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ABSTRACT

Striated inclusions were found in negatively
stained leaf extracts from plants infected with either
potato Y virus (PVY) or tobacco etch virus (TEV).
As viewed in an electron microscope, the PVY-
induced inclusions were generally quadrangular, but
triangles were never observed. By contrast, the TEV-

induced inclusions were characteristically triangular,
although quadrangles were also observed. Charac-
teristic shape of the inclusions was tested as a basis
for distinguishing TEV from PVY by identifying
coded samples. Phytopathology 60:779-782.

Cylindrical inclusion bodies and related structures
are characteristically found in thin sections of plant
cells infected with rod-shaped viruses having particle
lengths of 700-800 mu (2). These inclusions have been
studied in negatively stained extracts, and consist of
finely striated structures of various shapes. Their func-
tion or precise composition is not known, but they are
not aggregates of virus particles (4). Enzymatic di-
gestion and immunocytochemical tests indicate that
tobacco etch virus (TEV)-induced inclusions contain
protein (10), but probably not viral protein (11).

In the present study, evidence is presented that dif-
ferences in the shapes of striated inclusions can be
useful for distinguishing tobacco etch virus from potato
Y virus (PVY).

MaTERIALS AND METHODS.—Most of the work was
done with an isolate of TEV obtained from R. W,
Fulton and an isolate of PVY provided by G. V. Good-
ing. A second isolate of TEV from G. V. Gooding, an
isolate of PVY from A. A. Cook, and field isolates
were also used. Extracts for electron microscopic
examinations were prepared from the following species
infected with TEV: Capsicum annuum L. ‘Calwonder’
(pepper); Cassia tora L.; Datura stramonium L.; Ly-
copersicon esculentum Mill. ‘Homestead’ (tomato);
and Nicotiana tabacum L. (tobacco). Extracts from
PVVY-infected pepper, tomato, and tobacco plants were
also studied. Controls consisted of extracts from healthy
plants of all preceding species and tobacco infected
with one of the following viruses: tobacco mosaic;
potato X; cucumber mosaic; or tobacco ringspot.

Negative stains used were either 19, potassium
phosphotungstate or 19 ammonium molybdate (6),
each at pH 6.7 and containing 0.0259 bovine serum
albumin. Specimens were mounted on carbon-coated
Formvar films mounted on 75 X 300 mesh copper grids.
The extracts were prepared from symptomatic areas of
systemically infected leaves. Cut edges of leaves were
dipped in a drop of stain on a grid (1, 5), or leaf pieces
were chopped in stain on a glass slide and a drop of
the mixture was transferred to a grid. Excess fluid was
removed with filter paper, and the specimen was al-
lowed to air-dry prior to examination in a Philips 200
electron microscope.

779

ResuLts.—Virus particles, striated inclusions, and
cellular organelles were found in negatively stained
leaf extracts from all plant species infected with either
TEV or PVY. As previously described (4), the inclu-
sions associated with TEV infection were usually trian-
gular in outline (Fig. 1), although quadrangles were
also observed. By contrast, PVY-induced inclusions
were characteristically quadrangular (Fig. 2), but
pentagonal structures were also seen. The triangular
inclusions characteristic of TEV were never observed
in extracts from PVY-infected plants, Striations were
clearly discernible on both TEV and PVY-induced in-
clusions (inserts, Fig. 1, 2).

Experiments were performed to determine if inclu-
sion morphology was a reliable basis for distinguishing
between infections caused by PVY and TEV. One of
us made leaf dips from virus-infected and control
plants of the species listed previously. The grids were
coded and presented to another worker as unknowns.
Each grid was examined for a maximum of 10 min,
while looking initially for the presence of rod-shaped
particles. When these were found, the remaining time
was devoted to a search for inclusions, using a mag-
nification of X3,600. Inclusions were checked for
striations at >}230,000. If characteristic triangular in-
clusions were found, the sample was designated “TEV”.
Samples containing several groups of the quadrangular
inclusions and no triangular inclusions were designated
“Pw}).

In all cases where sufficient inclusions were found,
the samples were designated either TEV or PVY, and
all these designations were correct (Table 1). No in-
clusions were found in some individual samples in the
arbitrary 10 min allowed, although flexuous rods were
found in these same preparations. All of the PVY nega-
tives were from tomato, and the TEV negatives were
either from tomato or tobacco. In one sample of PVY,
the extract from an old leaf contained abundant inclu-
sions, but no particles were observed. Striated inclusions
were not observed in extracts from noninoculated con-
trols nor from plants infected with control viruses.

