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Comparative Electron Microscopy of Chenopodium quinoa
Leaves Infected with Apple Chlorotic Leaf Spot, Apple
Stem Grooving, or Citrus Tatter Leaf Virus
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Flexuous filamentous particles of apple chlorotic leaf spot virus (ACLSV)Y, apple stem
grooving virus (ASGV)?, and citrus tatter leaf virus (CTLV)*% range 600~750 nm in length,
but resemble closteroviruses® in morphology. Closteroviruses cause phloem necrosis and
their particles are found to be confined to the phloem cells associated with vesicles containing
nucleic acid-like fibrils®. However, little information is available in cytopathology of ACLSV-,
ASGYV-, or CTLV-infected tissues. Small projections containing masses of elongated particles
have so far been observed in cytoplasm of chlorotic areas in the sections of ACLSV-infected
Chenopodium quinoa”. CTLYV particles were reported to be found only in phloem cells of the
infected C. quinoa leavesV. To elucidate the relationship between the three viruses and clos-
teroviruses, electron microscopy on C. guinoa tissues infected with ACLSY, ASGYV, or CTLV
was conducted.

Viruses and plants. ACLSYV P-205, ASGV P-209, originally isolated from apple infected
with top-working disease®, and CTLV Li-23% from lily were used. C. guinoa plants me-
chanically inoculated with either of the viruses and the healthy controls were incubated in a
greenhouse at 20~25 C. Systemic leaves of the infected plants were sampled at 14~21 days
after inoculation for cytopathological study.

Electron microscopy. Pieces of leaves from the infected plants and the healthy controls
were prefixed in 5% glutaraldehyde, postfixed in 19{ osmium tetroxide, dehydrated in a graded
series of ethanol and embedded in Spurr’s resin. Ultrathin sections were cut by a Reicherdt
ultramicrotome and stained with uranyl acetate and lead citrate. A Hitachi H-300 electron
microscope was used for observation.

Ultrastructural studies of ACLSV-, ASGV-, or CTLV-infected plants revealed the occur-
rence of filamentous particles of 650~750 nm in length which appeared in mesophyll as well
as phloem parenchyma cells, but not in epidermis or sieve elements. The particles were ob-
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served singly or as aggregates in the cytoplasm (Figs. 1~10). No severely degenerated cells
in the phloem were observed. Deformation of cell organella was observed, however, no specific
vesicles associated with virus particles were found in the infected cells. No cytopathological
changes were observed in the healthy controls.

Virus particles appeared much more concentrated in the ACLSV-infected cells compared
with the other two samples. ACLSYV particles accumulated in cytoplasm or between tonoplast
and cytoplasm, resulted in round virus aggregates of 0.5~1.5 ym in diam. (Figs. 5, 6). They
also crystallized in cytoplasm observed as parallelograms in the sections (Figs. 8, 9). ACLSV
particles were found in the nuclei as well (Fig. 10).

Relationships among the three viruses and to closteroviruses. Infection by a de-
finite member of closteroviruses accompany severe phloem necrosis in the infected tissues. Their
virus particles and the associated vesicles were observed confined to the phloem cells®. How-
ever, severe phloem necrosis was not detected in ACLSV-, ASGV, or CTLV-infected plants
in this study. Those virus particles, which were not accompanied by the vesicles, were observed
not only in phloem cells but also in mesophyll cells despite of the previous observation for
CTLV#%. These facts, as well as the characteristics such as transmissibility by sap, through seeds,
but not by aphids!-2:9, strongly indicate that the three viruses should be excluded from clostero-
viruses.

ASGYV has been transferred to a new group capillovirus®1® along with a serologically related
virus, potato virus T*V. Close relationship between capilloviruses and CTLV was also sug-
gested by Bar-Joseph and Murant'®. No obvious differences in cytopathology between ASGV-
and CTLV-infected cells were detected in this study.

Considerable differences in various characteristics between ACLSV and ASGV were re-
ported®2:13),  ACLSV particles appeared more concentrated in cells compared with the other
viruses and often observed as large aggregates in this study. Although further investigations
on different isolates are needed to confirm the results, the observed differences in cytopathology
between ACLSV- and ASGV-infected plants support the idea that the two viruses should be
classified into different groups™. Further studies on similar viruses around closteroviruses
may reveal some interesting new knowledge for these filamentous viruses. '

The authors thank Dr. H. Yanase, Fruit Tree Research Station, Tsukuba, Japan, for providing
ACLSYV and ASGYV isolates.
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Explanation of plates

Plate 1.
Figs. 1, 2. Filamentous particles of apple stem grooving virus in cytoplasm of mesophyll cells in
the infected Chenopodium quinoa.
Figs. 3, 4. Particles of citrus tatter leaf virus in cytoplasm of mesophyll cells in the infected C. quinoa.
Plate II.
Figs. 5~9. Particles of apple chlorotic leaf spot virus (ACLSV) in cytoplasm of mesophyll cells
in the infected C. quinoa.
5, 6. Round virus aggregates.
7. Crystallized virus particles.
8,9. Virus aggregates as parallelograms.
Fig. 10. ACLSYV particles appeared in nucleoplasm of a mesophyll cell in the infected C. quinoa.
Bars represent 500 nm.

Abbreviations: c¢p, chloroplast; cw, cell wall; mt, mitochondrion; nu, nucleus; va, vacuole; vp,
virus particles.
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Plate II
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