in plants. Lastly, the process of cetleibcommunication remains one of
the least understood areas of plant biology. Heexlrfor viruses to exploit cell wall
channels (plasmodesmata) to create spreading iorischas again placed viruses at
the centre of research into plasmodesmata.

1.5 Virus Problems in the EU

This topic has been researched and an excellewtrtr@poduced as part of the
RESISTVIR programme hftp://www.RESISTVIR-db.org/key_reports.htrrExpert
Group 1 Report). It is not the intention of thipoe to list again the many crops and
viruses for which there are significant negativeoremnic consequences for EU
agriculture. However, it is of value to commentswme general points. The first is
that, although viruses are having a major impadebncrop productivity and quality,
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this is neither monitored nor recorded in a systenveay. Hence, much evidence for
particular problems may be accurate but is alse@dotal. Connected to this point, it
would appear that agricultural policy in the EU dstablished without access to
accurate data for judging the likely consequenklEsce, changes in the legislation
relating to pesticide usage could not have beeadagon data about changes in virus
transmission. Third, although EU politicians en@me technological solutions to the
problems of EU development, many retain a ambigwiews as to the value of GM in
the context of agriculture.

2. Previous research activity in the EU

The following sections summarise the funding pateand research topics and
outputs of the RESISTVIR partners. The report abars national funding patterns,
national funding priorities, Europe-wide scientifacus and achievements (including
the identification of effective transnational sygies), EU-funded activities and an
overall analysis of outputs. The analysis come# wéveral qualifications although
generally the author believes the trends to beessmtative. The qualifications are
that: 1. The data collected came from most butaldRESISTVIR partners; 2. Some
EU countries and some ‘virology’ groups are notoired in RESISTVIR, even as
associate members; 3. It was not always possibleotiect or retrieve complete
national and EU data on specific funding; and 4bllity to access commercially
sensitive data. Where possible a differentiatiors weade between data relating to
virus resistance and data relating to more gerardlfundamental aspects of plant-
virus-vector interactions. Sometimes, although dtaded long term rationale for the
work was to achieve improved resistance to virseakes, this may not have been
explicitly tested. Occasionally it was also necegda attempt separate funding
directed towards ‘virus resistance’ from a broadergramme of improvement for a
particular crop.

2.1 Scale and trends in national research investmenn plant virus
research

Remit: 1. "The report should also provide an intepnalysis of research projects
funded, and define those areas that have beensextgncovered in the past.”

These analyses were based upon successful compagitant awards and exclude
core public or private support to tenured sciestigsalaries etc). Data sets
representing national funding patterns for the Wance, Italy and Germany are
used. These include grants with direct or indiremhnection to ‘virus resistance’.
Lastly, data based upon the sum of all returnsaasdysed. Attempts to carry out a
similar analysis for EU funding patterns were frattd by lack of complete data
recorded on the EU Cordis website. The expectasidimat collectively these analyses
give a picture of all investment in research acrthes EU directly or indirectly
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connected with virus resistance. Data were coltedte the period 1998-2008 or
2000-2008, dependent upon data available. Becdubke duration of funding cycles,
generally 3-5 years, annual expenditure for thst fiwo years may be lower than
actual figures.

Analyses are displayed graphically in Fig. 1.
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Figure 1 Trends in national (plus EU national) congtitive funding for plant virus
research

The pattern of funding showed a remarkable consigtacross the selected EU States
and in the analysis of all nations. The data shioat there has been a significant
increase in competitive research funding in theadatreough the 2000’s although
funding in Germany appears to have peaked in 2084d5has subsequently declined.
Overall this reflects recognition of the importanceof plant virus research in
preparing for agriculture in the 21% Century. However, anecdotally, this positive
trend probably masks a less favourable trend inrtheabers of publicly-funded
research groups (as opposed to competitively funesearch projects) in some
countries with ‘plant virology’ as their primarysearch focus.

Recent events in global financial markets will @@/ major impact on public
finances. While scientists would argue stronglyt $@ending on research should be

10
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treated as strategic investment for the future la@drotected, realistically funding
will become tighter. Therefore, it is timely to rew priorities for the research area.

2.2 National Priorities in Virus Resistance Resealt(2000-2008)

This section provides a summary of national reseaativities taken from returns of
the RESISTVIR survey.

(NB. Virus abbreviations used in this section are listed here. Names are included to
illustrate the scope of the research and do not necessarily infer priorities:-

BaMMV, Barley mild mosaic virus; BaYMV, Barley yellow mosaic virus;, BYDV,
Barley yellow dwarf virus, CaMV, Cauliflower mosaic virus; CMV, Cucumber mosaic
virus, CTV, Citrus tristeza virus, CVYV, Cucumber vein yellowing virus;, GFLV,
Grapevine fanleaf virus; PLRV, Potato leaf roll virus; MNSV, melon necrotic streak
virus, PepMV, Pepino mosaic virus; Potato leaf roll virus;, PMTV, Potato mop top
virus;, PPV, Plum pox virus, PSMV, Pea seed-borne mosaic virus, PSTVd, Potato
spindle tuber viroid; PVX, Potato virus X; PVY, Potato virus Y; RBDV, Raspberry
bushy dwarf virus, SBCMV, Soil-borne cereal mosaic virus; SBWMV, Soil-borne
wheat mosaic virus, SPCSV, ; SPFMV, Sweet potato feathery mottle virus; TLCV,
Tomato leaf curl virus, ToMV, Tomato mosaic virus, TSW, Tomato spotted wilt
virus, TuMV, Turnip mosaic virus, TuYV,Turnip yellows virus, TYLCV, Tomato
yellow leaf curl virus; TYMV, Turnip yellow mosaic virus, WDV, Wheat dwarf virus;
WSSMIV, Wheat spindle streak virus)

Austria

The focus of activity in Austria lies particularklyith viruses of stone fruit trees
(Prunus spp.; plum, peach, apricot) and grapevine, mainly PRM &FLV. This
relates both to epidemiological work (detectionrusi characterisation etc) and
resistance breeding using molecular approacheate§ies for the regeneration and
selection of transgeni®runus and grapevinehave been established. Transgenic
grapevines carrying coat protein constructs aragassessed for potential risk of
transencapsidation with incoming viruses.

Belgium

Stone fruit trees are also important for Belgiureeaach, notably indexing infection
rates in plum and peach trees and generation og-¥iee material by meristem tip
culture.

Bulgaria

Bulgarian research relates to virus diseases doftabtes and Sharka disease (caused
by PPV) of stone fruit. Pepper and tomato linegstast to the respective virus

11
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pathogens are being established through markestadsselection. Tomato lines
resistant to CMV, TSWV and/or ToMV are close to kedrelease. The detection and
biological properties of PPV (e.g. insect transiissand seed transmission) have
been studied. In a collaborative programme fundgdthe French Government,
potential for recombination between PPV strains alas investigated.

Czech Republic

The Czech Republic invests in virus research irgetables (potato, garlic, tomato,
pea), cereal crops (barley), grapevine, stone,frigp fruit (apple), soft fruit

(blackcurrant) and viruses of pasture (clover). Nuof this work relates to

epidemiological studies of causative agents indgdivirus detection and
characterisation, and also includes developmentmadroarray-based detection
systems. A further aim is to generate virus-fregema, especially for perennial
species. An ambitious programme to develop transgesas resistant to key virus
pathogens is nationally funded.

Estonia

The main practical focus of virus resistance waskon potato viruses and the
protection of germplasm collections using biotedbgmal approaches to protect
against a range of diseases. This endeavour isleampted by fundamental research
at Tallinn Univ. of Technology into the role of ug suppressors of gene silencing and
the impact they might have for development of disea

Finland

Potato is the fourth most important food crop ie thorld and an important crop in
Finland, and much of the research relates to utadetig the molecular process of
infection of this crop by the economically importasruses PVA, PVY and PMTV.
Fundamental research is carried out on the molechialogy and virus-host
interactions of these viruses. Resistance geneafgpetarkers are developed for use
in resistance breeding. The Academy of Finland &lsals a programme to combat
the problems of the severe virus disease causedi®d infection with SPCSV and
SPFMV in sweet potato, a mandate food crop for lbgweg countries. The work
supports larger programmes of activity where gecamols and resources are being
used to develop breeding material resistant toethvasises and to understand how
viruses circumvent or suppress antiviral defenspaeses such as RNA silencing in
plants. Studies are also on-going to understandsitir@ficance of viruses infecting
economically important tree species in the boreakdts and their ecology under
climate change.

France

France has supported a large and diverse mix ofiafmental and translational

research connected with virus resistance. Mandatepls include grapevine, stone
fruits, sugar beet, vegetable crops (pepper, tonpatato, lettuce, melon and squash).
Significant effort is devoted to the impact of patyses in these crops. Identification

12
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of translation factors as susceptibility proteied to identification of proteins elF4E
and elF4G for their role in recessive resistanaansg potyviruses in pepper, tomato
and lettuce. The possibility that such a mechantsmld operate in other crops,
including the importanPrunus spp. against PPV, is under investigation by studying
allelic variation in these genes or by applicat@TILLING technologies. These
genes, and dominant resistances from other hass-vimteractions, also provide
valuable resources for studying the impact of tasises as evolutionary selection
pressures on pathogen populations and consequinagisease durability. The role
of insect transmission could also be importantiins/population dynamics. Different
mechanisms of virus insect transmission are beindied for CaMV and TYLCV,
and dominant resistances in plants to aphids haea lidentified. France has also
been exploring the potential for the delivery ofugi resistance through transgenesis.
Transgenic Prunus trees and grapevines with resistance to PPV and VGFL
respectively, have been tested in the field andrtfpact of transgenic virus resistant
plants on virus population structure and environmested. This is part of an
international programme on risk assessment foretloegps, funded by the EU (see
below). In addition French groups are exploringei@ources of resistance in model
species and novel strategies based upon a fundanueterstanding of virus biology
in host plants, including mechanisms of gene sitencvirus replication and virus
movement. A programme of research addressing irapogt of rice yellow mottle
disease in Africa illustrates the value of connmegtiEuropean states with the
developing countries.

Germany

Relevant research in Germany was associated withnpal to generate resistance to
viruses in cereals, vegetables, and, to a lesgent)grapevine, stone fruit and top
fruit. Germany also hosts one of the few groupslyshg virus disease problems of
non-fruit trees. Significant attention was given wous epidemiological studies
(detection and population studies) to complemeset ¢haracterisation of resistant
germplasm for barley (against BayMV, BaMMV, and BY]) for rye (against
SBCMV, SBWMV and WSSMV) and for wheat and durum athggainst SBCMV,
SBWMV, WSSMV, and WDV). Virus detection and chaswation has been used
for a range of vegetable crops, including potaimato, lettuce, and sugar béafith

a direct connection to resistance, wild potato iselcave been analysed for resistance
to PVY, PLRV and other pathogens. For PVY, thers baen a particular focus on
the identification of dominant resistance genesY R¥sistance was transferred into
hybrid BG clones and a number of BClones. Within the Brassicaceae, genetic
markers and new breeding lines identifying useédistances to TuMV and TuYV
have been provided to breeding companies. Transggmproaches to developing
resistant crops have also been explored. Furthermibrere have been strong
fundamental programmes in the areas of RNA silgnaimd virus movement that seek
to underpin biotechnological approaches to virgsstance.

Greece

Greek agriculture is very diverse, often involviamall producers. Hence a large
amount of the research directly connected with sviresistance involves virus
epidemiological studies, particularly detection andharacterisation, and

13
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characterisation of natural resistance traits, ésample for Prunus armeniaca
varieties However, in addition to these more aggpkspects there are programmes
exploring the novel aspects of RNA silencing inatiein to the development of
transgenic virus resistant plants. The latter idetia) potential for development of
plants resistant to viroids and b) identificatioh lost factors supporting virus
multiplication as targets for resistance strategies

Hungary

The most important crops in Hungary are wheat atiterocereals. Traditional
breeding is very advanced but for viruses whereetle no known resistance (e.g.
WDV) the potential for biotechnological solutions being explored. This is
supported by a strong programme of work relatin@kA silencing, especially with
respect to the balance between defence and codefience seen through action of
viral suppressors of gene silencing.

Israel

Israel has supported research on practical anct lespects of virus diseases in
vegetable crops, grapevine, and ornamental cropgh® practical side, government
and industrial support has given high priority talarstanding the biology of TYLCV
for development of resistance in tomato. Many d#fe resistant cultivars with
natural or transgenic resistances have been prddiicensgenic virus resistant crops
for a wider variety of vegetable crops have alsenbproduced, including use of
transgenic root stocks for perennial species. As@nt these are mostly experimental
materials. The studies are especially targetedostvipus, tobamovirus and newly
emerging geminivirus pathogens, and cucurbit crbjsis-free propagation material
is also produced for many crops.

Italy

The majority of research funding for ‘virus resrsta’ in Italy has been directed
towards diseases of vegetables, grapevine and $toite with some other work
committed to improving the phytosanitary arrangetsidor soft fruit (blueberry) and
ornamentals. In tomato and pepper, natural ancdhoilogical routes to resistance
to TYLCD complex (TYLCV and TLCV) and TSWV have lreexplored. Similarly,
novel natural and transgenic resistance traitsNtY @ tomato have been described.
Transgenic lines resistant to CMV were transfertedan industrial partner. For
tomato, these studies are being supported througknamics contribution to the
international tomato sequencing effort. For arti@hand grapevine, significant value
has been demonstrated through generation of viegesgtocks and these materials
have been distributed to growers.

Lithuania

National funding in Lithuania has been directeddprainantly towards the need for
efficient technologies for virus detection and atderisation. Priority has been given
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to virus detection in vegetables (especially tomatnd soft fruit, although virus
detection in ornamentals and cereals has alsoibgmrtant.

