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Abstract

Three genotypes oPrunus (Mirobolan BN 4Kr — a mutant oPrunus cerasifera,
Local de Dagasani — a selection oPrunus insititia, andCatanska Najbolia cv. Prunus
domestica) were evaluated for PPV resistance based on thesponse to PPV-D and PPV-
Rec strains, after inoculation by budding. BothVHP and PPV-Rec strains were
translocated from the inoculum buds to Myrobolan 8/ but the virus was able to induce
only a limited infection, indicating a possible ibition of virus replication. The response of
Local de Dragasani to inoculation with the two P&kains revealed a typical hypersensitivity
reaction which could be a promising natural resistasource to PPV. The infection with both
D and Rec strains became systemi€atanska Najbolia and no evidence of an effective
inhibition of virus replication.
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INTRODUCTION

Plum pox virus (PPV) is the causal agent of Sharka, onb@ftost devastating diseases
of Prunus species (Cambrat al., 2006). In order to restrict the spread of PPWPPBD
recommended measures such as quarantine isolatiorsery and orchard surveys,
propagation of virus-freBrunus and chemical treatment of trees against aphicov&cthese
measures have appeared to be ineffective in haltiegpread of PPV which is endemic in
many countries. Due to the rapid spread of PPVpbyds and the presence of many potential
hosts, Sharka disease is difficult to eradicateeomchas become established in an area.
Therefore, the use of resistant cultivars reprastm® most important strategy to control PPV.

There are two approachestte development of PPV resistant plum. The firg mnthe
conventional breeding which may exploit the natup&V resistance. Unfortunately, the
paucity of natural resistance has hampered theteffo obtain PPV resistant cultivars by
conventional breeding. The second one is the geratiineering which allows the obtaining
of genetically modified plants resistant to PPVdi&a and Ravelonandro, 2006). Following
the Pathogen Derived Resistance (PDR) apprd@aimus domestica was transformed with
the PPV coat protein (CP) gene (Scoezal., 1994). One transgenic line, C5, subsequently
named ‘HoneySweet’ (Scorzt al., 2007) was found to be highly resistant to PPV bnoth
greenhouse (Ravelonandebal., 1997; Scorza et al., 2001; Higy al., 2004) and field trials



(Malinowki et. al., 2006, Zagragt. al., 2008a, b). ‘HoneySweet’ can be of significant bigne
to growers and consumers while providing uniqueetiermaterial for use in conventional
breeding programs (Scorghal., 2007). In spite of it benefits, there are stdme retention in
Europe regarding to application of genetic engimgestrategies to fight against pathogens.
Therefore, the utilization of any potential natusalirces of PPV resistance remain important
for the development of new varieties, althougls Wifficult and long-term to incorporate such
resistance into new stone fruits varieties throcgventional breeding

Different potential types of natural PPV resistaneere described (Keglest al.,
1998). Since the immunity is characterized as “Adiost resistance” (Fraser, 1998) and no
interaction between the host genotype and the \gawms occurs (Kegleet al., 1998) it is
difficult to find immune genotypes. To date, no inmme genotypes withiRrunus domestica,
Prunus cerasifera, Prunus spinosa and Prunus insititia have been identified (Hartmann and
Neumuller, 2006). However, an immune myrobolan (8#) was reported (Minoiwt al.,
1998).

The lack of the immune genotypes has directed ttieatéon of breeders to the others
types of natural PPV resistance: qualitative (catgylabsolute) and quantitative (incomplete,
relative) resistance. A qualitatively resistant @gpe does not get diseased because the virus
is localized in the infection site (Kegletral., 1998). The qualitative resistance to PPV it was
supposed to be associated with hypersensitivitjweNbeless, a multigenic hypersensitive
reaction has been reportedRnunus domestica and a resistant hypersensitive cultivar 'Jojo’
has been released (Hartmann and Petruschke, Zl02)absolute resistance of this cultivar
was oppugned by Polak. al., 2005 which showed that PPV can be present iriskae of
cv. Jojo because the virus was transferred to thastock. Another genotype with
hypersensitivity response was found Pnunus insititia and denoted Local de Dragasani
(Minoiu et al., 1998).

A genotype possessing a quantitative resistandegetithe disease but the infection
rate, virus replication and virus invasion can barenor less inhibited (Keglest al., 1998).
Catanska Najbolia cv. can be considered as quansigtivesistant because the virus
concentration within this genotype is significanbyver compared to other varieties (Kegler,
1992). A possible manifestation of the quantitatiesistance after inoculation of the trees
with virulent aphids was also observediatanska Najbolia and Carpatin cvs. (Zagtadl.,
2005).

