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Am C5 P1418957
GCV-Am (vein clearing)
GCV-Am C5
Cl C2 C3 ¢4
C1 PI419105 Crusader
c2 Tropical Delight C3
(GCV-Am)

(TuMV) C1-C5

Table 1. Comparison of host reactions of five strains of
turnip mosaic virus (TuMV C1, C2, C3, C4 and C5) and
GCV-Am isolate on four cultivars of Brassica campestris
subsp. pekinensin selected for strain dif ferentiation

cultivar Reaction *
Cl C2 C3 C4 C5 GCV-Am
Tropica Delight - + + + + +
Crusader + - + o+ o+ +
P1418957 - - - - + +
P1419105 + - -+ 4 +

1. noinfection, + : susceptible with systemic symptoms and
with virus infection detected by electron microscopy

A B Pl 419105 Crusader

C Pl1418957
Delight
Fig. 1. Symptoms of GCV-Am on Brassica campestris
subsp. pekinensis cultivars selected for strain differentiation.
Mosaic on cutivar Pl 419105 (A), savoy on Crusader (B),
rugosity on PI418957 (C), and mosaic (D) and systemic
necrosis (E) on Tropical Delight.

D E Tropica

LA S Am

Fig. 2. Electron micrographs of ultrathin sections of |eaves
of rape infected with GCV-Am. Bar = 500nm. A and B, cross
sections of cytoplasmic inclusions in the form of laminated
aggregates (LA) and scrolls (S). C, amorphous cytoplasmic
inclusions (Am). D, laminated aggregates (LA) were also
found in stromata cells.



76 8 2 1999
Tropical Delight Crusader C4 Tropical
Delight Crusader Pl1419105
GCV-Am
GCV-Am
Y

(cylindrical inclusions)
(laminated aggregates) (scrolls) ( 2, A B)
(amorphous inclusions) (2,

C) ( 2,D)
(grana) (lamella) ( 3 A
B)

(bundleinclusion) (3, C)
(cristae) (3
D) TuMV-Cl1 C5

TuMV-C1L C2 C3 C4 C5

4) TuMV-C3
(fibrous mass, FM)
(tonoplast)

( 4,C) TuMVv-C4

( 4D)
TuMV-C5
( 4B GCV-Am
( 4P
GCV-Am TuMV-Cl C5
SDS 13  polyacrylamide
35 kDa
( 31kDa)
(5
TuMV-R TuMV-B
GCV-Am GCV-Am
TuMV-R TuMV-B GCV-Am
TuMV-R GCV-Am
(spur reaction) ( 6,A) GCV-Am
(TuMV)
GCV-Am TuMV
Cl C2 C3 C4 C5 5 TuMmVv
GCV-Am
GCV-Am TuMV5
( 6,B) GCV-
A B
C
D

- Fig. 3. Cytological alterations
induced by GCV-Am in mustard. Bar
=500 nm. A and B, the chloroplasts
(Ch) in the infected cells were
disrupted and their grana and lamella
were degenerated. C, starch grains
(S) increased in number and a bundle
inclusion (B) was associated with the
plasma membrane at the early stage
of infection. D, the outer membranes
of mitochondria (Mt) were intact, but
the cristae were degenerated.
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Fig. 5. Comparison of coat proteins of GCV-Am and TuMV
strains, analyzed by 13 SDS-PAGE after isopycnic
centrifugation. Lane M, protein markers. Lanes C1-C5, the
purified coat proteins of TuMV C1, C2, C3, C4 and C5
strains from Taiwan, respectively. Lane G, the purified coat
protein of GCV-Am.

Am TuMV
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C1
C2 C3 C4 G5
A C1
\Y, B C2
Cc C3

D C4

E C5

F GCV-

Am

Fig. 4. Cytological alterationsinduced by GCV-
Am,C1,C2,C3,C4 and C5 of TuMV from Taiwan
in Chenopodium quinoa. Bar = 400nm. A, a
longitudinal section of pinwheel inclusions (P) in
the cytoplasm induced by TuMV C1 strain. B,
scrolls (S) and laminated aggregates (LA) were
found in a cell infected with TuUMV C2 strain. C,
fibrous masses, laminated aggregates (LA) and
scrolls (S) within the cytoplasm infected with
TuMV C3. The fibrous mass (FM) oriented
perpendicular to the tonoplast (T) and laid parallel
to or perpendicular with laminated aggregates
(LA). D, numerous inclusions of laminated
aggregates (LA) and scrolls (S) produced by
TuMYV C4 strain. E, alongitudinal section of
pinwheels inclusions (P) and cross section of
scrolls (S) in the cytoplasm induced by TuMV C5
strain. F, laminated and scroll inclusion induced
by GCV-Am.

