R

USEN

s Of.VII’US cpidemiology as wel] 5
ms in the environment.

ure and Home Economics Experiment

Paper J-15428 of the lowa Aeri
per ]| a Agriculture

. FAIEJ.?)IU};T, D. L. KNUDSON, and F
ses, Fitth Report of the Int ional
R nternationa)

ONG, L. HORNSTEIN, R, RYDER, M
, M.

ictural analysis of hepatit
3 patitts B surf,
st. 76, 1338—1347. e

Ice to soybean mosaic virus. J. Hered

nosaic virus: Classification bas ed
9, 467470, o

JRAND, 1985: Monoclonal antibody-
0saic virus in soybean sceds. J. Gen

he nucleotide sequence of a soybean

n in Escherichia coli, Agrobacterium
50.

R., E. BALL, and S. D BOER (eds),
ral and Bacterial Plant Pathogens. A

_ws,] Jr., D. P. DURAND, and R. A.
1solates by one-dimensional trvps;

) ypsin
Phytopathology 79, 1261-1265.p

two strains of soybean mosaic virus.

NETT, M. Tosic, R. E. Forp, R. N.
1992: Copﬁrmation that fourteen
Y comparing coat protein peptide

Sequences of the coat protein genes
[. Gen. Virol. 72, 1001-1003.

ER, 1984: Dry milk for analysis of
Anal. Tech. 1, 3-8. e
DURA'NI), %991: Consecutive and
e relationships or immunoglobulin

1on of three soybean mosaic virus
pathol. Z. 99, 47-53,
ybean mosaic virus: Vector speci-

nature analysis reflects differences

| characterization and serological
topathology 70, 388-391.

J. Phytopathology 142, 163—172 (19%4)
© 1994 Blackwell Wissenschafts-Verlag, Berlin
ISSN 0931-1785

Biologie et Pathologie Végétale, INRA-ENSAM, Montpellier, France

Comparison of Three Methods for Assessing Plum Pox Virus
Variability: Further Evidence for the Existence of Two Major
Groups of Isolates

M. BousaLEM, TH. CANDRESSE, L. QUIOT-DOUINE and J. B. QuIoT

Author’s addresses: M. BOUSALEM, L. QUIOT-DOUINE and J. B. QUIOT, Biologie et Pathologic
Végétale, INRA-ENSAM, 2 Place Viala, 34060 Montpellier cedex 1, France. Tti. CANDRESSE, INRA
Pathologie Végétale, BP 81, 33 883 Villenave d’Ornon cedex, France.

With 3 figures

Received October 29, 1993; accepted January 21, 1994

Abstract

Twenty-eight plum pox virus isolates from several European and Mediterranean countries were
compared by electrophoretic mobility of their coat protein subunit mcasured by Electroblot Immuno-
Assay (EBIA), antigenic properties of the N- and C-terminal parts of the coat protein and restriction
fragment length polymorphism (RFLP) and analysis of polymerase chain reaction (PCR) amplification
of the C-terminal part of the coat protein gene. Similar results were obtained by each of the three
methods. These confirm the existence of the two major subgroups of PPV, and which we now propose
to designate PPV-D and PPV-M, respectively.

Zusammenfassung

Vergleich dreier Methoden verwendet zur Schitzung der Variabilitit von Plum Pox
Virus: Zusichliche Evidenz fiir das Bestehen von zwei Hauptgruppen von Isolaten

28 PPV Isolate und Stimme aus europaischer und mittellindlischer Herkunft wurden durch
drei verschicdene Methoden verglichen Elektrophoretische Mobilitit der Hiillprotein-Untereinheir,
gemessen durch ElectroBlot Immuno-Assay (EBIA); antigenische Eigenschaften der N und C-Endteile
des Hiillproteins, und RFLP Analyse eines PCR Fragments entsprechend des C-Endteiles des Hiill-

protein-Gens.
Es wurde cine vollstindige Korrelation der Ergebnisse von den drei Methoden beobachtet. Dieses

Ergebnis bestitigt durchaus die Existenz der zwei iiberwicgenden Untergruppen von PPV. und es wird
hicr vorgeschlagen, diese zwei Gruppen PPV-D und PPV-M zu nennen.