Poland

Poland has funded an extensive programme of deswviélated to virus detection and
characterisation in vegetables, cereals, hortilltspecies, top fruit and stone fruit.
With a direct connection to resistance, potato géssm has been analysed for
resistance to resistance to PVY, PLRV and PVM. Rastce genes for these viruses
have been mapped on potato chromosomes and DNA emsartteveloped for
molecular marker-assisted selection of virus rass in breeding programmes.
Similarly, novel sources of resistance to SBCMWinter wheat have been explored.
The potential for generating transgenic potatcstasi to PVY was also analysed.

Spain

The major activity in Spain directly related toistance concerns disease prevention
associated with a range of viruses in cucurbitsygiand tomato, amongst other lesser
crops. Particularly, markers tightly linked to stance against CMV, MNSV, CVYYV,
CTV and viruses of the TYLCD complex, supportedtbgls for the detection of
these and other viruses, were transferred to taedong industry. In parallel, genomic
tools for analysis in cucurbit and citrus speciesravdeveloped. The recessive
resistance genasv in melon (effective against MNSV; carmovirus) wdmaracterised
and shown to be a mutant allele of the gelf@E. Factor elF4E was shown in other
European labs to be at the root of resistance toynpatyviruses. The concept of
viruses as quasi-species, subject to selectiorsyres, is important in predicting the
durability of resistant crops in the field. The kiteon of viruses in the field and in the
laboratory has been assessed for key pathogensblywdEMV, TYLCV and the
emerging pathogen of tomato, PepMV. The impact nsfect transmission as an
evolutionary bottleneck has also been assessedpiactical sense, one route to virus
resistance is to exclude insects from the crop. @ogramme assesses effectiveness
of physical barriers between the crop and the eateenvironment. Three areas of
fundamental research support these more strategectidns: the development of
genomic resources, studies of the molecular meshencontrolling virus invasion
and transmission of aphids, and studies of the cutde processes underlying the
RNA silencing-mediated responses to virus invasion.

Turkey

Turkish national funding has mostly been concermeith the detection and
characterisation of viruses from vegetables, griaygestone fruit and top fruit. Virus-
free grapevine stocks have been generated.

United Kingdom

Cereals, oil seed rape, potatoes, sugar beet,egnahkes, in order of importance, are
the major UK crops. Other vegetables, soft frud &p fruit are also valuable. Barley
and wheat suffer from the soil-borne viruses BaYihd BaMMV, and SBCMV and
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SBWMYV, respectively. A new programme explores naesistances to these viruses
in cereals. Sugar beet and potato similarly suffen the soil-borne viruses BNYVV
and PMTV. Recessive resistancgs¥ andrymb to BaYMV and BaMMV in barley
and sbml resistance to PSbMV in pea have all been charaetéras being mutant
alleles ofelF4E. In Brassica, the possibility that similarly based resistanperates
against TuMV (potyvirus), the importance of othBrassica viruses (especially
TuYV) and existence of novel resistances in wWHdassica populations are being
investigated. Dominant resistance genes in potdfective against PVX and PVY,
have been characterised and resistance to PMTdtatgand RBDV in raspberry is
being investigated. Anticipating a more positivddiu attitude to transgenic resistant
plants significant investment has gone into impdbwkesign of transgenic crops,
understanding the basic principles of the RNA silleg response to virus infection
and to risk assessments for release of transgemps.cAll this research is supported
by extensive involvement in the establishment afiageics platforms for cereals,
potatoes, brassicas and legumes and by ongoingowamrent in technologies for
virus detection and epidemiological studies. Funelaiadl programmes on disease
signalling and virus movement have potential tonidg new strategies to achieve
virus resistance. Work also includes epidemiolagy modeling studies to predict the
impact of changing climate on disease incidencerasidtance durability.

2.3 Common activities including transnational EU-spported research

Remit: 2. "The impact of EC research projects balcovered in a specific section."”

The descriptions of national research activitientdy a number of common themes
and interests. Some of these overlap with EU-fungedjects that involve
several/many EU partners. Hence, in the discussibrthese common themes
descriptions of the EU projects are includefhriex 1 provides a list of EU-funded
projects where one or more objectives were to as#es impact of the research for
the development of virus resistange.

Epidemiology

It is clear that most EU states have technical mess and expertise for virus
detection and diagnosis. In many cases, theseuaras publically-funded services.
Improvement in efficiency of these services is agang activity but phase changes
in underlying technology (e.g. hybridisation-basedeening) require additional lines
of support. The EU has invested in this area bath vespect to more conventional
antibody based technologi¢dnnex 1 project Nos. 10, 11, 14nd for alternative
chip-based technologig®\nnex 1 Project Nos. 16, 33These basic and advanced
technologies will be crucial for screening croprgplasm in the field for resistance
and for understanding the structure and dynamiareadf virus populations under
selective pressur@elated EU Projects — Annex 1 Project Nos 13, 17, 27, 28. It

is in this latter area that there is less critic@ss and an urgent need for greater
understanding. Durability of resistance is usualyeharacteristic that can only be
assigned with hindsight. Understanding how viruspytations change under
differential selection pressures, such as withesm& or quantitative resistance, will
strongly affect the value of any new resistancistr&/irus characterisation, including
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genome analysis and deeper studies of moleculacepses that support virus
multiplication and infection, is also a widespreaud necessary activity especially
when it relates to newly emerging viruses. TheneeHaeen a number of EU projects
that have supported fundamental research into atadeting basic virological
structures and processes. Most of these are nateatin Annex 1, which is focussed
on projects more directly connected with resistahcsvever, Annex 1 Project No 7
Is relevant.

Emerging diseases

This problem lies in the nature of virus biologydarhanging opportunities brought
about by changes in agricultural practices, climgtte Nevertheless, the survey of
research activities over the period 2000-2008 ifleséveral new but now established
disease problems, and some genuinely new emergioglems. In the former
category, geminivirus infections of vegetablesha Mediterranean basin and Sharka
disease of stone fruits are the most prevalent. Begomo subgroup of the
Geminiviridae are transmitted by thBemisia tabaci whitefly, an insect that atypically
has a broad host range and the ability to transevieral begomovirus pathogens. This
insect is also recalcitrant to insecticide treattmerBegomoviruses TYLCV and
TLCV in tomato are of concern in many EU or EU-a&sated states and urgently
require some novel strategies to reduce the rigk iamprove the value of this
important crop.

Sharka disease is caused by the potyvirus PP\affects plums, peaches and
apricots. Occurrence of a number of new damagiragnst of PPV and difficulties of
breeding in these perennial tree crops have siyileneated an urgent need for
research-based solutions. Understanding the oafjthese strains and evolutionary
pressures on the virus in a perennial, long livexp avill be central to deciding the
optimal resistance strategy. GM resistance mayigeothe most flexible strategy but
potential for recessive resistance based upon elB4&lso being explored. The
damaging potential of Sharka disease in Europebkas recognised for some years
and the EU has supported many projects aimed aliaateng its effects Annex 1
Project Nos 17, 19, 20, 22, P8

Three examples of new emerging disease agentyeamsving attention:
PepMV in tomato, WDV in wheat and the PVY NTN-likariants in potato. PepMV
is a member of the gendtexvirus. These are mechanically transmitted viruses and
can be highly infectious and are particular proldefior crops that are grown with
extensive mechanical or manual intervention. Cudlyenthis virus is being
characterised with respect to its biology and dilgr(Annex 1 Project No. 2\
WDV is a member of the Mastre- subgroup of @eminiviridae and is transmitted by
leafhoppers. It has recently been recognised asusecof significant crop losses in
Eastern and Central Europe and sources of naesi&tance or transgenic approaches
to resistance are urgently being sought. It islyikbat the geographic range of the
leafhopper vector will expand with changing climateVY (Potyviridae) is a
pathogen of potatoes across the EU and the NTNslik@ns overcome all currently
used resistance genes, excBpt causing severe foliar symptoms. Unfortunateyy
genes are not yet common in European potato vesie@nly a few cultivars bred in
Poland and Germany make an exception in this réspec
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While it is by definition not possible to preditie appearance of totally novel
emerging diseases, it is likely that changing agical practices and, in particular,
restricted use of selected pesticides will leadrtancrease of previously (more or less
efficiently) controlled diseases.

Key crops

Priority crops across the EU differ according togmphy, geology and climate.
Nevertheless, cereals (wheat, barley, rye, andlyniosported rice) provide the major
food source to the EU. Potatoes are also a majy especially for central and
Northern Europe. Southern Europe has a more divaisection of high value crops,
especially vegetables and fruits, including grapéany nations have cereal diseases
as a focus for research activity, although at pregeremains the case that fungal
infections have a much larger economic impact thamses. However, changes in
insecticide usage and consequent changes in thébudi®n of virus vectors could
alter these relationships significantly. Breedirgy dfficient in cereals and it is
anticipated that the extensive germplasm collestifum cereals or compatible wild
species will reveal resistances against many afethveusesAnnex 1 Project Nos. 1,
25). Virus diseases of potatoes are of concern forynstetes and industry continues
to rely very heavily on the restricted access ofii@pvectors to cooler northern
latitudes for growing disease free ‘seed’ matefialen so, there is need to identify
new resistances to a diverse mixture of potatosesuespecially as new strains
emerge and insect vector ranges change with warteimgeratures. Grapevines are
central to European culture and commerce. Theyvateerable to a number of
damaging diseases but especially GFLV, which is atede transmitted. As
nematicides are being banned because of their heatpxicity, soil-borne diseases
will become increasingly important. There are fewurses of natural resistance to
GFLV; hence grapevine is being developed as a Gdiktent crop in several EU
States Related EU Projects Annex 1 Nos. 17,)22

Perennial and vegetatively propagated crops

Where natural genetic variation in crop lines orcompatible wild species can be
identified, conventional breeding strategies wilklider resistance into elite
germplasm. For some crops this approach is inefftcor is not possible. These are
perennial crops with a long generation time andeteggrely propagated crops. This
relates mostly to trees, grapevine and ornameatadsespecially for those which are
obligatory out-crossing species for which heteramjty is the norm. Crops (e.qg.
potato) that have a long phase of vegetative papag before commercial sowing
are also problematic. Overall, these crops may b#eb candidates for GM
approaches to virus resistanéagex 4, 17, 2

Screening for natural resistance

Screening for natural resistance to plant pathogess at the heart of most
conventional breeding programmes and has beenedpgliccessfully for many crops
(Reviewed INRESSTVIR: http://www.RES STVIR-db.org/key _reports.htm Published

review from Expert Group 2). However, identificatiof novel sources of resistance
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needs access to extended gene pools either froerexploited crop germplasm or
from wild species. This search will be greatly eamted by the rapidly expanding
genomic resources for many crops and new techredoigr the analysis of highly
complex genomes. Many EU States are actively emgagescreening for novel
resistances, often in close alliance with commeéiniarests through which products
of research can be moved to markénrfex 1 Project Nos. 3, 12, 13, 28
Intermediate benefits to companies are genetic ensrfor marker-assisted selective
breeding. The most likely products of such screares dominant genes for virus
resistance, or QTLs for quantitative resistancat tould be bred directly into crops.
For difficult-to-breed crops, cisgenesis provides aternative route assuming that
transformation technology exists. Parallel analysismodel host plants, such as
Arabidopsis, also has potential to identify novedngs which would require
transgenesis for implementation in crop speciescoMmplementary area that has
received relatively little attention is the iderddtion of crop genotypes with
resistance to insects of other virus vectors.

Resistance strategies based upon mutant suscejitfdctors

Research in a range of crops into natural recesedgistance to potyviruses,
bymoviruses and carmoviruses has identified muleles of host translation factors
(e.g. elF4E) as the resistance genésingx 1 Project No. b The logical
interpretation of this is that the wild type protgiserve to support an aspect of virus
multiplication or spread that is removed in homanyg resistant plants. Such
recessive resistance has been found in peppertdplatiuce, pea, barley, melon and
Arabidopsis. The precise mechanism by which theeqigility factor supports the
virus may differ between virus groups. Since thppears to be a general property
across crop species, at least with respect to pag/vesistance, the potential for other
crops, such as stone fruits and brassicas, whiske lptyviruses as important
pathogens, to have equivalent resistances is leiplpred. As an alternative, mutant
populations of crop plants are being screened rtdicelly generated mutant alleles
using high-throughput genotyping techniques suchTH4.ING. In theory, this
approach could work successfully for other susbdjtyi factors. The identification of
such factors forms part of the fundamental resedirgltted at important pathogens in
several stateAfinex 1 Project Nos. 5,)7

GM virus resistant crops

The logical outcome of much fundamental researdth te stated aim of enhancing
virus resistance in crop plants, is identificat@inaspects of virus biology that are
susceptible to genetic intervention using transgenknology (RESISTVIR website:
http://www.RESISTVIR-db.org/key_reports.htmExpert Group 3 Report and
Review). The paradigm for this strategy emergedhffandamental observations of
the phenomenon of virus cross protection and ledigoovery of homology-based
resistance and RNA silencing. However, other apprea have been explored.
Development of an antiviral state through expressod immunoglobulin chains
targeted at virus proteins has been testeuhéx 1 Project No. 9, )7 In many cases,
however, dominant responses of plants to the pcesef homologous ‘foreign’
sequences, especially when presented as doubhelstrd&kNA, is to mount an RNA
silencing defence against the incoming pathogee. ifitportance of this process has
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engaged research groups from many EU States witbcgation that outputs from the
research will ultimately be tested in transgenigpsr @Annex 1 Projects Nos. 4, 24
Unfortunately, public and political uncertainty tfis technology in Europe has
delayed progress in this area, and deterred munimeocial interest for such crops in
Europe. Nevertheless, co-operative research ha®s lddvelopment of virus-resistant
transgenic crops which are being tested in laboyand field trials for durability of
resistance and for risk to the environmeirfex 1 project Nos8, 15, 17, 2P Most

of the results of this research have not been filynpaiblished although anecdotal
evidence for PPV-resistant plum trees and GFLVstast grapevine show stable
resistance and no adverse environmental effectgeri®nces with these transgenic
materials are perhaps the most informative witlpeesto hurdles faced in deploying
transgenic resistance in Europe, and the readhrasted to the relevant references in
Annex 2.

