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1. Executive summary

Sharka disease significantly impacts the econowmas productivity of stone fruit producing
countries in EU and worldwide, affecting a wide garof stakeholders from breeders, plant
material gardeners, to fruit producers. The FP7 ISi@allaborative SharCo (“Sharka
Containment”) project focused on helping the stakdérs ameliorate the different types of
risks associated with Sharka disease by providwggnt with tools such aBlum pox virus
(PPV) resistant plant materials, accurate andbiglisnethods of PPV detection, guidelines,
warning systems, and a decision-support systerthignregard, in the field of epidemiology,
the project surveyed the viral diversity, identffi@riving factors of PPV spread and
diversification and developed novel and highthropgh detection systems early warning of
Sharka outbreaks. In the field of genetics, it pted molecular markers for the
implementation of marker-assisted selection of PEJistant fruit tree varieties. In the field of
biology, we assessed innovative biotechnologicat@gches to broaden resistance to PPV in
different fruit tree species. We identified new mma&gisms and sources of resistance to PPV
that could be combined with the resistant donorseatly used in the breeding programs.
Finally, to develop a PPV outbreak management seheme elaborated: i) guidelines for
endusers and policy makers concerning cultivatiwh isk management, ii) an early warning
system coupled with a decision support system.kAdwledge and tools developed by the
project were widely disseminated in Europe withcsgleattention to PPV-endemic countries.
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2. Summary description of the
project context and objectives

The concept of SharCo was to combine prophylacitt genetic solutions to prevent or limit
the spread of the Sharlhum Pox Virus (PPV). The project scope covered the entire chain
from seedling production, grafted material produgtito orchard management. It aimed at
providing new methods and tools for the containn@nBharka, in orchards and nurseries.
For that purpose the project developed specificcaieh activities on a variety of

complementary topics: epidemiology, virology, génand biotechnological approaches.

The strategic objective of SharCo is to provide Ete with novel methods and tools to face
the constant menace of Sharka spreading as wallrasluce the impact of the disease for the

various stakeholders, nurserymen and fruit produd@n that purpose, we aimed at
In the field of epidemiology, developing new methddr monitoring and fighting the PPV
spread by:

- Identifying the driving factors of the PPV spreaxtiaiversification

- Developing novel systems for detecting, assessidganarning Sharka outbreaks

Defining viral parameters linked to or driving PRNnamics of dissemination at the

field level

Providing information about the most crucial epidaogical characteristics of PPV in

nurseries, in order to design strategies to regluom pox incidence in nursery blocks

Providing information related to the most accursdenpling and testing methods and
protocols that would allow analyzing large numbafraiursery plants, thus improving
the reliability of PPV detection and consequerttly European phytosanitary passport

Evaluating the effectiveness of mineral oil treatisein reducing PPV infection and
spread in nursery blocks.

In the field of biology, develop new genetic todta selection in view of improving
resistance of plants cultivated in orchards by:
- ldentifying molecular markers linked to resistartb@t would help increasing the

efficiency of European breeding programs in apripeach and plum crop species

- Implementing the marker-assisted selection to spgedhe breeding of resistance

material
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- ldentifying new and complementary genetic resisgtamuechanisms suitable for

pyramiding durable resistance to PPV, thus reimfgrplant resistance.

In the field of agricultural management, help the-eisers — notably but not exclusively plant
protection officers, breeders, nursery gardenedsfiarit producers — to take advantage of the

project outcomes by:

- Establishing cultivation guidelines aimed at mirsing the virus spread likelihood at
the levels of nurseries and orchards
- Proposing tools (decision support system) and recendations for an early warning

system

- Delivering a risk management system designed tanmise the entry, establishment and
spreading of the virus and potential new variantSW.
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3. Description of main S & T
results/foregrounds

1) First Epidemiology work package
> Improving virus typing tools for an early detectiohnew variant virus outbreaks

The accurate identification of virus isolates thatong to a particular strain is expected
to provide insight into the diversity and evolutiohthe virus, which is especially interesting
when the causal agent displays a broad biologicdlgenetic diversity. Such is the case for
Plum pox virus, the viral agent causing the Sharka disease. Tdrerethe objective of the
WPEL1 task TE1.1 was to develop a mini-oligo ar@yaf rapid genome wide analysis of PPV
isolates. In the first step, a first generation R¥tigochip was developped in two phases: the
first one consisted in tha silico design using the complete sequences of isolateadiag to
the main PPV strains using the Array Designer 4wsok. The second step consisted in the
testing of this first generation array. Subsequeral second generation PPV oligochip was
developed. This second generation contains 10cedpb of 90 probes each constituted of 18
to 22 nucleotides. This second generation oligoelipys the analysis and probing of PPV
intra-strain variability within the PPV-D, M and Rstrains. A complete protocol for the use
of this PPV mini-oligo array, including spotting wdlidated probes, post-spotting procedures,
hybridization, evaluation of signals using a Gen®®00B scanner and final signal analysis
has been established and assayed in the two distiaratories.

In addition, parallel experiments to analyse theiaality of PPV isolates were
performed using deep sequencing, a more recenbr@adiest approach, since it analyzes all
positions of the viral genome. Deep sequencing suasessfully evaluated for its use in the
analysis of viral variability and heterogeneityv8el software packages and conditions were
checked in order to optimize tlde novo assembly and to facilitate the reconstructionicdlv
genomes from small interfering RNAs (siRNAs segesicIn spite of the success of the
mini-oligo array technology to characterize PPMases, it presents several limitations when
compared with deep-sequencing, mainly for its fabsi, reproducibility and capacity to
analyse not only intra-strain but also intra-iselaariability.

> Improving our knowledge on Sharka diversity foreditbr management of the disease

outbreaks

The analysis of genetic diversity and the undeditanof the relationships between viral

strains or isolates are important aspects in theagement of viral diseases and in the

6
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analysis of the risk of new emerging viruses. Witk aim to provide a precise and broad
overview on the current diversity of PPV worldwidestandardized RT-PCR and sequencing
protocol has been established and used by all grartto amplify two highly informative
genomic regions (part of the NIb-CP gene and P3-6Kiegion, respectively). In total, both
partial sequences have been generated from ab&uPBY isolates, originating from 29
countries, among which 16 are European Union Meribates. This unprecedent effort has
furthered our understanding of the genetic compfeand diversity of PPV as more than
twice the sequence information has been generatedmparison with what was previously
available in the international Genbank databaserebleer, complete epidemiological data
(host, location, period of the year, age of thetho=e etc...) have been recorded for each
isolate (data which generally was not availableigotates in the public database), allowing
unprecedented analyses.

Within this PPV diversity survey, we obtained a ganof original results on PPV
variability and distribution. Higher than previousénvisioned intra-strain variability was
observed within PPV-D, indicating that the variahibf the most widespread PPV strain had
previously been underestimated. Within each mamrstdivergent isolates were identified,
mostly originating from Central- and Eastern Eurdpe confirmed the splitting of the PPV-
M strain into two major subgroups (Ma and Mb) athmed for the first time a wide picture
of their geographic distribution. A high prevalenoé isolates belonging to the newly
discovered PPV-T strain in Turkey was also detected

Two new strains of PPV were identified, one coroggping to the missing ancestor in the
evolutionnary history that led to the currently kmoM strain. The second is a novel cherry-
adapted strain identified in Russia, further insneg@ concern about the potential for impact of
PPV in cherry crops.

New information on the distribution of PPV straimss been obtained, e.g. the presence
of PPV-Rec in Italy, PPV-M in Spain, PPV-W in Lavand Russia, PPV-T in Albania, PPV-
C in Belarus and Russia.

A total of 52 complete genome sequences belongirtgdf the 7 previously known PPV
strains were determined, together with completaiseces for members of the two newly
detected strains. The sequences obtained from EanopPV-D isolates counterbalanced the
scarcity of information in comparison to the NoAherican or Japanese data, the sequences
of PPV-M, Rec and T isolates considerably enrictiedprevious limited full-length genome
data about these strains. Several genome datadilaveed to complete the picture of the

evolutionary history of PPV. For exemple, we paried a complete analysis of the divergent

7
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AL-11pl isolate, which originates from Albania. kemplete genome sequence revealed that
it represents an “Ancestral” PPV-M isolate from w@thithe current PPV-M strain most
probably originated through recombination.

Similarly, we performed a full genome sequence\aiglof the PPV-W isolates sampled
in Latvia. These isolates appear to be represeatatf the "typical® PPV-W strain, which is
not affected by recombination events, contrary le first PPV-W isolate identified in
Canada: PPV- W3174. Strikingly, the PPV-W intrastrvariability is substantially higher
than for all the other PPV strains. This could ictpdie ease and reliability of detection of
PPV-W isolates, in the near future.

Finally, we also focused our effort on the analysisPPV diversity on cherry host
species. It is indeed acknowledged that PPV onbyaspcally infects cherry species, with the
consequence that at the begining of the SharCoegiropxtensive knowledge on the
variability and prevalence of the PPV-C strain urd@pe, the only strain able to infect (sour
and sweet) cherry trees was extremely limited hi ¢ourse of the task TE1.1, full genome
sequences have been obtained from three PPV isolated in naturally infected sour
cherries in Russia. Those isolates present only&% of nt identity with other common PPV
strains (M, D, Rec), which are not able to infelaerry trees. Complete genome sequencing
has confirmed their high divergence from any otkeown PPV group, PPV-C included.
Taking into account their biological propertiesD

(ability to infect sour cherry) and genome™ o= Re

particularities, the isolates thus represent a new e D
PPV strain, that is able to infeletunus cerasus " \\M o
species. It was later named PPV-CR (Cherry /
Russian) (see figure 1). VAR N
In addition to the classical sequencing c @ w

approach, the deep sequencing of small RNAs wasaalsessed. It was successfully applied
in the case of the ES-11pe isolate, allowing thterdanation of its full-length genome
sequence from its original host (peach) and comfignthe effectiveness of the next-
generation sequencing approach for PPV typing aadacterization.
» Sharing with the public data on PPV diversity asayand viral collections
All partial and full-length genome sequences hasenbtransferred to the web-querryable
SharCo sequence databak#p(//w3.pierroton.inra.fr:806)/ developed in the course of the

project. The database contains sequence data addmeplogical information about the

isolates, enables view and export of isolate sempgenlt lists full data on PPV isolates

8
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including georeferencing, original hosts and lamatetc... A search procedure using multiple
criteria is available, allowing export of resultsdasemi-automatic NCBI import. The current
database will be opened to non-SharCo partnersebgrid of 2012.

The research and practical work in the field ofnplairology often requires the
availability of a set of reference viruses, stramsisolates. For this purpose, a lyophilized
collection of PPV isolates characterized in themieaof the SharCo project has been
established. The collection actually contains 6Bdries from 22 countries. The isolate
naming follows the format used in the SharCo PP¥luse, allowing easy linkage between
sequence and isolate information and the origimakgrved isolate material. The current
number of PPV isolates by country is as followshaklia (12), Argentina (5), Austria (22),
Belarus (15), Bulgaria (73), Chile (1), Cyprus (Cgech Republic (50), Egypt (1), France
(52), Greece (2), Hungary (18), Italy (36), Laty®), Moldova Republic (7), Poland (29),
Romania (86), Russian Federation (1), Serbia (S®yakia (46), Spain (86), Turkey (53).
This collection is the most representative of PRYagic diversity worldwide.

In parallel, we also established a centralized loatlection of PPV isolates. This
collection is more limited (currently 38 isolatd®)t it has two main purposes that cannot be
achieved easily by the lyophilized collection: hetmaintenance of isolates in their original
woody hosts (plum, peach or apricot species) limgifurther PPV divergence driven by host
adaptation, ii) the access to fully characterizaalates representative of PPV diversity, in a
form that can be readily used to inoculate furtheody hosts. This material can then be used
directly for future analysis of PPV resistance #itgband durability, similarly to task TE2.1
in the WPE2 work package. All 38 isolates have bdelly sequenced before the
establishement of the collection in insect-proohtcolled facilities of Partner P5. The
collection has been duplicated into an S3 high ioenfient greenhouse of partner P1, to
ensure redundant preservation of the isolates amfegsarding of the collection against

potential local incidents.

2) Second Epidemiology work package
» Searching for pertinent indicators of epidemichattwould help to manage PPV

outbreaks in the fields
The increasing knowledge on PPV genetic diversdises new concerns about the
biological properties and related epidemic potérdiathe identified PPV strains. Indeed,
apart from PPV-D and PPV-M, the biological propestof the PPV strains are poorly known.

9
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This situation is partially related to the facttteaperimental assays aiming at measuring the
biological parameters of a given PPV isolate orvargPrunus species are still complicated,
long and low throughput. Moreover, the parameteeasured in experimental assays are
generally not compared with the real epidemioldgsti@ation in the field and consequently,
the usefulness of the experimental data for riskessment is rather limited. During the
SharCo project, we developed a strategy combingdeeniological surveys in orchards and
new experimental assays into a confinement greesghow identify and measure pertinent
indicators of PPV epidemicity. The experimentalagsswere designed to gain knowledge
about the three successive steps of an infectiotecy) thede novo infection of aPrunus
tree after aphid inoculation, (ii) virus multiplttan and accumulation in the infected tree after
a given incubation time (production of inoculumyda(iii) acquisition of the virus by aphids
from this infected tree (virus that will be transt®d to another still-healthy tree: dispersal).
Three indicators linked to these three steps wefieed:

1. The ability for a given strain / variant to infecertainPrunus species after aphid

transmission;

2.  The dynamics of virus accumulationRrunus hosts;

3. The efficiency of the infectdérunus as inoculum sources for the aphids. This last

indicator may be correlated to virus accumulatian bther factors specific to the

Prunus species might influence it.

The experimental assays were initially designetie¢aised in the future as a routine test for
every PPV isolate/strain to be characterized. Weewleus particularly careful at facilitating
the plant materialHrunus) production step and at reducing the duratiorhefdverall assays.
A specific methodology that enables quantifying aoednparing PPV amounts in the three
main stone fruiPrunus species susceptible to PPV (plum, peach and dpwas developed.
The protocol was designed as indicated on thedi@uand carried out on one isolate of each
1.Ablkyto infect || 2 Dymamlesof sEmeencyotiunis | PPV-D, PPV-M and PPV-Rec strains with a

Prunus species
inoculum for aphids

Infected leaves of original hast

e || e B e @s | duplication of each experiment. While all the
";ﬁ;.g":;.;:%;mmsfl 0 sttty ¥
IP. persica an i P. armeniaca i aphics from = ..
-~ S Oleaves /
g

=== | results are not yet available, some preliminary

conclusions can be inferred:

damestica P.armeniaca P.persice|
@rnpoy Qergerony  (ovemy

] - The specific strain Prunus interactions

Comparison of

Comparison of transmissio

A i maencesiom s semed | @Videnced under orchard conditions were not

between the Prunus species it 4

clearly detected in the experimental assays. Mogeigely, we detected very few (PPV-D) or

between the Prunus species

exceptional (PPV-Rec) cases of infection in peachards whereas in our biological assays,
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the PPV-D and PPV-Rec isolates were found ablenfieci systematically peach seedlings,
thus providing a good source of inoculum for furthehid transmission. Such a result may
indicate that differences in the ability to infguach in orchards might not be due to viral
factors only but also to environmental and phygmal parameters which cannot be easily
reproduced in simple experimental assays carriedmmader high confinement greenhouses.
- The experimental assays evidenced more subtlereliites between the strains, and
especially in favour of a higher epidemicity of tRBV-M strain. Indeed, the PPV-M isolate
used in our biological assays was found to indastefr systemic infections of apricot and
was better generalized in peach, generating higlaasmission rates by aphids from this
Prunus species in some conditions. Those differences ugtuseful for risk assessment and
predictions.
For those reasons and because of the numerousuttiéfie that arose while carrying out the
experiments, it is not expected that the same @rpetal protocol can be used to routinely
test any new isolates for risk assessment. Howgvisrdoes not exclude the possiblility that
parts of the experimental design targeting spetlficthe parameters that allowed us to
differentiate the isolates can be adapted for @rrtlsk assessment.

» ChallengingPrunus sources of resistance with the viral diversity
A set of resistance genitors was challenged witlex@ended range of PPV isolates that are
representative of the viral genetic diversity adingel in the first Epidemiology work
package. Among those apricot, peach and almondogenonly two were truly and stably
resistant to infection by eight PPV isolates, agrizv. ‘Harlayne’, ‘Lito’ and in consequence
‘SEQ’, parent of ‘Lito’. We are thus recommendirtgein for future breeding programs as
described in the Genetic pillar.