Plum pox is now the most severe and economically important virus disease of stone
fruit trees (Prunus sp.), and plum pox potyvirus (PPV) continues to cause problems for
European fruit growers. The use of efficient methods which allow discrimination of Vi.ral
populations would greatly facilitate the understanding of PPV epidemiology and in defining

control strategies.

The first conclusive serological discrimination of PPV isolates was reported by KERLAN
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and DUNEZ (1979), who described two serotypes (D and M). Recently, other methods have
also provided some information about the genetic diversity of PPV. VARVERI et al. (1988)
developed an RNA probe covering the carboxy-terminal half of the protein genc of PPV
isolate Dideron (PPV-D) which produced a weak differential response when reacted with
the Markus (PPV-M) and homologous isolates. WETZEL et al. (1990) selected probes
representing non-structural viral protein genes which were equally sensitive in detecting
both PPV-D and PPV-M strains.

Recently, the polymerase chain reaction (PCR), a method more sensitive than molecular
hybridization, has been developed for the detection of PPV (KORSCINECK et al. 1991,
WETZEL et al. 1991a, 1992). A restriction site polymorphism in the amplified fragments
differentiated two groups of isolates, but a clear correlation between the restriction profile
and the serological classification was not then established (WETZEL er al. 1991a).

Results published in recent years have provided abundant information about the struc-
ture and expression of the PPV genome. Thus, complete genome sequences have been
determined for PPV-D (TEYCHENEY et al. 1989), PPV-NAT (MAISS et al. 1989) and PPV-
R (LAIN et al. 1989). These show levels of identity in excess of 98%. A fourth isolate (PPV-
El-Amar) has been partially sequenced, and shown to have 80% identity with PPV-D,
PPV-NAT and PPV-R (WETZEL er al. 1991b). More recently, CERVERA et al (1993)
described the 3-terminal sequence of two other PPV isolates (PPV-PS and PPV-06) and
showed that both differed from strains sequenced previously.

In addition to the analysis of nucleotide sequences, serological analysis of the N- and
C-terminal parts of the coat protein, as used for other potyviruses (SHUKLA ez al 1988,
1989), offers another possibility of evaluating the relationships between different PPV
1solates.

The purpose of this study was to evaluate and compare the following three techniques
for the analysis of the variability of a wide range of PPV isolates from several countries:
electrophoretic mobility of the coat protein subunit, immunological properties of N and

C-terminal parts of coat protein, and restriction site polymorphism in the coat protein gene
following PCR amplification.

Materials and Methods
Strains and isolates of PPV

Twenty-eight strains or isolates of PPV were collected or obtained from European and Med-
iterranean countries (Table 1). They were usually propagated in seedlings of GF305 peach and Pisum

sativum L. cv. Colmo. The plants were maintained in separate cabinets in an insect-proof glasshouse
to avoid cross contamination.

Differentiation of isolates using antibodies directed towards N- and C-terminal parts
of the coat protein

Virus purification <

PPV was purified from P. satfvum, using a method described by GOUGH and SHUKLA (1981), but
slightly modified as follows: PPV was extracted by grinding plant tissue in one and a half volumes of
0.1 M sodium borate at pH 8.0, containing 0.15% thioglycollic acid and 0.01 M EDTA, and one-half
volume each of chloroform and carbon tetrachloride. Three cycles of differential centrifugation (8000
x g for 10 min and 100000 X g for 90 min) were followed by ultracentrifugation (208000 x g for 120
min) through a linear 10-40% sucrose gradient in 0.02 M sodium borate buffer pH 8.0. The virus was
finally concentrated by ultracentrifugation at 100000 x g for 90 min.

