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Abstract

Serological reactions among 19 Prunus necrotic ringspot virus (PNRSV) isolates
originating from different plant hosts and countries and five different antisera
were examined by ISEM + decoration technique. Isolate H1 from hop plants was
serologically unrelated to any of the tested isolates and there was no serological re-
action among CH-30 antiserum and all tested isolates. It seems that all PNRSV iso-
lates from fruit trees and rose plants belong to serotype CH-9 although five of
them have some common epitopes with serotype CH-3.
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Introduction

Prunus necrotic ringspot virus (PNRSV) belongs to the family Bromoviridae, genus
Ilarvirus subgroup 3. The virus occurs worldwide and is a serious pathogen of Pru-
nus, Malus, Rosa and Humulus species. Symptoms on PNRSV-infected plants range
from none or very mild (mosaics, ringspots and line patterns) to severe (necrosis
and rugosity) including also reduction in fruit yield and quality. PNRSV occurs as
numerous strains or isolates that vary in their pathogenic, biophysical and sero-
logical properties (Fulton 1970, Nemeth 1986, Paduch-Cichal and Skrzeczkowska
1994, 1997).

The virions of PNRSV are not truly isometric but rather quasi-spherical,
slightly pleomorphic or even bacilliform in negative stain and virus particles are
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about 23 to 30 nm in diameter. The genome of PNRSV is composed of three RNA
molecules. RNA1 and RNA2 are monocistronic and encode non structural pro-
teins involved in viral RNA synthesis. RNA3 is bicistronic encoding two poly-
peptides, movement protein (MP) and capsid protein (CP). Capsid protein is
translated from a subgenomic RNA4 (van Regenmortel et al. 2000).

The serological variability of many PNRSV isolates according to their biological
diversity is well known. Mink et al. (1982, 1987) grouped 50 almond and sweet
cherry isolates in three serotypes (CH-3, CH-9, CH-30) using polyclonal antibod-
ies (PAbs). Serological differences among PNRSV isolates obtained from almond,
cherry, hop, peach, plum and rose plants were demonstrated by different PAbs
serological tests including ELISA (Casper 1973, Barbara et al. 1978, Smith and
Skotland 1986, Tuzovic and Digiaro 1992). Moreover, monoclonal antibodies
(MAbs) were used for differentiating virus isolates. Halk et al. (1984) using seven
MAbs to test nine PNRSV isolates identified three serotypes. According to Boari et
al. (1998) by using 10 MAbs for serotyping 38 Italian PNRSV isolates 17 sero-
logical variants were identified. Spiegel et al. (1999) demonstrated that by using
four different MAbs 16 tested Hungarian and Israeli isolates were divided into four
serotypes. Glasa et al. (2000) using 10 MAbs divided four Slovak PNRSV isolates
into three serotypes. Myrta et al. (2001) recognized by 10 MAbs 34 serotypes of
PNRSV among 81 isolates from different stone fruits species. Moury et al. (2001)
by two MAbs divided 27 rose PNRSV isolates into three serotypes. Generally, re-
ceived results have indicated that apricot, peach, plum and rose isolates are sero-
logically different from cherry isolates and all fruit tree isolates significantly differ
from those from rose and hop plants.

Serological activity of PNRSV was examined in electron microscopy. Thomas
(1980) used ISEM test to detect viruses infecting rose plants. Begtrup et al. (1985),
Kalashjan (1987) as well as Kryczynski et al. (1992) and Szyndel (1998) identified
the virus with IEM techniques directly from the fruit trees. Szyndel and Paduch-Ci-
chal (1997) after examination by ISEM + decoration technique of five virus iso-
lates from sour cherry trees with using two polyclonal antisera recognized one
serotype of PNRSV.

The purpose of this study was to determine serological variability among
PNRSV isolates of different origins from stone fruit trees, rose and hop plants by
ISEM + decoration technique.

Materials and methods

Virus isolates: 19 Prunus necrotic ringspot virus isolates originating from different
plant hosts and countries (Table 1) were collected and isolates from trees (almond,
apricot, peach, plum except P17 and PI21, sour cherry and sweet cherry) were
maintained on Prunus avium F12/1. Rootstocks of P. avium F12/1 were grafted with
buds from infected donor sources. Isolates from rose and hop were maintained on
the original cultivar plants. For most of the isolates tested the virus preparations
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Table 1
List of PNRSV isolates
Isolate Original host Origin of isolate

PNRSV-All Almond cv. ‘Strout’s Papershell’ |Australia, Department of Horticulture,
Viticulture and Oenology, Adelaide University,
Waite Campus, Urrbrae