» ldentification of genetic determinants of adaptatioPrunus species

Some PPV strains or isolates are known for theaciigity againstPrunus or herbaceous
host plants. For example, PPV-C is the only stthat infects systemically cherry trees and
PPV-Rec has rarely been observed on peach tredatels derived from the PPV-PS isolate
(M strain) were shown to have two mutations in skquence coding for the P1 protein that
specifically prevent PPV-PS infection of ‘GF305’'ao seedlings. Finally, the PPV-D and
PPV-R (D strain) isolates are adaptedPtanus andNicotiana respectively and have specific
determinants at the N-terminal region of the cagsitein (CP) involved in adaptation to
these hosts. This material was the basis to stedgtg determinants of adaptationFiaunus

species. For this purpose, we developed PPV-C &M -Rec infectious clones, artificial

11
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recombinants, site-directed mutagenesis and gauf#isd. Till now, by challenging various
hosts with these constructs, we have demonstradobint mutations in the P1 protein are
responsible for symptom expression while other amése CP are determining viral systemic
infection in peach ‘GF305’ seedlings and herbacqaasts. A 1.9kb long region was also
shown to be essential for PPV-C systemic movenmeiat avium (cherry trees).

» Evaluation of competitiveness and disease dynaaiiP$V-Rec in orchards

The prevalence and host distribution of a given P#\din are driven by its specific
biological properties but also by many other fagttike the agro-ecological conditions
occurring at one location and the historical patysvaf PPV strain introductions. A strong
geographical effect is thus expected. To diseneamgtinsic properties of the strains from the
other factors, surveys using same methodologiestatidtical procedures were performed in
three distinct countries (Bulgaria, Romania, antbag.

As expected, strong geographical effects were detbboth among countries and also
among regions of a same country where agronomaraditons differ. PPV-D and PPV-Rec
are commonly found in each of the three country,RieV-M was not found in any region or
Prunus species in Romania so that it seems still absethiis country.

Data from Bulgaria and Serbia suggested a strosgcagion between PPV-M and
peaches, which is consistent with previous datainbétl from Europe, but no preference was
evident among the three strains and apricot or phast plants. Indeed, the three strains
appear equally fit on these 2 crop species. M@tipfections were shown both at the level of
the orchard and within the same trees, leadingixedninfection, especially for plum (10% of
plum trees were mixed infected) and at a lower réxter apricot. Every possible type of
mixed infections (involving 2 or even 3 strains)sadetected in plum and the hypothesis of
independence between strains conditionally to tifiection by one strain was not rejected.
This result suggested that over-infection by arheotPPV strain (PPV-M, PPV-D or PPV-
Rec) was possible on thRrunus species. Extented follow-up of mixed infectionsghti
however evidence specific strain competitivenes® monitoring of over-infections between
PPV-D and PPV-Rec isolates in an experimental occia Romania is currently under
analysis to confirm part of these results. Overtaiise data evidenced the potential role of
domestic plum in PPV evolution. Indeed, mixed itifaT constitutes a pre-requisite for the

generation of new variants by genome exchangesr{ieination).
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@Year of PPV-D detection

P@r e @ B i Three experimental orchards were newly establisaedhe

2o

beginning of the project with the aim to monitoe thbompetitive
dynamics of PPV-Rec and PPV-D spread (figure 3).wall-
characterized primary inoculum of each strain wieteoduced in
the orchards. Infected trees were detected in pbuchards, but,
after three vegetative periods, (nearly) all tréest resulted were
infected with contaminant inoculums from outside difie

experimental orchards. Phylogeny analyses are rdiyrdone after

partial sequencing to try to identify the exactgors of first cases
and subsequent chains of transmission.
» Reconstructing the chains of virus transmission

An experimental and modelling approach was develdpdrace back aphid transmission
events by combining viral genetic and epidemiolag@tata. The reconstruction of the chains
of virus transmission aims at providing informatigmon the frequency of transmission from
one particular source as well as an estimatioh@flistances of spread. This study was based
on a 450 ha area ®&frunus orchards mixed with other crop, non-host specibsre every
diseased tree (800 in total) was geo-referencedsantpled, giving rise to as many PPV
isolates. A previous analysis based on partial gemome sequencing showed that full-length
genome sequencing (10,000 bp) was necessary tngagh resolution at the tree scale. The
full-length genomes of 188 PPV isolates correspamdo all diseased trees located in 13
neighbouring orchards were fully sequenced andgtrealogical relationships between the
sequences were reconstructed. The developmengefieric mathematical framework to link
genomic and epidemiological information is underwigypected results should be used in a
second step to feed a simulation model of sharkaade spread at a regional scale (see
below).

» Modelling disease spread at a regional scale

A spatially-explicit model of sharka disease sprestda regional scale has been
constructed. It is based on a large regional gésrerced database supplemented with data of
PPV-M epidemics in 1,600 peach orchards locate®onth-East of France which were
surveyed for 14 years. This database was construliang the first period of SharCo. It
includes parameters related to the orchards (lmtastructural characteristics and conditions
of cultivation), to the monitoring (dates of suryégentity of inspectors) and control of the

infected trees (dates of removal) as well as tadfmamics of the disease (number of detected
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disease cases at each survey date). This hybritiamistic-statistical model links real data
from the regional database with biological and haimpaocesses (dissemination by aphids,
latency period, introduction of infected plant mi&B underlying the observations. The

mechanistic part of the model is based on a SElI”ein{Susceptible/ Exposed/ Infectious
(hidden and detected subclasses)/ Removed) linkadspatial reference map of the orchards.
The statistical component of the model deals wiggmdel — o
imperfect detection and event-time censoring (fgur _A’T‘% .-m‘;;%:"’:‘y |

, _ [suscepae]] mposen | i | (oo [ emoves
4). The core algorithms are the basis of both a @ D
) . i i plT.>t) Vﬁv“‘ g‘f‘po plT->t)
simulation model and an estimation model. TRE . vation

model
estimation model is aimed at assessing the paramete ta t
S o

values used in the model (kernel of dissemination, IR TRCT i ae

latency period, sources at the origin of the epidem stochastic

simulation

...) following a Bayesian frame. The simulation mod&f™

has been extracted from this full estimation madel

has been adapted to be used under a classical

Windows® environment. It will be used to test

different strategies of orchard surveillance arsgdse control.

3) Third Epidemiology work package
The main goal of this work package was to develwategies to contain PPV in

nurseries, thus avoiding PPV introduction and lai@mmercialization of infected nursery
plants.

» Towards strategies to limit PPV spreading and distabent in nurseries

At the beginning of the project (spring 2008), sikperimental plots were established
in six different ecological areas (Bulgaria, Czeebpublic, Poland, Romania, Spain and
Turkey), close to well-established PPV inoculumrses, following a common statistical
experimental design. Using those newly establiskegerimental nursery plots, we have
identified Prunus rootstock species more resistant to natural PRa¢iion in field conditions.
Twelve Prunus rootstock species were evaluated in six differtdlogical areas to assess
their susceptibility to natural PPV infection (Figlb). In the experimental nursery plots, PPV
infection occurred at random in any of the evaldateeas.Prunus mariana ‘GF8.1’,
‘Adesoto 101’, ‘Nemaguard’ and myrobalan 29C wehe tmost susceptible rootstock

cultivars. Other rootstock genotypes such as ‘Wahgen’ and myrobalan ‘Alina’ showed a
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clear susceptibility. On the other = ==,
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hypersensitive rootstock, showed
a relatively good level of resistance to natural/Rffection. When grafting PPV susceptible
plum cultivars onto hypersensitive rootstocks, me® tdeath could be clearly associated up to
now with Sharka infection, in the experimental atinds.

The efficiency of horticultural mineral oil (HMOjdatments was also assessed in the
same experimental nursery plots. Two PPV susceptibbtstocks were compared.

—s CARRE T

Mariana ‘GF8.1’ and the peach ‘Nemaguard’ cultivar
(figure 6). Treatment with 1% emulsion did not al/oi
PPV natural infection in areas with high PPV-
prevalence but significantly reduced the percentage
of PPV infected nursery plants, limiting significgn

the spread of the disease. Therefore, the use dHM

¥

is highly recommended in nurseries and young

Effect of HMO treatments o~n‘P. mariana ‘GF8-1’ rootstocks ]

plantations in particular during the aphid spegeak flight and/or as soon as the first PPV-

viruliferous aphids are detected.

» Providing information about the most crucial epidaogical period when

nurserymen can interfere with the natural sprea@lR)f

We monitored and identified the different aphid @pe that are landing on nursery
plants located in different ecological areas, ai agthe peak period of aphid populations.
The predominance of certain PPV-vector aphid spasielependent on the European region
as follows: Hyalopterus pruni in Czech Republic, Turkey, Romania, Bulgaria amdaRd,
Aphis spiraecola in Spain and TurkeyRhopal osiphum padi in Poland,Brachycaudus cardui
A. craccivora andB. helicrysi in Turkey, Phorodon humuli in Bulgaria and Romania. The
maximum peak of aphid flights was scored in spiingtin each different ecological area,
whereas a more irregular and non-reproducible sepeak was observed in autumn, in some
areas. PPV-viruliferous aphid individuals were ssstully detected by squash real-time RT-

PCR. We are thus recommending the use of stratégie®it PPV entry, establishment and
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spreading in the nurseries during the aphid fliggsik and as soon as the first PPV positive
aphid is detected.
The variation of PPV-prevalence during the threarygeriod, revealed a continuous increase
in disease incidence in each agro-ecological camdifThe use of the same PPV susceptible
rootstock cultivars in all scenarios allows compgriPPV prevalence and incidence in
different conditions and shows the ability/effiocognof local aphid species in spreading the
different PPV strains present in each location. iuost efficient combination of parameters
for PPV spread was detected in Spain where PPVrBadp orP. mariana ‘GF8.1" through
the vectorA. spiraecola, followed by Bulgaria where PPV-M and PPV-Rec wefficiently
spread ontd®. mariana ‘GF8.1" plantations mainly byd. pruni and P. humuli. In plots of
‘Nemaguard’ peach seedlings, a similar efficientP¥pread was estimated in both ecological
areas. These results reveal the importance of kigpthie vector aphid species prevalent in a
specific area. In some situations, the high efficieof transmission bg. spiraecola of PPV-
D strain can overcome the potential of PPV-M traissian byH. pruni andP. humuli (which
are less efficient PPV vectors), therefore havimgnicant impact on the theoretical
propensity of different PPV isolates to be trangsdiin natural conditions.

In addition, the epidemiological role of weed spscias PPV reservoirs was evaluated
in orchards infected by PPV_M but no PPV infectiaas detected on weeds.

» Providing information related to the most accuisdepling and testing methods

and protocols

The purpose here is to allow the analysis of larganbers of rootstocks and nursery
plants in order to improve the reliability of PP\étdction and consequently of the EU
phytosanitary passport. Methods for PPV detectiomursery plants were assessed and
compared for their diagnostic parameters. Seraddgiests (ELISA based on 5B-IVIA
monoclonal antibodies) and spot real-time RT-PCRevgmultaneously evaluated by latent
class models using maximum likelihood functions anBayesian approach. The sensitivity
and specificity of both techniques did not varyadmg to the latent model applied. Spot
real-time RT-PCR was more sensitive while ELISA wasre specific for PPV detection

] e (figure 7). The concordance between both

—
-

techniques, using the same extract, was almost
perfect (Cohen’s kappa index of 0.88 + 0.01)
after the analysis of 5,379 plants. The results

Pon-teit probabity of infection [%)
- N ow U e wu o

demonstrate that a coincidental resoifftained

Preet probablity [prevalence) (%)

by both techniques leads to a practical accurady)0%6 to rule in or rule out the disease in a
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specific sampleln addition, spot real-time RT-PCR technique carsbccessfully applied on
composite samples (up to 10 plants, 3-4 leave®onant buds/plant) at any vegetative stage
or latency period without losing accuracy in datattBy contrast, ELISA showed significant
differences in detection accuracy depending ortithe of the year and the number of plants
pooled together, knowing that spring and summevigeal the best sensitivity for detection
of PPV. In this case, up to 4 plants (3-4 leavesif)lcould constitute a composite sample. In
conclusion, the recommendation is the use of cortgpeamples (4 plants) for accurate PPV
detection by ELISA (5B-IVIA based) in spring or sonar vegetative periods. However, the
use of composite samples (10 plants) is recommeatiethy vegetative or latency period
when analysed by the spot real-time RT-PCR teclanigging Tagman probe.

We also compared different methods of sampling,ividdal analysesversus
hierarchical methods. The result showed an ovenasibn of the real PPV incidence in the
experimental plot when using the hierarchical métfibable 2). It is worth noting that the
hierarchical method is a procedure used widely dtect PPV in an area, starting from a
limited number of analyses. Therefore, the cost ame required are reduced when the
hierarchical method is used.

4)  First Genetic work package
The major goal was to implement efficient, rapidl dess cost-effective breeding programs

for resistance to PPWh European countries. This implies the availapidf large progenies
segregating for the trait (resistance) and the Idgweent of molecular markers.

» To simplify and speed up the procedure of seleatid@PV resistant cultivars

In apricot, the development of molecular tools v@sed on association mapping
between PPV resistant phenotypes and genotypaseapecific locus, namdePVres. This
locus is located at the top of linkage group 1 arag constantly linked to PPV resistance in

apricot in the last 10 years. Association mappiras \&chieved through the construction of

apricot linkage maps from previously phenotyped ™ Goldrich
families segregating for the trait.. In those T 06— Galost
.. . 09 Gollg1 ) PG31.03
preliminary steps, two resistant donors were us§9: PGs103 »
. : | PPVes )
‘Goldrich’ and ‘SEQO’ (‘Stark Early Orange’).js | PG sT2t Pk
, . , . . 12 L - PG §1.21
Fine mapping was carried out by increasing the i e 183 ‘gg}g};
) Gol029 : \‘ PG§1.252
number of markers overlappir@PVres and by = BEHSE
R

increasing the number of individuals and families
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screened for resistance. Progress in mapping allavegrowing the region containing the
locus linked to Sharka resistance down to 2.1 Mbu(é 8). Forty-three SSR markers
designed from the peach genome sequence versi@reltested in several apricot mapping
populations that were already phenotyped for PPSstance. Three markers, namely
PGS1.21, PGS1.23 and PGS1.24, were selected dmesheco-segregating tightly with the
resistance. Other extra markers (called MP) wexeldped from other progenies challenged
with the virus in other agro-ecological environngerithose markers were then tested in other
progenies already phenotyped by several SharCagyarvalidating those molecular tools as
well as the alleles linked to the resistance irgproes either originating from distinct donors
of resistance (‘Harlayne’, ‘Harcot’) or tested foesistance to PPV in different agro-
environmental conditions.

After validation of the markers, transfer of thehtrology to all other SharCo partners
was achieved and implementation of Marker assiSiddction (MAS) was accomplished in
the last period of SharCo, both in Western anddfagturopean apricot breeding programs.
Currently, a total of 8,904 apricot pre-breedingtenals are now being screened with the
PGS and MP molecular markers. This eliminates titddmeck of phenotyping thousands of
seedlings and speeds up the process of selectioevofPPV resistant cultivars, adapted to
various European, local environments.

In peach, where no source of resistance was idhtifinterspecific crosses and
progenies using the peach relafedlavidiana species were used for construction of linkage
maps. The quantitative nature of the resistané&Pid lead to the identification of QTL linked
to the trait but impeded the development of molactdols suitable for MAS.

In plum, a resistance trait characterized by hygressive reactions that restrict the
viral systemic infection was under focus. Howewre to the complexity of the European
plum genome, which is hexaploid, the development identification of molecular markers
linked to the trait proved tedious and difficult. thanscript profiling approach was thus
applied. It provided several cDNA markers that arp-regulated in PPV-infected,
hypersensitive individuals. Primer sets were dgwadofrom those transcript markers and
validation in other plum progenies is still pending

» Looking for new sources of resistance

The introduction of natural resistance to breedimmggrams, while successful, has
limitations: a restricted number of sources foristasice have been found, resistance genes
cannot always be easily transferred between spaoi@sindesirable traits may be transferred

along with the resistance locus. Additionally, vamot rule out that existing resistances may
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be overcome, in the future, by new virus straing ¥Wus developed methodologies to test
new local germplasm for resistance against the rR&W isolates circulating in Europe.
Indeed, local germplasm was surveyed by partneRomania, Poland, Turkey and Bulgaria.
In Romania, the local plum cultivars ‘Rival’ and fidval’ and the apricot varieties ‘Traian’,
‘Auras’, ‘Orizont’, ‘Ovidiu’, ‘Ceres’, 'Euxin’, 'Tudor’, ’Augustin’ , 'Danubiu’, 'Hristia’ were
found resistant to PPV by atrtificial inoculation. Bulgaria and Turkey, none of the landraces
and hybrids were found resistant to PPV while itaRd, one single plum cultivar (‘Vision’)

presented promising behaviour against PPV nataofattion.