Isolate
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Table 1
PPV isolates and strains used in this study
Origin

Isolate Country Host Supplier Year'
F117 France apricot M.Boeglin (INRA-Montpellier) 1991

Dideron France apricot J. Dunez (INRA-Bordcaux) 1992
F97 France peach S.P.V. 1991

Tite [France apricot G. Labonne (INRA-Montpellier) 1985
F118 France apricot S.P.V. 1991

163 France apricot J.B. Quiot (INRA-Montpellicr) 1985
F96 France peach SPV. 1991

Fit9 France apricot S.P.V. 1991
14 France peach G. Labonne (INRA-Montpellicr) 1989
F66 France apricot J.B. Quiot 1991
167 France apricot J.B. Quiot 1985
F24 France peach M. Boeglin 1992
20 Trance peach M. Boeglin 1991

Y2744 Yugoslavia plum C.T.LF.L. 1991
R4776 Romania — C.T1FL. 1985
G57 Germany plum S.P.V. 1992
A58 Austria — E. Dosba (INRA-Bordcaux) 1992
A123 Austria — F. Dosba 1992
Y100 Yugoslavia peach F. Dosba 1991
EL-AMAR Egypt apricot J. Dunez 1987
MARKUS Greece peach T. Leclant (INRA-Montepellier) 1987
B71 Bulgaria plum F. Leclant 1987
G98 Germany plum S.P.V. 1991
S72 Spain plum G. Labonne 1991
Y101 Yugoslavia apricot F. Dosba 1992
Y56 Yugoslavia plum F. Dosba 1992
T60 Turkey apricot T. Dosba 1992
R59 Russia plum F. Dosba 1992

1 Year of introduction to our collection.
$.P.V.: Service de la Protection des Vegetaux.
C.T.LF.L.: Centre Technique Interprofessional des Fruits et Légumes.

Removal of N- and C-terminal peptides of the coat protein from assembled particles

Freshly purified virus (10 mg) was incubated with trypsin (Sigma type X11L, TPCK treated) using
6 ug of cnzyme per mg of virus for 30 min at 25°C (the enzyme-virus ratio was chosen to selectively
remove the N- and C-terminal peptides regions of coat protein as verified by EBIA). The cnzyme-
resistant core particles were scparated from the N- and C-terminal peptides by centrifugation at 126000
x g for 90 min at 4°C.

Selection of N- and C-terminal specific IgG

The pellet containing the trypsin-resistant core particles was resuspended in borate buffer (0.02
M, pH 8) and dissociated as described by SHUKLA et al. (1988). The protein preparation was coupled
to 1 g CNBr sepharose 4B (Sigma) according to the manufacturer’s instructions.

One hundred gl of
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IgG (1 mg/ml) dirccted towards intact particles of PPV-D (kindly provided by C. VARVER],
INRA-Bordeaux) were loaded on to the column in 20 mi phosphate saline buffer and the unbound
1gGs were collected.

Electroblot immuno-assay (EBIA)

EBIA was performed using the method previously used for potyviruses (QUIOT-DOUINE et al.
1990). Proteins from 10-fold diluted plant sap extracts (EHLERS er al 1986) or from purified vira]
preparations (15 ug) were first separated by electrophoresis on discontinuous denaturing 7.5-15%,
polyacrylamide gradient gels (Larmmur, 1970). Electrophoresis was carried out in a mini-gel apparatus,
proteins were then clectro-transferred onto nitrocellulose membranes as described by TOWBIN et
(1979) and detected immunologically. The antisera from goats were either directed towards intace
particles or towards N- and C-terminal peptide regions of the coat protein of PPV-D. Bound antibodies
were visualised using a rabbit anti-goat IgG-horseradish peroxidase (HRP) conjugate and HRP colour
development reagents (Biorad).

Immunocapture — PCR (IC/PCR) and restriction site analysis

The immunocapture-PCR was performed according to the protocol of JANSEN et al. (1990) adapted
for PPV by WETZEL et al. (1992) as follows: sterile Eppendorf tubes were coated with anti PPV-D 18G
(2 pg/ml) using infected plant extracts as the antigen source. Triton X-100 solution (1%) heated to
65°C was added to release the viral RNA; chemical denaturation, reverse transcription of the viral
RNA and amplification of the synthetised cDNA were as described by WETZEL et al, (1991a).

