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Table 1. Symptoms of Lisianthus isolate of cucumber mosaic virus on test plants

Test plants Reaction * Systemic leaves
Amaranthaceae (j1%[)
Amaranthus viridis (F551) —
A. mangostanus (| 1§1) LL
A. mangostanus from ruber (77 J1) —

Gomphrena globosa (& |15 CS +
Celosia argentea (55 &) C,CR +
Apocynaceae (*k TTHE])
Vinca rosea (|| ['LE}) —
Balsaminaceae (& f[I[{“%[)
Impatiens wallerana (ZF"E {|I[{%) —
Caricaceae (AFF} S
Carica papaya (1'1) —
Caryophyllaceae (7 77%])
Dianthus barbatus (3% T, 77) —
D. caryophyllus (L7 5E&) —
D. chinensis (=1 %7 77) —

D. chinensis heddewigii (= ~| 7T) LL
Chenopodiaceae (#Jﬂ)
Chenopodium amaranticolor (%~ %ﬂé ) LL

C. quinoa (£ ﬁi) LL
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C. serotinum (*| Bt 7}-Ft)
Compositae (%%])

Chrysanthenum morifolium (%1{%)

Dahlia hybrida (*~ZE1 %)

Tagetes erecta (£15:%)

Zinnia elegans ([1[11)

Helianthus annuus ([r]j FI2%)
Cruciferae (-{ F"7%%[)

Brassica chinensis (Pak-choi) (F 17¢)

B. chinensis (Ching-geeng) (—Ff | W UHEN)
Cucurbitaceae (it %)

Benincasa hispida (% ')

Citrullus vulgaris (1'7)

Cucumis melo (¥ Fﬁ )

C. metuliferus ([fj|=|'X)

C. sativus (#J’;‘)

Cucurbita pepo cv. field pumpkin (& p'T)

Luffa cylindrica (77'3)
Gentianaceae (F2J£%])

Lisianthus russellianus (1% ﬁﬁl)
Leguminosae (I %)

Arachis hypogaea (T %)

Phaseolus vulgaris (% )

P. angularis (% §))

Pisum sativum (3 1)

Vinga unguiculata (3"_}.))

V. radiata (<} ))
Liliaceae (}'| f,fi[)

Lilium hybrida ({1 F')
Plumbaginaceae ({-=7%])

Limonium sinuatum (f =1%)
Scrophulariaceae (F: 2 %|)

Antirrhinum majus (& F:LE'[)
Rosaceae (Z; #%[)

Rosa hybrida (Zv2R)
Solanaceae (%fﬁ[)

Capsicum annuum L. red pepper (Ffif?)

Capsicum annuum L. var. grossum Seudt.(ﬁ‘?‘ )

Datura stramonium (& & E)

Lycopersicum esculentum (fF.('[ ?]ﬁ)

Nicotiana benthamiana (“Z1%')

N. tabacum Hicks (F[85- )

N. hybrida ("51%))

N. rustica ("5'%))

N. tabacum cv. White Burley (/ZIET)

CM

CS

CS
CS
CS.M

LL,CS

LL

CR.M
CS
CS,CR
CS,M
CS
CS

@!

CM

R e i
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N. tabacum var. Vam-Hicks (f s ) M +
Petunia hybrida (3 ) CS +
Solanum melongena (ﬁFH ) —

S. nigrum (F&2¢) _

* Abbreviation of symptoms : chlorosis (C) , chlorotic spot (CS), crinkle (CR), local lesion (LL), mosaic (M), no
symptom (—).

