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Fig. 1. Light microscopy of cytoplasmic inclusion-like
structures in epidermal cells of Eustoma russellianum
infected with Lisianthus necrosis virus. Epidermal layers of
infected (A) and healthy leaves (B) were stained with
Calcomine orange-Luxol brilliant green followed by
destaining in 2-methoxyethyl acetate, mounting on a slide
with euparal, and examination under a L eitz microscope.
Inclusion body-like structures (In) and nucleus (N) are
identified.
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Fig. 2. Transmission electron microscopy of Lisianthus necrosisvirus (LNV ) (A) Uranium acetate-stained virions purified from
LNV infected Chenopodium quinoa. (B) Ultra-thin section of parenchyma cell of infected lisianthus leaf containing virionsin
protoplast. (C) Ultra-thin section of mesophyl| cell of infected lisianthus leaf showing virions aggregation in cytoplasma. (D)
Distribution of virionsin vacuole of petal of LNV infected lisianthus.
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Fig. 3. Antigen-coated indirect ELISA (A, B, and D) and triple antibody sandwich ELISA (C) for detection of Lisianthus
necrosis vir us. Rabbit antiserum was prepared from a Japanese isolate of LNV (A). Both rabbit antiserum (B) and mouse
monoclonal antibodies (C and D) were prepared from the Taiwan isolate of LNV in current studies. Health crude sap were used
as controls (open triangles and open circles). In indirect ELISA (A, B, and D), antigen extracts were added to polystyrene ELISA
plates followed by rabbit (A and B) or mouse monoclonal (D) antibodies and alkaline phosphatase-labeled goat anti-rabbit 1gG
(A and B) or goat anti-mouse IgG (D) conjugates, respectively. In TAS-ELISA (C), antigens were added to rabbit anti-LNV 1gG-
coated plates followed by mouse monoclonal antibodies and alkaline phosphatase-labeled goat anti-mouse 1gG conjugates.
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Fig. 4. Western blot analysis of coat proteins of Lisianthus necrosisvirus (LNV) (A) purified virions (lane 1, 2); crude sap of
health lisianthus (Iane 3) and crude sap of LNV -infected lisianthus (lane 4) and (B) crude sap of LNV-infected Nicotiana
benthamiana (lane 1); purified virions (lane 2); crude sap of LNV-infected Lisianthus (lane 3) and crude sap of health lisianthus
(lane 4) were subjected to SDS-PAGE (10 %), transferred to PVDF membrane and incubated with rabbit antiserum against LNV
(A) and monoclonal antibody against LNV (B).
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Fig. 5. Direct tissue blot detection of Lisianthus necrosisvirus (LNV)in virus-inoculated Eustoma rusellianumgrown at 21 (A-
C)and 26 (D-F). Leaves were sampled from plants 24 (A and D), 48 (B and E) and 72 (C and F) hr after inoculation. Two
inoculated leaf blots (Ieft) and a healthy control (right) were prepared on PVDF membranes after removal of epidermal cell
layers, blocked, and incubated with rabbit anti-LNV 1gG and alkaline phosphatase goat anti-LNV 1gG before being developed in
substrate solution.
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Table 1. Symptom development and enzyme-linked immunosorbent (ELISA) and direct tissue blot (DTB) assays of Lisianthus

necrosis virusin leaves, stem, and root of inoculated lisianthus

Inoculation

Times after Symptom Leaf Stem Root
Temperature inoculation appearance
() (hr) ELISA DTB ELISA DTB ELISA DTB
21 1 ! NT NT NT NT
21 6 NT NT NT NT
21 12 NT NT NT NT
21 24
21 48
21 72
26 1 NT NT NT NT
26 6 NT NT NT NT
26 12 NT NT NT NT
26 24 +
26 48 + +
26 72 +
. :positivereaction;  :negative reaction; NT: not test
(
( ) ( ) ) 1 . 1999.
LNV 41:179-198. |
(ELISA) 2. . 2001. Tobamovirus
ELISA ' 89
( 90 1 1819 ) p.7 ( )
3. . 2000.
. . 9:115-122.
(ISEM) ELISA  dot-blot immunoassy (0.1017.19.2021) 4. Chang, C. C. 1993. Isolation of bean yellow mosaic virus
from Lisianthus developing foliar mosaic and flower
ELISA © breaking symptoms. Plant Pathol. Bull. (Taiwan) 2:250-
LNV (38 kDa) LNV 251 (abstract).
ELISA, Western blot, direct tissue blot 5. Chen, C. C., Chen, Y. K.,and Hsu, H.T. 2000.
(DTB) ISEM ® LNV Characterization of avirus infecting lisianthus. Plant Dis.
84:506-509.
6. Chen, C.C., Hy, C. C,, Chen, Y. K., and Hsu, H. T. 2001
Characterization of avirus inducing ring spot disease in
LNV DTB Lisianthus. ActaHorticul. (in press)
(26 ) 21 ) 7. Christie, R. G., and Edwardson, J. R. 1977. Light and
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DTB 9. Converse, R. H., and Martin, R. R. 1990. ELISA Methods

for plant Viruses. Page 179-196 in: Serological Methods
for Detection and Identification of Viral and Bacterial
Plant Pathogens. R. Hampton. E. Ball, and S. De Boer,
eds. APS Press, ST. Paul, MN. 389 pp.
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ABSTRACT

Chen, C. C.»3, Tsao, S. L*. and Hsu, H. T.? 2001. Diagnosis of Lisianthus necrosis virus infection by light
and eelectron microscopy and serological assays. Plant Pathol. Bull. 10:105-114 (> Taichung District
Agricultural Improvement Station, Tatsuan, Changhua, Taiwan; % U.S. Department of Agriculture,Beltsville
Agricultural Research Center, Floral and Nursery plants Research Unit, Beltsville, MD 20705-2350 ;
3 Corresponding author, E-mail: Chencc@tdais.gov.tw; Fax: +886-4-8521140)

Lisianthus necrotic virus (LNV)is a spherical virus recently found and identified in certain imported
lisianthus seedlings in central Taiwan. In this study, diagnostic procedures, including light and electron
microscopy (TEM) and serological techniques, were compared for detection and identification of LNV in
virus-infected plants. Light microscopy showed the presence of cytoplasmic inclusion-like structures with
boundless shapes in epidermal cells of |eaves of infected lisianthus when stained with Calcomine orange-
Luxol brilliant green BL. TEM of leaf dip preparations of infected plants or purified samples of LNV
stained with 2% uranyl acetate revealed the presence of spherical particles measuring about 32 nmin
diameter. Silmilar particles or virions aggregation were observed in cytoplasm of leaves and petals of
infected plants in ultra-thin sections. In Western blot analysis using rabbit antisera or mouse monoclonal
antibodies, a single capsid protein (about 38 kDa, MWTr) band was detected in crude leaf extracts of infected
plants and purified virus preparation. In indirect ELISA using rabbit antisera or mouse monoclonal
antibodies, the dilution endpoints of LNV antigensin leaf extracts of infected plants were about 10 or 107
Similar dilution endpoints of LNV antigens were also obtained when and mouse antibody was used in TAS-
ELISA. Asearly as 12 hr after inoculation, localization of newly synthesized LNV antigen was visualized
by direct tissue blot immunoassay, whereas the LNV antigen could not be detected by ELISA test until 48 hr
after inoculation.

Key words : diagnosis methods, Lisianthus necrosis vir us