The region of the PPV genome selected for amplification is of 243 bp encoding the carboxyl
terminus of the coat protein. The pair of oligonucleotide primers used were described by WETZEL er
al. (1991a): 5’ ACCGAGACCACTACACTCCCY (sense primer), and 5’ CAGACTACAGCCTCG-
CCAGAY (antisense primer),

Rsal restriction digestions were effected using 5 U of enzyme with 10 zl aliquors of the amplified
fragments. The digestion was carried out at 37°C for 2 hiin the buffer supplied by the enzyme
manufacturer. The product was analysed by electrophoresis on a 6% polyacrylamide gel in Tris-borate-
EDTA butfer (MANIATIS ez al. 1982), and bands were visualized by ethidium bromide staining.

Results
Grouping isolates by their electrophoretic properties

The coat protein subunits of all PPV isolates were casily detected in EBIA using an
antiserum to intact particles of PPV-D (Fig. 1). Two groups were distinguished on the basis
of electrophoretic mobility; the first group of isolates (lanes 4 to 7), including isolates
homologous to the antiserum (PPV-D) and corresponding to the D serotype described by
KERLAN and DUNEZ (1979), reacted strongly. The coat protein subunits were estimated to
have molecular weights of 36 kDa. Slight differences in mobility were observed within the
two groups but their extents were too weak to be significant. Partial degradation of the coat
protein was observed with all the isolates tested. ¢

The relative electrophoretic mobility of cach group was reproducible when the experi-
ment was performed with extracts from different plant sources such as sweet pea, GF 305
peach seedlings, peach and apricot. Similar results were obtained using anti-M serotype sera
prepared in our laboratory to PPV-14 or in Bordeaux to PPV-M,

Thus, coat protein electrophoretic mobility confirms the separation of PPV isolates
into two major groups, and the names proposed for these are D and M with reference to
the serotypes described by KERLAN and DUNEZ (1979).
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36 kDa .

Fig. 1. Detection of 8 PPV isolates in plant sap by electroblot-immunoassay using an anti PPV-D serum

prepared against intact particles. Lane (1): low molecular weight standards (Sigma) (2): healthy plant

(3): PPV-Y2744 (4): PPV-R4776 (5): PPV-G57 (6): PPV-A58 (7): PPV-A123 (8): PPV-Y100 (9): PPV-
El-Amar (10): PPV-B71, respectively.

Grouping isolates according to the antigenic properties of the N- and C-parts of their
coat proteins

The original unfractionated polyclonal PPV-D antiserum reacted with both group D
and group M isolates; antibodies directed to the N- and the C-termini of the PPV-D coat
protein, sclected by affinity chromatography as described in Materials and Methods, were
found to be highly specific for those of group D. As shown in Fig. 2, they reacted strongly
to group D isolates (lanes 2, 4, 5 and 7) but showed no cross reaction with those of group
M (lane 3 and 6). The absence of reactions with the core protein of PPV-D shows the
specificity of the selected IgG (lane 8).

In addition, the electrophoretic mobility typing data and the results obtained by this
second technique were closcly correlated. Thus, analysis of the serological properties of the
N- and C-terminal variable regions of the coat protein confirms the segregation of PPV-D

isolates into D and M scrotypes.

Grouping isolates by RFLP Analysis of an amplified cDNA fragment corresponding to
the 3’ end coat protein gene

After IC/PCR amplification, all isolates produced a single band of the expected size
(243 bp), whereas preparations from the healthy plant control produced no band.