R AT OO 5T B 15 R0 R
Table 2. Symptoms induced by three isolates of cucumber mosaic virus (CMV) on 15 host plants

CMV isolate
Host species S\./mp‘mm reaction ELISA reaction
CMV-Lis CMV-D CMV-NT9 CMV-L CMV-D CMV-
el is el NT9
Nicotiana tabacum var. Vam-Hicks (FJJ B ) M CS M + + +
N. tabacum cv. White Burley C.DG C C + + +
Capsicum annuum L. (3iHY) CR.M M R.M + + +
Capsicum annuum L. (ﬁ‘?‘ﬁ?) CS C CcM + + +
Lycopersicum esculentum (Fﬁ ?fﬁl) PS,C CS CS + + +
Cucurbita pepo cv. Field pumpkin (' T) CS — CS + — +
Cucumis sativus (FF,EJ ) CS — CS — — —
Luffa cylindrica (%'Y) VCSM — CSM,CR  + — +
Benincasa hispida (¥ ') DG,CS,CR — DG,CS + — +
Cucumis melo (¥ Fﬁ ) CS — CS + — +
Phaseolus angularis (7" |)) M — M + — +
Phaseolus vulgaris (% 51) — C — — + —
Vigna unguiculata (9" F) PS C PS — + —
Datura stramonium (&£ L EL) CS CR CR + + +
Eustoma russellianum (3= F5:4¢1) C,CS — C,CS + — +

Abbreviations of symptoms : mosaic (M), no symptom (—), chlorosis( C), crinkle (CR), darker green (DG), chlorotic
spots (CS), purple spot (PS), vein with chlorotic spot (VCS).
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1997F 9-12F] ¥ 1998F 3-4 %] B 2V ﬁf A A )ff FE1] Eij‘ % VHTUE (M. persicae) i |l
PN sSE RN, benthamiana™ N. tabacum cv. Vam-HicksXiFf o FREERS I ) 707 £ 7 N
tabacum cv. Vam-Hicks ™ N. benthamiana > 7 [ﬁJ}%’@@?’&éE‘{Tﬂ K SEN) T HIHE 605k > AN IE
B % B ASDRIRTV B ELISAST BT R 5 71 e s BRRE 1A R I
S E FE 308K N. tabacum cv. Vam-Hicks » 30FEN. benthamiana » 7 N i) # 30% » i H 298 5
7 AZELISAS) #1922 CMV-Lisple™ i i & 1 s -
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Fig. 1. Symptoms of cucumber mosaic virus isolated from Lisianthus russellianum (CMV-Lis).
A. A field CMV-Lis infected Lisianthus plant showed chlorotic and mosaic symptoms on the leaf.
B. Mechanical inoculation of Nicotiana tabacum cv. White Burley with CMV-Lis resulted in the
production of mosaic symptom on the leaf.
C. Symptom comparison of three different strain of CMV on Luffa cylindrica. Infected with
CMV-Lis (1), CMV-NT9 (2,3) and CMV-Del (4).

AT IS A R R
Table 3. Tests for transmission of CMV-Lis by Myzus persicae

No. aphids for inoculation

Inoculum host plants . s Total
N. tabacum var. Vam-Hicks 0/30 0/30 0/60 *
N. benthamiana 0/30 0/30 0/60

* All leaf samples symptoms with virus like symptoms or with no symptoms reacted as negative to CMV-Lis
antibody by ELISA test.
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Flg 2. Morphology of purified CMV particle from Lisianthus rusellianus. Bar=100 nm.
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Fig. 3. Electron micrographs of cumber mosaic Vlrus isolated from Lisianthus russellianus (CMV-Lis) in host cells.

A. An ultrathin section of leaf tissue of Nicotiana tabacum cv. White Burley infected with CMV-Lis showing
the virus particles irregularly distributed in the cytoplasm.

B. An ultrathin section of leaf tissue of N. tabacum cv. White Burley infected with CMV-Lis. The leaf-disks
were floated on 0.1 M phosphate buffer at pH 7.0 and were incubated at 25°C under continuous
illumination for 24 hr prior to fixation. Virus particles in the cytoplasm were distinct is and the ribosomes
became amorphous.

C. An ultrathin section of leaf tissue of N. benthamiana infected with CMV-Lis showing the inclusion-like
structure in which virus particles are embedded.

