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cles is difficult unless the virus occurs in high concentra-
tions or the particles are associated with membranes that
enhance their detection. Electron microscopy of metal-
shadowed or negatively stained crude plant extracts may
only detect and not identify viruses but the procedure of
serological specific electron microscopy can detect and
identify viruses with a degree of sensitivity equal to that
of other procedures (Van Regenmortel, 1982).

Electron microscopy of extracts from young leaves of
laboratory forced field produced dormant canes of a
Chenel grapevine showed the presence of membrane as-
sociated 30 nm spherical viral-like particles (Fig. 2) that
compares with viruses of the nepo group, specifically
GFV (Hewitt, et al., 1970). Similar membrane associated
spherical viral-like particles have been visualized by
electron microscopy of GFV infected Chenopodium
quinoa leaf tissue (Reynolds & Corbett, 1980). Leaf ex-
tracts from a Chenel grapevine tested positively against
GFV antiserum in ELISA tests and when mechanically
inoculated to various herbaceous plants induced sys-
temic symptoms in Chenopodium quinoa, C. murale,
Gomphrena globosa, Nicotiana clevelandii and Phaseolus
vulgaris ‘Pinto’. Electron microscopy of extracts nega-
tively stained in 2% ammonium molybdate from system-
ically infected leaves of Pinto bean showed the presence
of 29 nm spherical or icosahedral particles (Fig. 2). Two
predominant types of particles, with regards to staining
properties are present, electron lucent, considered RNA
containg intact particles and electron dense, RNA defi-
cient or ghost particles. Membrane associated particles
were also present in extracts from systemically infected
leaves of N. clevelandii inoculated with extracts from
Vitis cinerea grapevine that tested positive for GFV by
ELISA (Fig. 4).

Spherical viral-like particles, approximately 28 nm in
diameter, with prominent structural units, or capsom-
ers, were detected in extracts from roots of the LN33 in-
dicator that had been chip-budded with tissue from a
Riesling Renano grapevine (Fig. 5). The latter had been
tested by F. A. Maré to index positively for leafroll and
fleck diseases. Extracts from the vine indexed negative
for GFV by ELISA and bioassay on herbaceous hosts.
Although the particles could be those of a nepovirus
they also appear similar in morphology to particles as-
sociated with viruses of the bromovirus, cucumovirus or
comovirus group.

Before discussing the flexuous rod viral-like particles
it should be noted that whenever crude plant extracts
from roots or shoots are examined in the electron micro-
scope it is always possible to detect normal cellular
filamentous particles such as microtubules, protofila-
ments, microfilaments, aggregated phloem protein and
various types of bacterial flagella. These structures, or
fragments of them, are in the size range of filamentous
viruses and could easily be confused or mistaken for
virus particles. The most commonly occurring flagellar-
like particles are of two types, those that are arched ap-
proximately 15 nm in diameter and about 900 nm long
(Fig. 6) and those that are about the same width but very
long (10-15pum) and often have a typical sine wave mor-
phology (Fig. 7). Extracts from roots of the cultivar
Donhepski-Muscat contained rod particles that were ap-
proximately 13 x 860 nm (Fig. 8). The particles did not
show definite surface subunit arrangements and could
represent a normal cellular component or an unknown
virus.

Electron microscopy of leaf or root extracts from a

Chenel grapevine showed the presence of flexuous rod
particles that exhibited a coated surface (Fig. 9). The
particles were about 13 — 15 nm wide by 970 nm long and
the surface appeared to be absorbed with extraneous
material as if decorated. These particles were detected
in extracts from several different grapevines and were
not correlated or associated with any specific normal cel-
lular component or disease caused by a graft-transmis-
sible agent. They may be an artifact of the preparation,
extraction and/or staining procedures.

The flexuous rod particles (Fig. 10) that created the
most interest had definite cross-bandings similar to
those of the closterovirus group (Bar-Joseph, et al.,
1979). Viruses of this group are often divided, on the
basis of particle length, into two groups — those longer
than 1000 nm and those shorter than 1000 nm. Particles
of both groups are about 11 — 12 nm wide and exhibit a
helical substructure with a pitch of 3.4 to 3.75 nm. The
flexuous viral-like particle in Fig. 10 is from a Colomino
grapevine that had been determined by F. A. Maré with
grapevine indicators to be positive for the leafroll di-
sease. The electron micrograph is at a magnification of
180,000 and the particle is about 11 x 780 nm with a heli-
cal pitch of about 3.5 nm (Fig. 11). Similar particles were
detected in extracts from vines of the cultivars Baco
blanc (Fig. 12), Colomino (Fig. 13), Ruby Cabernet
(Fig. 14), Muscat Patras (Fig. 15) and also in extracts
from the indicators Mission, LN33 and Baco blanc (Fig.
16) that had been chip-budded with tissue from
grapevines tested (indexed) for leafroll.