GCV-Am TuMV-Cl C5
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A TuMV-B (cabbage
blackring strain) (B) GCV-Am
(G) TuMV-R (R) GCV-
Am (g), TUMV-R () TuMV-C5 (C5)
B GCV-Am
(G) TuMVCl C2 C3 C4 C5

Fig. 6. Serological relationships determined by
immunodiffusion tests using antiserato GCV-Am, TUMV-R a
Taiwan radish isolate, and TuMV-B a Germany cabbage
blackring strain. A, immunodiffusion test of GCV-Am (g),
TuMV-R (r) and TuMV C5 (C5) strains against antiserato
GCV-Am (G), TUMV-R (R), and TuMV-B (B). B, serological
relationships as determined by immunodiffusion tests using
crude antigens of GCV-Am (g) and the five TUMV strains C1,
C2, C3, C4 and C5 extracted from virus-infected mustard
against the antiserum to GCV-Am (G).

(cabbage strain group) (
common strain group)

@9 GCV-Am
Yoshii

kDa C1 C2 C3 C4 C5 @G

= N . !

r

A
kDa C1 C2 C3 C4 C5 G

Cl C5
TuMV-B (A)

TumMVv
GCV-Am (B)

Fig. 7. Serological relationships detected by Western blotting
assay using the antiserato TuMV-B (A) and GCV-Am (B) to
react with coat proteins of homologous and heterologous
strains. Lanes C1-C5, the purified coat proteins of TuMV C1,
C2, C3, C4, and C5 strains from Taiwan, respectively, Lane
G, the purified coat protein of GCV-Am.

TuMV B. campestris subsp. pekinensis
5 (12.24) GCV-
Am TuMV B. campestris subsp. pekinensis

TuMV-C5
)
Y
Potyviridae
(sugarcane mosaic virus)

(subgroup) *#

Edwardson ©
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Fig. 8. Serological relationships detected by indirect
enzyme-linked immunosorbent assay using the antisera to
TuMV-B (A) and GCV-Am (B) to react with crude extracts
from leaf tissues of mustard individually infected with GCV -
Am, TuMV C1, C2, C3, C4 and C5 strains. Crude antigens
were extracted from infected tissues and diluted by atenfold
series in coating buffer. Goat anti-rabbit 1gG linked with
alkaline phosphatase was used at 1:1000 dilution, readings at
OD 405 nm were taken 30 min after the addition of substrate.
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ABSTRACT

Chen T.M.}, Chen Y. K.}, Chen M. J.!, and Yeh S. D.*? 1999. Host reactions, cytological characteristics and
serological properties of aturnip mosaic virus isolate causing albinic mosaic disease of garland
chrysanthemum. Plant Pathol. Bull. 8:73-82. (* Dept. of Plant Pathology, National Chung Hsing University
: % Corresponding author, E-mail: sdyeh@nchu.edu.tw , Fax No: 04-2852501)

A disease of garland chrysanthemum (Chrysanthemum coronarium var. spatiosum Bailey) showing
symptoms of albinism, mosaic, cleavage of leaves and stunted growth was found in the central part of
Taiwan. A filamentous potyvirus (hamed GCV-Am) about 775x 13nm in size was isolated from the infected
plants and proved to be the causal agent of the disease. In thisinvestigation, it was further compared with
the C1, C2, C3, C4, and C5 strains of turnip mosaic virus (TuMV) by host reactions, cytological
characteristics and serological properties. GCV-Am induced symptoms on Brassica campestris subsp.
pekinensis cultivars Tropical delight, Crusader, Pl 418957 and Pl 419105, similar to those induced by the
TuMV C5 strain originated from Taiwan. All isolates of the TUMV strains used in current studies induced
cylindrical inclusions in host cytoplasm, in the shapes of pinwheels, laminated aggregates, scrolls and
bundles. In immunodiffusion tests, coalescent precipitin lines without spurs were observed when antisera to
GCV-Am, aTaiwan radish TuUMV-R isolate, and a cabbage TuMV-B isolate from Germany were used to
react with crude antigens from mustard infected with GCV-Am, TUMV-R, or the C5 strain. Also, similar
results were noticed when the antiserum to GCV-Am was used to react with crude antigens of homologous
GCV-Am and heterologous C1, C2, C3, C4 and C5 strains. In indirect ELISA and western blotting tests, the
antiserato GCV-Am or TuMV-B also reacted with the GCV-Am isolate and the other five strains,
indistinguishably. The molecular size of the coat protein of GCV-Am was found to be 35kDa similar to
those of other five strains. The results of this study indicated that GCV-Am belongs to the C5 strain of
TuMYV based on host reactions, but indistinguishable from other TuUMV strains from Taiwan in
cytopathological characteristics and serological properties.

Keywords : garland chrysanthemum albinic mosaic virus, turnip mosaic virus, serology, cytopathology



