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Introduction

Bennett and co-workers reported the findings of their investiga-
tion of the yellow wilt disease of sugarbeet in Argentina (4)* in 1946
and in Chile (3)in 1967. They concluded that (a) yellow wilt apparently
was caused by a single virus, df.‘Slgl’]"l[(:‘d ('Morogmus patagoniensis n. sp.
(or Beta virus 6); (b) there were two distinct sets of symptom expres-
sion: one the “yellowing phase” and the other the “wilting phase™
(c) the causative agent could be transmitted by grafting diseased to
healthy tissue, by each of two species of dodder, Cuscuta subinclusa and
C. campestris, and by aleafhopper, Paratanus exitiosus; and (d) the disease
occurs in the field on sugarbeet, table beet, fodder beet, and Swiss
chard in addition to 14 other host plants tested in the greenhouse and
2 tested in the field. Despite their extensive studies, many probleins,
such as visualization of the causative agent; its fate in host plants and
in insect vectors; isolation, characterization and identification of the
agent; and effective methods of controlling the disease remained
unsolved.

At the time when the studies described above were made, the
existence of a new group of plant pathogens, the mycoplasmalike
organisms (MLO) (7, 19) had not yet been described. The MLO, now
considered to be the etiological agents of a number of yellows-type
plant diseases, are transmitted by leafhopper, planthopper, or psyllid
vectors, as well as by grafting and dodders (25, 33). The MLO are
sensitive to tetracycline derivatives. Based on this information,
Ehrenfeld (11) demonstrated that the yellow wilt disease of sugarbeet
was suppressed, but not eliminated, by chlorotetracycline treatments
and suggested that the agent of yellow wilt was not a virus, buta MLO
entity. Subsequently, Urbina-Vidal and Ehrenfeld (reported at the
Ist International Congress for Bacteriology, Jerusalem, Israel, Sept.
3, 1973), using electron microscopy thin sectioning techniques, ob-
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served microorganisms in yellow wilt-affected sugarbect plants,
morphologically |excmb]1ng known MLO (25, 33). Further studies to
visualize the presumptive etiological agents of yellow wilt in the
diseased sugarbeet plants were carried out, based on a working hy-
pothesis that the yellow wilt disease may be caused by a complex of
several agents. The present report describes the coexistence of at least
two possible etiological agents of the sugarbeet yeilow wilt disease in
Chile.

Materials and Methods

Sugarbeet (Beta vulgaris 1..) seeds were seeded directly in a field
of the La Platina Experimental Station, Santiago, Chile, in October
1972. About 50 days later symptoms of yellow wilt began to appear.
During the next 9 months, the apparent incidence of infection in-
creased gradually, finally reaching about 95% in September, 1973
(Fig. 1). During that period, nearly all of the affected plants developed
symptoms of the yellowing phase of the disease including vein clearing
and yellowing. In the later stages of disease dcvclopmcm during that
period many plants exhibited typical “ll(h(‘b broom” clusters with
dwarfing and numerous axilary buds (Fig. 2), and some plants died.
Symptoms of the wilting phase developed on a low percentage of the
affected plants, but usually in combination with symptoms of the
yellowing phase.

Portions of leaves and petioles were excised from the infected
(Figure 2) as well as from normal-appearing plants and prefixed with
3% glutaraldehyde in 0.05 M sodium cacodylate buffered solution
(pH 7.2) in the field at the end of September. Specimens in the fixative
were processed for electron microscopy examination 5 days later.
After rinsing in the cold buffered solution with 5% sucrose overnight,
they were postfixed with 2% osmium tetroxide in the same buffered
solution for 6 hours at 4°C. The fixed specimens were dehydrated at
4°C by passing through a graded ethanol series of 50, 75, 90, .and 95%
for 15 minutes each, and at 100% for 60 minutes. Subsequently the
specimens were passed twice through propylene oxide for 60 minutes,
and embedded in a resin mixture of Epon 812 and Araldite 506 (27).
Ultrathin scctions were cut with diamond knives on a Porter-Blum
MT-2 microtome, and stained with 8% uranyl magnesium acetate in
distilled water for 3-10 minutes at room temperature, followed by
0.4% lead ciwrate in 0.1 N sodium hydroxide for 20-60 seconds. The
sections were studied with a Siemens Elmiskop I electron microscope,
modified to a model TA, at 80KV,

