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ABSTRACT

Martin, E. M., and Kim, K. S. 1987. A new type of plant virus causing striped chlorosis of mimosa. Phytopathology 77:935-940.

Rod-shaped virus-like particles (VLPs) approximately 35X 95 nm were
consistently associated with a chlorotic leaf stripe symptom in mimosa
leaves and were seed- and graft-transmissible. In thin-section electron
microscopy, the particles, which were arranged tightly parallel to each
other along their long axes in paracrystalline arrays, were associated with
fibrillar and granular viroplasmic inclusions in the cytoplasm of infected

cells. The granular inclusions structurally resembled those induced by
caulimoviruses, a group of plant viruses containing double-stranded DNA
as their genomic material. Bernhard’s regressive staining technique
suggested that both the VLPs and granular inclusions found in mimosa
contained DNA. No plant viruses having the particle morphology of VLPs
of mimosa with a DNA genome have been reported previously.

Chlorotic symptoms suggestive of virus infection were first
noted on leaves of a mimosa tree, Albizzia julibrissin Durazzini, in
northwest Arkansas. The symptoms included intermittent chlorotic
stripes parallel to or along major and minor veins of the leaves and
diffusing into interveinal regions (Fig. 1). Seedlings grown in the
greenhouse from the seeds collected from this tree displayed
similar leaf symptoms. The symptoms have recurred in these seed-
lings and in the original tree for five consecutive years. Preliminary
electron microscopic observations indicated that short, rod-
shaped, virus-like particles (VLPs) and viroplasmic inclusions
were consistently associated with the chlorotic leaf symptoms,
suggesting the viral nature of the particles. The structure of the
particles and associated inclusions appeared to be distinct from
those of other groups of known plant viruses. One of the two types
of viroplasmic inclusions, however, resembled the caulimovirus-
induced viroplasm. Transmission of the VLPs and the associated
cytopathic effects in leaf cells of mimosa trees are reported in this

paper.
MATERIALS AND METHODS

Transmission procedures. To test mechanical transmission of
the mimosa VLPs, 28 test species from eight families were
inoculated. Of the 28 species tested, seven species were
Leguminosae, two of which were in the Mimosoideae subfamily.
Inocula were either mimosa leaves showing chlorotic symptoms or
flowers from these plants ground with mortarand pestlein 0.01 M
phosphate buffer, pH 7.0, alone or containing either 0.01 M
cysteine hydrochloride, 2.5% nicotine, or 1% 2-mercaptoethanol.
The test species were grown from seed sown in steamed soil.

Several grafting methods including bud, cambium, twig, and
bark grafts were used to attempt transmission to healthy mimosa
test plants grown from seed obtained from Herbst Brothers
Seedsmen, Inc., Brewster, NY. Additionally, approach grafts were
made from mimosa seedlings with typical leaf symptoms to
mimosa seedlings grown from healthy stock.

To test for seed transmissibility, 20 seeds per planting collected
from the infected tree were germinated in steamed soil and grown
in the greenhouse. This study was carried out over a 2-yr period
with three plantings per year.

Electron microscopy. Leaf specimens approximately 2 mm’
were taken from chlorotic and green areas of mimosa leaves of the
originally infected tree, from greenhouse-grown seedlings as young
as 2 mo, and from grafted mimosa seedlings, all of which were
showing the typical leaf symptoms. Root specimens approximately
2 mm long and | mm in diameter were taken from small lateral
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roots of seedlings with leaf symptoms. Control leaf and root
specimens were taken from greenhouse-grown seedlings grown
from the healthy stock. Specimens were fixed in a modified
Karnovsky's fixative (7) containing 2% paraformaldehyde and
2.5% glutaraldehyde in 0.05 M cacodylate buffer, pH 7.2, and
post-fixed in 1% osmium tetroxide in the same buffer. Tissues were
bulk-stained overnight in 0.5% aqueous uranyl acetate, dehydrated
through an ethanol series, and embedded in Spurr’s medium (21).

Thin sections were cut with a diamond knife and stained with 2%
aqueous uranyl acetate and lead citrate. Grids were viewed with
either a JEM 100 CX or a Siemens A electron microscope.

