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Existence of two serological subclusters of Plum pox virus, strain M

Arben Myrta'?, Donato Boscia!, Oriana Potere', Maria Kélber®, Maria Németh?, Biagio Di Terlizzi?,

Mariano Cambra* and Vito Savino!

' Dipartimento di Protezione delle Piante e Microbiologia Applicata, Universita and Centro di Studio del CNR
sui Virus e le Virosi delle Colture Mediterranee, Bari, Italy (Fax: 439 080 4606206, E-mail: myrta@iamb.it);
2Istituto Agronomico Mediterraneo, Valenzano, (BA), Italy; > Plant Health and Soil Conservation Station,
Budapest, Hungary; *Instituto Valenciano de Investigaciones Agrarias (IVIA) Moncada, Valencia, Spain

Accepted 3 July 2001

Key words: PPV, strain M, serological subcluster, MAbs, ELISA

Abstract

A large-scale serological characterisation of Plum pox virus (PPV) isolates was carried out with 19 monoclonal
antibodies (MAbs), including the universal MAb5B and the following strain-specific MAbs: AL (specific to PPV-M),
4DGS (specific to PPV-D), TUV and AC (specific to PPV-C), and EA24 (specific to PPV-EA). The study involved
108 PPV isolates of different geographical origin (Albania, Bulgaria, Cyprus, Czech Republic, Egypt, France,
Germany, Greece, Italy, Hungary, Moldova, Romania, Slovakia, Spain, Turkey and Yugoslavia) and hosts (almond,
apricot, peach, plum and cherry). The inter- and intra-strain serological relationships of PPV isolates were evaluated
by DASI-ELISA. High serological variability was detected, not only between strains, but also among isolates of the
same strain. Computer-assisted analysis of serological data support the hypothesis of the existence of two distinct
subclusters, denoted PPV-M, and PPV-M,, which seem to prevail in Mediterranean and Eastern—Central European

countries, respectively.

Plum pox virus (PPV) isolates are grouped into four
strains which can be differentiated by biological,
serological, molecular and epidemiological charac-
teristics: Marcus (M), Dideron (D), El Amar (EA)
and Cherry (C) (Pasquini and Barba, 1997; Candresse
et al., 1998). As monoclonal antibodies (MAbs) were
shown to be extremely useful for the discrimination
and identification of potyviruses, several PPV-specific
MADbs were raised and used in the characterisation
of PPV isolates (Navratil et al., 1992; Cambra et al.,
1994; Lopez-Moya et al., 1994; Asensio et al., 1995;
Pasquini et al., 1995; Boscia et al., 1997; Myrta et al.,
1998, 2000). To date, serotype-specific MAbs are
available also (Cambra et al., 1994; Boscia et al.,
1997; Myrta et al., 1998, 2000; Navratil et al., 1998).
This work reports the results of investigations on the
serological variability of PPV isolates belonging to
the four known PPV strains using MAbs.

One hundred and eight isolates of PPV, originating
from different geographical areas and host species,

were collected from Albania (5), Bulgaria (1), Cyprus
(2), Czech Republic (6), Egypt (9), France (5),
Germany (3), Greece (5), Italy (12), Hungary (34),
Moldova (2), Romania (1), Slovakia (8), Spain (5),
Turkey (7) and Yugoslavia (3). MAbs used were
those newly obtained from the El-Amar isolate
(Myrta et al., 1998) and MAbAL specific to PPV-M
(Boscia et al., 1997), MAbEA?24 specific to PPV-EA
(Myrta et al., 1998), MAbAC and TUV specific to
PPV-C (Myrta et al., 2000), MAb4DGS specific to
PPV-D and the universal MAb5B (Cambra et al.,
1994). DASI-ELISA (Cambra et al., 1994) was carried
out for testing PPV isolates.

The presence or absence of each putative epitope
was recorded, in a binary matrix (Blanco-Urgoiti et al.,
1996) for every isolate. Epitope strings were aligned
with CLUSTAL W (Thompson et al., 1994). Tentative
clusters were constructed with the NEIGHBOR,
SEQBOOT, PROTDIST, and CONSENSE program-
mes of the PHYLIP package (Felsenstein, 1989) and
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visualised with TREEV 32 program. The outgroup
used in the analysis was Apple mosaic virus (ApMV).

