
SUMMARY

During spring 2003, a small focus of infection by
Plum pox virus (PPV) that involved four trees was dis-
covered in an apricot orchard in the Province of Brin-
disi (Apulia, southern Italy). Virus isolates from all these
trees were serologically typed by DASI-ELISA using
four strain-specific monoclonal antibodies (Mabs). One
isolate (PPV-BR) was also characterized by RFLP analy-
sis of PCR products derived from two genome regions,
i.e. coat protein (CP) and P3-6K1. PPV-BR proved to
be a recombinant as it typed as PPV-M by strain-specif-
ic Mabs and RFLP analysis of the CP gene, but as PPV-
D by analysis of the P3-6K1 gene. Sequence analysis of
the (Cter)NIb-(Nter)CP region of this recombinant
showed that the recombination breakpoint was located
in the C terminus of the NIb gene, as has been reported
for other recognized PPV recombinants. This repre-
sents the first record of a recombinant isolate of PPV
from Italy. 
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Sharka, the most severe disease of stone fruits in Eu-
rope and the Mediterranean region (Roy and Smith,
1994), is caused by Plum pox virus (PPV), which occurs
in nature as four main strains, Marcus (PPV-M), Dideron
(PPV-D), El Amar (PPV-EA), and Cherry (PPV-C)
(Pasquini and Barba, 1997; Candresse et al., 1998).

In Apulia (southern Italy), sharka was first recorded
in 1988 (Di Terlizzi et al., 1988) but no new foci have
been detected since 2000, following eradication meas-
ures implemented from the beginning of the 1990s. In
spring 2003, however, new PPV infections were discov-
ered in an apricot orchard established at Mesagne
(Province of Brindisi) with propagating material coming
from an extraregional nursery. There were four sympto-
matic trees, one of cv Ninfa and three of cv San Castrese.
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Leaf samples from all sources reacted in ELISA with
the universal monoclonal antibody Mab5B (Cambra et
al., 1994). All 4 isolates reacted in DASI-ELISA with
Mab AL (Boscia et al., 1997), but not with Mabs 4DG5
(Cambra et al., 1994), EA24 (Myrta et al., 1998), and
AC (Myrta et al., 2000), which suggests that they belong
to PPV-M. Extensive monitoring carried out in spring
2004 failed to identify additional infected apricot trees
in the same planting. Likewise, no infections were de-
tected in peach orchards located within a 1 km radius of
the PPV focus.

The virus isolate from cv Ninfa, denoted PPV-BR,
was kept in tissue grafted on GF305 and maintained in
a controlled environment greenhouse. Molecular char-
acterisation was done by RT-PCR for: (i) amplification
of the C terminal region of the coat protein (CP) gene
using the P1/P2 set of primers (Wetzel et al., 1992); (ii)
strain-specific identification according to Candresse et
al. (1998) using primers P1, PM and PD; (iii) amplifica-
tion of (Cter)P3-6K1-(Nter)CI using primers PCI and
PP3 (Glasa et al., 2002). PCR conditions for all primer
sets were: denaturation at 93°C for 2 min, 35 cycles of
amplification (94°C for 45 sec, 50°C for 45 sec and
72°C for 1 min), and a final extension for 7 min at 72°C. 

PCR using P1 and P2 primers amplified the expected
243 bp fragment from the CP gene and PCR using PP3
and PCI primers amplified the 836 bp fragment from
the P3-6K1 gene of PPV-BR. PCR products were sub-
jected to RFLP analysis using RsaI for P1/P2 amplicons
and DdeI for PCI/PP3 amplicons.

PPV-BR was typed as PPV-M based on the RsaI
polymorphism of the C-terminal part of the CP gene
but as PPV-D based on the DdeI polymorphism of the
P3-6K1 region, suggesting possible recombination be-
tween PPV-M and PPV-D. Thus, another primer pair
(CP2/NIb1) amplifying a fragment of 829 bp of the
(Cter)NIb-(Nter)CP regions was designed (Matic,
2004). The CP2/NIb1-amplified product was purified
by using a QIAquick PCR purification Kit (Qiagen, Va-
lencia, Ca, USA), and cloned in pGEM-T Easy® vector
(Promega Corp., Madison, Wisconsin, USA) according
to the manufacturer’s instructions. Two identical cDNA
sequences were obtained for the recombinant plasmid
by automatic sequencing (MWG Biotech, Ebersberg,
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Germany) and were deposited in the GenBank database
under the accession number AJ812242.