Virus resistance for developing countries

Developing countries are ideal environments fousés. Warmer climates, complex
ecosystems intermixing agriculture and natural taddi low inputs and undeveloped
niche crops all contribute an environment whereisgs and their vectors thrive. In
developing countries there is the greatest needifos resistant crops and there are a
few positive examples (e.g. use of cassava moda&ask-resistant crops in East
Africa). However, generally, there has been litheploitation of virus-resistance
especially for orphan crops. It is perhaps sunpgisiherefore that only a few EU
States have listed programmes of publicly-fundest@ech on crops of relevance to
developing countries. This is not a complete petand there is much work ‘behind
the scenes’, especially related to virus deteciwh diagnosisRelated project Annex

1 No. 19

Added value from other EU programmes

Clearly, progress in crop improvement will be agbik most effectively in synergy
with related programmes of research. Most direttevavill come from interactions
with genomics programmes for particular crops, égample, EU-SOL programme
for genomics in the Solanaceae, European Triti€aomic Inititiative (ETGI) and
TRITIGEN (COST Action) programme for grain cerealsd the GLIP project for
grain legumes. These and national programmes aahduiilding diverse genomic
resources will provide essential support to efftstsombat virus disease threats.

2.4 Outputs

The outputs from research are phased, with eartiestsures of success being
publications. These overlap with successfully filggtents. In ideal circumstances,
reagents, biological materials or even products passed to industries which
eventually lead to products that contribute to éased agricultural efficiency and
economic wealth. In the agricultural sector thsreinfortunately, a translational gap
in this process where early demonstrations of jplaare rarely adopted directly by
industry. This is often related to the principlesny established in model systems but
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their efficacy in crop species not being demonsttaThis translation from principle
to practice is usually too costly in relation t@grvalue to be done by industry alone.
For GM crops, industry is also burdened by thesoéthe regulatory process. Hence,
while the research community in the area of planisvresistance has been effective
in identification of new principles for indentifygnand solving problems of virus
disease there are relatively few cases where #iddd so far to tangible benefits to
society. This situation is changing and the emeargenf new sequencing and
genomics technologies will reduce both time andtscad moving principles to
products, although regulatory costs for GM cropis iemain a major hurdle.

Database searches for peer-reviewed publicatimm EU states within the
subject area ‘virus+plant+resistance’ for the peri®99-2008 identified 688 hits (651
hits for RESISTVIR members that responded to threesy). The distribution of these
over time is illustrated in Fig. 2. Relatively feat these relate to technology transfer
to the field/market but that probably reflects tteure of the publication system that
gives greater weight to the identification of fundantal principles than to
application.

Figure 2 Articles from European Labs in the area ofirus+plant+resistance’
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Similar searches of patent databases were camutedithin the RESISTVIR activities
(http://www.RESISTVIR-db.org/key reports.htjn The searches included a manual
step that excluded cases where the potential fosviesistance was claimed but not
demonstrated. Output of the analysis list paterdsnfEU countries for the period
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2000 to 2008 (Annex 3). Many of these relate todemonstration of RNA silencing
as an effective tool to deliver virus resistance.

Take-up of these technological advances by indusaty been less easy to
determine, partly due to the relatively short tinades (eight years) selected and due
to confidentiality issues. Nevertheless, the REMIRTsurvey identified a number of
examples where industry has benefitted from outpfitthe research (Table 1). In
addition, value to agriculture generally of servétgport in the area of virus detection
and diagnosis is not quantifiable, but should reoubderestimated.

In summary, public investment in the area of ‘sirtesistance’ has been
significant (see Figure 1) but benefits to agrietdt while not always quantifiable, are
tangible.The high costs of research and the long lead-timés product delivery,
means that it is appropriate that much of this resarch continues to be publicly-

funded.

Table 1.

Industrial outputs from EU research on plant virus resistance

Country

ADProx.

Bulgaria

Czech Rep.

France

Germany

Italy

Poland

Spain

UK

Date
2002-2007

2000-2008

2007
2005-2008

2006-2008

2000-2008

2002-2007
2006-2007

2002-2005
2000-2008
2004-2006
2000-2006
2004-2008
2001-2007

2006-2008
2003-2005

2000-2008
2002-2005

Topic

Tomato virus pathogens, CM
& ToMV

Soft fruit virus diagnosis

Certification of potato wrt PVY
infection

Resistance durability to PVY i
potato

elF4E recessive
Solanaceous crops

resistance

BaYMV, BaMMV and BYDV
resistance in barley
Soil-borne viruses of wheat
Grapevine viruses

CMV and TMV as pathogens ¢
tomato.
Virus pathogens of artichoke

Potato viruses

PPV in apricot

Pome and stone fruit viruses
PPV resistance in apricot

Recessive resistance in cucurb
Cucurbit viruses

Recessive resistance in barley

Industrial
Output

VNew released for

testing

line varie

Detection methods

Certification methods for potato
n Knowledge on durability

iRIF4E allele specific markers

Lines with improved resistance

Lines with improved resistance
Virus-free propagation material

fTransgenic lines with broad range

resistance
Virus-free
technologies

material;  detectio

Detection technologies
Hybrids with improved resistance
Virus-free propagation material
Molecular markers for improve
resistance
té\llele specific markers
Detection technologies

Allele specific markers

Recessive resistance in pea

Allele specific markers

n

=
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3. Future challenges and funding priorities

Remit: 3. "This report will aim to highlight the ftBrent needs in each European
member state, identify synergies or overlaps witteoresearch areas, and encourage
development in the most important areas.")

3.1 General Statement

Virus diseases can be counted amongst the ranb®itid and abiotic stresses that
affect all crops. They present particularly diffic problems due to their absolute
integration into processes of their host, abildyshow rapid adaptation to selection
pressures and due to their complex modes of trassoni. Nevertheless, mostly
through investment into studies of model virus-piateractions we now understand a
great deal about how viruses work, how they explair hosts and the layers of host
defence responses mounted against them. Thesestwdi never be complete and
there will always be a need for continuing invesitria the fundamental research that
underpins the potential benefits of this reseamshafyriculture. However, since it is
more than 20 years since the first complete viesdagnes were cloned and 10 years
since theArabidopsis genome was sequenced, it is timely to see the fottessearch
shifting towards pathogens and crops of significaobnomic importance to EU
agriculture, and to translation of our fundamerddlvances in virus research to
processes and products in EU crops. It is not kention of this report to identify
optimal targets for this translational researctlihalgh the reader is referred to
RESISTVIR Deliverable 6 ‘Overview of key virus pitelms in Europe’
(http://www.RESISTVIR-db.org/key_reports.htExpert Group 1 Report). Amongst
the diverse crops produced across the geographgeraf the EU, all will have
particular virus disease problems. However, padéptioblems in new crops, such as
the perennial biofuel crops should also not bedtie.

3.2 Technologies

Future research scope and potential across the B¢ iarea of virus resistance needs
to be placed in the context of advances of teclgyland some unquantifiable
variables, including climate change and energyscastagriculture. The latter are
political issues although doubtlessly science \mdlve a role to play. We can,
however, anticipate the consequences of techn@bgidvances and use those to
identify new areas in plant biology that will assis defending crops against viral
attack.

New high-through-put sequencing platforms meant t@mplete genome
sequences for all the major EU crop species coalavailable within 10 years and
that repeat sequencing of breeding lines could rhecmutine for some. In addition,
with respect to virus transmission, the genome eecgs of some/many virus vectors
will also be determined. Increased ease and cgpatiDNA of next-generation
sequencing means, for example, that the human geronid be re-sequenced within
a week. This will make it possible to explore ae tsequence level natural
communities in agricultural environments, a featush huge potential for
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investigating the relationship of virus pathogeh<rops with their wild plant hosts
and transmission vectors.

As costs reduce, nucleic acid detection methadd. (sequencing) could also
come to provide the foundation for pathogen detaectind characterisation. Already
DNA microarrays are being refined for rapid detactof viral pathogens, and have
potential to replace specific immunological assaysoutine methodologies that give
an overall picture of the health status of crops.

We will continue to face the sometimes imponderathallenges of crop
tissue culture and genetic transformation but @gpee has shown that this can
usually be dealt with through adequate investmeskills and manpower resources.

3.3 Forward look at the challenges relating to virg resistance

There is no doubt that our understanding of thegples underlying virus resistance
has advanced considerably in recent years andhédteld has built the confidence

and the know-how to take many of the fundamentakolations in model virus-plant

systems into diverse crop species. The key questimains, however, is how this
could best be achieved technologically for paracurops and the strategy for most
cost-effective public investment.

Natural virus resistance

Natural virus resistance genes lie at the hearbrekding strategies to develop
resistant elite germplasm. Plant pathogens aresexbto several levels of innate
immune responses in plants. In many cases thesb/énthe recognition of molecular
patterns on the pathogen and triggering of defengixocesses. For viruses, as
obligate intracellular parasites, many of thesec@sses are not relevant although
activation of the RNA silencing machinery by regioaf viral dsRNA could be
argued to represent an equivalent response. Largkdyg of natural resistance genes
effective against viruses relates to the spec#icognition of viral proteins by the
protein products of dominant resistance R genes thedactivation of extreme
resistance or hypersensitive cell death by prosesisalar to those observed for other
pathogens. Alternatively, recessive resistancesuroes mutant alleles of genes
encoding proteins necessary to support virus nigdion, or susceptibility factors.
Translation factors elF4E, elF(iso)4E and elF4Gthesbest characterised examples.
In contrast, there are almost no studies of theham@sms controlling quantitative
resistance to virus infection even though genes tiwmfer only intermediate
resistance (perhaps as low as 10%) may neverthékess significant value. In
addition, there is at least a theoretical argunikat partial resistance may exert a
weaker selection pressure on the virus and thexef@y be more durable.

It should also not be ignored that resistancerép @nfection by viruses may
be delivered effectively through the control of tin@nsmission vector. There have
been only a few examples of characterisation otimhtresistances to insect and
nematode infestation. It is expected that theré lvélmany other unidentified major
genes and quantitative traits that could provideféective block to virus diseases.

Rapidly expanding knowledge of crop genomes aral dbvelopment of
associated resources mean that more natural \@gistance genes will be identified
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and characterised. In addition, allele mining tlo®lpof natural variation using new
sequencing technologies will become routine. Siryilathe cost of marker
technology needed for marker assisted selectivediorg is decreasing rapidly.

Recommendation 1: The EU should invest further intie identification of natural
resistance genes, including those conferring quardiive resistance and those
targeted against virus vectors.

In the face of continuing resistance to GM techgglin crop plants, natural virus
resistance genes lie at the heart of breedingegiest to develop resistant elite
germplasm. Opportunities in this area are considerand will reflect local/national
agricultural and economic priorities for both gawaents and SMEs. What is clear is
that there is a significant but necessary investnregquired to undertake QTL
mapping and gene cloning for virus resistancedraiiowever, there is intermediate
value in the identification of tightly-linked manige for use directly in breeding
programmes. Molecular and genetic characterisaifoQTLs brings added value in
the potential to directly explore allelic variatianthin germplasm collections. It will
also be possible to identify mutation induced aBefor both the target genes and
genes that are functionally related (e.g. in tharrsggnalling pathway). For recessive
resistance genes that may be less easily identhiedigh conventional breeding, the
expanding technique of TILLING also provides theoxtunities for the identification
of novel variation.

Separation of resistance strategies into ‘engeweand ‘natural’ is largely
artificial and it is becoming clear that there apportunities for deploying resistance
genes from one species into a heterologous cropiespasing transgenesis. This is
particularly pertinent to dominant R genes. Witle thse of next generation
sequencing technologies comparisons of sequenoes fesistant and susceptible
species have the potential to identify new R-geoe, Iwhich after necessary
verification, could be tested in heterologous cepecies. Such more speculative
strategies may best be directed at crops whereeoional breeding is difficult.

Considering the significant financial commitmeadjuired for all these studies
and the benefit of a collective approach to theegaion of necessary resources, this
work could effectively done under a crop focusseti/ay such as “the healthy potato
plant”, for example. This could bring together prtigists of all flavours to maximise
the utility of resources, technologies and expenitsnée.g. field trials).

The timescale for this activity depends upon thlection of target crops but
programmes running for 10 years should be antiegat

RNA silencing-based resistance

It is the case, that extensive investments intseaeching mechanisms
underpinning the phenomenon of RNA silencing hasmobeen based around its
activity as an antiviral activity and that throutiis means strategies for combating
most of the major groups of viral pathogens havenbédentified. In fact,
notwithstanding the ongoing need to understandhtbkecular and genetic details of
RNA silencing as a central and universal epiger@ticess in biological systems, we
can probably say that use of RNA silencing to camvirases is a mature technology.
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Hence, through the use of homology-based silen(segse or antisense transgenes
corresponding to viral sequences) or transgeniticeat microRNAs, resistance to
any RNA virus could be established. In additiomikir strategies have been shown
to be effective against the major groups of DNAus@s, even though here DNA-
derived RNA viral transcripts are the targets.histprecept is true, why do viruses
continue to be a problem in agriculture?