5) Second Genetic work package
The purpose of this second work package was torgmleesistance mechanisms

available for gene pyramiding with the above sosirgkresistance. Part of its tasks was the
characterization of plant factors involved in PRlrcation or propagation.

» Identifying alleles of resistance in tReunus germplasm

The EcoTilling approach searched in the naturaingéssm of stone fruit trees for rare
alleles of translation initiation factors with mtitans that interfere with their functions in PPV
infection without affecting their function in theost plant. For this purpose, we collected
Prunus germplasm all over the world, through the scopeamdther FP7 European People
project, “STONE”. One thousand thirty five indivials, including cultivars, accessions and
wild representatives, were tested looking for matet expected to affect the interaction
domain or the global protein structure and stabditthe elF4E and elFiso4E proteins (figure

9). Fifty-five presented a suspicious

mutation (deliverable DG.2.2). Of these,

24 genotypes were introduced in the
greenhouse for the purpose of PPV
resistance tests. One apricot tree,
‘Kostinskij’, appeared promising and

was thus used to complete deliverable

DG.1.5 (“Pyramiding different sources
of resistance”). Six other promising peach or specific peach cultivars were transferred in
the field in Bulgaria to challenge its resistane®PV infection in natural conditions.

For the second subtask, intron hairpin DNA constrweere developed both for the

different isoforms of the elF4E and elF4G genegotal of six constructs were obtained in
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the pHANNIBAL or Gateway vectors and then introddidea plums (hexaploid European
plum and diploid Japanese plum) by the Chileampamf a France-CONYCIT program. Ten
of the regenerated transformed lines were recetnélgsferred to the high confinement
greenhouse in order to challenge them with thesviru

» Searching for new mechanisms or genes of resistareBvV

We also focused on the characterization of plactbfa involved in resistance against
PPV. A first objective of this task was the clonmigesistance to Plum Pox Virugy() genes
in A. thaliana. Genes coding for host factors contributing to P¥%istance irA. thaliana
when depleted were identified through different rapphes: i) Positional mapping and
cloning and ii) Screening of loss-of-function mutam host factors shown to interact with
viral proteins or implicated in the signalosomeematting with viruses. The first approach
resulted in the identification and validation ofotwistinct genes or gene families coding for

host factors contributing to PPV resistance, depgndn their allelic form as follows: a)

@ Inoculated leaf Floral hamps @ Inoculated leaf Floral hamps
1)

RPV1 gene, which is coding for a cPGK - -

protein that significantly reduces PPV

Ler

accumulation when silenced and $)A3
gene, which belongs to a TRAF like

Y o~ |
proteins cluster and its depletion results in,, -
complete inhibition of PPV systemic

infection (figure 10).

The second approach lead to the demonstratiorathatctional CSN5 host protein is
indispensable for early viral infection &f thaliana. CSN5 is part of the COP9 signalosome
complex implicating this pathway in the virus infieas cycle. We thus potentially identified
a new mechanism of resistance to PPV infection.atem was deposited in July 2011,
covering its use as strategy to fight against virction. All these results are fully described
in deliverable DG.2.4.

A second objective has been the search for resistganes activated in herbaceous
and woody plants showing a HR to PPV infection.URegelated with this objective are also
described in the deliverable DG.2.4. We have foimn Resistance Gene Analogs (RGA) of
the NBS-LRR family inChenopodium foetidum and two inNicotiana occidentalis expressed
in plants showing HR after PPV infection. Upreguatafter PPV infection has been shown
by real time RT-PCR for 5 of these genes, butahftinctional analyses with one of them has
not revealed antiviral activity. A second approashs taken with the woody ho#.

domestica. A transcriptomic analysis of Jojo variety planisdergoing HR after PPV
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infection was performed using RNA deep sequencialysis of the data allowed us to
identify 2,794 contigs with expression level vaoas higher than 2, upon PPV infection and
HR induction. One hundred and three of these cemtigtch genes described in the resistance
genes database (pRGDB). In addition, 51 genes MBI sequences characteristic of the
NBS-LRR genes have been identified and at leastobtigem shows significant variation in
expression following infection.

In this work package we also focused on the idieatibn of PPV factors involved in
specific resistance against different PPV isolaf&s. this purpose, we constructed chimeric
viruses to identify the determinant for overcomR@M resistance in Arabidopsis at the N-
terminal region of the capsid protein (deliverabl.2.1).

> New strategies that interfere with PPV infection

New strategies to interfere with the virus weretddsin this work package: the
evaluation of the antiviral potential of PPV-specifecombinant antibodies; approaches to
interfere with the post-translational modificatianfsthe viral CP; and RNA silencing-related
strategies. We generated single chain antibodiesV(sspecific for the CP and the RNA
replicase NIb of PPV that have been targeted &etlifferent cell compartments. Transgenic

DASHELISA

N. benthamiana lines with reduced sensitivity t

PPV have been obtained by targeting the N

specific antibody to any of the three compartme
The efficacy of both NIb-specific and CP-specif
recombinant antibodies has been also demonstr
in experiments of transient expression by agrdmafilon (figure 11). The best candidates
have been selected to transform woody plants.

Another anti-PPV strategy assessed in this taskbbas the interference with tiae
GlcNAcylation and phosphorylation of PPV CP (seelivdeable DG.2.4). TheO-
GlcNAcylation is performed in Arabidopsis by theygpsyl transferase SEC, and PPV
infection is delayed in an Arabidopsis mutant defit in SEC. When downregulated
benthamiana by RNAI, we observed a drastic reductiorOfGIcNAcylation, but the effect in
susceptibility to PPV is low. In contrast with amiimsystems, it appears that the
phosphorylation and-GIcNAcylation of PPV CP appears not to be reciprottadeed,
phosphorylated residues do not coincide with@@&IcNAcylated ones, and phosphorylation
of PPV CP is not enhanced in @eGIcNAcylation-deficient plants.

Another important part of this work package wasale# to assess the performance of

different ways of pathogen-derived resistance ntedidy RNA silencing (see deliverables
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DG.2.3 and DG.2.5). An ihCP-RNA (ihpRNACP) construalso known as ‘B14’, was
engineered intdNicotiana and Prunus genomes. Regardless to the plant species utilthed,
IhpRNACP construct efficiently produced siRNAs gmavided stable anti-viral resistance
against all the major PPV strains.

We also assessed the efficiency of a novel PDReglyebased on artificial miRNAs

P waas | e | Gemeen | e | (@MIRNAS) alone or in combination with the
i—+] (shas)
plus . R
[ emeamaaaaee | v - |1 |- |« | more classical approach based on viral dsRNA
' UUCUGUCUCAGAUGCUUCAGY | (8/506) o o+ e iy P
C | 5'UACGGGGCUUUUCCAUCUUUY | (13/13) + sive | o | U . .
b s wecensamwscmmmen | s 2o | o 1o .| expression. We have thus studied the
L Dm | 5*UUGGCAUGUAUGCUUUUGCGG 4+ et | 21 -/ 4
|3 rosmonooommonenos | ot | e |1+ molecular basis of artificial mMIRNA
'L saommce s o el T T T (amiRNA) expression and activity (figure 12),

allowing us to design amiRNAs with efficient ant®¥ activity in N. benthamiana. Several
lines of N. benthamiana transgenic plants expressing different single aWAR and a double
construct have been already obtained, and firseraxents suggest that some of these lines
have high anti-PPV resistand&.unus transformation with these amiRNA constructs hanbe
started in collaboration with INIA (Chile).

All these results provide a large battery of denvatsd or potential sources of antiviral
resistance to be used in future approaches to aley#ants with more efficient and durable

resistance to Sharka disease.

6) First Application work package
Research activities developed by the SharCo caonsors described above resulted in

tools, novel information and expertise. They wik lnstrumental in containment, and
eventually control of the disease. It includes tdoesiew on the diversity of the virus, new
knowledge on PPV epidemiology, more sensitive arcliieate methods of PPV detection,
molecular tools for improvement of the breedinggpams, new sources and mechanisms of

resistance and new stone fruit cultivars and rookst

MOTHER PLANT
BLOCKS
itace of
een|  [ravea i which PV outoreaks are
ol

resistant to Sharka. In complement and based @@ the

1-Phytosanitary
status

data, the SharCo consortium prepared the following

5-Location |

reports that are expected to support policy-make

regulatory bodies, extension services and other—=

‘control of BZ

\

18- Measures in case
of contamination in

21-Control of the
MP block

v Cultivation guidelines that would help to| .z

stakeholders in defining more efficient and readist

measures of Sharka management:
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restrict the virus spread in mother plant blockssaries and orchards (figure 13).
v Recommendations for the implementation of an eadyning system, assessing the
risk of occurrence of unknown PPV variants in Eld aew PPV outbreaks, mainly in

virus-free zones.

PPV Risk Analysis Options for the management of the sharka disease)

v Guidelines for a risk management Systerﬂ)(ument‘sharCDFP\iPRA.dD('J {document ‘SharCo PPV management options.dac’)

targeted on Sharka outbreaks and spread \ /

and app“cable everyVVhere |n Euro e \dentification of potential risks and propositionof
adequate management measures
(figure 14).

{document ‘Risk and management qualification.xls’

SharCorisk management system

To facilitate knowledge and tool access to anyedtalder, three decision support systems

(for cultivations of mother plants, for nurseri

Decision Support System

and for fruit orchards, see figure 15) have be SRSt
developed and implemented in nine EU member ) :
states and two associated countries. They are
accessible through institutions websites in eleven

National languages.

7) Second Application work package
Critical for achieving the goal of efficient traesfof knowledge from researchers to major

stakeholders was the dissemination work packageufih various activities it focused on
“Dissemination and transfer”, for informing officerof the Plant Protection as well as
extension Services, agricultural advisers, andd&ex nurserymen and fruit producers on the
know-how, tools and plant material generated bySharCo project. This was achieved by: i)
systematically maintaining the SharCo webpage @udaftth the project’s public milestones
and deliverables and providing on-line accesshipugh training workshops that provided an
efficient, inter-active communication platform bewswn the SharCo beneficiaries and all
potential endusers; iii) disseminating project’'sulés to an enlarged scientific community,
including non-European countries, through SharCseRech Workshop or communication(s)
to more restricted audience and Wa the use of the public media and publications ithbo

local and international, peer-reviewed journals.
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8) Beyond the SharCo project
In this project, we have met and exceeded our raigproject goals as described above.

Consequently, we have gained particular insightt a@rtain questions and research areas that
should be given priority for continued investigatim the future (see below). This work will
be instrumental in translating our results intotaumsble management practice for this
important disease of fruit trees.
» Evaluating new potential risks linked to PPV divigrs

Intensive efforts during the four years of SharGQovgled original results on PPV
variability and distribution, including the discoyeof two new PPV strains. The first one is
corresponding to the missing ancestor in the ewaaty history that led to the currently
known PPV-M strain. The second is a novel chergpaeld strain identified in Russia, further
increasing concerns about the potential for immdd®PV in cherry crops. In addition, our
knowledge of the diversity and distribution of PRYthe other cherry-infecting strain have
been somewhat improved. It seems now possibleyttm tanswer several questions that were
outside of the scope of the SharCo project such) aghat is the extent of the diversity of
PPV on cherry host species, ii) what (novel) rigsk aherry adapted PPV strains pose to
European cherry crops.

» Increasing the number of strategies that interfgtk PPV infection to promote a
more durable resistance to sharka disease

When trying to manage PPV-related risks, the usgeoktic resistance is, beyond doubt,
the best solution for long term control becauspravides effective protection all along the
growing season. It allows the new plantations ohstfruit trees in regions where PPV is
established. However, too few natural resistanoeg®&ave been found in different cultivated
and wild species of Prunoideae: one single sourgelum and apricot and none in peach.
When challenging new genitors with a range of PBMaites, representatives of the viral
diversity, only two or three donors (‘Harlayne’,itt’ and ‘SEQ’) remained durably resistant.
Therefore, with a restricted number of sourcesaslistance, we cannot rule out that the
existing mechanisms may be overcome in the futbye,new PPV strains or variants.
Pyramiding in a commercial cultivar several commetary resistance factors is an
alternative that should result in a better duraipitif resistance to PPV. Such approach has
been initiated in the frame of SharCo (DGL1.5), pni@ot. It is based on the identification of
new mechanisms of resistance that interfere wittal vinfection, most of them being
discovered in model plantsAr@bidopsis thaliana, Nicotiana benthamania) (DG2.4 and

DG2.5). It thus requires transfer Rrunus crop species before pyramiding with previous
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donors of resistance. To be sustainable for theofggan Fruit production, this should be
performed in every major susceptidReunus crop species (peach, apricot and plum). In
SharCo, we initiated such approaches (DGL1.5) luutitravelling of such new mechanisms of
PPV restriction is just beginning and needs to trengly supported in order to provide

enough alternatives that could be easily transflearel combined in aRrunus crop species.

On the other hand, more efficient and durable ptate will also be achieved by
deploying resistant cultivars together with agrehtécal ‘packages’ associating diverse
phytosanitary measures and cultural practices ash@deventing, delaying or reducing virus
spread in orchards and nurseries (see DAl.2). Themezkages' will not only enhance
resistance efficiency at the crop level but mayo at®ntribute to reducing the risk of
occurrence of virulent variants by decreasing tinesvinoculum pressure on resistant plants.
We thus recommend the future deployment of thosé RBistant commercial varieties only
together with the application of the SharCo cutiwa guidelines.

» Understanding the biological parameters of theetimnain PPV strains and linking

them to differential spreading risks

Despite a large effort devoted in SharCo on thidtenaour knowledge of the epidemic
properties of the most common PPV strains (PPVND,anhd —Rec) remains very partial.
Aphid transmissibility and dynamics of multiplicati of one isolate for each of the three PPV
strains was evaluated in the most import&nunus crop species, using experimental
conditions and by analysis of their respective plence in endemic regions. Of significant
concern, we identified rather frequent cases ofeghixfection, in particular in plums in some
countries. This poses a clear risk of evolutiorthef pathogen diversity and thus properties
through recombination. However, our preliminary Igsia of data collected experimentally
did not show clear-cut differences in PPV/hostraxtéons between the three strains and the
threePrunus species (peach, apricot and plum). No pertineticators directly linked to the
biological cycle of the virus for a given strainargiven host was identified in our conditions,
despite the fact that the behavior of the varidtsrss may be markedly different under field
conditions. In the prospect of sharka managementemains crucial to characterize the
biological parameters determining the epidemic erps of PPV strains, including
transmissibility by aphids and pathogenicity Brunus hosts. Indeed, once identified and
validated, these indicators are expected to be tsqatedict the epidemicity of any PPV
variant in a given agro-system, thus modulatingrésponse of the National Plant Protection
officers depending on the occurrence or not, of s&ains or isolates with novel properties
with the potential to further degrade the situatioany given area.
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4. Potential impact and main
dissemination activities and
exploitation results

» From the characterisation of PPV diversity to thetedtion of unknown PPV
variants and development of early warning tools
The objective of establishing a current view on tinersity of PPV has been largely

achieved. The sequence data generated duringdfexiphas widely contributed to update the
views of the international scientific community BRV diversity. This sequence data and the
associated biological and geographical data areenedhilable to all parties interested
through the web queriable SharCo database. Amdrey akes, this sequence information can
further serve to improve the robustness and spéyifof detection tests (designing new
primers, etc.). Both PPV collections (centralizgdphilized collection and in vivo grafted
collection) include reference isolates, but alsoiade or highly divergent isolates, thus
encompassing the presently known PPV variabilither€fore, their services can be
summarized as follows: i) provide well-charactedizeaoculum maintained in th€runus
hosts, which can be used in the evaluation of taesigiermplasm and help to standardize the
resistance test procedures, ii) provide well chaerazed or reference PPV isolates for
development and validation of future robust, rdiadnd efficient detection tools, or specific
typing tools targeting particular isolate(s) or PBtain(s), iii) provide a reference baseline
for future monitoring of changes in the pathogestribution or for further studies of PPV
population genetics, variability and evolution (euging next generation sequencing tools),
iv) provide well characterized or reference PP\Mases for validation efforts of protocols or
detection techniques, including procedures of ogtition and demonstration of performance
characteristics and evaluation of sensitivity apecsicity, v) preservation of the biodiversity
of an important plant pathogen.