To determine whether VLLPs and associated inclusions observed
in this study were composed of deoxyribonucleoprotein or ribo-
nucleoprotein, Bernhard’s uranyl-EDTA-lead staining method (1)
was employed. The method has been successfully used for similar
studies in both animal (1,20) and plant cells (8,12) infected with
either DNA or RNA viruses. For this method, specimens were
prepared as described previously (8,12). Also, an alternate
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Fig. 1. Two mimosa leaves showing typical chlorotic stripe symptoms.
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Figs. 2-4. Cells from fully grown mimosa leaves containing virus-like particles (VLPs) and associated granular and fibrillar inclusion bodies. 2, Portion of a
mesophyll cell containing VLPs associated with granular (G) and fibrillar (F) inclusions in the cytoplasm adjacent to the nucleus (N). Virus-like particles
(Vp)are seen either in longitudinal, transverse, or oblique sections. M = mitochondria. Bar represents 500 nm. 3, A large granular inclusion (G) containing
two vacuoles. The large vacuole contains randomly arranged VLPs (Vp), whereas the small one (arrowhead) is filled with the material similar to that of the
fibrillar inclusions (F). Many layers of VLPs, arranged tightly with their long axes parallel to one another, are embedded in the fibrillar inclusion between the
nucleus (N) and a granular inclusion. N1 = nucleolus. Bar represents 500 nm. Inset: A higher magnification of layers of VLPs sectioned longitudinally. Each
particle appears as a short rod with an electron-lucent canal (arrowheads). Bar represents 100 nm. 4, A large fibrillar inclusion (F) bordered by VLP *brick
walls” (Vp). Two granular inclusions (G) away from the fibrillar inclusion with VLPs occurring singly (arrowheads) around their periphery are also shown,
The particles in one of the VLP “brick layers™ (arrowhead) are sectioned in such a way that they exhibit a zig-zag pattern. Bar represents 500 nm. Inset: A
higher magnification of a portion of a granular inclusion associated with two transversely sectioned VLPs (arrowheads). Bar represents 100 nm.

936 PHYTOPATHOLOGY



method was used for distinguishing between DNA- and RNA-
containing structures in aldehyde + osmium fixed specimens (4).

RESULTS

Transmission studies. Several weeks after sap-inoculation using
leaves or flowers, none of the 28 species of test plants showed any

symptoms suggestive of viral infection. However, in graft
experiments between healthy and diseased mimosa, four out of five
approach grafted plants showed typical leaf symptoms after 4 mo.
No transmission occurred by any other type of grafting.

Twenty-five out of the 120 seedlings grown from seeds collected
from the symptom-bearing tree developed similar leaf symptoms
within 2-4 mo.

Figs. 5-8. Virus-like particles (VLPs) and associated cytopathic effects
found in mimosa leaf mesophyll cells. 5, Transverse sections of VLP layers
that appear as regularly spaced paracrystalline arrays of spheres. Each
particle consists of a less electron dense outer coat, and electron-lucent
central core, and an electron-dense band between the two. Bar represents
100 nm. 6, A portion of a large granular inclusion (G) intimately associated
with many layers of VLPs. The particles closest to the inclusion appear to
be formed by budding (arrowheads) from the granular material. Bar
represents 500 nm. 7, Portion of a leaf cell containing cell wall
protuberances (Wp), VLPs (Vp). and granular (G) inclusions. Wall
protuberances penetrated deeply into the central vacuole (Cv). When such
protuberances were sectioned transversely, they appear as circular profiles
as shown in this figure surrounded by the cytoplasm. CH = chloroplast. Bar
represents 500 nm. 8, Virus-like particles occurring near (single
arrowheads) and in (double arrowheads) the plasmodesmata (Pd). Bar
represents 500 nm.
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Figs. 9-12. Virus-like particles and associated inclusions found in young leaves of mimosa seedlings. 9, Granular inclusions (G) appeared as electron-dense
patches surrounded by a large number of ribosomes (R) and rough endoplasmic reticulum (ER) adjacent to the nucleus (N). Bar represents 500 nm.
10, Virus-like particles (Vp) associated with electron-dense patches of granular inclusions (G) are randomly scattered, whereas those associated with fibrillar
inclusions (F) are arranged into a “brick wall™. ER = endoplasmic reticulum. Bar represents 500 nm. 11, Several electron-dense patches of circular profiles
(G) adjacent to the nucleus (N). Virus-like particles (Vp) occur randomly along the edges and between the patches. Bar represents 500 nm. 12, Individually
scattered VLPs (unlabelled arrowheads) near the nucleus, which are aligned with their short axes towards the nuclear pores (Np). G = Granular inclusion.
Bar represents 500 nm.

938 PHYTOPATHOLOGY



Electron microscopy. Rod-shaped VLPs, approximately 35X 95
nm, were associated with viroplasm-like inclusions in the
cytoplasm of most cell types in all leaf and root specimens from
mimosa trees with symptoms including approach-grafted plants
and seedlings grown from seed of the infected tree (Figs. 2-4). No
such particles or associated inclusions occurred in cells of any
specimen taken from healthy symptomless mimosa trees.