In the present experiment it were tested the resgmof Myrobolan BN 4Kr, Local de
Dragasani andatanska Najbolia cvs. to artificial inoculation witte two different strains of
Plum pox virus reported in Bistrita plum growing area frorarRania (Zagraét al., 2008).

MATERIALS AND METHODS

Plant material and inoculation of PPV straifiree genotypes d?runus (Mirobolan BN
4Kr — a mutant oPrunus cerasifera, Local de Digasani — a selection dPrunus insititia, and
Catanska Najbolia cv. Prunus domestica) which showed interest in terms of resistance and
another one very susceptible to PPV (Tuleu dulcg esed as control were selected for
challenge experiment under greenhouse conditioms iBolates from Bistrita area which
were previously typed as PPV-D and PPV-Rec resgaygtiwere used as inoculum sources
(Zagrai et al., 2008). Virus-free myrobolan rootstocks were grmow an experimental
greenhouse started on April 2007 and double graftigll each genotype and inoculum on
August 2007. The transfer of the virus to genotypas made via rootstock as follow: buds of




genotypes were inserted at the top of grafting areh buds infected with D or Rec strain
were inserted at the bottom. Seven plants were faedach genotype-virus combination.
Only three plants were used in the case of control.

Virus monitoring The response of the genotypes was evaluated albmggetative
period of 2008 and 2009 by visual monitoring of gyoms development and by serological
and molecular methods. For testing, leaves sanwédgs collected from the basal half and
from the top half of the plants developed from ggpe buds. In the case of shoots derived
from inoculum buds, leaves were also collecteditdiom the PPV presence.

Serological detection of PPV was made by DASI-ELI®duble Antibody Sandwich
Indirect - Enzyme Linked Immunosorbent Assay) usbig-IVIA universal monoclonal
antibody (Durviz, Spain) according to the manufeats instructions. Molecular detection
was done by IC-RT-PCR (Immunocapture-Reverse Trasm-Polymerase Chain
Reaction) using a pair of primers (P1/P2) thatvedlahe production of the 243 bp fragment
located at the C-terminus of PPV CP gene (Wetkzal., 1991). PPV immunocapture was
trapped with PPV polyclonal antibodies (Bioreba,t3arland). Qiagen one-step kit (Qiagen,
Germany) was used for RT-PCRhe thermal cycling scheme used was the followRg: -

30 min at 50 C, denaturation / RT inactivation - 2 min at°% followed by 35 cycles:
template denaturation - 30 s at’@4 primer annealing - 45 s at®81 and DNA elongation -
60 s at 72C. Following to the last cycle, amplified DNA wa®rgated for 10 min at 7Z.
An aliquot of the amplified products (10ul) was clianated onto 1.5 % agarose gel
electrophoresis in 1 x TAE buffer. Bands were viigea by ethidium-bromide staining under
UV light.

Assays were made before grafting (to check thesviree status of the rootstocks and
the genotypes) and after inoculation in July 2008 d&une 2009.

RESULTS AND DISCUSSION

The responses of those three plum genotypes a@erifoculation using D and Rec
strains are summarized in table 1.

Myrobolan BN 4Kr No PPV symptoms appeared on the leaves of MyaobBN
4Kr one and two years after inoculation, and tren{d showed a normal vegetative growth.
Both PPV-D and PPV-Rec were translocated from ioeulum buds to Myrobolan BN 4Kr
but the virus could only be detected at the baaHldf the inoculated plants (DASI-ELISA
and IC-RT-PCR, 2008). Although PPV was detected y@ma post inoculation, the infection
did not become systemic in the following year alnel plants remained symptomless. DASI-
ELISA (2009) confirmed the presence of PPV onlytloa basal half of the plants. This means
that the virus is able to induce a limited infentio Myrobolan BN 4Kr indicating a possible
inhibition of virus replication.

Although PPV remained close to the inoculation, gite response of Myrobolan BN
4Kr to inoculation with PPV-D and PPV-Rec straiagaaled an interaction between the host
genotype and the virus. Therefore, this genotypebmacharacterized at most as resistant to
PPV.

No substantial difference was recorded in the nespof Local de Dragasani between
the two PPV strains used for inoculation.

Local de DragasanEhoots from buds of plum genotype started to grodpril 2008,
but they grew slowly. In addition, one of the pkmoculated with PPV-D and two plants




inoculated with PPV-Rec began to wilt and they diege weeks later. No PPV symptoms on
leaves were observed on the remained plants dtinmyegetative period of 2008, and the
absence of the virus was confirmed in leaves bothDASI-ELISA and IC-RT-PCR.
However, the hypersensitivity reaction to PPV wasious in both PPV-D and PPV-Rec
groups. The responses as necrosis on leaves akdiwested leaves, gums on stem, wilting
tips of shoots and sporadically leaves with largelarotic regions were observed during the
vegetative period of 2008. Although in April 200f%tplant seems to grow, most of the plants
suddenly died. Only one plant inoculated with PP\&M two plants inoculated with PPV-
Rec survived. No PPV symptoms were observed inetipdgnts and DASI-ELISA results
were negative. Strong leakages of gums were redavdethe basal half of the three plants,
especially close to the inoculums site. As thetreacshowed, most probable these plants will
not survive.