PNRSV-Al17  |Almond cv. ‘Tardy non Pareil’ Italy, Instituto Agronomico Mediterranea, Via
Ceglie, Bari

PNRSV-Al18  |Almond cv. ‘Tardy non Pareil’ Italy, Instituto Agronomico Mediterranea, Via
Ceglie, Bari

PNRSV-Aprl/9 |Apricot seedling Poland, Department of Pomology, Warsaw
Agricultural University (WAU)

PNRSV-H1 Hop cv. unknown Poland, Institute of Soil Science and Plant
Cultivation, Pulawy

PNRSV-Pe56  |Peach cv. ‘Meredith’ Poland, private orchard, Lipowa

PNRSV-PI1 Plum cv. ‘Bluefre’ Poland, Department of Pomology, WAU

PNRSV-Pl6 Plum cv. ‘Empress’ Poland, Department of Pomology, WAU

PNRSV-P17 Plum cv. ‘Empress’ Poland, Department of Pomology, WAU

PNRSV-PI8 Plum cv. ‘Empress’ Poland, Department of Pomology, WAU

PNRSV-PI19 Plum cv. ‘Opal’ Poland, Department of Pomology ,WAU

PNRSV-PI21 Plum cv. ‘Empress’ Poland, Department of Pomology, WAU

PNRSV-PI38  |Plum cv. unknown Italy, Instituto Agronomico Mediterranea, Via
Ceglie, Bari

PNRSV-R1 Rose cv. ‘Queen Elizabeth’ Poland, rose collection, Department of
Ornamental Plants, WAU

PNRSV-R2 Rose cv. ‘Ingrid Bergman’ Poland, Botanical Garden of Warsaw University

PNRSV-R3 Rose cv. ‘Montezuma’ Poland, Botanical Garden of Warsaw University

PNRSV-N1 Sour cherry cv. ‘Eutéwka’ Poland, Department of Pomology, Agricultural
University in Lublin

PNRSV-Mk Sour cherry cv. unknown Hungary, Crop Protection and Soil Conservation
Service, Budapest

PNRSV-SW2  |Sweet cherry cv. ‘Heidegger’ Poland, private orchard, Kutno

from symptomatic cucumber Cucumis sativus cv. ‘Wisconsin’ cotyledons previously
inoculated with particular virus isolates were used for serological reactions besides
the original virus preparations.

Antisera: were kindly provided by Dr. E. Howell, JAREC, Prosser, USA (sero-
types CH-3, titer 1:640 and CH-30 - titer 1:640) and by Dr. R.W. Fulton, Univer-
sity of Wisconsin, USA (serotype CH-9, titer 1:640). Antiserum S-301 (titer
1:4000) against PNRSV isolate from sour cherry cv. ‘Lutéwka’ and antiserum S-5
(titer 1:2000) against PNRSV isolate from rose plant cv. ‘Queen Elisabeth’ were
prepared by Dr. T. Malinowski (Research Institute of Pomology and Floriculture,
Skierniewice, Poland). The controls used were commercial antisera produced
by the Serological Laboratory of Plant Breeding and Acclimatization Institute,
Gdansk, Poland.
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Virus suspension: plant samples (new leaves, buds, flowers or cotyledons) were
homogenized (1:5 w/v) in 0.067 M phosphate buffer, pH 7.0 (PB buffer), with an
addition of 0.5% Na,SO; and crude sap was clarified by 10 min low speed
centrifugation and used as a virus suspension.

ISEM + decoration technique: microscopic grids (Copper, 300 Mesh) coated with
Formvar and carbon were incubated for 25 min on drops of antiserum. Unad-
sorbed serum proteins were removed by floating the grids on two drops of PB
buffer and then the grids were placed onto virus suspension drops for 45 min. Af-
ter incubation they were rinsed on two drops of PB buffer and placed for 20 min on
drops of antisera for serological decoration. Whereupon grids were rinsed by suc-
cessive transfer onto three drops of PB and five drops of distilled water and stained
(2 min) with 2% aqueous uranyl acetate. To the coating grids for ISEM effect
tested antisera were diluted with PB buffer 1:500 (CH-9, CH-3, CH-30) or 1:1000
(S-5, S-301) and to the decoration IEM 1:50 and 1:100, respectively. Grids covered
with control antiserum diluted as above were used as controls. Each preparation
was duplicated. According to the numbers of trapped virus particles on the support
film on the EM grids and the time of examinations of the viewing fields in EM, the
results were designed as [+++] — very strong serological reaction, [++] — strong
reaction, [+] — mild reaction, [+/-] — uncertain reaction or [-] — negative reaction.
Preparations were examined with JEM 100C electron microscopy (JEOL) at the
Analytical Center of Warsaw Agricultural University.