Virus-like particles occurred only in the cytoplasm. In most
cases, the VLPs occurred in an organized pattern, arranged tightly
parallel to each other along their long axes (Figs. 2-4). In
longitudinal sections VLPs always appeared in regularly stacked,
rectangular “brick wall™like layers (Figs. 2-4,6). When more than
one layer occurred close together, they were usually aligned in the
same direction appearing as multilayers of a “brick wall” (Figs. 3
and 6). In transverse sections of the particle layers, they appeared
as regularly spaced paracrystalline arrays of spheres (Fig. 5). Each
sphere consisted of a less electron-dense outer coat, an electron-
lucent central core, and an electron-dense band between the two
(Figs. 4 [inset] and 5). In some planes of sectioning the particle
layers also exhibited a zigzag pattern (Figs. 2, 4, and 6).

The VLPs in fully expanded leaves were usually associated with
two types of viroplasmic inclusions, fibrillar and granular, which
occurred in close proximity to each other. The fibrillar inclusions
appeared as conspicuous areas of cytoplasm, usually adjacent to
the nucleus, consisting primarily of moderately electron-dense,
homogeneous flocculent material (Figs. 2 and 4). They were
usually surrounded by the rows of the VLP “brick walls” and the
granular inclusions (see below) and sometimes by a number of
enlarged mitochondria (Figs. 2 and 4). The granular inclusions
were roughly circular bodies of various sizes consisting of a
coarsely granular, electron-dense matrix (Figs. 2-4). Large
granular inclusions contained one to several electron-lucent,
vacuole-like areas of variable size, in which some randomly
arranged VLPs were embedded (Fig. 3). The vacuoles without
VLPs were filled with material similar to that of the fibrillar
inclusions (Fig. 3). Individually scattered VLPs sometimes
occurred along the edges of the granular inclusions, especially
those granular inclusions not associated with the fibrillar
inclusions (Fig. 4). Some large granular inclusions were intimately

associated with many layered VLPs (Fig. 6). The particles closest
to these inclusions often appeared to be formed by budding from
the granular material and then aligning themselves as components
of the virus aggregates in fibrillar inclusions (Fig. 6).

Abnormal cell wall protuberances, which are common in cells
infected with comoviruses (9,10), nepoviruses (6,22), some caulimo-
viruses (2,11,13,16), and some rhabdoviruses (3), were also observed
in cells containing VLPs and associated inclusions (Fig. 7). Some
wall protuberances penetrated deeply into the cytoplasm, often
reaching the central vacuole. In such cases, the portion of the
cytoplasm accompanying the cell wall protuberance contained
VLPs and associated inclusions (Fig. 7). As in the cases of some
other groups of plant viruses (15,17), the VLPs of mimosa were
also located near and in the plasmodesmata (Fig. 8).

Expanding leaves with typical symptoms from seedlings as
young as 2 mo old contained cells that appeared to exhibit early
stages of infection. For example, the granular inclusions in many
of these cells appeared as small, circular electron-dense patches
adjacent to the nucleus and were associated with rough
endoplasmic reticulum and/or a large number of ribosomes (Fig.
9). Virus-like particles occurred randomly along the edges and
between these patches (Fig. 11). Regularly arranged “brick walls”
of VLPs surrounding large fibrillar inclusions, which were
common features in fully grown leaves, were rarely observed in
these cells. However, when a small number of the particles formed
a short “brick wall”, usually near the electron-dense patches of
granular inclusions, they were always associated with the fibrillar
inclusions (Fig. 10). Some cells in the young seedling leaves also
contained individually scattered VLPs. When these particles were
located adjacent to the nucleus, they were often aligned with their
short axes toward the nuclear pores (Fig. 12).

Cytopathic effects in cells of root specimens from mimosa
seedlings with leaf symptoms were similar to those observed in leaf
cells. Virus-like particles and associated viroplasmic structures
were found in many parenchymatous cells including cortical,
companion, and differentiating xylem cells.

When infected tissues were fixed for Bernhard’s uranyl-EDTA-
lead method with Karnovsky’s fixative alone, and sections were
stained with 5% uranyl acetate followed by lead citrate, the cellular

Figs. 13 and 14. The effects of Bernhard’s regressive staining procedure on virus-like particles (VLPs) and associated inclusions. 13, VLPs (Vp) and
associated granular (G) and fibrillar (F) inclusions after fixation with aldehyde alone (Karnovsky’s) and staining with 5% uranyl acetate and lead citrate.
These structures appear similar to those prepared with aldehyde + OsO: fixation. Note that the VLPs, granular inclusion, and chromatin (Ch) are more
electron-dense than the fibrillar inclusion. N = nucleus. Bar represents 500 nm. 14, Similar structures to those shown in Figure 13 but after treatments with
EDTA between uranyl acetate and lead citrate stains. Virus-like particles (Vp), granular inclusion (G), and chromatin (Ch) are clearly bleached, whereas
fibrillar inclusion (F) and ribosomes retain their electron density. Note that the fibrillar inclusion is more electron-dense than VLPs and granular inclusion.