» From experimental characterisation of PPV variayp&lemic properties to the

understanding of agro-system-wide spreading factors
Simple and highly significant indicators of epideity of PPV strains on specifierunus

crop species were unfortunately not obtained from éxperiments realized under confined
conditions. Instead, some subtle differences wet@ust that constitute the starting point(s) to

design better adapted tests. While disappointimg, result implies important consequences.
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We clearly demonstrated that the three tested RRNAS are able to infect the three tested
Prunus species, while real differences were observedeild fconditions. These differences
are thus not due to an intrinsic property of theivito infect or not a giveRrunus species.
Indeed, it points out that field differences candoe to the impact of the physiological state
of the trees in field conditions that give subtlg kfficient advantages to a given strain and
not to another one. The results stress also that nbthe present tests are really appropriate
at identifying strain specific resistances Rnunus; the classical test used in genetics is
probably the best one as it covers several phygicdb conditions during three vegetation
cycles.

The identification of mutations in the P1 and CBtgins of PPV that cause host-specific
pathogenicity properties could facilitate the urdéag of host factors interacting with these
proteins, which would be excellent targets for \@rdl actions. The results point to the
existence iMNicotiana species of an anti-PPV resistance mechanism taggite N-terminal
region of the CP protein, which potentially coulé kransferred tdPrunus hosts once
identified. The construction of libraries of PP\biges with random sequences will facilitate
the design of experimental approaches for forcediugon allowing the identification of virus
factors involved in PPV adaptation to particulastso As stressed in the previous paragraph,
these approaches are meaningful when host pretsare clear-cut, that seems not to be the
case except maybe for PPV-C. But they are veryuliseffind new ways of hampering host-
virus interactions.

The survey of strain prevalence under differenbagmical situations points to the risk of
emergence of new recombinants through the rol®.afomestica that seems to be a host
suitable for all the strains and which is foundhaat significant percentage of mixed infection
when the situation is favourable. This point isev@int when considering the preparation of
cultivation guidelines and early warning systerh& monitoring of plum orchards to quickly
detect abnormal situations is a priority.

The simulation model is close to a functional vansand will quickly be used at exploring
different control scenarios or at comparing différagrosystem situations. As a tool for PPV
control strategies, it can be transferred, wherdagdd, to official plant protection agencies. It
can be used to test different strategies throughs#mnsitivity to a range of possible human
control actions (i.e., detection time, monitoringstem, impact of quick removing, orchard
structure, inter-orchard distances...), at time apdtial scales that are not accessible to
practical experimentation. While useful to tesffelént strategies, the outputs of the model

are impacted by the precision of the main bioldgmarameters it includes (i.e., range of
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dissemination by aphids, latency period, rate afréase). These parameters are still
imprecise. Several approaches were employed toowepthe precision on these parameters:
inference through regional data bases via the aibmfrom the regional estimation model;
reconstruction of the chains of dissemination evemt a defined 400 ha area; experimental
orchards with a defined PPV strain as primary ihatu All these approaches will continue
to bring practical results in the next two yearattigularly on distances of spread and thus
possibility to recommend improved regulatory rules.

Many data are still currently under analysis. Thestfoutcomes provided valuable
information on PPV epidemiology in nurseries andhards that were thus included in the
cultivation guidelines (deliverable DA1.2) as wealbk in the risk management system
(deliverable DA1.5). Other ones will be added it@ssary as the analyses will progress.

» For the definition of guidelines in support of stofruit tree propagation in

nurseries

Following SharCo outcomes, significant reductiorhef risks of entry and establishment
of PPV in nursery blocks can be achieved by theaigeroper and accurate protocols for
sampling and testing nursePyunus plants as described in the deliverables DE3.23aBdBy
following those procedures, identification as eaypossible of contaminated plant material
and/or latent PPV infection that is usually overse®iring visual inspections is expected.
Also it was demonstrated that natural infectionpapagated plant material is significantly
limited by the use of mineral oils at the peak @eériof aphid flights. It is thus also
recommended to monitor aphid flights, in order pplg adequate means of management of
PPV natural vectors.

To reduce the establishment and further spreadhefvirus in the nursery, we advise
using rootstocks less susceptible to PPV infecierthe ones described above and in the
deliverable DE3.2. At least, nursery blocks of PB¥sceptible stone fruit trees should

alternate with non-host or less susceptible profpaganaterial.

When applied all together, these measures of PPWViagement are expected to
significantly reduce the occurrence and the inaideaf PPV in nursery blocks as well as
secure the trade of stone fruit, PPV-free, propaganaterial. In consequence, all these data
served to elaborate recommendations for PPV manageim nurseries; they are detailed in
the DE3.3 deliverable.

» From conventional breeding to marker-assisted seleof PPV resistant material
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The use of genetic resistance is, beyond doubthelse solution for the control of virus-
induced diseases because it provides effectiveegioh throughout the growing season. It
allows the new plantings of stone fruit trees ieaarwhere PPV is present. However, breeding
for resistance to PPV encounters the usual probleinsreeding in perennial plants that
include extended vegetative periods, high labot,dasge space needed for phenotyping and
difficult and lengthy procedures of screening fdP\Presistance. Standardization of the
resistance tests has proved difficult because lafydd response to inoculation, variability of
the virus, physiological state of the host pland amoculation method. To test an interesting
cultivar, one needs 3 years of monitoring afteeatibn to assess the level of resistance or
susceptibility. The breeding programs that are $eduon the selection of cultivars with
agronomic value, fruit quality, local adaptatiordadPPV resistance, become a long, difficult
and expensive procedure. It is therefore of majgpartance to implement the selection of
promising individuals by molecular assisted setettfMAS). Molecular markers linked to
the trait have the potential to select the genastefest (for instance PPV resistance genes) in
vegetative tissues, giving information early in giant development, at an early stage such as
young seedlings. The screening of PPV resistamit pteaterial through molecular markers,
once they are identified, is a simple, fast andbé procedure. In the Genetic pillar, markers
linked to resistance to PPV in apricot were devetbpnd new breeding programs have been
implemented and supplemented with molecular markergonsequence, selection of pre-
breeding plant material takes now a few monthsadtof 3 to 4 years. This accelerates the
introgression of PPV resistance into locally addgtpricot cultivars, in many agro-ecological

environments.

All together these results are increasing the iefiicy of the breeding programs, as
initially planned, but also impact the decipherwigthe inheritance and genetics of Sharka

resistance, opening new opportunities for genétategyies in Sharka containment.

» Towards the development of a durable resistan&d
Another of our goals, to increase the collectiompaotiential sources of resistance to PPV,
has been largely achieved. These new sources ddtamse cover a broad range of

mechanisms, largely differing in strength of prai@t and proximity to practical application.

The stimulation of antiviral RNA silencing by expsgon of ih (intron hairpin) viral
constructs has been proven to provide efficient dungble protection to plum trees against
the major PPV strains, and joins to the already@ama in the USA Honey Sweet cultivar as

an answer to the Sharka problem very close to ipedapplication. Expression of amiRNAs
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is another way to exploit RNA silencing to engineetiviral resistance, which lacks the
environmental risks associated with transgenic esgion of long viral sequences, and is
expected to have reduced off-target effects. Osulte on the molecular analysis of amiRNA
expression and activity could help us to designengdficient anti-PPV amiRNAs. Moreover,
we have designed amiRNAs with efficient anti-PP\ivaty in N. benthamiana. If these
results are reproduced #runus, we would have available another interesting sewt
resistance to confront Sharka disease.

An intense EcoTilling approach applied to a gensessal for PPV infection, the
elFiso4E protein, identifiedPrunus individuals in natural germplasm with promising\WPP
resistance that are already being tested in natmadlitions, and could be introduced in
breeding programs in the very near future. Ongapgroaches to silence by RNAI the
elFiso4E and different isoforms of the elF4G factmme of which is also essential for PPV
infection, in Prunus cultivars are expected to yield PPV-resistant glant be used when
European concerns in transgenic plants decline.

Work in A. thaliana has allowed the identification of three additiosaurces of PPV
resistance based on host proteins required for PRA¢tion. These proteins appear to be
involved in different steps of the virus cycle, anhing their utility in pyramiding strategies.
If the role of these proteins is conserved in Bnanus hosts of PPV, they can be also the
targets of EcoTilling approaches to look for funol alleles unable to support PPV
infection, and of genetic engineering approacheslémce them in case they are not essential
for the host, or to selectively disturb their vingdated activities. Another host target for anti-
PPV action is thd’runus homolog of theA. thaliana SEC protein, whictO-GIcNAcylates
PPV CP. The results of this work package show @&IcNAcylation of PPV CP is not
essential but has a fine tuning effect in PPV itidec It was recently demonstrated that
guantitative (partial) resistance traits enhaneedtrability of protection provided by strong
resistance genes. Thus, combining down regulatfoSEC-like genes with other antiviral
strategies could have a positive effect in protecplants against Sharka disease. Similarly,
the expression of PPV-specific recombinant antiésdivhich in the laboratory only partially
protects against PPV infection, could be very udefprotect plants against Sharka disease in
natural conditions.

Our transcriptomics analysis of herbaceous and waqadnts displaying an HR in
response to PPV infection did not allow the defisitrecognition of host factors involved in

this defensive reaction. However, the identificataf a set of genes whose expression was
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altered by the HR reaction should help us to discogenes whose disturbance could
potentiate HR-related anti-PPV defense.
» For an upgraded and harmonized management of PBveak

The application of the recommendations and toolpreposed for Sharka containment is
expected to significantly reduce the spread andonhpf the disease at the European, national
and regional level. They should help implementanable plant, fruit quality and yield with
obvious positive effects on rural socio-economicgdues, including job opportunities,
maintenance of agricultural activities in many ltovmid-income Southern European rural
regions, in particular in marginalized lands.

Based on the results obtained in the scope of $han@ proposed more acceptable
cultivation guidelines (DA1.2), an early warnings®m (DA1.4) and a risk management
system (DAL1l.5) to European policy makers, natiopdnt protection services and
governments. We also formulated recommendations niarseries gardeners and fruit
producers of best-practices all along the fruite traultiplication and production process.
Therefore, stakeholders range from EU policy makplant protection services, extension
personnel, nursery gardeners, fruit growers, amdt fndustry representatives. Likewise,
certification standards at the European level aeded to guarantee PPV-free production,
transport, and sale of nursery stock and budwoodatilitate knowledge and tool access to
any stakeholder, a decision support system has lgeseloped and several training
workshops were organized, targeting informatiorseiisination and transfer to European and
PPV endemic regions. They took place successivelgaland, Bulgaria, Turkey, Romania
and Czech Republic. A major Research workshop fogusn Sharka was organized also in
Sofia (Bulgaria) and gathered over 80 internatioseakentists and officers of the Plant
Protection Services from most of the European mesiat¢es.
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5. Use and dissemination of
foreground

Section A: Dissemination of foregrounds
For extra details, see deliverable DA2.4.

Original research papers published in peer-revieaeaadhals

1. Candresse T., Saenz P., Garcia J.A., Boscia D., Natil M., Gorris M.T., Cambra M., 2011. Analysis
of the epitope structure ofPlum pox virus coat protein. Phytopathology 101: 611-619IF 2.799)

Abstract

Typing of the particular Plum pox virus (PPV) stragsponsible in an outbreak has important prdctica
implications and is frequently performed usingistispecific monoclonal antibodies (Mobs). Analyisis
Western blots of the reactivity of 24 Mobs to a -Htino-acid N-terminal fragment of the PPV coattgiro
(CP) expressed in Escherichia coli showed thatf2hen24 MAbs recognized linear or denaturatioreirstive
epitopes. A series of eight C-truncated CP fragmahbwed the mapping of the epitopes recognizethby
MADbs. In all, 14 of them reacted to the N-termihgpervariable region, defining a minimum of sixtepes,
while 7 reacted to the beginning of the core regitefiining a minimum of three epitopes. Sequence
comparisons allowed the more precise positioninggions recognized by several MAbs, including éos
recognized by the 5B-IVIA universal MAb (amino aigi4 to 100) and by the 4DG5 and 4DG11 D serogroup-
specific MAbs (amino acids 43 to 64). A similar apgch coupled with infectious cDNA clone mutagesesi
showed that a V74T mutation in the N-terminus &f @P abolished the binding of the M serogroup-dige&L
MAb. Taken together, these results provide a d=tagiositioning of the epitopes recognized by thetmadely
used PPV detection and typing MADs.

2. Calvo M., Dujovny G., Lucini C., Ortufio J., Alamillo J.M., Simén-Mateo C., Lopez-Moya J.J., Garcia
J.A., 2010. Constraints to virus infection in Nicotiana benthamiana plants transformed with a
potyvirus amplicon. BMC Plant Biology 10, art. n0.139.(IF 3.447)

Abstract

Background: Plant genomes have been transforméxdfwitlength cDNA copies of viral genomes, givirige
to what has been called 'amplicon' systems, triongpmbine the genetic stability of transgenic [damith the
elevated replication rate of plant viruses. Howewaanplicons' performance has been very variablarddgss of
the virus on which they are based. This has bodattlter interest in understanding the underlyinechanisms
that cause this behavior differences, and in d@wedpstrategies to control amplicon expressionuRgs
Nicotiana benthamiana plants were transformed anitamplicon consisting of a full-length cDNA of the
potyvirus Plum pox virus (PPV) genome modifiedriolide a GFP reporter gene. Amplicon expression
exhibited a great variability among different trgesic lines and even among different plants oftmae line.
Plants of the line 10.6 initially developed with@igns of amplicon expression, but at differentetinsome of
them started to display sporadic infection fodeaves approaching maturity. The infection progrdss
systemically, but at later times the infected aietcovered and returned to an amplicon-inactiaie sfThe
failure to detect virus-specific SiRNAs in 10.6 mpiabefore amplicon induction and after recoveiggasted that
a strong amplicon-specific RNA silencing is notabéished in these plants. However, the coexpressientra
viral silencing suppressors caused some amplictivaeéion, suggesting that a low level of RNA silerg could
be contributing to maintain amplicon repressiothe 10.6 plants. The resistance mechanisms tha¢mre
amplicon-derived virus infection were also actigaiast exogenous PPV introduced by mechanical iation
or grafting, but did not affect other viruses. Amph-derived PPV was able to spread into wild tgpens
grafted in 10.6 rootstocks that did not displaynsiof amplicon expression, suggesting that resistaas little
effect on virus movement. Conclusions: Our ressiiggest that amplicon-derived virus infection iisited in
this particular transgenic line by a combinatioragitors, including the presumed low efficiencyttud
conversion from the transgene transcript to repleairal RNA, and also by the activation of RNAesicing
and other defensive responses of the plant, whielnat completely neutralized by viral suppressors.

3. Capote N., Bertolini E., Olmos A., Vidal E., Martirez M.C., Cambra M., 2009. Direct sample
preparation methods for the detection of Plum pox virus by real-time RT-PCR. International
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Microbiology 12: 1-6.