Crop transgene technology has been widely adaptéte Americas, in parts
of Asia and is slowly gaining a foothold in Europke. the majority of cases,
transgenic crops are those carrying genes for ¢ideband/or insect resistance, traits
for which there is significant market potential fonultinational agrochemical
companies for whom investment has been significloivever, earlier sections in
this report illustrate how virus resistance achietlerough transgenic RNA silencing
can be effective in both perennial and annual crbpsnost cases, these plants have
been developed through public funding and publiceaech organisations.
Nevertheless, for many countries in the world, asdecially in Europe, none of the
plants have wide social and political acceptantes Tias created a significant barrier
to crop development in the area of disease resistanhe recalcitrant European
attitude has also had significant repercussioress developed countries (e.g. Africa)
who have taken the socio-political and moral leadnf Europe in banning GM crops.
Arguably, it is in these countries where virus dses of major and orphan crops
cause most devastation that these issues have newggtive impact. This is
exacerbated by the high cost of vector eradicatlmough pesticide usage and
through the mixed culture of crop and native fdtesth that results in virus and
vector emergence from wild plants. Interestinghg turrent EU review of pesticide
legislation could result in dramatic increases robfems from viruses, insects and
other pests in EU crops.

Recommendation 2: The EU should invest in the delment, from laboratory
to market, of a high value virus-resistant crop th&can act as an exemplar for the
utility of the technology, the rigour of the risk assessment and the value to the
consumer.

Notwithstanding the regulatory and hence finanara time hurdles, GM technology
can provide a rapid response to the changing speaif virus challenges that we can
expect in the face of a changing climate and ewmereasing globalisation of food
production and supply. Public funding of the depet@nt of such a crop will side-
step perception in the eyes of the public, theegreressure groups and the media
that GM crops only benefit large multinational canges, although the ‘golden rice’
story shows that this is evidently need not alwbgsthe case ((Potrykus, I. (2001)
Golden Rice and Beyond. Plant Physiology 125, 11531). A good candidate for
such a crop could be tomato. Tomato is susceptibl@ughout the Mediterranean
basin to a wide range of virus pathogens, includirgj known pathogens such as
Cucumber mosaic virus. Two more recently emerged and notable problenes ar
Tomato yellow leaf curl virus (TYLCV; Begomovirus) andPepino mosaic virus
(PepMV; Potexvirus) for which no known natural stance exists. TYLCV is a
single-stranded DNA geminivirus transmitted by whilies, which are already
resistant to most acceptable insecticides. PepM¥ i=latively recently emerged
pathogen that is devastating tomato crops througSawthern Europe. The crop
largely cannot be grown in the open due to disgasssure, adding significant
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additional costs. Such a project would incorporatant virologists from the
RESISTVIR programme, experts in GM regulation ansk rassessment, and
sociologists to advise on marketing and public ptaoece. SMEs should be engaged
at an early stage with the expectation that thelipuibvestment in research,
development and regulatory issues would be reflieict& correspondingly lower cost
to consumers. Anecdotal evidence suggests consuhmars little fundamental
objections to GM technology when the advantagesaargible (RESISTVIR web site
http://www.RESISTVIR-

db.org/docs/seminars/WP7_WorkShop GM_crops_Do_thesk in_Europe Krcza
l.pdf ), "GM crops - Do they work in Europe? Mechanisafigpublic acceptance.”
Krczal, G.). One scientific question to which weréaaid relatively little attention to
date is the consequence of selection pressure @rviths pathogen population
following deployment of GM RNA silencing-based stance, although preliminary
evidence suggests that this technology is at leagjood as natural virus resistance
genes. The timescale for delivery of the reseamlidcbe as little as five years,
excluding delays for the regulatory processes.

Virus populations and epidemiology

An important component in the fight against virpgdemics is the rapid detection and
identification of viruses and, in some cases, tlnaident presence of their
transmission vectors. Virus identification contisuto be heavily dependent on
somewhat dated technologies of immunoassay, migposcvisualisation of virus

particle morphology and bioassay on specific indicehost plants. As indicated
above it is likely that low-cost high through-puybhidisation-based assays will
revolutionize screening procedures such that nleltidisease problems (and
potentially physiological problems) will be analgs@ parallel providing a rapid and
complete picture of crop plant health. This tecbgglis fairly well advanced. Further
development and deployment of this technology mioghtiewed as a close-to-market
activity. Nevertheless........

Recommendation 3: The EU should monitor progress irthe field of virus
diagnosis and encourage industry-led support for ta refinement of the
technology.

In contrast to practical questions of virus diagaosur understanding of the factors
that regulate the population dynamics of virus pgéms, particular in the context of
multi-trophic interactions between virus, plantctog, environment and agronomic
practice, is in its infancy. These are complex essbhut ones that lie at the heart of
virus disease epidemics and effectiveness of uviessstance in field crops. They

relate to questions of size and distribution ofisiand vector populations in crop and
wild plants, of genetic selection and of the inflae of climate and farming practice,
and will be relevant to virus resistance whethdivdeed through GM or using natural

resistance. Answers to these questions are criciaé are to understanding the

nature of resistance durability.

Genetic resistance is amongst the most efficiett anvironmentally-safe
methods to control plant viruses and their vectbl@wever, relying on one or few
resistance genes as the only strategy to contiht pl¥iruses may end up with
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resistance breakdown in a short period of timeeeigfly if the resistance has initially
a high efficiency and exerts a strong selectivesguee on the pathogen population.
Alternatively, combining resistance to virus dissasvith other control measures in
an integrated management approach will benefithenldng term the durability of

resistance.

Recommendation 4: The EU should invest in an integted approach to
understanding and managing population dynamics fowviruses and their vectors
in EU agricultural systems.

Investment in this area should attempt to draw ttugevirologists, entomologists,
population biologists, ecologists and mathematioaldellers to integrate multiple
approaches that target both viruses and vectorghirdelivery of durable field

resistance. These issues will strongly depend end#wvelopment of mathematical
models to integrate the various epidemiologicatje@conomical and meteorological
parameters involved in these complex control ggrate The aim would be to
establish models of disease principles that exbsybnd particular crop-virus-vector
relationships to stimulate the development of npyeslictive modes for development
of durable virus resistance. An investment programai 10 years should be
anticipated.

New strategies for virus resistance

It is the case that many of the most valuable s@iendiscoveries arise
serendipitously from high quality fundamental reshaand the creative talents of
researchers. A case in point is the discovery @fpiirenomenon of post-transcriptional
gene silencing that has become the foundation afynereas of new biology,
including virus resistance. Similarly, the iderd#tion of mutantelF4E genes as
recessive resistance genes in various crop spsteéesmed from the fundamental
observation that elF4E interacted with the virair@dence protein in laboratory
studies of protein-protein interactions. Other ptité resistance strategies have been
identified from fundamental studies of other vimpoteins and their functions in
supporting virus replication in the host cell.

Recommendation 5: The EU should continue to supporfundamental research
on plant viruses but in a way that encourages great co-operation between
parties with common interests and with a credible tsategy for delivery to key
crop species.

One criticism of European fundamental researchlantiruses is one of inadequate
co-operation and synergy and a focus on model mgsteithout appropriate thought
being given to translational strategies for delveio key crops. A further
consideration is that consequences of virus ewlutiave resulted in distinct virus
groups becoming uniquely specialised pathogenscéléns the case that biological
properties of one virus group (genus) may not ectly relevant to another virus
genus. In this situation, research effort may beebdocussed around virus genera
(e.g. Potyviruses or Begomoviruses) than around areas of biological integration (e.g.
virus replication or virus movement).
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Less Developing Countries

Recommendation 6: The EU should continue to supportesearch related to
improving agriculture in developing countries, espeially in areas of disease
amelioration.

The preceding text considers the major threats tb d&fjriculture and makes
recommendations for the improvement of key EU crdgss developed countries,
suffer to a greater extent from crop diseases and the greatest need for agricultural
development. EU researchers have a huge contnbutomake in helping to
overcome some of these problems either directtyuin research or through training.

Investment in people

Recommendation 7: The EU should invest in trainingin the area of plant
pathology.

Recent years has seen a decline in interest in@eseamongst EU graduates, with an
increasing proportion of strong graduates and padtgates coming from Asia and
India. One consequence is that there is a dangérddbal (meaning EU) skill base
will be depleted. This is particularly the casehe area of plant pathology where the
spectrum of diseases changes with relative frequand intimate knowledge of crop
characteristics are important to recognise, idgndihd correct disease problems.
Crops are also often ‘tailor-made’ for local comatis meaning that principles in crop
design must also be adapted to local needs.

4. EU FP7 Funding instruments

This Report makes a number of Recommendationssti@ild be considered by the
EU for further support to maximise the outputs mvpously funded research and to
harness advances in technology to tackle the clgakeof virus diseases in EU crops
in a changing world. Within the FP7 funding porifol most of these
Recommendations could be covered by Collaboratikge&ts of varying sizes.
Recommendations 6 and 7, however, are less spatificare intended to highlight
two important general aspects of funding. The majreption to the above is the
Recommendation for an innovative and multidiscigiinapproach to the delivery of
transgene-based resistance to viruses in a valeatype The combination of experts
in plant virology, socio-economics, publicity, agriture etc is outside of normal EU
approaches to scientific funding and warrants $gediscussion over the creation of
a special project to meet the demands of thisiagctiv
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ANNEX 1

EU-funded projects relating to ‘virus resistance’
(Owing to incomplete recording on the EU Cordis &l there may be gaps in this

data set.)

Date:

1996-2000

Project Code:

PJ_REF:1C18960049

Title:

Genetic engineering to improve Chinese wheat -
introduction of stable resistance to soil-borne mosaic
viruses as a prototype system

Partners:

UK, Germany, China

Objective: The main objectives are as follows:
* To identify Chinese wheat cultivars and/or syrsise new breeding
lines which will be highly amenable to tissue crétand regeneration
from protoplasts
* To evaluate the most promising cereal transforomato determine
the best for use with Chinese wheat cultivars.
* To assemble information on the molecular varianongst isolates
of both wheat spindle streak mosaic bymovirus (W&$Mnd soil-
borne wheat mosaic furovirus (SBWMV) from differesites in
Europe and China, and to design a pathogen-encaxiiddral gene
strategy.
* To develop a suitable expression vector for wheanhsformation
and use constructs with these virus products tadyme genetically
stable transformed wheat.

Date:

1997-2000

Project Code:

PJ_REFIC15960907

Title:

Molecular exploitation of sobemoviruses

Partners:

UK, Estonia, Finland, Russia & Latvia

Achievements: Foreseen Resulis

The goals 1-3 will generate information that wile f genera
importance for the efficient expression of foreigmoteins in
transgenic plants. The goal 4 will generate virgpression vectors
that will be generally useful in plant moleculaapis. These vectors
will allow high level expression of foreign protsim plants withou
the need to resort to time consuming transformatgmhnology. The
sobemovirus vectors will also have practical imaonce that will be
tested in this project by the expression of vac@raeins in infected
plants. This work reflects a novel approach to ghaduction of ora
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vaccines for use ultimately in both animals and ansa The fina
goals 5 and 6 will lead to the production of viresistant plants and
are a potential solution to the disease problemseghdoy the twq
viruses used in this project. The recent developroktransformation
technology in monocotyledonous plants means that tthnsgenic
resistance is now a feasible target of plant blotetogy. The analysi
of natural resistance will have a longer term biénmefthe production
of plants resistant to sobemoviruses and otheiopatts.

[

3 | Date: 1997-2001

Project Code: PJ REF:1C18970172

Title: Application of biotechnology for genetic improvement of
oilseed rape

Partners: Germany, China, UK, Sweden, Canada
The main objectives are as follows :
* To identify the loci controlling oil content int@inese and European
cultivars of oilseed rape.

* To develop molecular tags for a self-incompatipilsystem to
provide breeders in China and Europe with a newdytion systen]
and a broader genetic base for hybrid varief
* To identify sets of genes for resistance to albwn strains of Turnip
Mosaic virus (TuMV).
* To transfer the TuMV resistance genes from Biassapa (turnig
rapeseed) into B. napus (oilseed rape) and B. a#argbroccoli
cauliflowers and European cabbages).

es.

4 | Date 1997-2000
Project Code: PJ_REFIC15970900
Title: Molecular Study of the Role of Potyvirus encoded

Proteins P1,P3,NIB (Replicase) and Coat Protein in Virus
Replication and Host Response to Infection:Studies
towards Biotechnological Methods of Disease Control

Partners: UK, Estonia, Finland, Russia

No report given

5 | Date Start date:1997-09-01 £nd date:2000-08-31
Project Code: PJ_REF.BIO4972356
Title: Characterization of recessive genes that control natural

resistance to potyviruses

Partners: Denmark, UK, Spain, Finland

General information: Characterization of plant resistance genes have
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significantly advanced our understanding of plaathpgen
relationships. This raises the possibility to eeginnew resistance
specificities or broad range resistance throughmhbaeipulation of th

resistance gene product or its functional pathwayy little is known
about the nature and function of recessive genaispifovide highl

effective and durable resistance through the sgpme of virus
replication or movement, in the absence of tisseerosis. Pea
contain clustered recessive resistance genes igffemgjainst a rang
of potyviruses. The most studied of these are ltine genes that confer
specific resistance against different pea seed-boosaic virus
(PSbMV) pathotypes. Resistance gene sbm-| is ofnoercial interes
for its effectiveness against the most common PShithotype (P
1). The genetic organization of the sbm-associatadters suggests
that gene-duplication, genetic translocation andnctional
diversification has occurred leading to the range potyvirus
resistances. Hence, knowledge of the basis of shemqgiype coulq
provide a route to a common resistance strategythiisr large ang
important group of viruses. Unfortunately map-baskxhing in pea
has yet to be established and, at this time, wbeldunlikely to be
successful within a three year EU Biotechnologyjétto In this
project we propose to use biochemical, and molechilalogical
techniques to:isolate and characterise the sbraidtesce product, G
its dominant counterpart (Sbm-I), and use thatrmétion to isolate
the resistance gene. characterise the sbm resstapchanism and
test whether the same principle operates for theghbeuring
potyvirus resistances in the pea genome. We haeady identified
the protein, VPg, determining pathotype in PSbM&, ithe virus
protein that probably interacts with the Sbm-l ggmeduct. VPg ig
integral to viral RNA replication, and preliminadata indicate that
PSbMV does not replicate in cells of the resistdants. VPg will be
used to probe for interacting plant factors by nseahthe yeast two
hybrid system and protein-protein affinity techregu The biological
activity of the potential Sbm-I genes will be vexd by transformatior
of pea. The use of the resistance genes lies beymndcope of th
proposed three year project but results are expécteontribute to thé
platform of understanding leading to the next gatien of potyvirus
resistant plants.