Visual analysis of the nucleotide sequence alignments
suggested a recombination event in the C terminus of
the NIb gene around nt 8450. Interestingly, the break-
point was in the same position as that reported for other
PPV recombinant isolates (Cervera et al., 1993; Glasa et
al., 2004). This region has a high level of sequence ho-
mology among all aligned recombinant PPV isolates.
The exact position of recombination breakpoint was de-
termined by PhylPro program (Weiller, 1998) on the
PPV-BR sequence and on that of the BOR-3 isolate
(Glasa et al., 2002), which was used as a reference for
the recombination event. For both sequences, a single
peak was observed, indicating a recombination break-
point at the nucleotide position 8450 (Fig. 1). 

Multiple alignments of nucleotide and amino acid se-
quences of PPV-BR CP and NIb genes were obtained
using the default options of Clustal X 1.8, a Windows in-
terface for the Clustal W multiple sequence alignment
program. The sequences were compared with previously
published sequences overlapping the NIb-CP fragment:
BRC-3 (AF421118), LOZ-3 (AF450312), Pd31
(AJ566345), BOR-3 (AY028309), Bt-H2 (AJ566346),
MYV-3 (AF450313), BNE-10 (AF420311), KRN-1
(AF421121), SK-68 (M92280), NAT (NC-001445),
PENN-1 (AF401295), PS (AJ243957), Dideron
(X16415), El Amar (X56258) and SwC (Y09851). Phylo-
genetic analysis was done using the minimum evolution
method of phylogenetic interference (Rzhetsky and Nei,
1993) with 10,000 bootstrap replicates, using the 2.1 ver-
sion of the Molecular Evolutionary Genetics Analysis
software MEGA (Kumar et al., 2001). In phylogenetic
trees generated using nucleotide (Fig. 2) or amino acid
(not shown) sequences of the fragment corresponding to
the C-terminal part of the NIb and N-terminal part of
the CP genes, PPV isolates grouped into two main clus-
ters, one comprising all PPV-D isolates and another all

PPV-M isolates. Interestingly, the PPV-M cluster split in-
to two subclusters, comprising typical PPV-M isolates or
all recombinant isolates (PPV-Rec). The recombinant
isolates clustered in a branch clearly distinct from PPV-
M isolates, supporting the proposal by Glasa et al.
(2004) for the establishment of a new subgroup. 

As well as sharing the same recombination break-
point, the PPV-BR recombinant isolate contained five
highly conserved amino acids (K2814, I2848, T2852, I2868,
T2878) (Glasa et al., 2004), which were not found in the
reference PPV-M and PPV-D isolates. In addition, PPV-
BR showed three other changes of amino acids com-
pared with analysed recombinants in the CP (M2843,
R2845, and S2882) (not shown).
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Fig. 1. PhylPro profiles of four PPV isolates. the overlapping lower curves refer to isolates PPV-BR and PPV-BOR3. Upper profiles
refer to isolates of PPV-D and PPV-M.

Fig. 2. Phylogenetic position of recombinant isolates based on
sequences encoding the c terminus of the NIb and the N ter-
minus of the CP. The scale bar shows a distance of 0,05 dis-
tance per site. Only bootstrap values > 70% are shown.



Homologous RNA recombination in PPV was first
observed in a virus isolate from Yugoslavia (PPV-o6)
(Cervera et al., 1993) and the suggestion was made that
cherry isolates may have originated from a heterologous
recombination event between a PPV-like virus and an-
other unknown virus RNA, or plant cell nucleic acid
(Nemchinov et al., 1998). Sequence analysis of several
parts of the virus genome of a number of PPV isolates,
has confirmed the presence of a recombination break-
point between RNAs of M- and D-strains in the NIb
gene (Glasa et al., 2002). Another was located in the P3
gene (Glasa et al., 2004). 

The PPV strains frequently found in Italy are PPV-D
and PPV-M (Pasquini and Barba, 1994; Frisinghelli et
al., 1996; Poggi Pollini et al., 1996; Barba and Pasquini,
1998; Pasquini et al., 1999; Myrta et al., 2001; Bianco et
al., 2004), with a single record of PPV-C from sweet
cherry (Crescenzi et al., 1994). No recombinant isolates
have been detected in Italy; thus this paper is the first
such report. The Italian PPV recombinant was genetical-
ly very similar to previously reported recombinants, sup-
porting the hypothesis of their having a common origin. 

This report also supports the notion that recombi-
nants are more widely spread than currently thought,
even in the Mediterranean area.
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