Closterovirus-like particles were also detected in ex-
tracts from roots of grapevines that had been derived
from shoot apices (less than 1 nm) of grapevines that had
been heat treated for 14 weeks at diurnal temperatures
of 37° Cfor 16 light hours and 34 °C for 8 dark hours indi-
cating that the particles are present in apical tissues and
relatively heat stable.

Electron microscopy can detect viral-like particles in
extracts from roots and young leaves of grapevines that
are symptomless and those that exhibit symptoms of fan-
leaf and leafroll. The direct association of these parti-
cles, especially the closterovirus type, to the leafroll dis-
ease requires the performance of Koch’s postulates,
since the agent(s) of the disease has been reported only
to be graft-transmissible (Goheen, et al., 1958), and any
number of agents may be involved in the production of
specific symptoms of disease.

Similar clostervirus-like particles have been asso-
ciated with grapevine leafroll in Japan (Namba, et al.,
1979), Italy (Faoro, et al., 1981), and also with grape-
vine stem-pitting disease in Italy (Conti, et al., 1980).
Whereas, other workers have failed to associate a
specific viral-like particle with grapevines that exhibit
symptoms of leafroll (Von der Brelie & Nienhaus, 1982,
Castellano, et al., 1983). Viral-like particles of a
potyvirus (Tanne, et al., 1974; Tanne, et al., 1977) and a
tobamovirus (Ochs, 1960; Brandes, 1961) have also
been associated with grapevines exhibiting symptoms of
leafroll. At present confusion exists regarding the etio-
logy of several diseases of the grapevine because the
agents are only graft-transmissible and it has not been
possible to separate the agent or agents responsible. The
ability to detect viral-like particles in grapevine extracts
by electron microscopy should enable or assist in the
purification and characterization of a specific particle
and/or particles which may eventually be directly as-
sociated with a specific disease.
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FIGURES 1-16. All figures are electron micrographs of particles in crude plant extracts negatively stained with 2% ammonium molybdate.
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Tobacco mosaic viral-like particles in extracts from leaves of a Chenel grapevine, magnification 150,000X.

Membrane associate viral-like particles in extracts from leaves of a Chenel grapevine, ' magnification 225,000X.

Spherical viral-like particles in extracts from leaves of Pinto bean (Phaseolus vulgaris), magnification 225,000X. The bean plant had
been inoculated with extracts from a Chenel grapevine.

Membrane associated viral-like particles in extracts from leaves of Nicotiana clevelandii, magnification 225,000X. The N. clevelandii
plant had been inoculated with extracts from a Vitis cinerea vine that tested serologically positive for fanleaf virus.

Spherical viral-like particles in extracts from leaves of a Riesling Renano grapevine which indexed positively for leafroll and fleck,

diseases, magnification 225,000X.
FIGURE 6. Bacterial flagellum, magnification 100,000X.

FIGURE

FIGURE
FIGURE 10.
Particle is similar to those of the closterovirus group.

FIGURE 11. Portion of particle in Fig. 10 at a magnification of 525,000X.

6
7. Bacterial flagellum, magnification 126,000X. Flagella are often present in crude plant extracts.
FIGURE 8. Rod-shaped viral-like particle in extracts from roots of a Donhepski-Muscat grapevine, magnification 150,000X.
9. Flexuous rod viral-like particle in extracts from roots a Chenel grapevine, magnification 225,000X.
0. Flexuous rod viral-like particle, with cross-banding periodicity, in extracts from roots of a Colomino grapevine, magnification 180,000X.

FIGURE 12. Closterovirus-like particle in extracts from roots of a Baco blanc grapevine, magnification 180,000X.
FIGURE 13. Closterovirus-like particle in extracts from roots of a Colomino grapevine after 14 weeks heat treatment, magnification 180,000X.
FIGURE 14. Closterovirus-like particle in extracts from roots of a Ruby Cabernet grapevine that exhibited symptoms of leafroll magnification

270,000X.

FIGURE 15. Closterovirus-like particle in extracts from roots of a LN33 grapevine that had been chip-budded with tissue from Muscat Patras for

leafroll, magnification 270,000X.

FIGURE 16. Closterovirus-like particle in extracts from roots of a Baco blanc grapevine that had been chip-budded with tissue from Colomino

(Fig. 13), magnification 180,000X.
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