=

w1 =

Date:

1997-2002

Project Code:

96/T/18

Title:

Management of insect pests and viruses using ecaicgly
compatible technologies

Partners:

Greece, ltaly, UK

Management of insect pests and virusE©® RACCO)
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Date: 1997 -2000

Project Code: B104972300

Title: Composition of plant RNA replicases
Partners: Greece, Spain, Netherlands, UK

The genome of the vast majority of plant viruseasists of RNA.
This genome encodes one or more proteins thatsastilaunits of an
enzyme complex, the "RNA-dependent RNA-polymerg&afRp) or
"replicase, that is responsible for the replicatminthe viral RNA.
Available evidence indicates that, in addition icalproteins, thesg
replicases also contain subunits encoded by the gEnome. Despit
25 years of research, the composition of a virglicase or the
function of host proteins in the enzyme compleras known for any
plant (or animal) RNA virus. Sequence similaritiestween viral
replicase proteins indicate an evolutionary retadfop between th
enzymes of different viruses and suggest that reiffeviruses mak
use of similar host proteins to replicate their RNgenome,
The first objective of this proposal is to identitye host subunits i
the replicases of three plant viruses, representirey two major
superfamilies of plant viruses. The interactionsen virus and hosg
proteins will be studied by a number of novel teghes including the
yeast two-hybrid system, novel reporter genes antein tags that
permit the purification of replicases by affinity olamn
chromatography. In addition, hoSt proteins intenactspecifically
with viral RNAs will be identified by a newly dewaged technique for
screening cDNA libraries. The proposal will focuse tresearch af
leading experts in the respective fields from f&uropean countries
(NL, GB, ES, GR) on common virus/plant interactions
Identification of host proteins involved in the $lyesis of viral RNA
will represent a major break-through in understagdhe replicatio
mechanism of RNA viruses and will offer targets fioe engineerin

of plants with a broad resistance to virus infettibransformation o
plants with these (mutant) host genes will complemeurrent
strategies to obtain plants with a highly specifimis-resistance b
transformation of plants with viral sequences.
In addition to replicases induced by virus infegfiplants contain a
RdRp activity that is detectable in non-infectednpé. The host RdRp
appears to be associated with a RNase activityisabdlieved to pla
a role in the phenomenon of RNA-mediated resistasfcplants to
viruses. This resistance is based on the activati@nhost activity th
specifically degrades transgenic viral RNA and hlmgous genomig
RNA of an infecting virus, and may resemble thenameenon of co
suppression of host gene expressjon.
The second objective of this proposal is to idgngant genes
encoding components of the host RdRp/RNase complexther
factors involved in RNA-mediated resistance to wirinfection.
Identification of these genes by transposon taggiitigshed light on
the function of the host RdRp in noninfected plaantsl will increase
the efficacy of strategies to engineer RNA-mediat=iistance to viru
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infection in plants
The results accruing from both objectives will bermpoted where
appropriate by the commercial partner in this psghoThe benefits g
this proposal include increased crop yield andigyand a reductior
of the use of pesticides that are currently beipgjiad to control the
vectors that transmit viruses from plant to plant..

=5

Date:

1998-2000

Project Code:

PJ_REF:BIO4980374

Title:

Assessment of Risks induced by virus-derived transgene
products in plants, using luteoviruses carrying the green
flourescent protein as a visible reporter

Partners:

Netherlands, Sweden, France

General information: The large number of genetically-enginee
virus resistant plants which is expected to befpwward for approva

for marketing in the EU prompts the need for riskessment studie

on the potential interactions between viral transg@roducts an
infecting viruses or viroids. Major concern cent@s three mair
classes of hazards: heterologous-encapsidation, RMAmMbination
and synergism which may result in viruses and #@gowith altered

genetic traits, novel combinations of properties,novel' diseases.

Little information is available concerning the patidity of the
occurrence of the undesired interactions in tramsgaants, making i
impossible to reach generally acceptable conclgsiabout the
environmental safety related to the introductiontledse plants. Th
major bottleneck in obtaining sufficiently large talasets on
recombination heterologous encapsidation and sigrerg to detec
these events.
The current proposal aims to tackle this problemubing a visible
reporter, the jellyfish green fluorescent prote@FP), which will
markedly simplify and speed up the detection ofdferesaid eventg
thus allowing large numbers of virus-infected tgarsc plants to bg
screened. The GFP-encoding gene will be incorpdratéo the
genome of beet western yellows luteovirus (BWYV)d apotato
leafroll luteovirus (PLRV). The GFP-carrying virsseavill then be
used to challenge transgenic plants expressinguviursd and potyviral
sequences which are commonly used to achieve pathdeyived
resistance in a large number of important arabtk\eagetable cropg
Luteoviruses are most appropriate for this typerisk assessmer
studies because (i) they are known to readily wyadreterologous
encapsidation during co-infections in nature, andapsidate viroig
RNA, (i) their genetic maps suggest that they ardsy RNA
recombination between different ancestor virusessaveral areas 0
their RNA are potential 'hot spots' for recombioati and (iii)
synergism is a common phenomenon in mixed infectaina
luteovirus and a potyvirus, leading to enhancedpgm expressiof
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and higher virus litres. A consortium of researahtpers will combing
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their complementary expertise in order to addrdss following
objectives:

1. To identify heterologous-encapsidation of PLRMI a@BWYYV in
transgenic plants expressing the viral capsid-aatsut proteins o
these viruses, and to assess whether potato spinbkr viroids
(PSTVd) will be encapsidated by these transgenioteprs.
2. To identify RNA recombination between luteovhderived
transgenes and infecting BvVYV or PLRV, and betwB&fY-derived
transgenes and infecting luteoviruses.

3. To identify the occurrence of synergism betwegotyviral
transgene products involved in virus movement andecting
luteoviruses.

4. To evaluate the probability of the aforementbnevents

particularly in relation to naturally occurring neid infections of the

viruses and viroids involved.

The project is organized in work packages in whaeeth of thesg
points will be addressed. The project starts offthwgenerating thg
required transgenic plants and the full-length ctitais luteoviral
clones carrying the GFP gene. Measurable delivesable (i) well
described methods to detect possible interactioesvden viral
transgenic products and co-infecting viruses anwids, and (ii)
procedures to assess the probability of these aictiens. Thesg
methods and procedures are pivotal for regulatatigaaities carrying
out risk assessment under Community legislation.

9 | Date: 2000 -2002

Project Code: SMT4-CT98-2246

Title:

Partners: Greece, ltaly, UK, Netherlands, Spain
http://www.springerlink.com/content/h8t8m6e7eqxtdy?2
http://www.springerlink.com/content/u4211t7q0205163

10 | Date: 2000-2002

Project Code:

EU 8" Framework

Title:

Virus Detector: Improved diagnostic tools for the certification
strawberry propagation material

Partners:

Czech Republic, Netherlands, Germany, Rand, Italy

Viruses constitute a significant threat to the wgberry industry,
causing severe economic losses. These virusesdendlue causg

agents of quarantine diseases of major economiortiapce, such as

crinkle, mottle, vein banding, and mild yellow edtjsease. Rapid an
simple methods for the detection of the major ajtduche strawberry
viruses are unavailable, due to problems with tin&ipation of these
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viruses from plant material. Control of the quaiaatviruses is
difficult and relies completely on excluding virgsdy meristen
culture and rigorous certification programmes tointzan clean
planting stock. Most aphid-borne strawberry viruses only be
detected by using time-consuming biological indgxiprocedures
introduced over 40 years ago, such as graftingetsitive indicatof
plants. Methods based on the detection of viralleacacid would
offer an alternative to the expensive and time-uomieg procedure
currently used.

U

11 | Date: 2000-2003
Project Code: QLRT-1999-01116

Title: AFPTEST]

detect harmful viruses

Partners: UK, Austria, France, Germany

Objectives
The aims of the project are to produce and valitiede kits based on
antibody fusion proteins (AFP) to detect and idgnthree harmful
viruses: tomato spotted wilt virus (TSWYV), potateafiroll virus
(PLRV) and beet necrotic yellow vein virus (BNYVVAnd to prove
the benefits on a realistic scale. The target esusre of statutory @
guarantine significance and pose a threat to the movement of
plants and plant propagation material in Europe.rreéuly,
laboratories obtain reagents for these viruses frnvariety of
different sources. With the introduction of planaspports, it ig
important to have confidence in the results ofstekine across the
European Union, so the standardisation of testshamnshonisation of
test methods is desirable.

=

Yields of functional AFP produced i&scherichia coli, Drosophila
and Pichia expression systems will be compared in pilot esgion
studies. Large quantities of AFP will be producedhie best systems
and purified. Prototype kits will be designed andmponents
optimised for stability and performance and thedehe extensively,
evaluated by end users and modified as necessary.

Once the effectiveness of the new technology artiefeagents have
been demonstrated, the relevant plant health atidsor and
technology users will be notified and we expectrémilts to influence
policy and assist harmonisation of tests for theseses.

\1*4

12 | Date: 2000-2003
Project Code: ICA4-CT-2000-30007
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Title: Sweet potato viruses :The identification, incidence and control |of
sweet potato viruses in East and South Africa asg@ssment of host
plant resistance for sustainable development progres.

Partners: Germany, Uganda, Sweden, South Africa, UK

Sweet potato is a major staple food in Africa. Tgreposed work
surveys sweet potato crops in Uganda, Kenya anthS¥fuca using
methods which seek both known and unknown virusesel viruses
and variants of known viruses will be identifieddacharacterised and
diagnostic methods will be developed. The yiel@ef and symptoms
of each virus on local Ugandan, Kenyan and Southc#&f swee
potato varieties will be recorded; resistance balsought. The impact
of virus disease on the livelihoods of farmers #ral potential role o
resistance will be assessed. Sweet potato chlostiitt, common i
Africa, is unusual in that it breaks resistancewéet potato to at least
two other important viruses; the molecular basid amnge of thi
synergism will be elucidated. Training toped lewdl be provided to
3 African students and links UK, German, Swedisényan, Uganda
and S African institutes.

13 | Date:

I

2000-2004

Project Code:

QLRT-1999-01471

Title:

DISCOVAR: Development of diagnostic tools and hostplant
resistance to control the rapid spread of lettuce ilg-vein and ring
necrosis disease in leafy vegetables

Partners:

Germany, Netherlands, Spain, UK

To combat the soil-borne, fungus transmitted vaacwiruses of
lettuce and other leafy vegetables in Europe, tbgpt objectives are:
1) the full characterisation and classificationtbé viruses causing
big-vein (BVD) and ring necrosis disease (RND), gmuviding
insight in the variability of these Viruses
2) the development of diagnostics for the sensitrel specifig
detection, and quantification of the viruses anelirtfiungal vector
Olpidium brassicae, in soil, irrigation water and breeding lings
3) the identification, characterisation and exjgib@n of natural host
plant resistance oflactuca and cichorium to BVD and RND
4) the development of a sustainable system for ptoeluction of
lettuce and endive through the integration of difbjes 1, 2 and 3.

14 | Date:

2000-2004

Project Code:

Title:

Demonstration project on novel diagnsotics

Partners:

UK

Development & validation of novel recombinant aatig-based
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assays for virus detection

15

Date:

2000-2004

Project Code:

QLK3-2000-00361

Title:

VRTP IMPACT :Virus-resistant transgenic plants: ecdogical

Partners:

UK, France, Germany, Hungary

Virus resistance was among the very first agronatyiaiseful traits
to be introduced into transgenic plants, and séwdras-resistant
transgenic cultivars have already been commercralgased in thg
US and China. In order to provide the necessarmgnsetrbased ris
assessment of such plants before contemplating evonthrelease if

Europe, it is essential to clarify several pointsaerning potentiatt
I

ecological impact. The most important potential &g could resu
from two forms of gene flow, either from plant torus by
recombination, or from plant to plant by sexualcoossing. VRTP
IMPACT will study recombinational plant to virus g flow in two
extremely important groups of plant viruses, theutnoviruses ang
potyviruses, and will study plant to plant genelim two major cropg
that have sexually compatible wild relatives in &pe&, beet an
oilseed rape. At the end of this three year projeds expected tha

the results will clarify whether the currently désyged types of virust

resistant cultivars can be released with acceptasiefrom either of
these two forms of gene flow in the absence ofsganic plants.