Results

Two types of possible etiological agents of the yellow wilt were
detected in the diseased plants, but were never observed in the normal-
appearing materials. One was a mycoplasmalike organism (MLO) and
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Figure 1.—Sugarbeet field in early September at the La Platina Experi-
mental Station; 11 months old. More than 95% of the plants showed yellow
wilt symptoms.

Figure 2.—Diseased plants showing advanced stages of the typical

yellowing phase, including witches’ broom clusters, dwarfing, and leaf
necrosis.

the other was an elongated, flexuous viruslike particle associated with
characteristic inclusions.

Mycoplasmalike organism (MLO)

Pleomorphic bodies whose morphology resembled that of micro-
organisms belonging to Mycoplasmatales which have been isolated
fromanimals (1, 13), and MLO which have been observed in more than
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50 yellows-type diseased plants (16-18, 25, 33), were detected in the
phloem tissues of the vellow wilt-affected plants. The MLO were ob-
served either in mature sieve tube elements, devoid of cytoplasm and
filled with sieve tube sap (Fig. 3), or in the cytoplasm of phloem paren-
chyma cells (Fig. 4).

These bodies, bounded by a trilaminar membrane (unit mem-
brane), contained ribosomes and deoxyribonucleic acid (DN A)-like
strands and lacked a nuclear envelope and a cell wall (Figs. 3 to 6). They
varied considerably in size and electron opacity. Wide variations of the
morphological profiles, such as spherical, ovoidal, amoeboidal, long
elliptical, horseshoe-shaped, and doughnut-shaped forms, were ob-
served (Figs. 3 to 6). The majority of MLO varied in size from approxi-
mately 100 nm to 800 nm (Figs. 3 and 4). However, some of them, parti-
cularly those in the phloem parenchyma cells, had fine, long cyto-
plasmic protrusions containing electron-lucent cytoplasm (Fig. 6).

The number of MLO in each host cell varied considerably
(Figs. 3 and 4). Some sieve tube elements, as well as phloem parenchyma
cells, were tightly packed with numerous MLO, while others contained
a small number of MLO scattered in the elements. In the cytoplasm of
phloem parenchyma cells, “colony-type” accumulations (17) of the
MLO were often seen (Fig. 4). In general, MLO around the sieve plates
were more crowded on one side of the plate than on the other (Fig. 3).
MLO, partially squeezed through the sieve pores, were observed often.
This mayv indicate that the MLO move from one sieve element to a
neighboring one via the sieve pores.

Morphological configuration indicative of binary fission, budding,
extrusion of the protoplasm and tightly lined bodies, which were
similar to those considered earlier to be undergoing reproduction in
sieve tube elements (16) or in phloem parenchyma cells (17), were also
seen in the phloem of yellow wilt-affected sugarbeet plants.