Abstract

Direct systems to process plant materials allowgh-throughput testing of Plum pox virus (PPV) lealrtime
reverse transcription (RT)-PCR without nucleic aqudirification. Crude plant extracts were diluteduffer or
spotted on membranes to be used as templatesnatitezly, immobilized PPV targets were amplifiedrfr
fresh sections of plant tis- sues printed or sge@sinto the same supports, without extract prejpparebpot
real-time RT-PCR was validated as a PPV diagnostithod in samples collected during the dormancipogder
and showed high sensitivity (93.6%), specificitg.@%0), and post-test probability (97.9%) towardzsrka
disease. In an analysis of 2919 Prunus samplepdiyaal-time RT-PCR and DASI-ELISA 90.8% of theuks
coincided, demonstrating high agreement (k = 0.D70#) between the two tech- niques. These regalidate
the use of immobilized PPV targets and spot rea&tRT-PCR as screening method for large- scalgysesl

4. Carbonell A., Dujovn G., Garcia J.A., Vall A., 2012 The Cucumber vein yellowing virus silencing
suppressor P1b can functionally replace HCPro ifPlum pox virus infection in a host-specific manner.
Molecular Plant-Microbe Interactions 25: 151-164(IF 4.431)

Abstract

Plant viruses of the genePatyvirus andlpomovirus (Potyviridae family) use unrelated RNA silencing
suppressors (RSSs) to counteract antiviral RNAsiteg responses. HCPro is the RSS of potyvirusesjta
activity is enhanced by the upstream P1 proteistilitively, the ipomoviru€ucumber vein yellowing virus
(CVYV) lacks HCPro, but contains two P1 copiesdandem (P1aP1b), the second of which functions & RS
Using chimeras based on the potyviRlism pox virus (PPV) we found that P1b can functionally replacgRfo
in potyviral infections of Nicotiana plants. Intetigly, P1a, the CVYV protein homologous to potgViP1,
disrupted the silencing suppression activity of Bfid reduced the infection efficiency of PPV in N.
benthamiana. Testing the influence of RSSs in spstificity, we found that a P1b-expressing chiniefected
poorly PPV's natural hoBtrunus persica. Conversely, P1b conferred PPV chimeras the ghditeplicate
locally in cucumber, CVYV's natural host. The detaius effect of P1a on PPV infection is host-deleen,
since the P1laP1b-expressing PPV chimera accumuatateatumber to higher levels than PPV expressitly P
alone. These results demonstrate that a potyvansise different RSSs, and that particular RSSsipsleam
P1-like proteins contribute to defining the virusshrange.

5. Dallot S., Glasa M., Jevremovic D., Kamenova |., Rmovic S., Labonne G., 2011. Mediterranean and
central-eastern European countries host viruses divo different clades of Plum pox virus strain M.
Archives of Virology. 156 (3): 539-542(IF 2.111)

Abstract

The genetic diversity d?Plum pox virus strain M (PPV-M) was assessed by analyzing 2&isslcollected in 8
European countries. Two genomic fragments sparthim@Cter)P3-6K1-(Nter)Cl coding region as weltlas
full coat protein coding region were sequencedatliydfrom PCR products. Phylogenetic analysis stibtiat
the geographical origin of the collected isolates wlearly associated with two different PPV-M elad
Moreover, the pattern of substitutions in the CRegghed light on the evolutionary relationshipsieen PPV-
M and the recombinant strains PPV-Rec and PPV-T.

6. Dallot S., Decroocq V., Thébaud G., Candresse T.,0Bon S., Labonne G., 2012. Sharka, mieux
comprendre pour mieux gérer en verger. Phytoma 654in press).

Abstract

Sharka disease is a detrimental viral diseasenagdtruits (Prunus) present in most Prunus- growaiaigpns.

The disease causes yield losses and reduced fialityg The causal agent is a RNA virus (Plum poxs; PPV)
transmitted by vegetative propagation of infectlshpmaterial and by many aphid species. Insedicid
treatments are not useful to limit the spread efdisease due to the non-persistent virus trangmiss
mechanism (rapid acquisition-transmission procédss article presents the progress on sharkaneséaral
genetic diversity, diagnosis and strain typing $pebidemiology, disease management and contredlajged
under the framework of the European research pno@harCo. Advances have been made in many aspetts a
will help in the next future to optimize the strgites of survey and disease control.

7. Decroocq V., Salvador B., Sicard O., Glasa M., Coss P., Svanella-Duma L., Revers F., Garcia J.A.,
Candresse T., 2009. The determinant of potyvirus alty to overcome the RTM resistance of
Arabidopsis thaliana maps to the N-terminal regionof the coat protein. Molecular Plant-Microbe
Interactions 22 (10): 1302-1311(IF 4.431)

Abstract
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In Arabidopsis thaliana Columbia (Col-0) plants, the restriction Bdbacco etch virus (TEV) long-distance
movement involves at least three dominant RTM fietstd TEV movement) genes named RTM1, RTM2, and
RTM3. Previous work has established that, whileRA®&1-mediated resistance is also effective agatisr
potyviruses, such @ um pox virus (PPV) and_ettuce mosaic virus (LMV), some isolates of these viruses are
able to overcome the RTM mechanism. In order tatiflethe viral determinant of this RTM-resistance
breaking, the biological properties of recombindesveen PPV-R, which systemically infects Colitd &#PV-
PSes, restricted by the RTM resistance, were etesluRecombinants that contain the PPVR coat pr{&®)
sequence in an RTM-restricted background are aldggtemically infect Col-0. The use of recombisant
carrying chimeric CP genes indicated that one aren®PV resistance-breaking determinants map t8' thalf

of the CP gene. In the case of LMV, sequencingidépendent RTM-breaking variants recovered aftéalse
passages of the LMV AF199 isolate on Col-0 plaet&aled, in each case, amino acid changes in tH¢-CP
terminal region, close to the DAG motif. Taken tihge, these findings demonstrate that the potyviiBsN-
terminal region determines the outcome of the atton with the RTM-mediated resistance.

8. Gil M., Esteban O., Garcia J.A., Pefia L., Cambra M.2011. Resistance t®lum pox virus in plants
expressing cytosolic and nuclear single-chain antillies against the viral RNA Nlb replicase. Plant
Pathology 60: 967-976(IF 2.125)

Abstract

The expression of engineered single-chain varithpments specific to the NIb RNA replicaseRbiim pox
virus (PPV) (scFv2A) in transgenic plants was succelystided as a strategy to interfere with viral inie.
Different scFv2A fusion proteins were constructedatrget those subcellular compartments, sucheasyitosol,
endoplasmic reticulum (ER) membrane structurestl@chucleus, where NIb protein presumably accureslat
Several transgenic lines Bifcotiana benthamiana plants expressing the scFv2A targeted to the oj{@#
lines), ER (6K2 lines) and nucleus (NLS lines) web¢ained. The protective effect of scFv expressias
determined by mechanical virus inoculation in &, three 6K2 and four NLS transgenic lines. Thersjest
resistance was afforded with the 2A-3 (six non-<idgd plants out of 10), 6K2-1 (17 out of 33) andNL1 (16
out of 19) transgenic lines. The success of therfarence with PPV infection opens new possibditior the
control of this RNA virus and could be exploited naly to confer resistance in transgenic plants,diso to
elucidate the role of the non-structural NIb protiei different cell compartments during viral infien.

9. Glasa M., Malinowski T., Predajiia L., Pupola N., Dekena D., Michalczuk L., CandregsT., 2011.
Sequence variability, recombinations analysis andogcific detection of the W strain ofPlum pox virus.
Phytopathology 101: 980-985(IF 2.799)

Abstract

Plum pox virus (PPV), a member of the genBstyvirus, is the causal agent of Sharka, the most detrathent
disease of stone-fruit trees worldwide. PPV isa@abe grouped into seven distinct strains. The nipi/-W
strain was established recently for the divergeBtW isolate found in Canada. Here, the partigioonplete
genomic sequences of four PPV-W isolates from ledteive been determined. The completely sequenced
isolates LV-141pl and LV-145bt share 93.1 and 92rifdleotide identity, respectively, with isolate W2},
with two regions of higher (>20%) divergence in BtHC-Pro and Nla (VPg) regions. Further analyses
demonstrated that these two regions correspongicdndependent recombination events in the W31 e,
one involving PPV-M (approximate genome positiof2 € 1424) and the other PPV-D (nucleotides 5672 t
5789). The LV-141pl and LV-145bt isolates appedseaepresentatives of the “ancestral” PPV-W stnair
affected by recombination. The PPV-W intrastrairiataility is substantially higher than that of ather PPV
strains, with potential implications for the semikal detection of PPV-W isolates. A PPV-W-specifiemer
pair has been developed, allowing the specificnasranscription polymerase chain reaction deaiaatr all
five presently available W isolates. The charaz&gion of these new PPV-W isolates sheds light ov-®V
evolutionary history, further supports the hypotbes its East-European origin, and opens the wayife
biological and epidemiological characterizatiortto poorly known PPV strain.

10. lon L., Hoza D., Moale C., Petrica A.M., Neagu T.Zagrai |., Isac M., Preda S., 2011. Determination
of resistance to sharkaPlum pox virus) in Romanian apricot and rootstocks. Acta Hort. 89:117 -122.

Abstract

The “sharka” virus Rlum pox virus or PPV) is the most devastating viral diseasectiffg stone fruit crops in
Europe. It causes important loss of fruit, maimyapricot and European plum. The spreading of B¢ fRay be
limited: by using the resistant cultivars to skeasnd also by using the resistant rootstocks piimg 2008, at
USAMYV Bucharest, a breeding program to developivais and rootstocks resistances to PPV was iedtiahd
a efficient procedure for the determination of &haesistance in the progenies was needed. Likhadetogy
used to germination and growing GF 305 is a IVIAér&ia protocol (Tarek et al. 2001). The rootstotkE
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305" peach was used as indicator (susceptiblédPtd in comparison with the Mirobolan BN 4 Kr coresied to
be resistant to sharka (Zagrai et al. 2009). Thseguent grafting protocol was optimized, and &bsburce of
inoculum was identified. The both species to ramtist was grafted with apricot progenies in the same
conditions and by chip-budding before artificiabéulation with PPV.

11. lon L., Moale C., 2011. A new breeding program for resistance t@PV (Plum Pox Virus) in several
Romanian apricot progenies. Scientific papers, Joural of RIFG, Pitesti, vol. XXVII, pp. 70-75.

Abstract

Breeding for fruit resistant to pests and dise&sssbecome a major objective for many researchdadies.
Excessive use of pesticides is increasingly denediby consumers and the rules controlling their use
(particularly with respect to toxic residues) arereasingly restricting. The use of resistant catt reduces
production costs and increases workers safety.

Prospecting through Romanian apricot collectiorslbad us to the discovery of several sourcessidtance to
sharka. The different Romanian hybrids or locala@girvarieties was chosen among the different ssuod
resistance as it could also be used to developeping variety in the some breeding program. Td stdh, the
resistance mode of her ability was studied by angd1l generations from the resistant parent ccbgsth a
sensitive one, Mari de Cenad The resistance clargotiominant and monogenic (symbols Rm1/m1). direp
was the continued by creating the F2 generatioimg g/ resistance parent “ Stark Early Orange” ‘aNdA 2”
and after that to improve fruit quality as parenintroduce the organoleptic characters. The pdpscribes the
breeding work involved in this program.

The resistance/susceptibility level of 213 descatgiftom three different crosses between the Roamaaypricot
cultivar ‘Mari de Cenad’ (susceptible to Plum pasug, sharka), and the North American cultivar t8tRarly
Orange’, and “NJA 2" (resistant) was evaluated mlyifour cycles of study under controlled greenhouse
conditions. Resistant: susceptible ratios were®inlhe case of the ‘Stark Early Orange’ openipation
descendants, 52:26 in ‘Mari de Cenad’ _ ‘Stark {E@nlange’ descendants.

12. lon L., Hoza D., Zagrai |., Moale C., Preda S., Sfan V., 2011. The behaviour of the Romanian plum
genotypes to artificial infection with PPV (Plum pox virus). Scientific papers, Journal of R.I.LF.G.,
Pitesti, Vol. XXVII, pp. 82-86.

Abstract

Plum pox virus (PPV) is a potyvirus that causes sharka diseaisddsted stone fruit trees (Prunus species,
peach, apricot, plum). It causes severe lossesnfuptivity and fruit quality in European stoneifrorchards.
As PPV is transmitted by aphids in a non-persistesiner, the use of pesticides to reduce PPV disaéion is
ineffective (Atanassov, 1932). Therefore, breediag plum cultivars resistant or tolerant to shatisease is
necessary for effective control of PPV in orchaadd nurseries.

The majority of existed plum cultivars show diffetéevel of susceptibility to PPV. The Romaniantivalr
‘Andreea’ belongs to highly tolerant plum cultivaomly few symptoms are observed on leaves and viru
particles are present in plant tissues in low cotration (Zagrai I. et al. 2005,). Also the studyazal plum
genotypes concerning the resistance to PPV, imporitant precondition for improvement a new bregdin
program in plum.

13. Kamenova |., Milusheva S., Dragoyski K., Borissové\.., Dallot, S., Mavrodieva V., Levy L., 2011. An
overview of sharka research in Bulgaria. Acta Hort.899: 19-27.

Abstract

Since first being recorded in Bulgaria in 1917-1@b8 described as a viral disease in 1932 (Atahasof
1932/1933) sharka ( Plum pox) disease has progsedgsipread via infected plant material to be pnese
nowadays all over the country. This overview isattempt to synthesize almost 80 years of sharleades
investigations in Bulgaria in several aspects esnemical importance, hosts, diagnosis, identificaand strain
characterization of the pathogen, aphid vectorstaaaontrol measures applied. Overall, the histdiyPV
control in Bulgaria is one of unsuccessful eradocabut successful spreading and contamination.

14. Kamenova, |., Dallot S., Bozkova V., Mikusheva S2011. First report of Plum pox virus recombinant
strain on peach in Bulgaria. Plant Disease 95(10):320.(IF 2.449)

Abstract

Plum pox virus (PPV) causes sharka, the most damaging viral disefastone fruit species. Seven distinct PPV
strains are known; PPV-M, PPV-D, and PPV-Rec aertbst common (3). PPV-Rec is a unique recombinant
(3) between PPV-M and PPV-D and has been reparbea plum, apricot, Japanese plum, myrobalan, and
blackthorn in eastern and central Europe, but Basmbeen found in peach as a single natural iofe¢®). A
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survey was conducted during spring 2009 in eightherchards located in the southwest, southeads@uth
central regions of Bulgaria to assess the

incidence of PPV infection. A total of 98 leaf sdegpfrom individual trees showing PPV-like symptowesre
collected and analyzed by triple-antibody sandwitAS)-ELISA with the universal monoclonal antibody
(MADb) 5B (Agritest, Valenzano, Italy). Sixty onersples reacted positive for PPV (optical density6Q.1o
1.267) and these samples were further analyzedRitW+-M (AL) and PPV-D (4DG5) specific MAbs (1). AlL
samples reacted positively with PPV-M specific MADs distinguish PPV-M and PPVRec strains, whiah ar
serologically identical, immunocapture (IC)-reverse

transcription (RT)-PCR was carried out with PPV-®IR-M: 5-GTC GCA GCATTT GTAGCC CTT GTT-3
CIP-MR: B-CCA ACA CGT TAA CGC CAT GCT TCA-3 and PPV-D (CIP-D: BATG ATG CTG TTT GAC
TCG GAG CGA-3, CIP-DR: B-TCG CAA CTG CTT GCA CAC ATT CTC-3 specific primers targeting the
6K1-Cl genomic region. A PCR fragment of ~880 bppéfied with PPV-M specific primers obtained frorf 5
samples confirmed that these were PPV-M isolatesvéy¥er, the remaining two samples (both coming from
infected tress located in two different orchardthim southwest region) yielded a 468-bp PCR fragmith
PPV-D specific primers, suggesting that these mopes belonged to PPV-Rec strain. These sampjethier
with controls of PPV-M, PPV-D, and PPV-Rec straivee further analyzed by RTPCR using mD5/mM3
primers spanning the recombination breakpointBéh peach samples and the PPV-Rec strain control
produced a single 605-bp PCR product. The two peagllicons were purified and sequenced directli wie
same primers. The nucleotide (nt) sequences obtames 100% identical to each other. BLAST analg$ithe
two samples with PPVRec (No. AF421118.1) showedimam nt identity of 98%. Percent maximum nt
identity with PPV-M (No. AY324837.1) and PPV-D (NaB576062.1) were 93 and 87%, respectively. The
deduced amino acid sequences of the two isolates 9896 identical to PPV-Rec (No. No. AF421118.BY®
identical to PPV-M (No. M92280.1), and 84% identimaPPV-D (No. AB576062.1). Analyzed samples were
further transmitted from the diseased trees tolpseaedlings (GF 305) by chip-budding in a greenbalising
the fall of 2009. Six months later, faint vein dieg on the leaves of inoculated seedlings wasrebsge The
presence of PPV was confirmed by TAS-ELISA and FR¢-presence was shown by IC-RT-PCR (mD5/mM3
primers). One of the generated 605-bp productssegaenced and showed 100% nt identity with thaisol
used for inoculation. To our knowledge, this is fingt identification of PPV-Rec strain in natusalhfected
peach trees, a finding that calls for further lasgale investigations of PPV-Rec incidence in peadbulgaria.