=—x

—

16

Date:

2001-2004

Project Code:

QLRT-2000-02270

Title:

DIAG CHIP

Feasibility of a European Union plant health direcive
(77/93/EEC): Diagnostic chip

Partners:

UK, Spain, Germany, France

Objectives

The objective of the project is to establish metiiodies for the direc
detection of quarantine pathogens of potato in ettsplant sample
using gene chip technology. The gene chip consétsaa glass

microscope slide with the gene sequences from ehtie organisms

that need to be detected in a single assay arrayeds surface
Methods will be established for sample extractisaunple labelling
hybridisation and data capture. The two most ingydrcharacteristic

of a diagnostic protocol will be compared with itemhal methods, i.e|
sensitivity and specificity. The end point of thejpct is a 'ring test'
where, following a training course to facilitate@ology transfer, the

(0 i

1%
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technology developed will be evaluated by quarantiiagnosticians.

17

Date:

2002-2006

Project Code:

QLRT-2000-01183

Title:

RESISTANCE IN GRAPEVINE

Engineering durable pathogen resistance in grapever A novel
strategy for integrated disease management to overme
environmental impacts of pesticides

Partners:

Germany, Portugal, Italy,

Objectives and Outcomes
The aim of the ‘Resistance in Grapevine’ projectswa enginee
antibody fragments specifically binding and inaatimg viral proteins
from selected Nepo- and

Closteroviruses. Proof-of-concept for the antibbdged pathoge

resistance strategy should be demonstrated byrttigtion of these

antibody fragments in transgenic N. benthamianantplaand
challenging with viral pathogens followed by thengmation of
transgenic rootstock and

grapevine varieties showing durable resistance.Noose antibody
scFv fragments have been generated by phage dieplaybridoma

technology binding to the coat protein of the Glosviruses GLRaV}

2 and -3 and the Nepoviruses

ArMV and GFLV. Selected scFvs have been expressédcteria anc
purified recombinant proteins were analyzed in itletar their
integrity, yield and functionality.Stable transfation of Nicotiana
benthamiana confirmed the high accumulation of fienal scFvs in
the plant cell cytosol. The T1 progeny of selectgdnt lines
producing the GFLV-specific scFvs conferred comglegsistance
against GFLV and patrtial resistance against ArMRartial pathoge
resistance was observed in transgenic N. benthaméexpressing
ArMV specific scFvs. Evaluation of the T2 progeny fimproved

scFv accumulation and durable virus resistance igrogress. Stable
transformation and expression of GLRaV-2 and GLRastFvs was

also obtained in N. benthamiana. Stable transfbomaf rootstocks
and grapevine plants with the virus specific sckas been performe
using optimized protocols.
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18 | Date: 2002 -2005
Project Code: CRAFT QLK5-CT-2002-70996
Title: P_OTYPROTECT: Biological suppression of severe plant
viruses
Partners: Greece, France, Bulgaria, Cyprus, Italy, Israel

http://wwwa3.interscience.wiley.com/journal/11856Z&ibstract

http://www.biomatnet.org/publications/2018broch.pdf

19

Date:

The aim of this project was to develop cross-ptodecas an immune
like safeguard from viral diseases in plants

2002-2003

Project Code:

(B04927)

Title:

InterRegIIIB Aquitaine / Euskadi

Partners:

The purpose of this project is to make profitable tprogress
generated for the analyses of genomic and of fanatigenetics in
order to study the interactions plants/pathogeaictlie pathosyster
Prunus/Sharka. The approaches will identify gengpressed in
response to the infection using cDNA-AFLP and tlemiog of Gene
Analogues of Resistance (AGR) known from other &%
herbaceous. The characterization of genes of #siterg@eneg
candidates, genes selected for their pattern ofresspn) will
include/understand a structural base (informatieduded from the
sequence, genic complexity), a transcriptional bgdmindance o
MRNAs under various conditions of infection and sifess),
functional and genetic base (Co-localization witengmic area
implied in resistance). The collection of resutibtained shoul
enable us to dissect at the molecular and cellalal the profile o
infection by the virus at a sensitive or resisgalant and to potentiall
generate markers usable in Selection Assisted bkdvis within th
framework of the fight against Sharka. Finally stimter-area projegt
will join teams in Aquitaine and in the Basque Cwyrconcerne
with the genomic functional calculus and interestedsequently set
of themes “Study of the interactions plants/virugaims at bringin
together research projects relating to a socio-@oan problem of firs
importance to France, Spain and more generallytofe: Sharka

>
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20 | Date: 2002-2004
Project Code: QLK5-CT-2001-51880
Title: m recovery and tolerance to plum pox : the

genetic and cellular basis of the phenomenon in stone
fruit trees
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Partners: France
Objectives: The purpose of this project is to analyse the germed
cellular basis of resistance in plum breeding likeside from 34
guantitatively resistant (C.najbolja) cultivars,splaying the plant
recovery phenomenon
21 | Date: 2002-2006

Project Code:

QLK3-CT-2001-60032

Title:

Studies of biology and disease processes

Partners: UK
http://www.plantphysiol.org/cgi/content/abstrac®1&/2155
22 | Date: 2003-2006
Project Code: QLK3-CT-2002-02140
Title: TRANSVIR: Environmental impact assessment of

transgenic grapevines and plums on the diversity and
dynamics of virus populations

Partners:

Italy, France, Spain, Germany, Slovenia, Romania

The overall goal of proposal is to assess the enmiental impact of
transgenic grapevines and plums expressing CP gentge diversity
and dynamics of virus populations in the field. @ain objectives ar
to:

1) Analyze and compare the dynamics and variabibfy virus
populations in transgenic versus non-transgeniatpla

2) Monitor the development, viability, properties)d environmenta
impact of recombinant virus species.

3) Examine whether transgenic grapevines and pkxpsessing vira
CP genes increase the likelihood of emergencecoimbinant viruses
beyond that of natural background events.

4) Evaluate if virus infection favors the transltea of virus-derived
transgene transcripts from transgenic rootstocks mon-transgeni¢
scions.

5) Determine the reversion of PTGS, and hence efdhgineere(
protection, in plums in the presence of heterolegatuses.

Our results will contribute to the development afansgenig
grapevines and stone fruit trees that are enviromallg safe and
exhibit resistance to important viruses, includi@gapevine fanleaf
virus (GFLV), Grapevine virus A (GVA), and Grapesirvirus B
(GVB) in the case of grapevines, and Plum pox iRRBV) in the case
of plums. In addition, our studies will be helptol design CP gene
constructs that confer virus resistance while mining the emergence
of recombinant viruses with undesirable properties.

D
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23 | Date: 2002-2007
Project Code:
Title:
Partners: Czech Republic

Development of biomarkers for the detection oftfmuruses by array
technology

24 | Date: 2003-2006
Project Code: QLG2-CT-2002-01673
Title: Virus-induced gene silencing : unravelling the basis of a
mechanism and its exploitation for the analysis of a
multitude of individual gene functions in plants (VIS)
Partners: Estonia, Netherlands, Ireland, Greece, Switzerladdngary, UK,

Spain

=

Objectives: The objective of the proposal is to produce a ileia
description of the molecular mechanisms underhdifterent stages
of virus-induced gene silencing (VIGS) in plantIlselVIGS is &
recently discovered sequence - specific RNA dedi@uanechanism
in plants, that has a huge potential for the fumal analysis of
individual genes on the genome-wide scale, provithed its general
principles are better understood. We plan to ingats the following
aspects of VIGS: i) viral features detected by thl@nt*TMs
surveillance mechanism; ii) suppressors of VIGSE)) ihost factors
required for VIGS; v) role of DNA methylation in @IS . The
fulfilment of the project should pave the path the construction of
generally applicable efficient VIGS vectors for tluactional analysis
of multitude of plant genes.

4

25

Date:

2005-2007

Project Code:

Title:

Soil-borne cereal mosaic virus, Wheat spindle streak

mosaic virus

Partners:

Germany, France, UK

Soil-borne cereal mosaic virus (SBCMV) belongindhe Furoviruses
IS a seriousconstraint to winter wheat cultivatianEurope. Due to
transmission by the plasmodiophorid Polymyxa grasnichemical
measures are neither effective nor acceptable ¢onamical ang
ecological reasons. Therefore, the only possibaitycontrolling this
virus is breeding and growing of resistant

4
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4%

cultivars. Genetic analyses of a set of DH-linetigated that a singl
locus from chromosome 5DL controls resistance t€8B in related
European wheat cultivars 'Tremie' and 'Claireerestingly, the Sbm
gene for resistance to SBCMV has been recently ethpp the sam
chromosomal interval in wheat cv. ‘Cadenza’ thaareh no commo
ancestry with cultivars ‘Tremie’ or ‘Claire’. In Ho populations 3
previously unmapped SSR fragment is the closedtedinmarkern
suggesting that cultivars ‘Tremie’ and ‘Claire’ makgo possess Sbm1l
or another SBCMV resistance gene very closely tinteeSbm1. The
diagnostic value of this SSR was assessed usingllactoon of
SBCMV resistant and susceptible wheat cultivarpdrtantly, all of
the susceptible genotypes carry a null allele a8 ®SR, whereas
resistant genotypes presumably related to eithkir€ and ‘Tremie’
or ‘Cadenza’ revealed a 152bp or 154bp allele, aetsgely.
Therefore, this SSR fragment is well suited for kearassisted
selection for SBCMV resistance in European wheatething
programmes. In order to identify genes involved in

resistance to SBCMV, expression profiling using RNAInoculated
and healthy plants of resistant and susceptiblesliand the barley
cDNA array comprising 10.000 unigenes was carriatl &4 genes
differentiating between resistant and susceptibldtivars after
artificial SBCMV infection were identified which ar recently
analysed in detail.

~ = (D

26 | Date: 2006-2010
Project Code: FOOD-CT-2006 -016214
Title: EUSOL
Partners: Bulgaria, Netherlands (virus aspect)

The aim of the EU-SOL project is to develop higlaliy tomato and
potato varieties with improved traits important f@onsumers
processors and producers. The project particulddguses on
mapping, isolating and characterizing genes unohglymportant
traits such as healthiness, nutritional value,etafiavor, fragrance,
shelf-life, starch composition, yield and planthatecture.New allele
of key-genes for these traits will be extractedmfrahe rich
biodiversity present in the Solanaceae. This nhhicaliversity is an
under-exploited sustainable resource that can ferninie genetic basi
of cultivated plants. Assembly of these genes withew genotypes
will boost our knowledge of the factors that cohtquality. Also, it
will provide a blueprint for novel high quality vaties to be
developed by EU breeding companies using breedmatggies base
on marker-assisted breeding and genetic engineasing exclusively
natural plant genes.

\"2J

"
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27 | Date: 2007-2010
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Project Code: FP6-STREP-044189

Title: Pepino mosaic virus

Partners: Germany, Poland, Spain
PEPEIRA is an RTD activity aimed at developing do-\ide Pest
Risk Assessment (PRA) for Pepino mosaic virus (PépMrlhe
proposal will investigate the epidemiology and emuait impact of
PepMV in order to allow a robust and scientificgligtified
assessment of the risk posed by this pathogeret&tinopean tomatp
industry.

28 | Date: 2008- 2012

Project Code: 204429

Title: Sharka containment

Partners: France, Germany, Italy, Spain, Turkey, Bulgaria,maaia, Czech

Republic, Poland, Slovenia, Serbia

Objective: SharCo is aimed at helping the EU face the acmegs
Member States known as endemic of sharka diseageobiding the
EU with tools such as marker-assisted selectiory/ Re3istant plant
materials, guidelines, warning systems, decisigpett system. Of
that purpose, the project will, in the field of épmiology, identify
driving factors of PPV spread and diversificatiard adevelop novel
and highthrough-put detection systems warning shawktbreaks

=}

In the field of genetics, it will provide moleculanarkers for the
implementation of marker assisted selection of RBSistant fruit
varieties. In the field of biology, we will assessnovative
biotechnological approaches to broaden resistam&PV in different
fruit tree species. Finally, in order to developP®V outbreak
management, we will elaborate i) guidelines forumsts and policy
makers concerning cultivation and risk managemeéhtan early
warning system coupled with a decision support esgst All
knowledge and tools developed by the project wid twidely
disseminated all over Europe with special attentiade to PPV
endemic countries.
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ANNEX 2

References relating transgenic virus resistant gragwvine and plums in
Europe

1. Minoiu, M., Zagrai, |., Platon, I., Vladianu, l.sdc, M., Parnia, P., Dutu, I.,
Ravelonandro, M., Cardei, E., Farcasu, T., Grivy,Ghizdavu, I., Florian, V.,
Zemcic, E. and Calasean, I. (2002) Field resistasfc®lum pox virus and
prevention measures against natural infection. t@tew Plantelor Special
edition, 4-11.

2. Ravelonandro, M., Scorza, R., Minoiu, M., Zagraiahd Platon, I. (2002) Field
tests of transgenic plums in Romania. Sanatateddia Special edition, 16-18.

3. Scorza, R., Ravelonandro, M., Malinowski, T., Camb¥. and Minoiu, N.
(2003) Potential use of transgenic plums resistanPlum pox virus field
infection. Acta Horticulturae 657, 321-324.

4. Ravelonandro, M., Minoiu, N. and Scorza, R. (20b#@estigations of potential
environmental impacts in the release of transgehiens. Acta Horticulturae
657, 325-330.

5. Scorza, R., Malinowski, T., Minoiu, M., RavelonaadiM. and Cambra, M.
(2004) Potential use of transgenic plums resistanPlum pox virus field
infection. Acta Horticulturae 657, 321-324.

6. Polak, J., Pivalova, J., Jokes, M., Svoboda, brZa¢ R. and Ravelonandro, M.
(2005) Preliminary results of interactions of Plpox virus (PPV), Prune dwarf
virus (PDV), and Apple chlorotic leafspot virus (AEV) with transgenic plants
of plum Prunus domestica, clone C-5 grown in amoaipeld. Phytopathologia
Polonica 36, 115-122.