Elongated viruslike particles

Elongated, flexuous viruslike particles were observed in the cyto-
plasm of mesophyll cells and phloem parenchyma cells of leaves ob-
tained from the diseased plants, but not in the normal-appearing
materials. Morphological characteristics of the particles differed from
that of microtubules and phloem protein (P-protein) fibrils, which arc
normal cytoplasmic constituents (Fig. 7). Although measurements of
elongated, flexuous particles in thin sections did not reveal accurately
their length, thev appeared to be more than 650 nm in length and
[0-12 nm in diameter. The particles often appeared in more or less
parallel arrangements, oriented perpendicularly to cell walls (Fig. 7
to 9).
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Figure 3.—Portion of phloem tissue from a yellow wilt-infected plant.
Pleomorphic mycoplasmalike organisms (MLO), varying in shape and size,
are present in the sieve tube elements (S). Note some MLO apparently pass-
ing through the sieve pores (SP). CW: cell wall; PP: Phloem parenchyma
cell; SPL: Sieve plate. X 12,950.
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Figure 4.—Portion of a phloem parenchyma cell from a yellow wilt-
diseased plant. Note colony type accumulation of intracytoplasmic myco-
plasmalike organisms (MLO). CY: Cytoplasm; CW: Cell wall. X 7,000.
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Figures 5 and 6.—Intracytoplasmic MLO in a phloem parenchyma cell
of a diseased plant. Note the varying morphology and electron opacity of the
MLO (Figure 5, X 48,250), and the long electron lucent extrusions of MLO,
closely associated with filamentous particles (FP) (Figure 6, X 35,000).
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Figure 7.—Portion of a mesophyll cell of a yellow wilt-diseased plant,
containing elongated viruslike particles (VLP) associated with a pinwheei
inclusion (PW). Note VLP in more or less parallel arrangement and free
VLP. MT: Microtubules. X 60,500.
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Figures 8 and 9.—Portions of mesophyll cells obtained from a yellow
wilt-diseased plant. Note characteristic bundle inclusions (Bi) (Figure 8,
X 66,000) and laminated aggregates (LA) (Figure 9, X 50,100), oriented
perpendicularly to cell wall (CW).
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The particles were closely associated with various types of cvto-
plasmic inclusions, such as bundles (Fig. 8), laminated aggre{gales (Fig.
9), and pinwheels (Fig. 10). Complex inclusions consisting of pinwheel
arms, bundles, and/or laminated aggregates were also seen. The
morphological profiles of these inclusions strikingly resembled those
observed by others in discased plants infecied with certain types of
elongated viruses (2,6.8,10,14,15,20-24,26,28-32, 34).

Single particles, as well as inclusions, often appeared in the
cytoplasm close to the plasmodesmata between parenchyma cells
(Fig. 11), indicating that they may move from cell to cell through the
plasmodesmata as pointed out recently by Weintraub et al (32). Occas-
ionally the viruslike particles were aligned along the laminated aggre-
gates (Fig. 12). At certain angles of sectioning, very fine spikes were
seen on the surface of the aggregates.

In some instances, the inclusions were observed in the phloem
parenchyma cell adjacent to the sieve elements in which MLO were
seen (Fig. 12). Both MLO and the inclusions occasionally coexisted
within the same phloem parenchyma cell (Fig. 13).

Figure 10.—Characteristic pinwheel inclusions (PW) in mesophyll
cells of a yellow wilt-diseased plant. Complex inclusions consist of pin-
wheel arms and a laminated aggregate (LA). X 54,600.
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Figure 11.—Elongated viruslike particles (VLP) apparently passing
through the plasmodesmata (PD) of parenchyma cells of a yellow wilt-
diseased plant. CW: Cell wall. X 57,400.

Long filamentous particles

Masses of long filamentous particles were frequently observed
in the cytoplasm of mesophyll, as well as phloem parenchyma, cells
of both yellow wilt-infected and normal-appearing plants (Figure 14).
Morphological features, size (approximately 1200-1300 nm in length)
and appearance of the particles in the host cells were very similar to
those of the presumed beet yellows virus particles in sugarbeet yellows-
infected Beta vulgaris, described by Esau et al (12).

The filamentous particles that often formed large spindle-shaped
aggregates are shown in Figures 15 and 16 at high magnifications. The
particles also appear in irregularly aligned masses of various sizes
(Fig. 14). In some instances, the particles formed highly ordered aggre-
gates. A longitudinal section of the ordered aggregate is shown in
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Figure 12,.—Portion of phloem tissue from a yellow wilt-infected plant.
Note MLO in the sieve tube element (S) and elongated viruslike particles
(VLP), associated with the laminated aggregates (LA), in a phloem paren-
chyma cell (PP). CW: Cell wall; SPK: Fine spikes. X 68,250.