Results

The reactions of PNRSV isolates by ISEM + decoration techniques after using
different anti-PNRSV antisera are presented in Table 2.

All tested PNRSV isolates, except for one received from hop plant, positively re-
acted with antibodies from CH-9, S-301 and S-5 antisera although with different
efficiency. None of tested PNRSV isolates reacted serologically with CH-30 anti-
serum except the Pe56 isolate from peach for which the result obtained directly
from infected tree was uncertain. Antibodies from CH-3 antiserum reacted only
with a few of PNRSV isolates and the reactions were rather mild.

The strongest positive serological reactions [+++] (Phot. 1) were observed
among both CH-9 and S-301 antisera and PNRSV isolates from almonds (All,
Al17, Al18), plum (P11, P17, P19, PI21) and sour cherry (Mk, N1) regardless of
plant source of virus. However, for all rose isolates of PNRSV very strong reactions
were received only for cucumbers cotyledons as the sources of virus and CH-9 anti-
serum and R3 isolate plus S-301 antiserum. The reactions of all these isolates di-
rectly from rose plants were rather weak [+] (S-301 antiserum plus R1, R2, R3
isolates and CH-9 antiserum and R3 isolate) or even uncertain [+/-] (CH-9 anti-
serum and R1, R2 isolates).

Strong reactions [+ 4] (Phot. 2) between CH-9 and S-301 antisera respectively
and isolates of PNRSV were observed for apricot, peach, and plum (P16, PI8) iso-
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Table 2
Reaction of PNRSV isolates with various antisera by ISEM + decoration technique
Polyclonal anti
Isolate Plant material used as a source of virus olyclonal antisera
CH-9 | S-301 | CH-3 |CH-30| S-5

PNRSV-Al1  |New leaves of rootstock F12/1 +4++ | +++ + - ++

Cucumber cotyledons +++ | +++ + - ++
PNRSV-AlI17 |New leaves of rootstock F12/1 +4++ | +++ - - +

Cucumber cotyledons +4+4+ | +++ - - ++
PNRSV-Al18 |Cucumber cotyledons +4++ | +++ + - ++
PNRSV-Aprl/9|New leaves of rootstock F12/1 ++ ++ - - ++

Cucumber cotyledons ++ ++ - - +
PNRSV-H1 Leaves of hop - - - - -

Cucumber cotyledons - - - - -
PNRSV-Pe56 |New leaves of peach cv. ‘Meredith’ or ++ ++ ++ +/- +

rootstock F12/1

Cucumber cotyledons ++ ++ ++ - +
PNRSV-PI1 New leaves of plum cv. ‘Bluefre’ or +4++ | +++ + - +

rootstock F12/1
PNRSV-PI6  |New leaves of plum cv. ‘Empress’ ++ ++ - - +
PNRSV-P17 New leaves of plum cv. ‘Empress’ +4++ | +++ - - +
PNRSV-PI8  |New leaves of plum cv. ‘Empress’ ++ ++ - - +
PNRSV-PI9 New leaves of plum cv. ‘Opal’ or +4++ | +++ - - +

rootstock F12/1
PNRSV-PI21  |New leaves of plum cv. ‘Empress’ +++ | +++ - - +
PNRSV-PI38 |New leaves of rootstock F12/1 +++ ++ - - +

Cucumber cotyledons +4+ ++ — - +
PNRSV-R1 New leaves of rose cv. ‘Queen Elizabeth’ +/- + - - ++

Cucumber cotyledons +++ ++ +/- - ++
PNRSV-R2 New leaves of rose cv. ‘Ingrid Bergman’ +/- + - - ++

Cucumber cotyledons +++ ++ - - ++
PNRSV-R3 New leaves of rose cv. ‘Montezuma’ + + - - ++

Cucumber cotyledons +4+4+ | +++ - - ++
PNRSV-N1 Buds, new leaves and flowers of sour +++ | +++ + - +

cherry cv. ‘butéwka’ or rootstock F12/1

Cucumber cotyledons +4++ |+ + - +
PNRSV-Mk Buds, new leaves and flowers of sour +++ | +++ + - +

cherry or rootstock F12/1

Cucumber cotyledons +++ | +++ + - +
PNRSV-SW2 |Buds and new leaves and of sweet cherry + + +/- - +

cv. ‘Heidegger’ or rootstock F12/1

Cucumber cotyledons + ++ - - +

+++ - virus particles found within 10 s, and more as a 100 particles per electron micrograph,
++ —virus particles found within 10 s, and more as 20 particles per electron micrograph,