7. Malinowski, T., Cambra, M., Capote, N., Zawadzka, Borris, M.T., Scorza,
R. and Ravelonandro, M. (2006) Field trials of plaimnes transformed with the
Plum pox virus coat protein (PPV-CP) gene. PlaseBse 90, 1012-1018.

8. Capote, N., Perez-Panades, J., Monzo, C., CarbdhelUrbaneja, A., Scorza,
R., Ravelonandro, M. and Cambra, M. (2007) Assessioethe diversity and
dynamics of Plum pox virus and aphid populationstramsgenic European
plums under Mediterranean conditions. TransgengeReh 17, 367-377.

9. Fuchs, M., Cambra, M., Capote, N., Jelkmann, W.nd&y J., Laval, V.,
Martelli, G.P., Minafra, A., Petrovic, N., Pfeiffel., Pompe-Novak, M.,
Ravelonandro, M., Saldarelli, P., Stussi-Garaud, \@gne, E. and Zagrai, |.
(2007) Safety assessment of transgenic plums aaukegines expressing viral
coat protein genes: New insights into real envirental impact of perennial
plants engineered for virus resistance. JournBlafit Pathology 89, 5-12.

10.Scorza, R., Hily, J.M., Callahan, A., Malinowski,, Tambra, M., Capote, N.,
Zagrai, |., Damsteeqgt, V., Briard, P. and RavelalmanM. (2007) Deregulation
of plum pox resistant transgenic plum "Honeyswe@tta Horticulturae 738,
669-673.

11.Capote, N., Monzo, C., Urbaneja, A., Perez-Panades,Carbonell, E.,
Ravelonandro, M., Scorza, R. and Cambra, M. (20Rigk assessment of the
field release of transgenic European plums suddepdind resistant to Plum pox
virus. Itea-Informacion Tecnica Economica Agrarjd36-167.

12.Polak, J., Pivalova, J., Kundu, J.K., Jokes, Mar&a&, R. and Ravelonandro, M.
(2008) Behaviour of transgenic Plum pox virus-resis Prunus domestica L.
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clone C5 grown in the open field under a high aedanent infection pressure
of the PPV-Rec strain. Journal of Plant Pathola@y33-36.

13. http://www.nature.com/nature/journal/v450/n7164/480174a.html

14. http://www.cipast.org/cipast.php?section=41

15.Vigne, E., Komar, V. and Fuchs, M. (2004) Field edaf assessment of
recombination in transgenic grapevines expresdimgdoat proteins gene of
Grapevine fanleaf virus. Transgenic Research 13, 165-179.

16.Maghuly F., Khan M.A., Borroto Fernandez E., Druart Bernard Watillon B.
and Laimer M. 2008. Stress regulated expressiothef GUS-marker gene
(uidA) under the control of plant calmodulin anda¥i35S promoters in a model
fruit tree rootstock: Prunus incisa x serrula. ibt@&hnol. 135: 105-116.

17.Maghuly F., da Camara Machado A., Leopold S., KkkA., Katinger H. and
Laimer M. 2007. Long-term stability of marker geegpression in Prunus
subhirtella: A model fruit tree species. JournaBaiftechnology 127: 310-321.

18.Laimer M. 2007. Transgenic grapevines. TransgetantPJournal 1(1): 219-
227.

19.Laimer M. 2006. Virus resistance breeding in fioées. In: Transgenic Trees.
Fladung M. and Ewald D. eds. Springer. 181-199.

20.Maghuly F., Leopold St., da Camara Machado A., &oriFernandez E., Khan
M.A., Gambino G., Gribaudo I., Schartl A. and Lami. 2006. Molecular
characterization of grapevine plants with GFLV R&sice Genes: Il. Plant Cell
Reports 25: 546-553.

21.Laimer M., Mendonga D., da Camara Machado A., Magku, Khan M. and
Katinger H. 2005. Resistance breeding against RPAustria: State of the art.
Phytopathologia Polonica 36: 97 - 105.

22.Gambino G., Gribaudo 1., Leopold St., Schartl Adabaimer M. 2005.
Molecular characterization of grapevine plants VidRLV Resistance Genes: I.
Plant Cell Reports 24: 655 -662.

23.Laimer M., Mendong¢a D., Maghuly F., Marzban G., peld S., Khan M.,
Kirilla Z., Balla I. and Katinger H. 2005. Biotecblogy of temperate fruit trees.
Acta Biochim. Polonica. 52: 673-678.

24.Gribaudo 1., Gambino G., Leopold S. and Laimer M)OZ Molecular
characterisation of transgenic grapevine plantsledMdar characterization of
transgenic grapevine plants. Abstr. 7th Int. SyompGrapevine Physiology and
Biotechnology, Davis CA (USA). Acta Hort. 689: 4892.
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ANNEX 3

Construction of a database of patents on plant virsi resistance for
the RESISTVIR Consortium

Victor Gaba and Amit Gal-On,
Department of Plant Pathology and Weed Science,
Agricultural Research Organization The Volcani Cent
POB 6 Bet Dagan 50250, Israel
E-mail: vpgaba@volcani.agri.gov,iamitg@volcani.agri.gov.il

Patent Search StrategyAn Israeli company (Arad-Ophir Ltd. http://www.arad
ophir.co.il/) was selected and tested for the gatdearchFinal results were delivered
and maintained in Excel format. The final searcls warformed in the Claims of the
patents of the following Patent Authorities througk Delphion company service (on
22/5/2006):

e US - Granted patents from 1971 to search date

e US - Applications from 2001 to search date

* EP - Granted patents from 1991 to search date

* EP — Applications from 1986 to search date

 PCT - Granted patents and Applications from 197&trch date

e Japan Abstracts from 1973 to search date

Plant and Virus* and Resist* was searched in the Claims of the patents in the
above list, yielded 1257 patents, and refined miéywbg reading.

Searching patent claims presented some problemsy [datents demonstrate
resistance to some plant pathogen, and by exteokion resistance to a list of other
pathogens, including viruses. Some claim plantvar$ (not virus resistant) that will
still be patented if transformed with e.g. virusiséance. Some claim some resistance
to a human or animal virus and by extension to lamyi created transgenic plants.
Also results are claimed, not mechanisms, which is scientiffadisappointing.

Results From the search of 22/5/2006 for patents worléwie resolved:

159 different patent groups demonstrating planis/nesistance,

48 Plant Variety Patents claiming virus resistance,

97 groups of patents where plant virus resistanctaimed but not demonstrated.
The accompanying "Database for Plant Virus Rastgt&atents by European

Inventors (to May 22nd, 2006)" carries 54 grouppatentsdemonstrating plant virus

resistance with European authors or co-authors, and a siBglepean-authored Plant

Variety Patent which demonstrates resistance tara pirus vector.

Column headings of the database.

Column heading Meaning

Title Full title of the patent

Publication Number and DatePublication and date number of the patent

Assignee/ Applicant Name The owner of the patent

Inventor Name The inventor of the patent

Priority Number and Date Number assigned pre-pabbta; may be different
from publication number. Original application date

a7
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different from publication date

Link to full text Hyperlink giving free direct acss to full patent text

To follow the hyperlinks press "Control" and "lefibuse click” simultaneously.

Notes A Patent is a granted award, and has a legalisstéh Patent

Application has not yet been granted. The statuanoApplication is not defined in
our search i.e. we were not supplied with inforoation the position of an
Application in the long patent process, or if thppiication has been abandoned.
Additionally, it is impossible to know what will neain of an Application's Claims
after the Patent is granted. Many items in thelueta are Applications in a variety of
jurisdictions (countries) with different legal reaggments and processes.

US patents currently have numbers in the 5 to Wanifange.

From 1997 US patent applicatiowgre published in the form of
USyearxxxxxxxx i.e. US2004000542902P.

Generally, US patents are granted for 17 years fssoe (prior to 1997), and
after 1997 for 20 years from filing application,iaghe case in most
jurisdictions and the EPO.

EPO (European Patent Organization): Patents emdiAgare applications,
while those ending in B are patents.

WIPO (World Intellectual Property Organization) &atApplications are
prefaced WO, and are only applications
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Database for Plant Virus Resistance Patents by Eupgan Inventors(to May 22nd, 2006)
Victor Gaba and Amit Gal-On, Dept. of Plant Patlggiand Weedbcience, ARO VolcantCenter, POB 6 Bdbagan 50250, Israel

Note: Only patents with European inventors are includatents by European companies by non-Europeantons have been excluded. Some non-European orgent

are included working with Europeans.
Country codes used AT Austria; BE Belgium; CH Switzerland; DE GernyaDK Denmark; ES Spain; FI Finland; FR France; GReat Britain; IL Israel; IT Italy;
NL Holland; PT Portugal; SE Sweden; RU Russia; N&M\Zealand; US U.S.A.

Patents are arrangedby country of European author using country catesve (with non-European co-authors' countriesdistfter), and then alphabetically by senior

author's family name.

Title Publication Assignee/ Applicant Name Inventor Name Inventor Priority No. Link to
No. and Date country and Date full text
Method for screening
for mutant virus WOO4O_23137 ARC Seibersdorf Research . . AT2002000001| full text
. A2; Waigmann, Elisabeth AT . e
movement proteins GMBH 330; 05/09/2002 link
(MP) 18/03/2004
Method for inducin Guilley; Hubert|Jonard; Gerard|Richards;
viral resistance intoga US6297428; SES Europe N.V./S.A Ken|Bouzoubaa; Salah|Bleykasten- BE: ER EP19960008701 full text
02/10/2001 peN.V.IS.A. Grosshans; Claudine|Weyens; ’ 06; 19/08/1996 link
plant .
Guy|Lefebvre; Marc
Process for obtaining
and multiplying ) Paszkowski, Jerzy, Dr.|Lazar, Gabor,
defective, non EP134536B1; Ciba-Geigy AG Dr.|Shinshi, Hideaki, Dr.|Rauseo, Isabelle, CH CH?983000004 M
. X . 25/03/1992 235; 04/08/1983 link
infectious virus Dr.|Hohn, Thomas, Dr.|Potrykus, Ingo, DOr.
genomes
Disease resistant | W0O9943833A Universit Bern Kuhlemeier, Cornelius, Jan|Tadege, CH W01998IB0000| full text
transgenic plants 1; 02/09/1999 ' Million|Dupuis, Isabelle|Bucher, Marcel 232; 26/02/1998 link
Molecular Fischer, Rainer|Schillberg, Stefaniiting, EP1998000119¢
athogenicide EP1123398B1 Fraunhofer-Gesellschaft zur JRg|Sack, Markus|Monecke, 30]IN19983398 full text
medl?atedg lant disease 10/08/2005 ' Ferderung der angewandten Michael|Liao, Yu-Cai|Spiegel, DE 0066698; 1998- link
P Forschung e.V. Holger|Zimmerman, Sabine|Emans, 10-16|1998-10- —
resistance ; .
Neil|[Holzem, Achim 16
. . Hohn, Thomas, Dr.|Bonneville, Jean-Marc
Inducible virus EP298918B1; S - ’ ' ' CH1987000002| full text
resistance in plants 05/09/2001 Syngenta Participations AG | Dr.|Ftterer, Johannes, Dr.|Gordon, Karl, DE 645: 10/07/1987 link
Dr.|Sanfaon, Hlune, Dr.
Method of inducing | US200313943 Kohle Harald|Conrath . DE2000010021| full text
the virus resistance in 2A1; Uwe|Seehaus Kai Kohle, Harald|Conrath, Uwe|Seehaus, Kai DE 190; 03/05/2000 link
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plants 24/07/2003
RNA and DNA Max-Planck-Gesellschaft zur Loss, Peter, Dr.|Schreier, Peter, Dr.[Maiss
molecules for EP558944A3;| Fxrderung der Wissenschaften Ed’gar Dr' |Sc.:hneider I,?udolf, Dr.c/0 ' DE DE1992004203| full text
producing virus 08/06/1994 e.V.|BAYER AG|HOECHST T Hoechst A’G T 441; 06/02/1992 link
resistance AKTIENGESELLSCHAFT
Transgenic plants
displaying virus and | US5633434; . Schneider; Rudolf|Donn; Gunter| DE1990004003| full text
phosphinothricin |  27/05/1997 |  Hoechst Aktiengesellschaft Mullner; Hubert DE | 045: 02/02/1990  link
resistance
DNA comprising plum
poX vitu® 3v?|?vtﬁﬁnsat° US5569823; Baver Aktiongesellschaft Schreier; Peter Helmut|Stenzel; e DE1993004317 full text
P . 26/10/1999 Y 9 Klaus|Adam; Gunter|Maiss; Edgar 845; 28/05/1993  link
cDNAS for disease
resistance
Method for the
production of
transgenic p'ar.‘ts with U82005_25187 IPK Institut fiir Pflanzengenetik Hofius, Daniel|BRnke, DE2002010232| full text
increased virus 9AL; und Kulturpflanzenforschun Frederik|Sonnewald, Uwe DE, DK 978; 19/07/2002 link
resistance by silencing 01/03/2006 P 9 ' ' -
vegetable dnaj-like
proteins
. U5200294641 Consejo Superior de Gutierrez-Armenta, Crisanto|Sanz-Burgos, W01996§SOOO full text
Plant proteins 6AL, Investigaciones Cientificas Andres Pelayo ES 0130; link
18/04/2002 y 13/06/1996 Hne
Transgenic plants
Vﬂ'js'f‘eﬂg?arggg'gfd | US5589625; Kemira Oy, Biotech Saarma; Mart|Kelve; Merikke|Truve; - EP19920001046 full text
. 31/12/1996 ’ Erkki|Teeri; Teemu 76; 18/03/1992 link
process for their
production
Djavakhia, Vitali G.|Batchikova, . : . _
Protein with plant | EP868431B1; Natalia|Korpela, Djavakhia, Vitali G.[Batchikova, — | ooy | Fl19950000036|
. . . .. Natalia|Korpela, Timo|Khomutov, Radii . Link
protecting properties 29.12.04 Timo|Khomutov, Radii . 88; 2.8.95
) M.|Nikolaev, Oleg
M.|Nikolaev, Oleg
Virus-resistant US5968828; Helsinki University Licensing Pehu; Eija|Pehu; Tuula|Maki-Valkama; FIUS US1996000751| full text
transgenic plants 19/10/1999 Ltd. Oy Tuula]Valkonen; Jari|Koivu; ' 233]US1994000 link
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comprising cells
transformed with a
polynucleotide