Figure 13.—Coexistence of mycoplasmalike organisms (MLO) and the
laminated aggregates (1.A) in the phloem parenchyma ce!l of a yellow wilt-
infected plant. X 41,750.
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Figure 14.—Portion of mesophyll cell obtained from a normal-appear-
ing sugarbeet plant. Note a large spindle-shaped aggregate, as well as small
irregular masses, of long filamentous particles (FP). CW: Cell wall.
X 18,750.
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Figures 15 and 16.—Portion of large spindle aggregate of the long fila-
mentous particles (FP) in the phloem parenchyma cells of a yellow wilt-
diseased plant. Note loosely aligned particles in longitudinal section
(Figure 15, X 49,000) and transverse section (Figure 16, X 49,000).
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in Figure 17 and the transverse section in Figure 18. No enclosing
membrane was seen around either large or small filamentous masses
(Figures 14, 15, 17, and 18).

In the vellow wilt-infected plants, filamentous aggregates were
often observed in phloem parenchyma cells which contained intra-
cvtoplasmic MLO (]"iguue 19). Occasionally the filamentous particles
also were present in host cells, closely associated with the long cyto-
plasmic protrusions of the MLO (Figure 6) or with spherical ML 0.

Discussion

Before the existence of mycoplasmalike organisms as pathogenic
agents in met‘; became known, Bennett and co-workers (3) men-
tioned that “the diversity of symptoms of the yellow wilt of sugarbeet
has led to speculation as to whether more than one causal agent is
involved.” However, they concluded that “results of observations and
experiments strongly support the concept that all the different types
of symptoms observed are the result of the action of a single agent and
that this agent is a virus.” They also concluded that the type of symp-
toms produced was determined largely by environmental conditions:
the wilting phase of the disease appeared under conditions of high
temperature and low humidity, whereas the yellowing phase appeared
under conditions of lower temperature and higher humidity.

The characteristic symptom expressions of the yellowing phase
described by Bennett et al (3, 4) strikingly resemble those of yellows
type diseases, now known to be associated with or caused by MLO
(16-18, 25, 33). Furthermore, successful suppression of the disease
with tetracycline treatments (11) and the present findings of MLO in
yellow wilt-diseased Beta vulgaris plants strongly support a new con-
cept that at least symptom expressions of the yellowing phase are
caused by MLO agents. However, no MLO agents associated with any
wilting diseases are known to date despite the fact that moré than 50
different MLO-induced diseases have been reported. If the MLO are
indeed the causative agents of the yellowing phase, a complex etiology,
most likely MLO and a virus (or viruses), of the sugarbeet yellow wilt
is more acceptable than the single viral etiology (3).

There exists a controversy as to whether the characteristic in-
clusions, such as pinwheels, bundles, and laminated aggregates, con-
sist of certain elongated virus particles (6, 15, 24, 26, 34) or whether
they are complex organizations of virus particles and/or some sub-
stances of unknown nature (2, 10, 21). Nevertheless, based on the
intimate association between the viruses and the characteristic in-
clusions, Edwardson (9) proposed that the inclusions are diagnostic
for infection by viruses of the potato virus Y group (5), whose lengths
vary from 730 nm to 750 nm. Later similar inclusions induced by
shorter (31), as well as longer (14), viruses were also reported. It is
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Figures 17 and 18.—Highly ordered aggregates of the long filamentous
particles (FP) in the mesophyll cells obtained from a yellow wilt-infected
plant. Note highly aligned particles in longitudinal section (Figure 17,
X 49,100) and transverse section (Figure 18, X 49,100).
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Figure 19.—Coexistence of the long filamentous particles (FP) and
mycoplasma-like organisms (MLO) in a phloem parenchyma cell obtained
from a yellow wilt-infected plant. MT: Microtubules. X 32,630.