15.Krska B., Vachiin Z., Nefas T., Ondrasek I., Salava J., Polak, J., 2010lehténi merunék na
resistenci k PPV VCR a v Evropé, Nové snéry-molekularni markery (Breeding apricots for
resistance to PPV in the CzecRepublic and Europe, new trend-molecular markers).Proceedings
of Conference: Sarka peckovin-sokasny stav problematiky vCeské republice a
v Evropé, 28-29.06.2010 VURYV, Praha. ISBN:978-80-7427-089-

Abstract

The example of research apricot resistance to Blxrvirus (Plum pox virus - PPV), we will demonstréhe
problems of stone fruit resistance to Plum poxwifThe most important growing areas of apricot potidn in
the European countries around the MediterraneanSgedn, France, Italy, Greece and Turkey, mostioth
belong to the Asian continent. Apricots are alspartant for the Czech Republic, fruit species,alth the
area is growing in comparison with those countisesuch smaller. In the CR year 3000 az harvesie@0D
tons of apricots. Apricots are, in areas of inteagilantations, the third most important specie20d07, CR
1526 in the thousands. ha apricots. In the prasanket value is expressed primarily apricot fruiality and
their specific habitat requirements, respectividgir adaptability to the environment, including ttequirement
for the main resistance to harmful agents. In ttiela were given the possibility of reducing o&tRPV-
resistant primarily through MAS breeding and sétect

16. Krska B., Vachun Z., Necas T., Ondrasek I., 2011. €istance breeding of apricots at the Horticultural
Faculty in Lednice. Acta Hort. 899: p.123-130.

Abstract

During the breeding process of apricots in the idoltural Faclllty in Lednice we searched for donagainst
sharka disease (Plum pox virus -PPV). As donorssistance to PPV for crossing” as the choice lifvews as
'Stark Early', ‘Orange" 'Orangered, Harlayne'. t&gson’, 'Goldrich’, ,Orangered’. 'Harlayne' 'Malé Cenad'
and' Alfred'. From crossing of this combinations aained results indicating to a polygenic chaagathen in
case of the SEO resistance donor the segregatiorBra was susceptible/resistant. Back crossiegotiogenies
with this donor we obtained either the same ratib:8. The progeny with immune cultivar 'Harlayhad the
ratio of 7: 1.
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17. Maliogka V., Calvo M., Carbonell A.T., Garcia J.A., Valli A., 2012. Heterologous RNA silencing
suppressors from both plant- and animal-infecting wruses support Plum pox virus infection. Journal
of General Virology (in press).(IF 3.363)

Abstract

HCPro, the RNA silencing suppressor (RSS) of visuselonging to the Potyvirus genus in the Potysid
family, is a multifunctional protein presumably oived in all essential steps of the viral infectaytle. Recent
studies have shown thatum pox potyvirus (PPV) HCPro can be successfully replacedbgumber vein
yellowing ipomovirus P1b, a sequence unrelated RSS from a virus ofaire family. In order to gain insight
into the requirement of a particular RSS to esshldi successful potyviral infection, we testedatbidity of
different heterologous RSSs from both plant- aridhahinfecting viruses to substitute HCPro. Makimge of
engineered PPV chimeras, we show that PPV HCPrhbedmnctionally replaced by some, but not all alated
RSSs, including the NS1 protein of the mammalidaeting Influenza A virus. Interestingly, the cajipof a
particular RSS to replace HCPro does not striatlyedate with its RNA silencing suppression stréngt
Altogether, our results suggest that not all supgiomn strategies are equally suitable for an efficescape of
PPV from the RNA silencing machinery. The approfatlowed here based on using PPV chimeras in whith
under-consideration RSS substitutes for HCPro churttier help to study the function of diverse R88a
"highly-sensitive" RNA silencing context, such hatttaking place in plant cells during the proagss viral
infection.

18. Maliogka V.l., Salvador B., Carbonell A., Saenz P.San Ledn D., Oliveros J.C., Delgadillo M.O.,
Garcia J.A., Simon-Mateo C., 2012. Virus variants vth differences in the P1 protein coexist in &@lum
pox virus population and display particular host-dependent pthogenicity features. Molecular Plant
Pathology (in press)IF 3.899)

Abstract

Subisolates segregated from an M-tfgbem pox virus (PPV) isolate, PPV-PS, differ widely in pathogétyic
despite their high degree of sequence similaritgirgyle amino acid substitution, K109E, in the leelp
component proteinase (HCPro) protein of PPV caassdnificant enhancement of symptom severity in
herbaceous hosts, and notably modified virus infitgtin peach seedlings. The presence of this ti#uitien in
certain subisolates that induced mild symptomseibaceous hosts and did not infect peach seediumggested
the existence of uncharacterized attenuating fadtothese subisolates. In this study, we showttiiatamino
acid changes in the P1 protein are specificallp@ased with the mild pathogenicity exhibited byrsoPS
subisolates. Site-directed mutagenesis studies nigtnated that both substitutions, W29R and V134, b
especially W29R, resulted in lower levels of viaccumulation and symptom severity in a woody hesinus
persica. Furthermore, when W29R and V139E mutatisere expressed concomitantly, PPV infectivity was
completely abolished in this host. In contrast, Wi89E substitution, but not W29R, was found to be
responsible for symptom attenuation in herbaceogtshDeep sequencing analysis demonstrated th&y#9R
and V139E heterogeneities already existed in tlggnal PPV-PS isolate before its segregation ifedént
subisolates by local lesion cloning. These resifiklight the potential complexity of potyviral palations and
the relevance of the P1 protein of potyvirusesathpgenesis and viral adaptation to the host.

19. Marandel G., Pascal T., Candresse T., Decroocq \2009. Quantitative resistance té’lum pox virusin
Prunus davidiana P1908 linked to components of the eukaryotic tratation initiation complex. Plant
Pathology 58: 425-435(IF 2.125)

Abstract

A complex, polygenic resistance to Plum pox vifaBY) was previously described in a wild peach-eslat
species, Prunus davidiana clone P1908. In themustady, an analysis of quantitative trait lociT{Q was
performed on an F2 population comprising 99 indieid obtained by selfing the F1 individual #40 of a
interspecific cross between susceptible nectaim&aemmergrand and the resistant P. davidiana ¢d9€8.
Six QTL were identified using both parametric amahiparametric methods of detection, individuallplexning
5-28% of the phenotypic variance. The total phguiotyariation explained ranged from 29 to 58%. Aligent
of the genetic map of the F2 cross with the P.dlama parent map showed consistency of QTL over
generations, with three of the six QTL co-localget the 1- LOD interval and another one at theQbL
interval. Two of the QTL were mapped onto linkageup one, where resistance to PPV was previousppe
in apricot. Development and mapping of new micreltite markers linked to candidate genes revealsttiking
co-localization of three of the detected QTL witng copies coding for eukaryotic translation itiibia factors
elF4E and elF(is0)4G. As co-localization of one QWith candidate gene elF(iso)4E was previously reubin
the F1 population, the results reported here styaeinforce the idea that components of the euldcy
translation initiation complex are correlated wiéisistance to PPV in P. davidiana P1908.
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20. Marandel G., Salava J., Abbott A., Candresse T., ®oocq V., 2009. Quantitative trait loci meta-
analysis of Plum pox virus resistance in apricot Prunus armeniaca L.): new insights on the
organization and the identification of genomic restance factors. Molecular Plant Pathology 10: 347-
360.(IF 3.899)

Abstract

Plum pox virus (PPV) is responsible for sharka age one of the most detrimental stone fruit deseasfecting
Prunus trees worldwide. Only a few apricot culttvbave been described as resistant, most originfrttm
North American breeding programmes. Several PPigteage quantitative trait loci (QTLs) have beerpped
in various progenies, consistently highlighting tdoatribution to the resistance of the upper palinkage
group 1 (LG1). However, to date, no consensus baa beached on the precise number of QTLs linkdketo
resistance to PPV in apricot and P. davidiana dheim accurate position on the genetic linkage .nhaphe
present study, the quantitative resistance ofvailtHarlayne’ was analysed over five growth pesidad a large
F1 population. Four QTLs were identified, three piag on LG1, explaining between 5% and 39% of the
observed phenotypic variance. In an effort to fertinis analysis of PPV resistance in apricot,dtresults were
merged in a single QTL meta-analysis with thosBwvef other PPV resistance analyses available iritde&ture.
Three consensus QTL regions were identified on B@&d a putative fourth region on LG3. QTL meta-asaly
also revealed the contribution of each resistattivew to meta QTLS, providing interesting comparatdata on
the resistance factors shared between the resistmurces used in the various studies. Finallya# shown that
one of the metaQTLs co-localizes with the eukanyttinslation initiation factor elF4E, thus providinew
hypotheses on the mechanisms of PPV resistangeicoa

21. Martinez J., Llacer G., Badenes M.L., 2010. Rafeand Xelva, two apricot varieties resistant to
sharka. HortScience 45: 1904-1905(IF 0.778)

Abstract

‘Rafel’ and ‘Belgida’ are mid- to early ripening régnt cultivars (Prunus armeniaca L.) with gooddgje
excellent fruit quality, self-compatibility, andsistance to Sharka, a disease caused by the Pkirirps, a
serious limiting factor for apricot production inEpe. Their fruits have excellent organolepticrekgeristics
and are larger than the traditional Valencian calts. ‘Rafel’ and ‘Belgida’ are very well adaptedthe climatic
conditions of the Valencia and Murcia areas.

22. Martinez J., Llacer G., Badenes M.L., 2011. Moixenapricot cultivar resistant to sharka. HortScience
46: 655-656(IF 0.778)

Abstract

‘Moixent’ is an early ripening apricot cultivaP{unus armeniaca L.) with excellent fruit quality, self-
compatible and resistant to sharka (plum pox vjraserious limiting factor for apricot fruit proction in
affected areas. ‘Moixent’ fruits have excellentamgleptic characteristics, improving notable thdyezarieties
available in the market. ‘Moixent’ has good adapiiytto areas with warm winter and Mediterranedimate,
showing a good fruit set and yield.

23. Nagyova A., Kamencayova M., Glasa M., Subr Z., 201Xhe 3'-proximal part of the Plum pox virus
P1 gene determinates the symptom expression in tweerbaceous host plants. Virus Genes 44: 505-
512.(IF 1.845)

Abstract

Three major strains of tHelum pox virus (PPV) are the most important in Europe: PPV-D, R®\and PPV-
Rec. By combining the genomes of two differentissa@f PPV (PPV-D with PPV-Rec; PPV-D with PPV-M),
20 inter-strain chimeric infectious clones (CICPRY&re constructed. Biological properties of CICPR&fe
tested by inoculating them on different herbacdwmst species susceptible to PPV. Four of the sgpecies
tested, exhibited visible symptonis.Nicotiana benthamiana all CICPPV induced systemic mosaic and leaf
malformation.Pisum sativum showed a broad range of symptom severity (systehiarotic and necrotic
lesions) but neither qualitative nor quantitatigpects of symptomatology were related to a singi¢ Benome
locus.Nicotiana occidentalis andNicandra physaloides proved to be suitable for symptom-based differ¢ioiia
Depending on the virus strain/chimeka occidentalis showed two types of symptoms: mild systemic chiorot
spots or local necrotic lesions/systemic vein ngesdN. physaloides reacted to the PPV infection either
symptomless or by local necrotic lesions. Our tssdgmonstrated that the P1/HC-pro region of thé PP
genome appears to be the determinant of the sympianifestation in these host plants. In silico gsial
mapped it to the 30-proximal part of the P1 gene.
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24. Pagny G., Paulstephenraj P.S., Poque S., Sicard Q@psson P., Eyquard J-P., Caballero M., Chague
A., Gourdon G., Negrel L., Candresse T., Mariette $ Decroocq V., 2012. Family based linkage and
association mapping reveals novel genes affectiijum Pox Virus infection in Arabidopsis thaliana.
New Phytologist, DOI 10.1111/j.1469-8137.2012.04289IF 6.645)

Abstract

Sharka is a devastating viral disease caused WitinePox Virus (PPV) in stone fruit trees and few sources of
resistance are known in its natural hosts. SincaMedge gained in Arabidopsis on plant virus susb#iy
factors is likely to be transferable to crop specirabidopsis natural variation was searched ést Factors
essential for PPV infection. To locate regionsha&f jenome associated with susceptibility to PRalje
analysis was performed on six biparental populatesmwell as on multiparental lines. To refine Qiapping,
a genome-wide association analysis was carriedjusti Arabidopsis accessions. Evidence was fooind f
linkage on chromosome 1, 3 and 5 with restrictibRBV long distance movement. The most relevamtzdsy
occurred within a region at the bottom of chromos@nwhich comprises seven RTM3-like TRAF domain
containing genes. Since the resistance mechanialyzaa here is recessive and the rtm3 knock-ouantus
susceptible to PPV infection, it suggests that ogjleme(s) present in the small identified regiocosmpassing
RTM3 is necessary for PPV long distance movementohsequence, we report here, for the first tioneur
knowledge, the occurrence of host factor(s) indispéle for virus long distance movement.

25. Pallas V., Garcia J.A., 2011. How do plant virusemduce disease? Interactions and interference with
host components. Journal of General Virology 92: ZB1-2705(IF 3.363)

Abstract

Plant viruses are biotrophic pathogens that nesuplitissue for their multiplication and thus, hetinfection-
defence equilibrium, they do not normally causenptieath. In some instances virus infection mayehay
apparent pathological effect or may even providelactive advantage to the host, but in many dasasises
the symptomatic phenotypes of disease. These jpafical phenotypes are the result of interferencéan
competition for a substantial amount of host resesirwhich can disrupt host physiology to causeadis. This
interference/competition affects a number of gendsch seems to be greater the more severe theteymp
that they cause. Induced or repressed genes bel@groad range of cellular processes, such asdmal
regulation, cell cycle control and endogenous partsof macromolecules, among others. In additienent
evidence indicates the existence of interplay betwgant development and antiviral defence prosessel that
interference among the common points of their digggathways can trigger pathological manifestagior his
review provides an update on the latest advancesderstanding how viruses affect substantial tzllu
processes, and how plant antiviral defences car&ito pathological phenotypes.

26. Pilafova P., Marandel G., Decroocq V., Salava J., Krsk#8., Abbott A.G., 2010.Quantitative trait
analysis of resistance t&lum pox virus in the apricot F1 progeny ‘Harlayne’ x ‘Vestar’. Tree Genetics
& Genomes 6: 467-475IF 2.335)

Abstract

Plum pox virus (PPV), the agent of the sharka disease, is the dessistating viral disease of fruit tree speadies i
the subfamily Prunoideae. Thus, natural resistém&tum pox virus is one of the most important traits of
interest to stone fruit breeders. Few PPV resigtaltiivars have been previously identified in apticand of
those which have, most of them have originated fikorth American breeding programs. In earlier stadone
single, major PPV resistance locus was mappedfereit progenies derived mainly from the ‘Goldrieimd
‘Stark Early Orange’ genitors. In the present studly started with an F1 progeny issued from a doesseen
‘Harlayne’, as a PPV resistant parent, and ‘Vestara susceptible parent. The hybrids were grafted
simultaneously and subsequently inoculated withB¥-M and D strains. The symptom scoring on leaves
performed nine times over two vegetative cyclestidia— trait associations were analyzed using theskal-
Wallis (KW) non-parametric test and the PPV resistaloci were mapped using compaosite interval mappi
(CIM). In the current paper, we show that both gee$ (KW and CIM) highlighted the upper part okéige
group 1 of the apricot ‘Harlayne’ genitor.

27. Pilafova P., KrSka B., 2009. Inheritance of resistancetPlum Pox Virusin the progeny of the apricot
cv. ‘Harlayne’. Acta Universitatis Agriculturae et Silviculturae Mendelianae BrunensisLVII (5): 243-
249. ISSN 1211-8516.

Abstract

Natural resistance t8lum pox virus (PPV), the agent of sharka disease, is one ofrtb&t important traits of
interest to stone fruit breeders, although few sesiofresistance have been identified. One of the fevcapr
cultivars which does shovesistance, ‘Harlayne’, was chosen for a studyefgenetics of PPV resistance. It
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wascrossed with three different cultivars, two susit#et('Vestar’ and ‘Strepet’) and oriemmune

(‘Orangered’). Four different lines (since theresvame reciprocatombination) were established and the F1
crosses were subsequently inoculated withRR®-M and PPV-D strains by grafting infected buisvoody
indicatorPrunus persica ‘GF 305’ was then also top-grafted onto the plaftdree of these F1 populations. The
observations of leaf symptoms and accompanying EltéSts were performed ovéiree, or in some cases five,
growing seasons and then hybrids were class#abrdingly, as either resistant or susceptible rEsistant :
susceptible ratios were calculated and comparduexipected theoretical ratios using j2etest. The ratios of
resistant to susceptible plants in the progenwddrirom the four apricot crosses aempatible with the
hypothesis of three dominant genes being resp@nfiblPPVresistance, with ‘Harlayne’ being heterozygous
for all three genes. However, thessibility that resistance is controlled by juwgbtdominant genes can not be
ruled outjust yet.