No substantial difference was noticed in the respasf Local de Dragasani to the two
PPV strains used for inoculation.

According to Hartmann and Neumuller (2006) the ofsgenotypes hypersensitive to
PPV enables fruit growers to avoid the virus spireadAs Polaket al., (2005) showed, in the
case of Jojo cultivar, the hypersensitivity did mpoevent the transfer of the virus to the
rootstock. Therefore, in this case the PPV spreadam be stopped only if the rootstock used
is also hypersensitive. In the case of Local degBsani this question remained and should be
check if the infected buds directly grafted on thism genotype will be or not rejected and
the infection transferred to the rootstock. Alsdprg term trial in endemic areas under high
natural infection pressure with PPV is requiredr¢oify the potential of Local de Dragasani
as valuable natural resistance source to PPV.

Catanska Najbolia.The shoots showed normal vegetative growth andle¢hees
developed typical PPV symptoms. The symptoms wenere on the basal plants and
decrease in intensity to the top. The presencletirus was confirmed both by serological
and molecular tests. The infection became systemicthe high viral concentration on the
basal half and slightly lower on the top half of filants suggested an ineffective inhibition of
virus replication. The evidence showed that thepaase of Catanska Najbolia cv is
significantly different when plants were inoculateyl budding compared with the case when
the virus was transferred by aphids (Zagtail., 2005). The low incidence of the symptoms
on leaves irCatanska Najbolia cv, accompanied by relatively lomaantration of the virus
after controlled infestation with virulent aphidesdribed by Zagrat al., 2005, could also be
explain by a relative resistance of this genotypéht virus vectors. This kind of resistance
also can play an important role in protecting stoné trees from PPV infection (Keglet
al., 1998).

No substantial differences in symptoms developnoer®RPV spread was observed on
Cacanska Najbolia when the inoculation was done wiRNVD or PPV-Rec strain.

Tuleu dulce (control)As expected both PPV-D and PPV-Rec strain readiugded
Tuleu dulce plants inoculated and severe PPV symptchlorotic rings, diffuse spots and
bands) appeared. The virus spread throughouteks twas confirmed both by serological and
molecular tests.

No substantial differences in symptoms expressiorPBV spread was observed
between the two strains used for inoculation oftiudulce cv.




Tab. 1

Evaluation of D and Rec strainsiium pox virus in different parts of the graft-inoculated

four plum genotypes under greenhouse conditions.

Inoculation: August 2007

Genotype | Inoculum | Analyzed 2008 2009
part of DASI- | IC-RT- PPV DASI- PPV
plant ELISA PCR | symptoms | ELISA | symptoms
(DO= intensity intensity
405nm)
Myrobolan | PPV-D bottom half +++ + - ++ -
4Kr top half - - - - -
PPV-Rec | bottom half + + - + =
top half - - - - -
Local de PPV-D bottom half - - - - -
Dragasani * top half - - - - -
PPV-Rec | bottom half - - - - -
top half - - - - -
Cacanska | PPV-D | bottom half ++++ + +++ +++ +++
Najbolia top half +++ + + ++ +
PPV-Rec | bottom half ++++ + +++ ++++ +++
top half +++ + + ++ +
Tuleu dulce| PPV-D bottom half ++++ + +++++ +++++ +++++
(control) top half ++++ + +++ ++++ +++
PPV-Rec | bottom half ++++ + ++4+++ ++++ +++++
top half +++ + +++ ++++ +++
* No PPV symptoms but evidence of hypersensitiviéggponse: necrosis on
leaves and bark, gums on stem, wilting tips of shaod sporadically leaves with
large cholorotic regions
CONCLUSIONS
» Both PPV-D and PPV-Rec strains were translocatenh fthe inoculum buds to

Myrobolan BN 4Kr but the virus remained close te thoculation site indicating a
possible inhibition of virus replication.

» The response of Local of Dragasani to inoculatidgth iPPV-D and
PPV-Rec strains revealed a typical hypersensitiviggction which could be a
valuable natural resistance source to PPV.

» No evidence of an effective inhibition of virus lieption was observed
in Catanska Najbolia inoculated with PPV-D and PPV-Reairss.

» No substantial differences in the response of epaiotype between
the two groups of plants (inoculated with PPV-OP&V-Rec) was observed.
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