+ —virus particles found within 1 min, and 10 or less particles per electron micrograph,

+/— —result uncertain, only individual virus particles could be recognized,

- —no serological trapping or particles hardly distinguishable.
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Phot. 1. Serologically trapped and decorated particles of PNRSV isolate P11 by antibodies
from CH-9 antiserum. Very strong serological reaction [+++]. Magnification 63 000 X
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Phot. 2. Serologically trapped and decorated particles of PNRSV isolate R2 by antibodies
from S-301 antiserum. Strong serological reaction [+ +]. Magnification 90 000 x
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Phot. 3. Serologically trapped and decorated particles of PNRSV isolate Al18 by antibodies from
CH-3 antiserum. Mild serological reaction [+]. Magnification 90 000 x

lates and mild reactions [+] were noted for sweet cherry isolate and CH-9 and
S-301 (although [++] occurred in reaction between SW2 isolate and antiserum
S-301). There was no serological reaction at all for hop isolate of PNRSV neither
from mother plant nor cucumber cotyledons with all antisera used for experi-
ments.

Generally, the results obtained with both used antisera CH-9 and S-301 were
very similar for all tested PNRSV isolates except for PI38, SW2, but even for the
latter the differences were very small.

Serological trapping occurred on the level [+ +] for CH-3 antiserum only with
PNRSV isolate from peach — Pe56 (both source of virus) and mild [+] (Phot. 3) re-
action was noted for isolates from almond - All, Al18, plum P11, sour cherry N1,
Mk, and probably [+/-] for isolates: R1 (cucumber) and SW2 (sweet cherry). Rest
of tested PNRSV isolates did not react with CH-3 antiserum.

Definitely, there was no serological reaction among antibodies from CH-30 an-
tiserum and all tested PNRSV isolates although one uncertain [+/-] result for
Pe56 isolate from peach plant was noted.

The antiserum S-5 prepared for PNRSV rose isolate from cv. ‘Queen Elisabeth’
(R1) reacted with all tested PNRVS isolates, except for hop isolate of PNRSV, and
strong reactions were discovered for all rose isolates (R1, R2, R3) from both
sources of virus suspensions as well as for All, Al17 and Al18 (from cucumbers)
and for Aprl/9 isolate from apricot (rootstock).
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Apart from serological trapping of virus particles onto support film the density
of decoration of virus particles by specific antibodies was also examined. There
were no visible differences in the density of coating of trapped virus particles by an-
tibodies from the antisera used in any tested combination. However, when a very
strong serological trapping occurred the dark halo around virus particles seemed to
be stronger and the contrast of decorated virus particles was more evident. On the
other hand, in combinations with only a few virus particles serologically binded
into the support film the serological decoration of those particles was still visible.
On the control grids no serological trapping occurred and virus particles were
hardly distinguishable.

Discussion

Although many variants of agar gel immunodiffusion tests were commonly
used for detection of serological relationships among ilarviruses (Casper 1973,
Mink et al. 1987, Crosslin and Mink 1992) sometimes they failed to detect these
viruses in infected plants due to very low concentrations in infected woody plants
or the presence of inhibitors (Thomas 1980). Despite all those problems serolo-
gical reactions among ilarviruses could be easy confirmed by immunoelectron mi-
croscopy techniques. Our earlier experience (Szyndel and Paduch-Cichal 1997,
Szyndel 1998) indicated that among many IEM techniques the most useful for this
purpose is ISEM + decoration. Serological binding stabilized the labile virions of
ilarviruses and serological coating of trapped virus particles with antibodies con-
firmed the recognizing of virus particles leveling problems with their pleomorphic
nature.