28. Predajia L., Subr Z., Candresse T., Glasa M., 2012. Evaition of the genetic diversity ofPlum pox
virusin a single plum tree. Virus Research (in pressjlF 2.941)

Abstract

Genetic diversity oPlum pox virus (PPV) and its distribution within a single peredni@ody host (plum,
Prunus domestica) has been evaluated. A plum tree was triply infetigdhip-budding with PPV-M, PPV-D
and PPV-Rec isolates in 2003 and left to develdpeated under open field conditions. In Septemiod02eaf
and fruit samples were collected from differenttp@af the tree canopy. A 745-bp NIb-CP fragmer®B¥/
genome, containing the hypervariable region engptlie CP N-terminal end was amplified by RT-PCRrfro
each sample and directly sequenced to determingaiimnant sequence. In parallel, the PCR produete w
cloned and a total of 105 individual clones wemgussced. Sequence analysis revealed that aftears gé
infection, only PPV-M was still detectable in thed and that the two other isolates (PPV-Rec angdPPhad
been displaced. Despite the fact that the analgsigted a relatively short portion of the genoansybstantial
amount of intra-isolate variability was observed F&*V-M. A total of 51 different haplotypes could b
identified from the 105 individual sequences, tviavbich were largely dominant. However, no cleat-cu
structuration of the viral population by the treehatecture could be highlighted although the ressabtained
suggest the possibility of intra-leaf/fruit differgation of the viral population. Comparison of #t@nsensus
sequence with the original source isolate showedifference, suggesting within-plant stability bfg original
isolate under open field conditions.

29. Predajia L., Nagyova A., Glasa M., Subr Z., 2012. Cloningf the complete infectious cDNA of the
Plum pox virus strain PPV-Rec. Acta Virologica 56 (2) (in pressjiF 0.682)

Abstract

Plum pox virus (PPV) is the causal agent of Sharka, considerde the most detrimental viral disease of
Prunus spp. worldwide. So far, several PPV strains hawnbrecognized, three of them (PPV-D, PPV-M and
PPV-Rec) having shown serious economic impacterghropean area. Infectious cDNA clones of planARN
viruses are excellent tools for functional studiésiral genomes. Preparation and use of PPV-DRiPWU-M
infectious clones have been previously reportedelie describe the construction of an infectioudlézlone
of the strain PPV-Rec (isolate BOR-3) by the sgrat@volving the subsequent exchanges of homoloGdR-
3 genome parts in the backbone of the previougpamed PPV-D infectious construct. The infectiafyeach
intermediate chimeric cDNA as well as that of timalf construct (pIC-PPV-Rec) was confirmed by lsititi
transfection oNicotiana benthamiana plants. Complete sequence of the cloned viral BOR-3 cDNVeaded
0.14% of difference at the nucleotide level comgdceoriginal BOR-3 sequence, resulting in four @onacid
changes. This slight inequality was related togbgulation heterogeneity of the initial BOR-3 igelano
difference in the amino acid sequence resulted ftuntloning steps performed.

30. Rubio M., Pascal T., Bachellez A., Lambert P., 201@uantitative trait loci analysis of Plum pox virus
resistance inPrunus davidiana P1908: new insights on the organization of genomiesistance regions.
Tree Genetics & Genomes 6: 291-304F 2.335)

Abstract

No valuable source of resistance to Plum pox (RRBV), the causative agent of sharka disease,desfbund
in peach Prunus persica), but polygenic resistance to PPV was describéttunus davidiana clone P1908.
Two previous studies using F1 and F2 populatiomveleé from the nectarine cv. Summergrand &nd
davidiana P1908 identified a total of sR. davidiana quantitative trait loci (QTLs) involved in PPV istance
(Marcus strain). In an effort to verify the QTL Isility in a large progeny and to search for pogsibteractions
of the genetic backgrounds, the current study etatlthe incidence of PPV infection in an F1 potata
derived from the susceptible peach cv. RubiraRrthvidiana P1908 over three growth periods using an
improved method of PPV phenotyping referred tolesaVy test.” The phenotypic dataset was analyzied us
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similar methods as the previous studies and a ndexgloped simple-sequence-repeat b&efvidiana map.
Nine regions involved in differential symptom exgs®mn were identified among which six were common
between studies. However, the level of resistahseed in the population was very low compareithéoother
studies, and the main QTL previously identifiedikage group 6 was not conserved, suggesting gtron
interaction of the genetic background of the susiblepparent with that o. davidiana 1908. Consequently, this
could be a limiting factor for developing resistanttivars derived fronf?. davidiana P1908.

31. Scholthof K.B.G., Adkins S., Czosnek H., Palukaiti$>., Jacquot E., Hohn T., Hohn B., Saunders K.,
Candresse T., Ahlquist P., Hemenway C., Foster G.[2011. Top 10 plant viruses in molecular plant
pathology. Molecular Plant Pathology 12: 938-954IF 3.899)

Abstract

Many scientists, if not all, feel that their paci@r plant virus should appear in any list of thestrimportant
plant viruses. However, to our knowledge, no sigthelists. The aim of this review was to surveyphnt
virologists with an association witflolecular Plant Pathology and ask them to nominate which plant viruses
they would place in a ‘Top 10’ based on scien&twnomic importance. The survey generated more2ban
votes from the international community, and alloviegl generation of a Top 10 plant virus list Kbolecular
Plant Pathology. The Top 10 list includes, in rank order, {bbacco mosaic virus, (2) Tomato spotted wilt
virus, (3) Tomato yellow leaf curl virus, (4) Cucumber mosaic virus, (5) Potato virus', (6) Cauliflower mosaic
virus, (7) African cassava mosaic virus, (8) Plum pox virus, (9) Brome mosaic virus and (10)Potato virus X,
with honourable mentions for viruses just missingy@n the Top 10, includin@itrustristeza virus, Barley
yellow dwarf virus, Potato leafroll virus andTomato bushy stunt virus. This review article presents a short
review on each virus of the Top 10 list and its @mipnce, with the intent of initiating discussiarmdadebate
amongst the plant virology community, as well agrig down a benchmark, as it will be interestingée in
future years how perceptions change and which esa@ster and leave the Top 10.

32. Simon-Mateo C., Garcia J.A., 2011. Antiviral stratgies in plants based on RNA silencing. Biochimica
et Biophysica Acta 1809: 722-731.

Abstract

One of the challenges being faced in the twenst-fientury is the biological control of plant virafections.
Among the different strategies to combat virusdtifns, those based on pathogen-derived resis{@iaR) are
probably the most powerful approaches to confersviesistance in plants. The application of the RDiRtept
not only revealed the existence of a previouslynomn sequence-specific RNA-degradation mechanism in
plants, but has also helped to design antiviraksgies to engineer viral resistant plants in &ésé 25 years. In
this article, we review the different platformsateld to RNA silencing that have been developecddtiis time
to obtain plants resistant to viruses and illustetamples of current applications of RNA silendmgrotect
crop plants against viral diseases of agronoma&vegice. This article is part of a Special Issuéledt
MicroRNAs in viral gene regulation.

33. Soriano J.M., Domingo M., Zuriaga E., Romero C., bentayeva T., Abbott A., and Badenes M.L.,
2011. Identification of SSR markers tightly associated toPPV resistance in apricot. Molecular
Breeding (in press)DOI 10.1007/s11032-011-9685 (IF 2.852)

Abstract

Sharka disease, caused by fhem Pox Virus (PPV), is one of the major limiting factors foose fruit
production in Europe and America. Attempts to dtepdisease through the eradication of the infetrtsss
were unsuccessful. Thus, introgression of PPV tasie for crop improvement is the most importaral go the
Prunus breeding programs. Due to time and labour consumintpcols, phenotyping for sharka still is the
major bottleneck in the breeding pipeline. In ttistext, screening seedlings at early stages afldpment and
marker assisted selection (MAS) provide the bdstism for enhancing a breeding efficiency. In thiady, we
have generated 42 SSR markers from the Peach geass@mbly v1.0 and an apricot BAC clone identified
the physical map of the PPV resistance locus puslyadefined in apricot. Using a linkage mappingragach,
we have found SSR markers tightly linked to PP\istaace trait in all our progenies. Three SSR matke
PGS1.21 PGS1.23 and PGS1.24, showed allelic vargamsbciated with the PPV resistance with no
recombinants in the analyzed crosses. These markarmabiguously discriminated resistant from susbkpt
accessions in different genetic backgrounds. Theltepresented here are the first successfulegijn for
their use in MAS for resistance breeding in Pruspscies.

34. Subr Z., Kamencayova M., Novakova S., Nagyova A.,dsek J., Glasa M., 2010. A single amino acid
mutation alters the capsid protein electrophoreticdouble-band phenotype of thePlum pox virus strain
PPV-Rec. Archives of Virology 155: 1151-1158lF 2.111)
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Abstract

Plum pox virus (PPV) isolates differ by their capsid protein (GR)bility in SDS-PAGE. These electrophoretic
phenotypes are likely to result from posttranstaianodifications of the CP. We demonstrated that@P
mobility was solely determined by the CP N-termirgdion. Sequence comparison pinpointed a possitdeof
mutations at position 66 in determining the CP pitygme of PPV-Rec isolates. Site-directed mutagsrefsi
chimeric clone demonstrated that Gly(66) in ther€lted in the double-band phenotype, while Ary(éa to

a single-band CP pattern, possibly by preventiegotiosphorylation of a nearby Ser residue by stanidrance.

35. Ulubas Serce C., Candresse T., Svanella-Dumas L.rigbai L., Gazel M., Caglayan K., 2009. Further
characterization of a new recombinant group ofPlum pox virus isolates, PPV-T, found in orchards in
the Ankara province of Turkey. Virus Research: 142:121-126(IF 2.941)

Abstract

Sixteen Plum pox virus (PPV) isolates collectethim Ankara region of Turkey were analyzed usinglalke
serological and molecular typing assays. Surprigjrdespite the fact that all isolates except aviach was a
mix infection, were typed as belonging to the PP\&tk&in in four independent molecular assays, afrthem
(60%) reacted with both PPV-M specific and PPV-Bafic monoclonal antibodies. Partial 5' and 3'@ait
sequence analysis on four isolates demonstratédbspective of their reactivity towards the PBP\specific
monoclonal antibody, they were all closely relai®d recombinant PPV isolate from Turkey, Ab-Tkl thfee
isolates for which the relevant genomic sequenceatained showed the same recombination evenb&BkA
in the HC-Pro gene, around position 1566 of theogee Complete genomic sequencing of Ab-Tk did not
provide evidence for additional recombination esentits evolutionary history. Taken together, thessults
indicate that a group of closely related PPV isdatharacterized by a unique recombination in tGeRto gene
is prevalent under field conditions in the Ankaggion of Turkey. Similar to the situation with tR@V-Rec
strain, we propose that these isolates represemne strain of PPV, for which the name PPV-T (Taykis
proposed. Given that PPV-T isolates cannot be iitshboy currently available typing techniquesisipossible
that their presence has been overlooked in otheatgins. Further efforts should allow a precisscdigtion of
their prevalence and of their geographical distrdruin Turkey and, possibly, in other countries.

36. Valli A., Oliveros J.C., Molnar A., Baulcombe D., Garcia J.A., 2011. The specific binding to 21-nt
double-stranded RNAs is crucial for the anti-silening activity of Cucumber vein yellowing virus P1b
and perturbs endogenous small RNA populations. RNA7: 1148-1158(IF 5.095)

Abstract

RNA silencing mediated by siRNAs plays an importaé as an anti-viral defense mechanism in plants
other eukaryotic organisms, which is usually cotatted by viral RNA silencing suppressors (RSSkp T
ipomovirusCucumber vein yellowing virus (CVYV) lacks the typical RSS of members of the figrRotyviridae,
HCPro, which is replaced by an unrelated RSS, BWY.V P1b resembles potyviral HCPro in forming
complexes with synthetic sSiRNAs in vitro. Electrgpatic mobility shift assays showed that P1b, pleyviral
HCPro, interacts with double-stranded siRNAs, butat able to bind single-stranded small RNAs oalsm
DNAs. These assays also showed a preference of CR'M)/for binding to 21-nt siRNAs, a feature also
reported for HCPro. However, these two potyvirid3RSliffer in their requirements of 2-nucleotide @it
overhangs and 5' terminal phosphoryl groups foNgiRinding. Co-purification assays confirmed in @i 1b-
siRNA interactions. We have demonstrated by degpesgcing of small RNA populations interacting imi
with CVYV P1b that the size preference of P1b fmai RNAs of 21 nt also takes place in the plany that
expression of this RSS causes drastic changes ientlogenous small RNA populations. In additiosifex
directed mutagenesis analysis strongly supporte@assumption that P1b-siRNA binding is decisivetlfieranti-
silencing activity of P1b and localized a basic dominvolved in the siRNA-binding activity of thigotein.

37. Vera E.M., Soriano J.M., Romero C., Zuriaga E., Terol J., Zebentayeva T., Llacer G., Abott A.,
Badenes M.L., 2011. Narrowing down the apricoPlum pox virus resistance locus and comparative
analysis with the peach genome syntenic regioMolecular Plant Pathology DOI: 10.1111/J.1364-
3703.2010.00691IF 3.899)

Abstract

Sharka disease, caused by fhem pox virus (PPV), is one of the main limiting factors for stofnuit crops
worldwide. Only a few resistance sources have li@emd in apricot Prunus armeniaca L.), and most studies
have located a major PPV resistance lo&i®/es) on linkage group 1 (LG1). However, the mappinguaacy
was not sufficiently reliable arfdPVreswas predicted within a low confidence intervalthis study, we have
constructed two high-density simple sequence rép8&t) improved maps with 0.70 and 0.68 markers/cm,
corresponding to LG1 of ‘Lito’ and ‘Goldrich’ PP\ésistant cultivars, respectively. Using these mapd,
excluding genotype—phenotype incongruent individualnew binary trait locus (BTL) analysis for PPV
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resistance was performed, narrowing downRR¥res support intervals to 7.3 and 5.9 cm in ‘Lito’ and
‘Goldrich’, respectively. Subsequently, 71 overlaqgpoligonucleotides (overgo) probes were hybridiagainst
an apricot bacterial artificial chromosome (BAGréry, identifying 870 single BACs from which 34@ne
anchored onto a map region of approximately 30-4@uacompassingPVres. Partial BAC contigs assigned to
the two allelic haplotypes (resistant/susceptibfeghe PPVreslocus were built by high information content
fingerprinting (HICF). In addition, a total of 3®AC-derived sequences were obtained, and 257 showed
significant homology with the peach genome scaffaéldorresponding to LG1. According to the peacttesyin
genome sequencBPVreswas predicted within a region of 2.16 Mb in whicfea candidate resistance genes
were identified.

38. Vidal E., Moreno A., Bertolini E., Cambra M., 2012.Estimation of the accuracy of two diagnostic
methods for the detection of Plum pox virus in nurery blocks by latent class models. Plant Pathology
61: 413-422(IF 2.125)

Abstract:

The control of Plum pox virus (PPV), the most impat viral disease that affects stone fruit treeguires the
use of reliable detection methods. The effectiverdspot real-time reverse transcriptase polyneecasin
reaction (RT-PCR) for the detection of PPV in samplollected from nursery blocks was compared avith
validated PPV detection technique, the double adgitsandwich indirect enzyme-linked immunosorbesseaa
(DASI-ELISA) using the PPV-specific monoclonal datdy 5B-1VIA/AMR. In total, 5047 nursery plants were
analysed by both techniques. The agreement betiliegrchniques was almost perfect (Cohen’s kapgexiof
0488 + 0401). The diagnostic parameters (sengitisjitecificity and likelihood ratios) of both technes were
simultaneously evaluated in 2473 nursery plant&t|nt class models using maximum likelihood fumresi and
a Bayesian approach. The sensitivity and spegifafitboth techniques did not vary according toldtent
model applied. Spot real-time RT-PCR was more sigasivhile DASI-ELISA was more specific for PPV
detection. In addition, the findings demonstrat thtent class models are a flexible and potextissical
method to estimate the accuracy of diagnostic festslant pathology.