generally accepted that the presence of the characteristic inclusions
indicates the occurrence of infection with certain elongated viruses.
Thus, the finding of the elongated viruslike particles with the charac-
teristic inclusions suggests that the diseased sugarbeet plants examined
may be infected with an inclusion-inducing virus. The inclusion-
inducing elongated viruses are known to be causative agents of a
number of plant diseases (2, 6, 8-10, 14, 15, 19, 20, 22-24, 26, 28-31,
34). Although no elongated viruses which induce wilting have been
reported, one of the potato virus Y group is known to be associated
with the sugarbeet wilting in Brazil (personal communication: A. S.
Costa, Virus Section, The Agricultural Institute, C.P. 28, 13100 Cam-
pinas, Sao Paulo). At present, it is uncertain whether elongated virus-
like particles are responsible in part for causing symptoms of the
sugarbeet yellow wilt disease (e.g. in the wilting phase). Further elec-
tron microscopic examination of diseased plants representing the two
distinct types (i.e. the yellowing phase and the wilting phase) may
provide more critical information on this problem. Recently the co-
existence of MLO and an elongated virus, russet crack virus, asso-
ciated with pinwheel inclusions in sweet potato plants was reported
(20).



Vor. 18, No. 2, Ocrtoser 1974 159

The nature of the long filamentous particles observed in both
yellow wilt-infected and apparently noninfected sugarbeet plants
remains unknown. However, since those particles resembled the beet
yellows virus (12), and since one or more types of virus yellows usually
is quite prevalent in the sugarbeet crop in Chile, including La Platina
(personal communication: J. O. Gaskill, Beet Sugar Development
Foundation, Fort Collins, Colo.), it seems probable that the long fila-
mentous particles observed in this study resulted from infection by at
least one of the viruses of the sugarbeet virus yellows complex. Since
the effects apparently were mild, as evidenced by the appearance of
plants without yellow wilt symptoms, it is assumed that a mild type of
virus was involved, such as a mild strain of beet yellows virus.

If the above assumption of a yellows-virus involvement is correct
the findings indicate that the yellow wilt-diseased plants examined
were super infected with the yellows virus. The role, if any, of that
virus in the development of symptoms of yellow wilt is not known.
However, it is apparent that controlled conditions of plant growth and
inoculation are needed in future electron microscopy studies of the
causal agent or agents of yellow wilt.

Summary

An electron microscopic search for the causative agents of the
sugarbeet yellow wilt disease in Chilc was carried out. Mycoplasmalike
organisms (MLO), as well as elongated viruslike particles associated
with characteristic inclusions (such as pinwheels, bundles, and
laminated aggregates), were observed in the diseased plants, but were
absent from ncrmal-appearing plants. The presence of the MLO
strongly suggests that they are largely responsible for causing the
yellowing phase of the disease.

The presence of the elongated viruslike particles associated with
characteristic inclusions suggcsts that the diseased plants were infected
with a virus. Although the elongated particles may be responsible in
part for yellow wilt symptom expression, further studies are needed
to clarify their etiologic role.

These findings suggest the possibility of a complex disease
etiology, presumably with the MLO and a viral agent rather than the
single MLO or viral etiology.

Long filamentous particles, morphologically resembling the beet
yellows virus, were observed in both the yellow wilt diseased and the
normal-appearing plants grown in the same field. This suggests that
the yellow wilt-diseased sugarbeet plants may also have been infected
with a type of beet yellows virus.



160 JournaL oF THE A. 8. 8. B. T,

Acknowledgments

The authors thank J. O. Gaskill, Project Consultant, Beet Sugar
Development Foundation, Fort Collins, Colorado, for his valuable
suggestions and critical review of the manuscript. The authors also
thank G. L. McNew, Managing Director, Boyce Thompson Institute
for Plant Research, Yonkers, N.Y., and the U.S. Agency for Interna-
tional Development for their participation in making the arrange-
ments for the senior author’s visit to Boyce Thompson Institute to
carry out this research.