The restriction analysis of the amplified fragments showed the presence of an Rsal
restriction site in all group D isolates (Fig. 3, lanes 2, 9711, 12 and 14). As expected
from the sequence of PPV-D (TEYCHENEY et al. 1989), the Rsal cleavage resulted in the
appearance of two DNA products with approximate sizes of 162 and 81 bp. A similar
pattern was observed for all the serotype D isolates. Conversely, no Rsal digestion was
observed with any of the serotype M isolates tested (Fig. 3, lanes 3, 4,5, 6,7, 8,10 and 13).
Again, the typing obtained with this technique correlated perfectly with that obtained by

electrophoretic mobility or serological typing of the N- and C-terminal fragments.
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1 2 3 4 5 6 7 8

36 kDa.

ay using affinity-selecred 1gG directed to N- and C-terming of PPV-D

coat protein. Lane (1): low molecular weight standards (Sigma), (2) to (6): sap extracts from plangs

infected with, tespectively, (2): PPV-D (3): PPV-F14 (4): PPV-F116 (5): PPV-572 (6): PPV-El-Amar.
Lane (7): untreated purificd PPV-D (8): trypsin resistant core protein of PPV-D,

Fig. 2. Electroblot-immunoass

Discussion

Twenty-eight different PPV isolates from different geographical origins and species of
source plant, were compared by three different methods, Two methods permitted the
classification of the isolates into tWo groups, .e. according to the occurrence of a restriction
site near the 3’ terminus in the case of the PCR method or to the presence or absence of
serological cross reactions between the N- and the C-terminal variable parts of the coat
protein. The third method, based on differences in electrophoretic mobility of the coat
protein, also finely discriminates isolates within the two basic groups.

he three procedures were cffective with all the isolates and, to our surprise, showed
a close correlation in the typing of the 28 isolates (Table 2). Our results thus strongly
support the scparation of PPV isolates into two groups.

Furthermore, because each group shares several specific properties located on different
parts of the coat protein, they probably correspond to the two forms which are best fitted
for survival under natural conditions. Our results show that such PPV types occur in several
European countries and can be recovered from naturally infected frujc trees as well as from
graft-inoculated peaches (GF 305) or from mechanically inoculated peas. This suggests that
isolates of these two groups were not selected in the laboratory and that they correspond
to naturally occurring PPV field populations.

The use of SDS-PAGE 1o separate proteins from crude extracts in minigels, followed
by blotting into nitrocellulose sheets, is a rapid method for immunddetection and classi-
fication of PPV isolares. Unfractionated antisera are suitable for the detection of both groups,
and we werc able to differentiate isolates by their electrophoretic mobility properties. Direct
serological differentiation was possible using I¢G directed to the N- and C-terminal regions
of the coat protein and selected by immunoaffinity chromatography from polyclonal anti-
sera prepared against the whole particle.

The sensitivity of RT/PCR as 4 detection method for PPV was evaluated initially by
KORSCHINECK er 4l (1991) and WETZEL e o/ (1991a, 1992). Using a limited number of
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1 2 3 4 5 6 7 8 9 10 1

S

12 13 14

Fig. 3. Rsal restriction site analysis of the 1C/PCR-amplified fragments from 13 PPV isolates. Lane (1):

molecular weight standards (123 DNA Ladder, B.R.L.): lanes (2)-(14): digested fragments of PPV

isolates: Dideron, El-Amar, B71, F14, F14 (Bordeaux’s collection) F24, F97, 72, Y100, G98, Y56, T60,

A58, respectively. After amplification and restriction enzyme digestion, fragments were separated by

clectrophoresis on 6% polyacrylamide gel and photographed under UV light after cthidium bromide
staining.

isolates, WETZEL et al. (1991a) showed that a unique Rsal site was polymorphic in the
amplified fragments. Using a much larger number of isolates, we have confirmed and
extended their results by establishing a correlation between the Rsal restriction site poly-
morphism and the two groups established by electrophoretique mobility criteria and immu-
nological properties of N- and C-terminal parts of coat protein. Thus, the presence of Rsal
sitc assigns an isolate to the D group. An artificial mixture of the two types of isolates was
readily distinguishable using RFLP, both digested and undigested bands being apparent
after electrophoresis (data not shown).

A similar relationship between serological and sequence properties has been observed
for cucumber mosaic virus (CMV); thus, the two CMV serotypes described by DEVERGNE
and CARDIN (1973) are corrclated with restriction site polymorphism and sequence diver-
gence (R1zOs et al. 1992). The data suggest that such a convergence of properties can be
observed in at least two widely different groups of plant viruses.

