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Abstract

Several PPV-infected stone fruit samples, collected in four Italian regions
(Veneto, Lombardia, Campania and Basilicata), have been examined to get more
information on biological, serological and molecular traits of PPV isolates. In par-
ticular, 36 leaf samples, collected from symptomatic plants, have been analyzed
by biological test, TAS-ELISA, RT-PCR and RFLP. Total RNAs have been used in
RT-PCR test, then, obtained amplicons were digested with Alul and Rsal restric-
tion enzymes. DNA fragments respective to the replicase (NIb) and CP gene, have
been cloned and sequenced. Molecular analysis confirmed the preliminary biologi-
cal and serological data. All tested isolates belonged to PPV-M strain and 13 of
them resulted very closely related to the PPV-SK68 isolate on the base of their coat
protein sequence.
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Introduction

Sharka, one of the most harmful viral diseases of stone fruits, is caused by Plum
pox virus (PPV), a quarantine Potyvirus against which compulsory control is fore-
seen by the Italian legislation since 1992. In Italy, after the first record of the dis-
ease in Alto Adige region (1974), PPV has been detected in most Italian regions.
During the last decade peach orchards in northern Italy have suffered extended and
severe outbreaks of sharka disease, mainly related to PPV-M isolates. In particular,
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sharka is quickly spreading in all stone fruits growing areas of Veneto and
Lombardia regions, causing serious damage and crop losses (Bianco et al. 2004).
Moreover, different isolated foci of PPV infection have been identified, in southern
Italy, in Campania and Basilicata regions.

In this work, several PPV infected stone fruit samples (peach in particular) col-
lected in the four regions mentioned above, have been examined in order to get
more information on biological, serological and molecular traits of the virus iso-
lates involved in the disease.

Material and methods

Plant material

Extensive surveys were performed in the main stone fruits growing areas of Ve-
rona, Brescia, Matera and Salerno provinces (Fig. 1) (Veneto, Lombardia, Basilica-
ta and Campania regions, respectively) to evaluate sharka diffusion. Symptom
inspections were accompanied with collection of infected samples (in summer
time) for further serological and molecular characterisation of the PPV isolates re-
sponsible for the disease.

Biological tests

Healthy Prunus persica (L.) Batsch GF305 were used as indicator plants. Woody
portions of stem from naturally infected peach or apricot plants were grafted by
chip budding on 50 cm high GF305 plants. Three GF305 plants were grafted per
each isolate, grown later under controlled conditions (18-22°C) in insect proof
screen in greenhouse and checked periodically for symptoms appearance.

TAS-ELISA

Serological tests have been performed on the leaf tissues collected from plants
in field. Specific monoclonal antibodies to detect the four PPV groups, MAb4DG5
(D), MADAC (C), MAbEA24 (EA) and MAbAL (M), and the PPV-specific MAb5B
(Agritest®, Bari) were used.

RT-PCR and RFLP analysis

Total RNA was extracted using silica columns or RNAeasy plant mini kit
(Qiagen) from 100 mg of peach flowers, symptomatic leaves of naturally infected
peach or apricot plants and from infected GF305 leaves. The primer pair P1/P2 de-
scribed by Wetzel et al. (1991) was used for RT-PCR. PCR products of the expected
size (243 bp) were incubated with Alul or Rsal restriction enzymes. Digestion prod-
ucts were analysed by 7% PAGE and visualised by ethidium bromide.
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Fig. 1. Stone fruits growing areas surveyed for PPV detection in northern (Lombardia, Brescia
province and Veneto, Verona province) and southern Italy (Campania, Salerno province
and Basilicata, Matera province)

PPV RNA, extracted from purified virions according to Crescenzi et al. (1997),
was used for RT-PCR for the amplification of part of the replicase (NIb) plus
the CP (Coat Protein) coding region of 10 PPV isolates selected from northern Italy
and three from southern Italy.

RT-PCR was performed with Thermoscript RT (Invitrogen) according to manufac-
turer’s instruction, using the primer pair 5-TTTATGATAGATACCGAGACCACTACACIC-3’
and 5’-CCAATCCATCGATTGGAGGCAATTTGTGC-3’ described by Crescenzi et al.
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(1997). Amplified fragments were purified using QIAquick PCR purification kit
(Qiagen) and cloned into pCRII vector using TA™ cloning kit (Invitrogen). The
obtained clones were sequenced and the CP sequence was compared with those
available in GenBank. Similarity analysis was performed using SIMPLOT software
v. 2.5 (Stuart C. Ray copyright).

Phylogenetic analysis

Phylogenetic analysis was done with the PHYLIP (Phylogenetic Interference
Package) program package version 3.572¢ on manually edited forms of nucleotide
sequence alignments produced by MultAlin 5.4.1. DNADIST was used for distance
matrix analysis followed by FITCH (global rearrangements). For bootstrap analy-
sis, SEQBOOT (with 100 bootstrapped data sets generated for vigorous re-sam-
pling of the input data) preceded the above calculations and, after performing
them, CONSENSE was used to determine the biological significance of the dis-
tance matrix analysis. Phylogenetic relationships were visualised using TreeView
program (Rod Page, University of Glasgow, Scotland).

Results
Biological indexing

GF305 peach plants, grafted with 36 PPV-infected samples, showed typical
sharka symptoms about 20-30 days post inoculation.