39. Vidal E., Zagrai L., Milusheva S., Bozhkova V., Takeva-Terzieva E., Kamenova |., Zagrai |., Cambra
M. 2012. Control of Plum pox virus in nursery blocks using horticultural mineral oils treatments in
different ecological scenarios. Submitted to Annalsf Applied Biology. (IF 2.179)

40. Zagrai |., Zagrai L., Kelemen B., Petricele I., Pamfil D., Popescu O., Preda S., Briciu A., 2010.
Typing and distribution of Plum pox virus isolates in Romania. Julius-Kuhn-Archiv 427:
342-346.

Abstract

Plum pox or Sharka, caused Bym pox virus (PPV) is considered as the most destructiseage of plum.
Although PPV is widespread in all plum growing &é&®m Romania and causes serious yield lossts, it
known about the variability of its isolates at ctryrievel. For this reason, a large-scale study pexformed with
the aim to get a picture of the prevalence andildigton of PPV strains in plum. During three yeausveys, 200
PPV isolates collected from 23 different plum orcsafrom Transylvania, Moldavia and Muntenia aneage
investigated. DAS-ELISA and IC/-RT-PCR were usedH®BV detection. PPV strains were serologically
determined by TAS-ELISA using PPV-D and PPV-M sfieegnonoclonal antibodies. Molecular strain typings
done by RT-PCR targeting three genomic regionsesponding to (Cter)CP, (Cter)NIb/(Nter)CP and GFLR
analysis was used to distinguish D and M straiaset orRsal polymorphism located in (Cter)CP. All PCR
products targeting (Cter)CP and 13 PCR productsrgpg the (Cter)NIb/(Nter)CP were sequenced. Tpatyof
PPV isolates revealed that PPV-D is the prevalgairsin all the three areas. The higher incidesfcBPV-D was
noticed in Moldavia (84%) and the higher rate o¥FRec was recorded in Transylvania (18%). The mixed
infections (D+Rec) was more frequent in Muntenid ¢8). Overall results provided that inRomania the
predominant strain is PPV-D (73%), follow with a chuower frequency by PPV-Rec (14%). Mixed infento
(PPV-D+PPV-Rec), which might generate additionalataon by recombination, are also frequent (13%).
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Original specifications and actual achievem of the dissemination plan

The results of the research conducted within Co project were published in p-reviewed
research journals and presented at scientific cenées and symposia. Publication starte
early as in the second year of the project and ireedavery active throughout the subseqt
years with the peak obaference reports in 2010 and of orid research papers in 20
(Figure 16).
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Figure 16.Original research papers and conference reportsspeld during 4 years of tt
project duration.

Of 40 original research papers, 29 (72.5%) werdighuid in jcurnals listed in Journi
Citation Report database of the Thompson Reutérs nfost frequently the results of 1
SharCo research were published in prestigious @simuith Impact Factor ranging betwee
and 3, but some were also published irrnals wth IF exceeding 5 (Figure 17 bel).
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Figure 17. Original research papers published in -reviewed journals as related to imp
factor.
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Section B: Use of Foregrounds

PATENTS and TRADEMARKS, REGISTERED DESIGNS
Table 1

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template B1 provided hereafter. Thelist should,

specify at least one unique identifier e.g. European Patent application reference. For patent applications, only if applicable, contributions to
standards should be specified.

Patent FR 11 56258 (submitted 11/07/201L)Procédé d’amélioration de CHEVALIER Christian, DECROOCQ Véronique, DELMAS
Extension to EU under consideratign la résistance des plante Frédéric, HERNOULD Michel
aux virus
IPPC-FAO ISPM 27 Annex 02 * Diagnostic protocols for Cambra M., Levy L., Candresse T., Palkovics L.,salil.,
Registered standard protocols for PRV DP 2:2012 regulated pests: Boscia D., James D., Gentit P.
detection

Adopted diagnostic
protocol for PPV detectio

*See links:https://www.ippc.int/file uploaded/1346166095 ISPM 2006 En 2012-08-28.pdf
Annex 2:https://www.ippc.int/file uploaded/1336641118 DP PQ12 En 2012-05-08.pdf
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FOREGROUNDS

Epidemiology PPV web-queryable Database of partial ang Scientific community Within the next year, P1 (INRA) and SharCo consortiyim
WPE1 database complete genome following public release
sequences of PPV of the publication
isolates
Epidemiology 2 Oligo chips Mini oligo arrays for Scientific community Within the next year, none P6 (IVIA)
WPE1 rapid PPV typing National plant protection  following public release P1 (INRA)
services of the publication
Epidemiology 3 Sequence of primer pairs Primer pair Scientific community immediate none P11 (SAVBA)
WPE1 for PPV-W isolates W8328F/W8711R for | National plant protection P1 (INRA)
specific RT-PCR services
detection of PPV-W
strain
Epidemiology 4 Sequence of primer pairs Primer pair Scientific community immediate none P11 (SAVBA)
WPE1 for routine amplification NCuniFor/NCuniRev National plant protection
of PPV isolates for routine and broad services
RT-PCR detection of
PPV (all strains,
including CR)
Epidemiology 5 Lyophilised collection of| Partially sequenced angd  Scientific community Within the next year, none P6 (IVIA) and SharCo consortium
WPE1 characterized PPV isolatgs strain-characterised PPV following public release
isolates of the publication
Epidemiology 6 In vivo collection of In vivo maintained full- Scientific community Within the next year, none P5 (CNR IVV), P1 (INRA) and
WPE1 characterized PPV isolates genome characterized Breeding programs following public release SharCo consortium
PPV isolates of the publication
Epidemiology| 7 Protocol for simultaneous Method of PPV Scientific community Within the next year, none P1 (INRA)
WPE2 extraction of RNA and | quantification in Prunus following public release o
DNA of Prunus species the publication
Epidemiology 8 Model of PPV spread Simulation model at p Policy makers Within the next two years, none P1 (INRA)
WPE2 regional level National plant protection| following public release o
services the model
Epidemiology 9 Infectious cDNA clones o Study of PPV Scientific community | From immediate to 2 years none Partner 4 (CSIC)
WPE2 a PPV isolate of the C pathogenicity Biotech companies
strain determinants, and forward
and reverse genetics in
cherry using virus-
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induced gene silencing

=

nd)

Epidemiology 10 | Infectious cDNA clone of & Study of PPV Scientific community, | From immediate to 2 yeais none Partner 11S@vBa)
WPE2 PPV isolate of the Rec pathogenicity Biotech companies
strain determinants
Epidemiology| 11 Ranking of Prunus List of rootstocks for | Prunus industry in general  Within the next year, None Partners: 02 (ABI), 06 ((IVIA), 07
WPE3 rootstocks for their decision makers. and nurserimen. following public release (ISK), 08 (MKU), 09 (CRI), 10
resistance to natural PPV of the publication (TUM), 14 (FGI), and 17 (SCPD).
infection
Epidemiology 12 Protocols for accurate Specific protocols , Plant Protection Services, Immediate None Partner 06 (IVIA)
WPE3 sampling and analysis of methodologies and Plant Health
nursery and adult mother recommendations. Organizations,
plants (OEPP/EPPO, IPPC-
FAO), policy makers,
Prunus industry in gener,
and nurseryment.
Epidemiology 13 Horticultural mineral oilsy Methodology for HMO | Prunus industry in general From immediate, None Partners: P2 (ABI), 06 ((IVIA), 0B
WPE3 (HMO) treatments in treatments, optimal and nurserimen. following public release (MKU), 14 (FGI), and 17 (SCPD
nursery blockand young period and PPV- of the data.
plantations viruliferous aphid
species monitoring
Genetic WPG1 14 Molecular markers linkedd Markers indispensable Breeding programs Within the next two years, none P1 (INRA), P6 (IVIA)
to resistance to PPV in|  for the implementation following public release
apricot of efficient Marker of the data
Assisted Selection
Genetic WPG1 15 Molecular markers linkedd Markers indispensable Breeding programs Within the next two years, none P1 (INRA)
to resistance to PPV in| for the implementation following public release
peach of efficient Marker of the data
Assisted Selection
Genetic WPG1 16 Apricot full genome Development of new Breeding programs, Within the next two years, none P1 (INRA and ANR) UMR BFP
sequences markers more closely Scientific community or upon public release of and UGAFL
linked to the resistance the data Clemson University and USDA fd
to PPV part of the sequences (backgrou
P15 (UMIL)
P09 (CRI)
Genetic WPG1 17 Apricot progenies Apricot cultivars Breeders, Fruit growers From five to ten years| PVR (Protected Varietie Partners P1 (INRA),3 (USAMV),

segregating for PPV
resistance for a total of
8,904 individuals under
screening

resistant to PPV

Nurseries,

(depending on the
selection strategy), given
the timeframe required far
the propagation and field
evaluation of the
interesting selections in
several apricot-growing
locations

Registration) application
could be issued at the
time the interesting
selections will be
introduced as new
cultivars

(IVIA),8 (MKU),14 (FGI),15
(UMIL),16 (MUAF) in
cooperation with other parties
interested in the commercial
development of new cultivars
resistant to PPV

(2]
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Genetic WPG1 18 One to two hybrids from New PPV resistant Fruit growers 5-7 years after PVR application for new Partner P16 (MUAF)
crossing Harlayne x apricot varieties pomological evaluation cultivar release

Marlen that show high
level of resistance.

Genetic WPG1 19 Implementation of MAS Apricot breeding Breeders Immediate no Partners P1 (INRA),3 (USAHE
selection in National programs (IVIA),8 (MKU),14 (FGI),15
breeding programs (UMIL),16 (MUAF)
targeting PPV resistance
Genetic WPG1 | 20 | Partial characterization of  Characterization of Breeding programs Immediate none Partners PRAIN3 (USAMV), 6
the apricot germplasm for  genitors to be used in (IVIA)
its susceptibility to PPV breeding program
Genetic WPG1 | 21 Validation of a robust | Robust testing procedure Breeding programs Imatedi none P1 (INRA) for testing in confine
methodology for assessing conditions, P14 (FGI) for testing
Prunus susceptibility to under natural infection
PPV
Genetic WPG1 | 22 New apricot varieties Registered varieties Fruit production The time established fo Registration on the Partner P6 (IVIA), P1 (INRA), P1

resistant to PPV (nurseries and growers) registration of varieties (b CPPVO (UMIL), P16 (MUAF)
years registration numbe
and inmediately in the
temporary registration

=

number)
Genetic WPG1 | 23 Sequence and procedure ldentification of gene(s Breeding institutes 2 years ahead of a patent  Under discussion for Partner P6 (IVIA)
for tracking the genes involved in natural involved in apricot application application of a patent
involved in natural resistance to PPV in breeding, Biotech
resistance to PPV in apricot companies
apricot
Genetic WPG1 24 Locally-adapted, PPV | Traian,Auras,Ceres,Euxin, Nurseries, Producers | Already registered. If not, 5 none Partner P3 (USAMV)
resistant varieties in apricofTudor,Augustin to 10 years
Genetic WPG1 | 25 | Plum hybrids issued fromja PPV resistant plum Breeding programmes, From 5 to 20 years Eventually, application foP1 (INRA), P10 (TUM), P14 (FGI
cross between the varieties for Prune or fruit Fruit producers PVR (cultivar registration
hypersensitive cultivar (Quetsche, Greengage and protection)
‘Jojo’ and the fruit varieties production

‘Prune d’Ente’ or ‘Reine
Claude dorée’

Genetic WPG1 | 26 Locally-adapted, PPV | Mirobolan 4Kr, Otesani Nurseries, Producers Immediate if registered none Partner P3 (USAMV)
resistant genotypes in plum1, Pixy, Scoldus,
Calugaresti, Miroval,
Rival and the varieties
Andreea and Loacal de

Dragasani
Genetic WPG1 | 27 Molecular markers linked Markers will be used fo Breeding programs The markers will be uged none P7 (10)
to hypersensitive reaction early selection in plum within 2 years, following P10 (TUM)
to PPV in European breeding programs public release
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Plums
Genetic WPG1 | 28 Plum (Prunus domestica) Recommendation for | Fruit production, breeding  Within 4 years, upon none Partner P7 (10)
cultivar ‘Vision’ planting in commercial programmes evaluation of agricultural
evaluated for very low | orchards and as a sourgce and quality properties,
susceptibility to PPV of resistance in plum this cultivar will be
breeding programmes included on the list of
recommended cultivars
Genetic WPG1 | 29 use oPrunus rootstocks rootstock cultivars nurseries, fruit growers vetjetapropagation of ‘Docera 6’ rootstock : Partner P10 (TUM)
with hypersensitivity ‘Docera 6’ rootstock in application for PVR in
resistance to PPV vitro (in 2012 and the 2013 (or 2014
following years), grafting latest,depending on when
of rootstocks in first trees can be sold td
commercial nurseries in fruit growers)
2013
Genetic WPG2 30 List of Prunus trees Pyramiding with existing | Breeding programs, From 2 to 10 years or none Partner P1 (INRA)
bearing mutations in sources of resistance Biotech companies upon public release of the
genes essential for viral | New sources of data
infection resistance to be used a$
donors of resistance in
breeding programmes

Genetic WPG2 | 31 Gene constructs targeting Gene constructs to be | Biotech companies for Immediate to 10 years, | none P1 (INRA)
silencing of host factors | introduced into PPV hostplant transformation depending on the INIA Santiago de Chile (Chile)
indispensable for viral plants Breeders for assessment availability of the plant USDA Kearneysville (USA)
infection in model and of transgenic lines transformation technology
crop species

Genetic WPG2 | 32 Host factors involved in | Development of resistant Breeding programs, From 2 to 10 years or Yes, in the case of the P1 (INRA) and University of
susceptibility and new cultivars Biotech companies upon public release of the CSN5 gene Bordeaux
resistance to PPV data.

Genetic WPG2 | 33 Genes whose expression Markers associated to | Scientific community, From immediate to 10 none Partner 4 (CSIC)
was altered by HR to PPY hypersensitive resistangeBiotech companies years, conditionned by Partner 10 (TUM)
infection to PPV; study of HR- release of the data

mediated resistance to through publication(s)
PPV

Genetic WPG2 | 34 Infectious cDNA clones | Study of post- Scientific community Immediate none Partner 4 (QSIC
of a PPV mutant with translational
non-O-GlcNAcylated CP | modifications of PPV CP

Genetic WPG2 | 35 TransgenidNicotiana Studies on the functional Scientific community Immediate none Partner 4 (QSIC
benthamiana lines with relevance oD-
the SEC gene GIcNAcylation of virus
downregulated by RNAi | and plant proteins

Genetic WPG2 | 36 Gene constructs Development of resistanBreeding programs, From 2 to 10 years none Partner 6 (IVIA), Partnéc8IC)

expressing PPV-specific
recombinant antibodies

new cultivars

Biotech companies
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Genetic WPG2 | 37 amiRNA constructs able| Development of resistanBreeding programs, From two to ten years, none Partner 4 (CSIC), INIA, Santiago
to provide anti-PPV new cultivars for fruit | Biotech companies depending of the Chile
resistance production (plum, peach) availibility and feasability]
of gene transfert in fruit
trees
Genetic WPG2 | 38 New virus gene constructs New resistant Plum Breeding programs, From 4 years and Yes, following to the P1 (INRA)
aiming at the control of cultivars Prunus Stone-fruit industry according to the public expansion of HoneySweet USDA Kearneysville, USA
PPV domestica) perception plum.
Application 39 Cultivation guidelines for  Cultivation guidelines Policy makers, National| Immediate (30.04.2011 none SharCo consortium dibtip use
WPA1 mother plant blocks, aimed at restricting thg  plant protection services,
nurseries and orchardg  virus spread in Europe Nurseries, Growers
Application 40 Decision Support Systein Online Decision Suppoit Nurseries, growers, Plant Immediate (31.08.2012 none Partner P7 (I0) andevBbarCo
WPA1 for Integrated Sharka System for the Protection Services consortium for public use
Management containement of Sharka
in mother plant blocks,
nurseries and orchards
Application 41 SharCo risk management  Guidelines for the Policy makers, National| Immediate (31.08.2012 none SharCo consortium dibtip use
WPA1 system establishment of a PP\ plant protection serviceg
risk management system
Application 42 Early Warning System Early Warning System Policy makers, Nationall Immediate (31.08.2012 none SharCo consortium dibtip use
WPA1 aimed at harmonizing| Plant Protection Services,
and optimizing the PP\{  Nurseries and growers
surveys
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