Kimmo|Lehto; Kirsi

246123; 1996-
11-18|1994-05-

19
encoding a potyviridae
P1 protein or P1
protein fragment
EIFi(;dger;? \r::ruJ:nons US200525545 Genoolante Valor Caranta C., Ruffel S., Bendahmane A. FR i full text
poty 5; 17/11/2005 P Palloix A., Robaglia C. link
resistance
Combination of
mutation in both elF4E e not
et elF(iso)4E for 05/118850; Genoplante Valor Caranta C., Ruffel S., PalloixiPabre N. FR - available
resistance against 15/12/2005
Potyvirus
Lr;gig?:'ctg'fhnés US5789656; Biosem De Both; Michoel[Ben Tahar; Sophia|Nogl; FR1989000010| full text
onging fo. 04/08/1998 Marianne|Perret; Joel 848;11/08/1989  link
species Cucumis melo
FR1990000002
Regeneration and . Gerentes, Denise|Perez, 686|FR1990000
genetic transformation EOPZS/ﬂ?f:gBSl Biocem Pascual|Kallerhoff, Jean|Ben Tahar, FR 002687; 1990- %{
of sugar beet Sophie|Perret, Jo[L 03-02|1990-03- -
02
Means for identifying
the locus of a major
resistance gene to the U5200399383 . . . FR1999000007| full text
. 0AL; Ghesquiere Alain|Albar Laurenge Ghesquiere, AldirgA Laurence FR i .
rice yellow mottle 834; 21/06/1999 link
; : 15/05/2003
virus, and their
applications
Method of genetic :
PN . US6835538; Lauber; Emmanuelle|Guilley; FR1998000870| full text
modification of a wild | 5,1 515504 SES Europe N.V./S.A Hubert|Richards; Ken|Jonard; Gerard| "% | 159: 10/07/199¢ link
type viral sequence
Biocem; Commonwealth Lenee, Philippe|Gruber,
DNA virus ribozvmes WO09503404A Scientific And Industrial V°>Ronique|Baudino, Sylvie|Mason, FR W011999436E_P000 full text
y 1; 02/02/1995| Research Organisation; Leneg, John|Comeau, David|Rezaian, Mohamad, : link
e o 22/07/1993
Philippe; Gruber, YRonique;

Ali|Dry, lan, Barry|Rigden, Justin, Ellis
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Baudino, Sylvie|Mason, John;
Comeau, David; Rezaian,
Mohamad, Ali; Dry, lan, Barry;
Rigden, Justin, Ellis

Polyribozyme capable
of conferring on plants
resistance to cucumbe

Lenee; Philippe|Perez; Pascual|Gruber;

r
S US6265634; . i SR FR1993000002( full text
mosaic virus and 24/07/2001 Gene Shears Shears Pty. Ltd VeromquelBaudot_, Gaelle|Ollivo; FR 269: 26/02/1993 link
resistant plants Catherine
producing this
polyribozyme
\'/\i"rztlr‘r‘;‘;fs‘:;;]r’c‘é“i‘;:{(‘)ga EP1038961A1; Centre National De La Emma rfl?gflg %lﬁ:rdmﬁgﬁ{hichar O EP19990002007  full text
27/09/2000 Recherche Scientifique Y, ! 73; 16/03/1999 link
plant Kenneth
Method of conveying . : ]
. US6956149; Richards; Kenneth|Jonard;r@rd|Guilley; ) EP19990002002 full text
BNYVVresistance to| - g/1 315005 SES Europe N.V./S.A. Hubert[Van Dun; Comelis Maria Petrug 0 N& | 36: 27/01/1999|  link
sugar beet plants
Methods and DNA ﬁ%llggB?l%%%%%%
constructs for gene | US6635805; L - Baulcombe; David Charles|Angell; Susgn . full text
silencing in transgeniq  21/10/2003 Plant Bioscience Limited Mar GB 000442; 1997- link
9 9 y 02-14/1998-02-| "X
plants
12
The Gatshy Charitable
. . WO09321329A X . : GB1992000008| full text
Virus resistant plants 1: 28/10/1993 Fou_ndat|0n|BauIcom_be, Baulcombe, David|Longstaff, Marian GB 545: 21/04/1992 link
David|Longstaff, Marian
. Bendahmane, Abdelhafid|Baulcombe
Plant-derived WO09954490A L I . ' ! GB1998000008| full text
resistance gene 2: 28/10/1999 Plant Bioscience Limited David, Charles|K_an_yuka, Konstantin GB 083: 16/04/1998 link
Valerievich
Unilever Plc|Unilever Boulton, Robert, Edwin|Brears,
N.V.|Boulton, Robert, :
. Edwin|Brears, Timothy|Foulds T|m0thy|FouIds, Iz_;m, Jeffrequack, Peter,
Novel plant virus WQ09322345A lan Jeffre' \Jack, Peter | Liam|James, Christopher, Michael|Lea GB GB1992000009| full text
sequences 1;11/11/1993 ' y ’ ' Vincent, John|Sidebottom, Christopher 669; 02/05/1992 link

Liam|James, Christopher,
Michael|Lea, Vincent,
John|Sidebottom, Christopher

Michael|Slabas, Antoni, Ryszard|Stratfor
Rebecca
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Michael|Slabas, Antoni,
Ryszard|Stratford, Rebecca

Improvements in or

Unilever Plc|Unilever

relating to disease- WO09504825A | N.V.|Stratford, Rebecca|Boulton,  Stratford, Rebecca|Boulton, Robert, GB GB1993000016| full text
. 1;16/02/1995| Robert, Edwin|Higgins, Elaine, Edwin|Higgins, Elaine, Susan 384; 06/08/1993 link
resistance of plants Susan
Virus resistance in | WO9203539A ImpeFr)llaIBChimlfal In?ﬁsmes Buck, Kenneth, William|Hayes, Robert, GB GB1990000018| full text
plants 1; 05/03/1992 _Plc|Buck, Kenneth, James 646; 24/08/1990  link
William|Hayes, Robert, James
Raspgcleergyfrl;]a\;tepamed Uf;;ggéégés Scaottish Crop Research Institute McNicol; Ronnjéehnings; Derek L. GB 3652193%?84?/2%&;?3 fu“ﬁm
US1995000488
Induction of resistance 672|US1994000
to virus diseases by 198182|US1992
p|;;?sn3vfﬁﬁrgaggr2ig; of US5596132 Cornell Research Foundation, Zait!in; MiltoanoIemboski; GB:US gg%%%gagilf%l fuI_I text
) Inc. Daniel|Lomonossoff; George link
a plant virus genome 1995-06-
involving a read- 07]1994-02-
through replicase gene 15|1992-06-
08]1990-03-12
Vectors capable of
|mp.art|ng herbmde W0020_59334 Virogene Ltd.|Friedman, Mark, Gal-On, Amit|Shiboleth, Yoel, USZOO]'O(_)OZGS full text
resistance and viral Al; M Moshe|Arazi, Tsachi IL 521P; link
cross protection and| 01/08/2002 ' ' 24/01/2001 -
methods
Engrafted plants .
res?stant t(i3 viral W0050_79162 State Of Israel, Ministry Of Gal_—On, Am|t|_ZeIcer, Aaron|Wo|f, U82004090546 full text
diseases and methods A2; Agriculture Dalia|Gaba, Victor, Paul|Antignus, IL 173P; link
. 01/09/2005 Yehezkel 23/02/2004 -
of producing same
Resistance to virus
infection usin USs5898097; Beachy; Roger N.|Lapidot; Moshe|Gafny; US1994000231| full text
modified viral 27.4.99 Calgene LLC Ron ILUS | "200,19.494 |  link
movement protein
Method of preparation US5959181; Metapontum Agrobios S.c.r| Cellini; Francesco|Grieco; Pasquale T IT1996MI0O0009| full text
of transgenic plants 28/09/1999 U Domenico 27; 09/05/1996 link
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resistant to viral
infections and so
obtained plants

PMMoV resistant | EP1647182A1; De Ruiter Seeds R&D B.V Allersma, Anton Pieter|Hofstede, R@n NL EP20040000777 full text
Capsicum plants 19/04/2006 T Johannes Maria|Vreugdenhill, Dirk 44; 01/10/2004 link
Methods for
generating resistance USZ&%?SHB De Both Michiel Theodoor De Both, Michiel Theodoor Jan|Fierens, NL EP20010002004 full text
against CGMMV in ! Jan|Fierens Onstenk E.V. Onstenk E.V. 48; 08/02/2001 link
25/11/2004
plants
Plant virus DNA
constructs and virus
. US5919705; - . . GB1993000011| full text
re3|stqn_t pIanFs 06/07/1999 Novartis Finance Corporation De Haan; Petrus Theado NL 593: 04/06/1993 link
comprising said
constructs
Sandoz Ltd.|Sandoz-Patent-
Virus resistantor | WO9509920A Gmbh|Sandoz Erfindungen De Haan. Petrus. Theodorus NL GB1993000020 Full text
tolerant cells 1; 13/04/1995 | Verwaltungsgesellschaft Mbh|D ' ' 548; 06/10/1993 link
Haan, Petrus, Theodorus
Plants resistant to US6057492; . ) GB1995000005| full text
tospoviruses 02/05/2000 Novartis AB De Haan; Petrus Theodorus NL | 907: 23031099 link
A method for De Ruiter, Wouter Pieter Johannes|van der
producing plants | EP1188833A1; . Knaap, Bernardus Josef|Klapwijk, EP20000002031 full text
which are resistant to| 20/03/2002 De Ruiter Seeds C.V. Abraham Alexander|Hofstede, Ren NL 91; 14/09/2000 link
closteroviruses Johannes Maria
Methods for
generating resistance WOO§§.63019 Kevaene NV Onstenk E.V. Firens, Bernarda, Gerharda, NL EP20010002004 full text
against CGMMYV in y Y9 U Johanna|De Both, Michiel, Theodoor, Jan 48; 08/02/2001 link
olants 15/08/2002
Constructs containing Van Grinsven; Martinus Quirinius Joseph
impatiens necrotic spagt US5773700; Andoz Ltd Marie|De Haan; Petrus Theodorus|Gielen; NL GB1992000006( full text
tospovirus RNA and 30/06/1998 Johannes Jacobus Ludgerus|Peters; 016; 19/03/1992 link
methods of use thereaf Dirk|Goldbach; Robert Willem
. US200602107 . ) US2005000178| full text
Lettuce variety nascent 7AlL: 26.1.06 - Van Schijndel; Johannes Theodorus NL 842: 11.7.05 link
Lettuce variety US20060210 - Van Schijndel; Johanrteeodorus NL US2005000178 full text
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nasimento 8Al; 26.1.06 913; 11.7.05 link
Methods for coupling
: 2| EP1563727A1, - Braun I, Carl Joseph|Hoogstraten, . US2004000777| full text
re5|stz;1(;1r(rz]ztaolleles in 17.8.05 Seminis Vegetable Seeds, Inc Jacobus Gerardus Joannes NL; US 984 12.2.04 Jink
Mr:;?;g‘:‘]ézr;%fgg?g WO05079342 Seminis Veaetable Seeds. Inc Hoogstraten, Jacobus, Gerardus, NL: US UsS2004000777| full text
tomato A2; 1.9.05 9 ’ Joannes|Braun, Carl, IlI ’ 984; 12.2.04 link
r'\gzitg'[c;\ iézr;rotrc])flirrg?]% Heifetz; Peter Bernard|Patton; David US1999000309
against furovirus, | US7019195: o Andrew|Levin; Joshua Zvi|Que; NL:ER: | 038lUS199800Q 0
otyvirus, tospovirus,|  28/03/2006 Syngenta Participations AG Q|udeng|De Haan; Petrus US 150705P; 1999- link
P ' . ' Theodorus|Gielen; Johannes Jacobus 05-10|1998-05- -
and cucomovirus to
Ludgerus 26
plant cells
A method to control
ftrtiet gﬁznégafgr I(Dj?speagsee WO002082889| Cornell Research Foundation, Gonsalves, Dennis|Balde, Aladje|Chiang, PT-US US2001000283| full text
; Al; 24.10.02 | Inc.|PAIS, Maria, SalomSoares Chu-Hui ’ 022P; 11.4.01 link
resistance to papayal
plants
Genetic method for . Atabekov, Jossif Grigorievich|Dorokhov,
producing virus WO9844136A; ZENCO (NO. 4) LIMITED Youri Leonidovich|Morozov, Sergey RU 6819_97000006 full text
. : 18.10.98 o 469; 27.3.97 link
resistant organisms Yurievich
Transgenic plants with
resistance against | W0O02077209
tobacco rattle virus angd Al; Plant Science Sweden Ab Melander, Margareta SE SE_2001000001( full text
. 48; 26/03/2001 link
corresponding 03/10/2002
nucleotide sequence
Virus resistance in | WO0250281A . . . SE20000000047 full text
plants 1: 27/06/2002 Plant Science Sweden Ab Melander, Margareta|Leehaai SE; NZ 55: 21/12/2000 link
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