MADSB recognised all the 108 isolates, confirming
its nature of universal reagent (Asensio et al., 1995;
Candresse et al., 1998), whereas no isolate was recog-
nised by all of the 19 MAbs. As shown in Table 1,
the 108 virus isolates gave 28 distinct serological reac-
tion patterns (serogroups) confirming the alleged CP
variability among PPV isolates (Cambra et al., 1994,
Asensio et al., 1995). From the reaction of each of the
19 MAbs with the tested isolates, it appears that some
MADs can be grouped according to their capacity for
identifying the same antigens (epitopes), for example,
MAbEA2,EA7,EA13,EA14,EA15,EA16and EA1S;
MADb AC and TUV. Assuming that each of these two
groups represents a single epitope, and that other MAbs
recognise distinct single epitopes, it can be concluded
that the 19 M Abs utilised identify 12 different PPV epi-
topes. Thus, the analysis of 28 different epitope strings
(each of 12 number positions) expressed as binary
matrix (i.e., serogroup I: 111111110001), resulted in a
tree with clear-cut serological clusters (Figure 1).
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The only exceptions were two isolates V and XI,
respectively Turquie (TYR) and SK241 (HU), which
were not included in any of the major clusters. In
the case of isolate Turquie, the serological analysis
(PPV-D) is in agreement with previous molecular stud-
ies, that identified this isolate as an outside member of
the PPV-M strain (Candresse et al., 1998). SK241 was
typed as PPV-D also by PCR followed by enzymatic
digestion (Rsal polymorphism) (Szemes et al., 2001)
and its distance from other PPV-D isolates could be
due to differences in other ELISA-target epitopes. Six
Turkish and three Albanian isolates reacted against
both M- and D-specific MAbs. The Albanian isolate
PPV-AL (serogroup XXIII) was already identified with
serotype-specific primers as being a natural mixture
of the two strains (M + D) (Candresse et al., 1998).
The other isolate was from a neighbouring tree and,
therefore, likely to host a mixed infection. The third
Albanian isolate, Plum-KO (serogroup XVI), was
collected in a varietal collection where both strains
(M and D) were present as single or mixed infec-
tions (Myrta, unpublished). The six Turkish isolates
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Figure 1. Serological clustering of 28 PPV serogroups. For detailed information on isolate origin refer to Table 1.
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(serogroups III and VI) seemed to be PPV-M isolates
also containing the D-specific epitope. The existence
of two PPV-M subgroups is also indicated by the anal-
ysis of Asensio et al. (1995) carried out with different
PPV-M isolates and elaboration system.

Interestingly, serotype M isolates clustered in two
subgroups apparently correlated with their geograph-
ical origin. The first subgroup is composed mainly
(28 out of 37, nearly 75%) with isolates from Central
and Eastern Europe (Hungary, Slovakia, Germany),
whereas from the rest of 9 isolates, 8 are originated from
adjacent countries. The second subgroup, represented
from 28 isolates, is constituted mostly (24, nearly 86%)
of isolates originated from Mediterranean countries
(Greece, Italy, Turkey, Albania, Cyprus, France and
Yugoslavia). MAbEA1S8 (or EA2, 7,11, 13, 14, 15 and
16) can specifically identify the two new PPV-M sub-
groups. Intriguingly, PPV-EA seemed to derive from
the Mediterranean cluster of PPV-M showing much
lower affinity with any of the other subgroups.

The present results demonstrate a clear-cut cluster-
ing of PPV isolates based on their serological proper-
ties, which may also be of phylogenetic significance.
The use of other MAbs, in addition to those known to
be serotype-specific, can perhaps help in determining
the status of isolates with ambiguous serotype assign-
ment. Possibly due to evolutionary differentiation,
PPV serotype M separates into two subgroups that
seem to prevail in two geographically defined areas
(i.e., the Mediterranean and Central-Eastern Europe)
which can be tentatively identified as PPV-M, and
PPV-M,, respectively. However, whether this sero-
logical classification finds support at the molecular
level and whether it is linked with a differential
epidemiological behaviour remains to be determined.
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