Isolates of PNRSV used in the current investigations were serotyped using five
different antisera including three CH-9, CH-3 and CH-30 described earlier as typi-
cal for three different serotypes of PNRSV (Mink et al. 1987), S-301 assessed ear-
lier as probably identical with CH-9 (Szyndel and Paduch-Cichal 1997) and S-5
prepared for PNRSV isolated from rose plants. Obtained results indicated that
PNRSV-H1 from hop plant did not react with any of the used antisera and there
was no reaction between antibodies from CH-30 antiserum with any of the tested
viruses. The PNRSV isolate from hop plant is definitely serologically distinct from
the PNRSV isolates from rosaceous hosts. Similar results were presented by
Crosslin and Mink (1992). On the other hand, Bock (1967) found that PNRSV iso-
lates from hop were of two distinct types: A — serologically related to Apple mosaic
virus (ApMV) and C - related to isolates obtained from cherry and Barbara et al.
(1978) stated using ELISA test, that English hop isolate belongs to a serotype in-
termediate between PNRSV and ApMV. Smith and Skotland (1986) described two
different serotypes of PNRSV from hop — one serologically unrelated to PNRSV
from cherry and one showing distinct serological relation. It seems that PNRSV
from hop belongs to a different serotype of ilarviruses as those tested in this inves-
tigations. Similarly the antiserum CH-30 (even with the uncertain result with
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Pe56 isolate) represents also the antibodies against completely different serotype
of PNRSV. Antiserum CH-3 reacted with some of tested isolates which indicated
that the antigen of CH-3 possesses some epitopes in common with PNRSV isolates
from peach as well as from almond, plum and cherry but the strength of observed
serological reactions was rather weak. These results confirmed that CH-3 probably
represents distinct serotype of PNRSV. All tested PNRSV isolates from rosaceous
hosts were not differentiated serologically and appear to be of the CH-9 serotype
although some of them (Al1, Al18, Pe56, Mk, N1) had probably common antigenic
determinants with the serotype CH-3. Almost identical results obtained with agar
double diffusion gel tests were presented by Crosslin and Mink (1992).

The positive serological reactions were noted also for all PNRSV isolates with
antiserum S-5 but the strength of reactions was much weaker. Probably the quality
of this antiserum was lower because even homologous reactions were estimated
only as [+ +]. The absorption of rose cell debris to coated grids in IEM tests was
much greater than that of herbaceous test plants and the results of serological trap-
ping of virus particles were more evident when the cucumber cotyledons were
used to prepare a virus suspension. Moreover, PNRSV-specific grids retained sig-
nificant numbers of virus particles (ca. 20-100 per field of view for estimations as
strong and very strong serological reactions, respectively) whereas PNRSV-spe-
cific grids presented by Thomas (1980) retained, on average, one particle per field
view and maximum 40-43 particles per grid square. Rather weak serological ab-
sorptions of virus particles occurred [+] when rose PNRSV isolates were tested
with CH-9 or S-301 antisera. Problems with poor detection of rose viruses directly
from infected plants by immunosorbent electron microscopy were noted earlier in
our laboratory especially when heterologous antisera were used. Previously it was
claimed that maybe the different serotype of PNRSV from rose existed (Moury et
al. 2001). Similarly to “intermediate” isolates of PNRSV in hops (Barbara et al.
1978), Casper (1973) suggested the existence of continuous spectrum of virus iso-
lates from rose expending from PNRSV serotype to the Apple mosaic virus serotype.
Results presented in Table 2 indicated rather that rose isolates of PNRSV belonged
to CH-9 serotype although they may have possessed less antigenic fractions than
PNRSV isolates from fruit trees.

Serological relationships among PNRSV isolates have become increasingly
complex as more isolates were examined. Prunus necrotic ringspot virus as a virus spe-
cies is very non-homogenic and it is very tough based only on the strength of
serological reactions of the tested isolates to divide them into subgroups. Attempts
made by many researchers (see “Introduction”) indicated that there is still no exist-
ing common base for correlating serological variability of PNRSV isolates with their
biological diversity and for creating a system of classification for all of them.
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Streszczenie

POKREWIENSTWO SEROLOGICZNE IZOLATOW WIRUSA
NEKROTYCZNEJ PIERSCIENIOWE] PLAMISTOSCI WISNI (PNRSV)
POCHODZACYCH Z DRZEW OWOCOWYCH, ROZ I CHMIELU
USTALONE TECHNIKA ISEM + DECORATION

Okres$lono pokrewienstwo serologiczne 19 izolatéw wirusa nekrotycznej piers-
cieniowej plamistosci wisni (PNRSV) pochodzacych z réznych drzew owocowych,
roslin r6z i chmielu (z réznych krajow). Do badan wykorzystano pie¢ specyficz-
nych surowic: CH-3, CH-9, CH-30, S-301, S-5 oraz immunoelektronomikrosko-
powa technike ISEM + decoration. Zaden z testowanych izolatéw nie reagowat z
surowicg CH-30, a izolat z chmielu H1 nie reagowal serologicznie z zadng z bada-
nych surowic. Wszystkie izolaty PNRSV z drzew owocowych i r6z zakwalifikowa-
no do serotypu CH-9, cho¢ pie¢ sposréd badanych izolatéow (All, All8, Pe56, Mk,
N1) posiada wspdlne frakcje antygeniczne z serotypem CH-3.
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