TAS-ELISA

The test performed, using PPV-specific Mab5B, verified the identity of the virus
isolates as Plum pox virus in 22 out of 36 inoculated peach. When group-specific
monoclonal antibodies were used for establishing the PPV group, the test revealed
17 positive samples as PPV-M (Table 1). No samples reacted with the monoclonal
antibodies specific for detection of PPV-D, PPV-C, and PPV-EA.

RT-PCR and RFLP

Amplicons of the expected size (243 bp) were obtained in 35 out of 36 samples,
when the P1/P2 couple of primers was used in RT-PCR assay.

When analysed by RFLP assay, a typical profile of PPV-M isolates was observed,
with the presence of the Alul restriction site and the absence of the Rsal one.

Six isolates from Lombardia, four from Veneto, two from Basilicata and one from
Campania regions were selected for cloning part of the NIb plus the CP coding re-
gion and for sequencing the CP (Table 1). Similarity analysis of CP sequences with
others available from GenBank indicated that the selected isolates are all closely re-
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Table 1

Results of ELISA, RT-PCR and RFLP on peach and apricot (°) samples showing
typical sharka symptoms. CP coding region of PPV isolates, marked with (*),
was cloned and sequenced

Mab5B MabAL RT-PCR

(universal) | (PPV-M) P1P2 Alul/Rsal

Province Year Peach cultivar

Verona 2003 |‘Maria Laura’ - - +
‘Royal Glory’ - -

=<

‘Royal Gem’ - -
‘Springcrest’ - -

‘Maycrest’ -
‘Supercrisom Gold’
‘Rich Lady’ (*)

‘Royal Glory” (*) -

‘Franca’ - -

+ +
+ +

‘Local variety 1’ - -
‘Local variety 2’ - -
‘Local variety 3’ - -

‘Elegant Lady’

2002 |‘Elegant Lady’
“Big Top’ (*)
‘Big Top 2’
‘Maria Carla’
‘Royal Glory’
‘Lizbeth’
‘Caldesi 9G’ (*)
‘Redhaven’
‘Stark’

‘White Lady’
‘Royal Gem’

+ o+ |+ o+

+ + + + + + + + A+ + +

‘Venus’

Brescia 2003 |‘Summer Rich N.4" (*)
‘Snow Bright D5” (*)
‘Red Elegant’ (*)
‘Anonima 7F (*)
‘Max 9H’

‘Max 9K N.1" (¥)
‘Stark’

I+ 4+ 4|+ + + + + o+ o+
[ |

2002 |‘Bsl’ (*)

Salerno 2003 |‘Pes-Camp’ (*)

Matera 2001 |‘Net-Covil’ (*°)
‘Pes-Covil’ (*)

|
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lated to the isolate PPV-SK68 (Acc. No. M92280), sharing with the corresponding
sequence a percentage of similarity between 93 and 99.5% at the nucleotide level.

Phylogenetic analysis

The results of the serological and molecular tests were confirmed by phylogenetic
analysis performed on the multiple alignments of CP nucleotide sequences. The
phenogram reported in Figure 2 shows the separation of PPV isolates into four dis-
tinct clusters corresponding to D, M, EA and C groups, all clusters being statistically
significantly different from each other. In particular, all the PPV isolates sequenced in
the present work clustered together within the M group with a bootstrap value of 83.
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Fig. 2. Phylogenetic tree generated by distance matrix analysis of PPV CP coding regions. The length of
the branches indicates the phylogenetic distance between the different strains, the scale bar represents
10% mutations. The virus isolates that make up separate groups within the species are shadowed with
different colors. For bootstrap analysis, one hundred bootstrapped data sets were generated for
vigorous re-sampling of the input data. Bootstrap values are shown only at major nodes
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Discussion

The results obtained in this work conducted in Northern and Southern Italy
confirmed the data previously reported about the wide diffusion of sharka disease
in Veneto region, and in particular in the Verona province (Bianco et al. 2003), and
the presence of isolated foci of infection in the remaining investigated area (Brescia
province) (Bianco et al. 2004). Strain-specific Mab serology highlighted that all the
isolates belong to the PPV-M group. This result was confirmed by the molecular
and phylogenetical characterisation performed on 13 selected isolates. Unex-
pectedly, all of them resulted very closely related to the PPV-SK68 isolate, with
percentages of similarity ranging from 93 (only in the most variable 5’ terminus
of the CP) to 99.5%.

Concerning the PPV detection, in this paper we obtained higher level of sensi-
tivity with RT-PCR; only in one case (‘Maria Carla’) we obtained a negative result
with RT-PCR (positive with ELISA test), probably due to an incorrect sample col-
lection or imprecision in the RNA extraction procedure. Moreover the negative re-
sults obtained with ELISA tests could be attributed to the lower title of the virus
since the leaf samples were collected in summer time (July) when the concentra-
tion of the virus is often lower than in springtime.

At the end, considering the high number of different affected peach cultivars
and the considerable distance where the PPV-SK68-like isolates have been recov-
ered, it is conceivable to suspect a possible unique origin of the epidemic and foci
of infection in the areas considered in this study. It may be due to the use of propa-
gation material coming from the same origin (probably a rootstock), infected by
the isolate PPV-SK68 and possibly imported from abroad. The broad diffusion
of PPV-SK68-like isolates and their rapid spread in the surveyed areas suggest the
need for a more accurate control of the propagating material using proper diagnos-
tic tools.
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