Thanks also to Kazuko Hirumi of Boyce Thompson Institute for
her valuable assistance in electron microscopy, and to Roberto
Ehrenfeld K. of Industria Azucarera Nacional S.A., Santiago, Chile,
for conducting the ficld work at La Platina.

Literature Cited

(1) Axpersox, Doucras, R. 1969, Ulrrastructural studies of mycoplasmas
and the L-phase of bacteria. /n: Leonard Hayflick (ed.), The Myco-
plasmatales and the L-phase of bacteria, 365-402. Appleton-Century-
Crofis. New York.

(2) Arxot11, Howarp J. and Kenyers M. Sanra. 1967, Electiron micro-
scopy of virus-infected sunflower leaves. J. Ulwrastruct. Res. 19:173-
195

(3) Besxerr, C. W, F. J. Hitis, R, Exrexeerd K., J. Vatexzuera B., and
C. Ky K. 1967, Yellow wilt of sugar beet. ]. Am. Soc. Sugar Beet
Technol. 14:480-510.

(4)  BexyeTr, C. W, and CarLos Muxck. 1946. Yellow wilt of sugar beet in
Argentina. J. Agr. Res. 73:45-64.

(5) Braxvrs, ]. and R. Bercks. 1965, Gross morphology and serology as a
basis for classification of elongated plant viruses. Adv. Virus Res.
11:1-24,

(6) CrEMER, MARGARETHA C. and J. A. vax per VEKEN. 1964, Localization
of viral antigen in narcissus leaves infected with yellow stripe virus,
determined by means of a Huorescein conjugated antiserum. Neth. J.
Plant Pathol. 72:105-113.

(7) Dor, Yoji, MicHiakr Teranara, Kivosin Yora, and HIDEFUMI
Asuvama. 1967. Mycoplasma- or PLT group-like microorganisims
found in the phloem elements of plants infected with mulberry dwarf,
potato witches' broom, aster yellows, or paulownia witches’ broom.
Ann. Phytopath. Soc. Japan 33:259-266.

(8) Epwarpsox, Jous R, 1966. Cylindrical inclusions in the cytoplasm of
leaf cells infected with tobacco ctch virus. Science 153:883-884.

(9)  Epwarnsox, Joax R. 1966. Electron microscopy of cytoplasmic inclu-
sions in cells infected with rod-shaped viruses. Am. J. Bot. 53:359-364.

(10)  Evwarpsox, ]J. R, D. E. Purcrruie, and R. G. CurisTie. 1968. Structure
of cytoplasmic inclusions in plants infected with rod-shaped viruses.
Virology 34:250-263.

(11) EnrevrFerp, Roserto K. 1970, Estudio preliminar del efecto de
clorotetraciclina (aureomicina) sobre el causal etiologico de la “mar-
chitez virosa” (vellow wilt) de la remolacha (Beta vulgaris L.). Agr.
Tecnica 30:43-51.



Vor.

(12)

(13)

(14)

(15)

(16)

(17

(18)

(19)

(20)

(21)

(22)

(26)

27

(28)

18, No. 2, Ocroser 1974 161

Esau, K., J. CRoxsuaw, and L. L. HoererT. 1966. Organization of beet
yellows-virus inclusions in leaf cells of Beta. Proc. Natl. Acad. Sci.
55:486-493.

Freuvnot, E. A, 1969. Cellular morphology and mode of replication of
the mycoplasmas. In: l.conard Hayflick (ed.), The Mycoplasmatales
and the L-phase of bacteria, 281-315. Appleton-Century-Crofts,
New York.

Harrisox, B. D. and I. M. Roserrs. 1971, Pinwheels and cryswaline
structures induced by Atrepa mild mosaic virus, a plant virus with
particles 925 nm. long. J. Gen. Virol. 10:71-78.

Havasur, T., C. Martsul, and .\, Yamacucui, 1965. Electron micro-
scopy of intracellular turnip mosaic virus. Phytopathology 55:458-161.
Hirvan, H. and K. Maramoroscu. 1972 Nawural degeneration of
mycoplasmalike boclies in an aster ycllows infected host plant. Phyto-
path. Z. 75:9-26.