To test the applicability of characteristic inclusion
shape for distinguishing TEV from PVY in field
samples, leaves showing mottling and vein-banding
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Fig. 1.

symptoms were collected from several naturally in-
fected tobacco plants by W. C. Smith, Jr., near Mayo,
Fla. Extracts for electron microscopy were prepared
from each of 15 leaves and examined for the presence
of rod-shaped particles and inclusions. Based on in-
clusion morphology, nine of the samples were desig-
nated TEV and six were designated PVY, Serological
tests confirmed the accuracy of these identifications.
Pepper and tomato plants naturally infected with TEV
or PVY also have been examined. Extracts from pepper
contained abundant inclusions, and TEV was readily
distinguished from PVY, but tomato samples some-
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Electron micrograph of leaf extract from tomato infected with tobacco etch virus, negatively stained with 19
potassium phosphotungstate, pH 6.7. Note triangular inclusions. Magnification mark = 1 n. Striated nature of the inclusion
is indicated in insert, which is a %10 enlargement of the area indicated by the arrow.

times yielded too few inclusions to provide a basis for
judgment.

Discussion.—This study has shown that inclusion
morphology can be used to distinguish TEV from PVY
infections. These viruses would be difficult to distin-
guish by electron microscopy on the basis of particle
morphology, since they are both flexuous rods about
730 mp long. The negative staining technique provides
a simple and rapid means of evaluating the shape of
flattened inclusions in extracts. Differences in the shape
of inclusions induced by TEV and PVY also have been
demonstrated by in situ methods. The cylindrical in-
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Fig. 2. Electron micrograph of leaf extract from pepper infected with potato Y virus, negatively stained with 1%
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potassium phosphotungstate, pH 6.7. Note quadrangular inclusions. Magnification mark = 1 . Striated nature of the in-
clusion is indicated in insert, which is a X 10 enlargement of the area indicated by the arrow.

clusions and laminated aggregates induced by TEV
(2, 4, 8, 9, 10) differ from the cylinders and scrolls
induced by PVY (2, 7).

All of the 15 filamentous viruses having particles 700-
800 my long that we have examined induce striated
inclusions in their hosts and, in some cases, the inclu-
sions resemble those shown for PVY and TEV. Turnip
mosaic virus, for example, induces both triangular and
quadrangular inclusions in mustard (3). Not enough in-
formation is available at the present time to know
whether inclusion morphology alone can be used to
distinguish TEV and PVY from the other viruses that
induce striated inclusions in their hosts.

The method of sample preparation had some effect
on the ease of finding striated inclusions, and it was
advantageous to make leaf extracts in both phospho-
tungstate and ammonium molybdate. Although the
virus particles were seen in greater contrast in phos-
photungstate, this stain had some disruptive effect on
the triangular inclusions associated with TEV infection.
Better preservation of these inclusions was achieved
with molybdate. Usually more inclusions were observed
when the leaf pieces were chopped, rather than dipped,
in stain.

Although no inclusions were found in some samples
in the experiments reported herein, this was apparently
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TapgLe 1, Use of inclusion morphology to distinguish
tobacco etch virus (TEV) from potato virus Y (PVY) in
extracts from leaf samplest

Samples
with no
inclusions®

Samples Samples
designated designated
Specimens PVY TEV

Total
samplesP

PVY 33 30 0 3
TEV 51 0 40 1
Otherd 35 0 0 35

# Single grid from each sample was scanned for a maxi-
mum of 10 min in an electron microscope. The coded sam-
ples were judged infected with TEV based on presence of
triangular striated inclusions, or infected with PVY if
quadrangular but not triangular inclusions were found in
negatively stained extracts.

b Flexuous rods were observed in all TEV samples and in
all but one of the PVY samples.

¢ No characteristic inclusions found in these preparations.

4 Extracts made from healthy plants or plants infected
with control viruses.

due in part to the short scanning time (10min) and
the fact that only one grid was checked. If a sample
is to be evaluated for presence and type of inclusions,
it may be necessary to check several grids and to ex-
tend the examination time. We were often able, however,
to locate and characterize striated inclusions in extracts
after 1 to 2-min examination.
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