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Abstract

The aim of this study was to identify genes that are differentially expressed dur-
ing PPV infection of plum cv. ‘ a anska Najbolja’, which is tolerant to sharka dis-
ease and to find putative molecular markers of resistance/tolerance to the virus.
For isolating genes linked to PPV infection, cDNA-AFLP analysis was used. Three
pools of mRNA were compared, isolated from plants showing different response to
inoculation with PPV. Products of selective amplification with 47 primer pairs
were analysed. 14 cDNA fragments corresponding to genes differentially ex-
pressed during PPV infection were cloned and sequenced. Eight of the cloned frag-
ments showed homology to already known coding sequences. Confirmation of
their expression patterns during PPV infection will be done using Northern blot-
ting and semi-quantitative RT-PCR.
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Introduction

Plum pox (sharka) caused by Plum pox virus (PPV) is one of the most harmful
diseases affecting Prunus species. It causes severe losses in productivity and fruit
quality in European stone fruit orchards. As PPV is transmitted by aphids in a non-
-persistent manner, the use of pesticides to reduce PPV dissemination is ineffec-
tive. Therefore, breeding new plum cultivars resistant or tolerant to sharka disease
is necessary for effective control of PPV in orchards and nurseries.
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Several programs aiming at breeding PPV resistant or tolerant plum cultivars
are carried out in Europe (Polák 1994, Ranković et al. 1994, Hartmann 1998, 2002,
Jakubowski 1998, Jacob 2002, Zhivondov and Djouvinov 2002). The majority of
existing plum cultivars show different level of susceptibility to PPV. The Yugoslav
cultivar ‘ a anska Najbolja’ belongs to highly tolerant plum cultivars: only few
symptoms are observed on leaves and virus particles are present in plant tissues
in low concentration (Dosba et al. 1994, Zawadzka et al. 1994, 1998).

The aim of this study was to identify genes that are differentially expressed dur-
ing PPV infection of plum cv. ‘ a anska Najbolja’ and to find putative molecular
markers of resistance/tolerance to the virus, which can be useful in breeding
programmes. cDNA-AFLP analysis was used for the identification of genes linked
to plant response to PPV infection. This technique of RNA profiling is an efficient
tool for analysis of changes in gene expression caused by various biotic and abiotic
stresses. Therefore, it has been used to identify pest and disease resistance genes
(Bachem et al. 1996, Durrant et al. 2000, Decroocq et al. 2002, Samuelian et al.
2004, Zheng et al. 2004).

Materials and methods

Plant material

10 plum trees cv. ‘ a anska Najbolja’ were grafted on susceptible rootstock
Prunus marianna GF 8-1 and infected with PPV-D strain by double chip budding of
the scion part of the plant. The plants were maintained in a greenhouse for four
vegetative seasons. After each vegetative cycle, plants were transferred to a cold
chamber (4°C) for two months for inducing and undergoing dormancy. Presence
of PPV in both the scion and the rootstock of infected plants was examined by
ELISA, three times during each vegetative cycle. The infection process was differ-
ent for various plant individuals; in some plants the presence of PPV was de-
tected after the first dormancy period, in some in the fourth vegetative cycle,
while some plants were not infected at all. The mRNA pools from those three
groups of plants were compared (two plants were randomly selected from each
group for analysis). Leaf samples for molecular analyses were collected in the
fourth vegetative season, three times at 15 days interval, starting with first devel-
oping leaves.

cDNA-AFLP analysis

cDNA-AFLP analysis was performed as described by Money et al. (1995) and
Bachem et al. (1996). Total RNA was extracted from leaf samples using method
of Chang et al. (1993). In order to remove any traces of DNA, the RNA samples
were treated with DNase RQ (Promega). From total RNA, the mRNA was iso-
lated using Oligotex mRNA kit (Qiagen) and subjected to reverse transcription

92 D. Wawrzyńczak, K. Kowalczys, V. Decroocq, T. Malinowski, T. Jakubowski et al.



(Universal Riboclone cDNA synthesis system, Promega). Obtained cDNA was
digested with MseI and PstI endonucleases and ligated with appropriate adapters
(Zabeau and Vos 1993). Pre-amplification of obtained fragments was carried out
using primers complementary to adapter’s sequence. This step was followed by
selective PCR with primers with two or three additional nucleotides at the 3’ end.
Amplification products were separated in a 6% denaturing polyacrylamide gel
and silver stained.

Cloning and characterisation of cDNA fragments

Amplification products, with differing expression patterns between the three
compared pools of mRNA, were re-amplified from polyacrylamide gel, cloned into
pGEM-T vector (Promega) and sequenced. Sequences of cDNA fragments were
subjected to BLAST analysis (tblastx; National Center for Biotechnology Informa-
tion, http://www.ncbi.nlm.nih.gov).

Results

Products of selective amplification with 47 primer pairs were analysed. 14
cDNA fragments corresponding to genes differentially expressed in response to
PPV infection (Phot. 1) were cloned and sequenced. Expression of 11 of those
genes was induced in PPV infected plants whereas only three were repressed dur-
ing PPV infection. BLAST analysis revealed that eight of cloned cDNA fragments
show homology to already known coding sequences from NCBI database. Detailed
data concerning these cloned cDNA fragments are presented in Table 1.
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Phot. 1. cDNA-AFLP products CN1 and CN9, showing differential expression in healthy
and PPV-infected plants of plum cv. ‘ a anska Najbolja’: 1N2 – healthy plants, N3 – plants in which

the presence of PPV was detected in the season following the first dormancy period after inoculation,
N4 – plants in which the presence of PPV was detected in the fourth vegetative season; 2T10, T11,

T12 – sampling time points in fourth vegetative season
(photo by D. Wawrzyńczak)
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Discussion

Identification of genes linked to response to PPV infection in apricot cv.
‘Goldrich’ was previously performed by Decroocq et al. (2002) and Schurdi-
-Levraud et al. (in press) using cDNA-AFLP technique. After selective amplifica-
tion with 206 primer pairs, 45 gene fragments showing differential expression in
healthy and PPV-infected plants were selected; expression of most of them (35
out of 45) was induced in response to PPV infection (Schurdi-Levraud et al., in
press). It seems that changes in host gene expression during PPV infection are
similar in apricot ‘Goldrich’ and plum ‘ a anska Najbolja’, probably due to simi-
lar biological responses to PPV in the two cultivars, both tolerant to PPV.

Further investigations resulted in identification of 24 genes which expression
was modulated by PPV infection in apricot, coding for proteins involved in plant
metabolism, transcription, signal transduction, defence mechanisms and intra/in-
tercellular connections (Schurdi-Levraud et al., in press). Up to now we have not
found that homologues of these genes in plum are linked to response to PPV. Nev-
ertheless, further analyses with more primer combinations are necessary to com-
plete the mRNA screening in ‘ a anska Najbolja’.

Using cDNA-AFLP technique we were able to investigate the changes in gene
expression pattern during PPV infection of plum cv. ‘ a anska Najbolja’. The iden-
tification of cDNA-AFLP markers which are possibly associated with plum re-
sponse to PPV infection is a first step in the attempt to identify molecular markers
of sharka resistance in Prunus domestica L. Confirmation of expression patterns of
the cloned genes during infection with PPV will be done using Northern blotting
and semi-quantitative RT-PCR. Attempts to explain the possible role of these
genes products in plant response to PPV infection will be taken.
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