Hirunmi, H. and K. MaramoroscH. 1973, Intracytoplasmic myco-
plasmalike bodies in phloem parenchyma cells of aster yellows-infec-
ted Nicotiana rustica. Phytopath. Z. 77:71-83.

Hirumri, H. and K. Maramoroscu. 1973, Ultrastructure of the aster
yellows agent: Mycoplasma-like bodies in sieve tube elements of
Nicotiana rustica. Ann. New York Acad. Sci. 225:201-222.

Isuie, Tatsuy, Yoy Dor, KivosHr Yora, and HiperuMr ASUYAMA.
1967. Suppressive effects of antibiotics of tetracycline group on
symptom development of mulberry dwarf disease. Ann. Phytopath.
Soc. Japan 33:267-275.

Kann, Rosert P., R. H. Lawsox, R. L. Mo~nroE, and Suzanne HEARON,
1972. Sweet potato little-leaf (witches-broom) associated with a myco-
plasma-like organism. Phytopathology 62:903-909.

Kanmer, T, Y. Honpa, and C. MaTtsur, 1969. Intracellular appearance
of turnip mosaic and bean yellow mosaic virus particles. Phyto-
pathology 59:139-144.

Kiym, Kyvune Soo and |. P. Furton. 1969. Electron microscopy of poke-
weed leal cells infected with pokeweed mosaic virus. Virology 37:297-
308,

LaNGENBERG, WiLLeMm G. and Hecex F. ScHroeper. 1973. Electron
microscopy of unstable inclusions induced in maize by maize dwarf
mosaic virus. Phytopathology 63:1066-1073.

Lee, Prrer E. 1965. Electron microscopy of inclusions associated with
wheat streak mosaic virus. J. Ultrastruct. Res. 13:359-366.

MarazroroscH, Kare, Rosert R. Gravapos, and Hiroyukr Hiruwmr,
1970. Mvcoplasma diseases of plants and insects. Adv. Virus Res.
16:135-193.

Marsur, CHiaki and AkIrRa YamacucHr 1964, Electron microscopy of
host cells infected with tobacco etch virus. I. Fine structures of leaf cells
at later stages of infection. Virology 22:40-47.

MovLiexHAUER, Hitrox H. 1964. Plastic embedding mixtures for use
in electron microscopy. Stain Technol. 39:111-114.

Moraxt, Ao Fooand 1. M. Roserts, 1971, Cylindrical inclusions in
coriander leaf cells infected with parsnip mosaic virus. J. Gen. Virol.
10:65-70.



162

(29)

(30)

(31

(33)

(34)

JournaL oF THE A. S. S. B. T.

PurciFuLe, D. E. and ]. R. Ebpwarpson. 1967. Watermelon mosaic virus:
Tubular inclusions in pumpkin leaves and aggregates in leaf extracts.
Virology 32:393-401.

SHEPARD, J. F. 1968. Electron microscopy of subtilisin-treated tobacco
etch virus nuclear and cytoplasmic inclusions. Virology 36:20-29.

Wreinrrave, M. and H. W. J. Racerrr. 1970, Distribution of viruslike
particles in leaf cells of Dianthus barbatus infected with carnation vein
mottle virus. Virology 40:868-881.

WernTraus, M., H. W, J. Racreril, and EstHeEr Lo. 1974, Potato virus
Y particles in plasmodesmata of tobacco leaf cells. J. Ultrastruct. Res.
46:131-148.

Witrrconms, R. F. and R, E. Davis. 1970. Mycoplasma and phytarbo-
viruses as plant pathogens persistently transmitted by insects. Ann.
Rev. Entomol. 15:405-464.

YamactrcoH!, Akira, Toswio KikuvvoTto, and CHrakr MaTsti. 1963,
Electron microscopy of elongated particles associated with tulip
mosaic. Virology 20:143-146.