According to SHUKLA et al. (1988) and SHUKLA and WARD (1989a), the N-terminus
is the most immunodominant region of the coat protein éf potyviruses, and antibodies
generated towards this region are highly specific and recognize only the homologous viruses
and their strains. By this approach and on the basis of our serological results, PPV-D and

PPV-M could be regarded as different viruses. This conclusion is, however, not supported
by molecular data: on the basis of molecular parameters such as coat protein nucleic acid
sequences (SHUKLA and WARD 1989a,b, WARD and SHUKLA 1991), and nucleotide sequence
of the 3’-untranslated region (FRENKEL et al. 1989, FRENKEL et al. 1992), all PPV isolates
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Table 2
Correlation between electrophoretic mobilty of coat protein subunits, immunological properties of N-
and C-terminal domains of coat protein, and Rsal restriction site polymorphism in 3’ end of PCR
amplified coat protein gene

Coat protein

PCR Amplified
Electrophoretic IgG anti PPV-D! Coat protein gene

mobility to N- and _
C-terminal Rsal?
Isolate Fast Slow parts Restriction site Group

F117 F

Dideron F

F97 S
Flie F

F118 S
F63 F

F96 s
F119 F

F14 s
Fe6
Fe7
F24 S
F120 S
Y2744 s
R4776
G1

A58
A123
Y100
El-Amar
Markus
B71
G98 F

S72 F

Y101 s
Y56 F

T60 s
R59 F

1o T

©“v v w» »
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+ O+ 0+ + 0000+ ++ + 00O+ + O+ O+ O+ O+ +
vk dvi-dvivhke-dddvivivickaddvicidvidvidvidviv)

'reaction with antibodies, 0: no reaction.
* presence of restriction site, 0: no restriction site.

sequenced so far correspond to a single virus (WETZEL et al. 1991b; CERVERA et al. 1993).
By this criterion, three distinct PPV strains can be proposed: PPV-D, PPV-NAT and PPV-
R would be isolates of the same strain (SHUKLA et al. 1989), PPV-El-Amar would be a
second distinct strain (WETZEL et al. 1991b) and PPV-PS would represent a third strain
(CERVERA et al. 1993).

There are significant divergencies in the N-terminal part of the coat protein gene of
the sequenced isolates: 54.3% in predicted amino acid sequence between PPV-El-Amar
with group D consensus (PPV-D, PPV-NAT, and PPV-R), 43.6% between PPV-El-Amar
and PPV-PS, and 26.1% between group D consensus and PPV-PS (WETZEL et al. 1991b,
CERVERA et al. 1993). These observations suggest that our N- and C-terminal serological

resulf
Seroc
of 1s¢
the ?
show
exist

Engl

D

EH

Fr




1id Quror

» immunological propertics of N-
olymorphism in 3’ end of PCR

_
PCR Amplified
oat protein gene

Rsal?
Restriction site Group
R —————

UZUZOCZZZZUUUUZZZCUZUZCZCZOU

+
+
o
+
0
+
0
+
0
+
+
o
0
0
+
+
+
+
0
0
0
0
+
+
0
+
0
+

/

1b; CERVERA et al. 1993).
-D, PPV-NAT and PPV-
PV-El-Amar would be 2
d represent a third strain

the coat protein gene of
e between PPV-El-Amar
6 between PPV-El-Amar
>S (WETZEL et al. 1991b,
d C-terminal serological

171

Assessment of Plum Pox Virus Variability

results, obtained using only antibodies to one serotype (D), reflect only part of the existing
serodiversity. Indeed, serogroup M as defined in this study can be regarded as a collection
of 1solates that do not react in the same way as those of group D. Especially in the case of
the N- and C-terminal regions serological analysis, group M isolates arc defined as those
showing no cross reactions with PPV-D. These results, therefore, do not exclude the
existence of greater serological diversity within the serogroup M.

The authors are very grateful to Mrs K. CANDRESSE and Prof. A. A. BRUNT for reviewing the

English translation of the manuscript.
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