N = nucleus. Bar represents 500 nm.
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components, including crystalline arrays of VLPs and granular
and fibrillar inclusions, were similar in appearance to those
prepared by conventional aldehyde + OsO, fixation (Fig. 13).
When sections were treated with EDTA for 30 min at room temper-
ature between uranyl acetate and lead citrate stains, however,
VLPs and granular inclusions as well as chromatin in the nucleus
were bleached and became electron-lucent, suggesting that they are
DNA-containing structures (Fig. 14). The fibrillar inclusions, on
the other hand, as well as ribosomes and nucleoli, retained their
electron density (Fig. 14).

A modified Bernhard’s method, which involved the use of
aldehyde + OsO, fixed tissues for distinguishing DNA-and RNA-
containing structures, gave similar results. Granular inclusions,
VLPs, and chromatin were all bleached, demonstrating their DNA
composition, whereas fibrillar inclusions remained unchanged.

DISCUSSION

The morphology of the VLPs, the presence of viroplasmic
inclusions associated with VLPs, the consistent association of
these structures with the chlorotic leaf symptoms of mimosa, and
the absence of these in healthy plants suggest a viral infection. In
addition, the presence of abnormal cell wall protrusions and the
occurrence of VLPs in the plasmodesmata, which are common
cytopathic effects associated with some other plant virus groups,
support this suggestion. Finally, seed- and graft-transmission of
the causal agent further substantiate its viral nature.

Three described plant viruses, dendrobium virus (18), citrus
leprosis virus (14), and orchid fleck virus (4), are similar in particle
morphology and size to the VLPs of mimosa. Particles of all three
viruses have been described as resembling the nucleocapsids of
rhabdoviruses. Unlike VLPs of mimosa, however, the particles of
these viruses occur primarily in the nuclei of infected cells, either
associated with (4) or not associated with inclusions (14,18). In
addition, the particles of these viruses form unusual “spokewheel”
configurations surrounded by a membrane, which are thought to
be derived from the nuclear envelope (14,18).

It is noteworthy that the granular inclusions associated with
VLPs of mimosa resemble structurally the characteristic inclusions
induced by caulimoviruses (17,19), a group of polyhedral viruses
containing double-stranded DNA (19). In both cases, the granular
inclusions contain vacuole-like areas in the matrix, and virus
particles occur in the vacuoles and the outer boundary of the
inclusions. Abnormal cell wall protrusions similar to those seen in
infected mimosa are also common in some caulimovirus infections
(2,11,13,16). These cytopathic similarities led to speculation that
the particles associated with chlorosis of mimosa might be a DNA
virus. Indeed, Bernhard’s (1) uranyl-EDTA-lead stain technique
and its alternate procedure (5) supported such speculation,
Although these techniques are not conclusive, the fact that both the
orderly aligned VL Ps and the nearby granular inclusions, as well as
nuclear chromatin, were bleached by the treatment while RNA
containing nucleoli and ribosomes were not affected strongly
suggests that mimosa VLPs and granular inclusions contain DNA.

Consistent association of VLPs with viroplasmic structures in
the cytoplasm and the absence of such structure in the nuclei
indicate that the cytoplasm is the primary site of particle
production and/or assembly and that viroplasmic structures are
involved in particle morphogenesis. It is of interest that two
morphologically distinct types of viroplasmic inclusions occur in
VLP-containing mimosa cells. Because both types usually
occurred close together and were both closely associated with
VLPs, it is difficult to deduce their specific function in the
formation of VLPs. Itis also not known which is formed first in the
events of pathogenesis. Based on Bernhard’s regressive staining
technique, the granular inclusions contain DNA, whereas the
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fibrillar inclusions do not. It is, therefore, reasonable to assume
that the granular inclusions are made up of precursors of viral
nucleic acid and protein, and the fibrillar inclusions contain the
protein alone. The association of randomly arranged particles with
the granular inclusions, either at the outer edge or within the
vacuolar structures of the granular inclusions, may indicate that at
least some particles are formed in or from the granular inclusions
and may then become organized into “brick wall” paracrystalline
arrays. The particles associated with the fibrillar inclusions were
always regularly arranged into the brick-wall configuration, as
shown in Figures 2, 4, and 10, which suggests that the material in
the fibrillar inclusions may have a role in the formation of such a
particle arrangement.
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