D. An ultrathin section of leaf tissue of Dianthus barbatus infected with CMV- Lis showing chloroplasts in
which virus-like particles aggregated. Note the grana and lamellae were degenerated.

E. An ultrathin section of CMV-Lis infected leaf tissue of N. benthamiana showing aggregation of virus-like
particles into a crystal structure within vacuole.
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Fig. 4. Sodium dodecyle sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of virus coat
proteins. Purified virions (2ng) of CMV-Lis (panel A and B, lane 1), CMV-Del (panel A, lane 2)
lane CMV-NT9 (panel B, lane 2) and mock-inculated control (panel A, lane 3) were boiled in
sample buffer as described in the Materials and Methods section, and analyzed by 12%
polyacrylamide gel containing 0.15% SDS. The gels were then stained with commassie blue. The
relative molecular weight of protein markers (panel A and B, lane M) were indicated on the left of
lane M in panel B.
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Fig. 5. The serological relationships among different CMV strains as determined by
immuno-double-diffusion. Purified virions of CMV-Lis (well 1), CMV-NT9 (well 2), CMV-Del
(well 3) were loaded into the corresponding wells and reacted with antisera against CMV-Lis (well

A) or CMV-NT9 (well B) as described in the Materials and Methods section.
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Fig. 6. Absorance (405nm) values for indinected enzyme-linked immunosorbent assays using the 29 kDa
capsid protein antiserum of CMV-Lis. Antiserum was preaborbed by same volume of crude sap
(1:10) of healthy N. tabacum leaves. Dilution of antiserum (O)=1:256, @=1:512, A =1:1024,
A=1:2048, [ ]=1:4096, = 1:8192. Solid lines represent infected samples ; control dotted

lines represent healthy.
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Fig. 7. Western blot analysis of coat proteins of CMV strains. Purified virions of CMV-Del (lane 1),
CMV-Lis (lane 2), and CMV-NT?9 (lane 3) were subiected to SDS-PAGE (12%), transferred to
nitrocellulose membranes and treated with antiserum against CMV-Lis (panel A), CMV-Del (panel
B), or CMV- NT?9 (panel C) as described previously. Lane H contains clarified leaf extracts form
mock-inoculated plants.
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Fig. 8. Immunochemical detection of CMV-Lis in tissue blots of diseased Lisianthus rusellianus plants.
The leaves (L, panel A), roots (R, panel B) and stems (S, panel B) from CMV-Lis infected or
mock-inoculated (CK) Lisianthus rusellianus plants were pressed onto nitrocellulose membranes
and reacted to antiserum against CMV-Lis as described previously.
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Identification and Transmission of a
Cucumovirus from Lisianthus rusellianus '

Ching-Chung Chen, Wen-Fwa Ko * and Yuh-Kun Chen *

ABSTRACT

A cucumovirus which caused a severe disease on Lisianthus rusellianus in Nan-Tou
City during the 1994 growing season was purified and characterized in this study. The
infected Lisianthus rusellianus plants showed yellowing, mosaic, and stunting symptoms.
Negative stain electron microscopy examination of the crude extract from diseased
leaves revealed icosahedral virus particles about 28 nm in diameter. Mechanical
infectivity assay using crude saps on 53 plant species from 15 different families showed
that the virus was able to infect 27 species of 9 families, with 20 species being systemic
hosts and 7 local-lesion hosts. The virus was found to infect many species in the family
Cucurbitaceae, but it did not infect beans (Phaseolus vulgaris) nor cowpeas (Vigna
unguiculata). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SPS-PAGE)
analysis of the purified virus revealed a single coat protein with a relative molecular
weight of 29 kDa, same as that found in other cucumoviruses. By ELISA,
double-diffusion test, Western and tissue blot analysis, the virus is serologically
indistinguishable from a well characterized cucumber mosaic virus strain, CMV-NTO.
By histological studies, the virus particles were found to aggregate to form irregular or
crystal accumulations or inclusion bodies in the cytoplasm or vacuoles of the infected
tissues. This virus was not transmitted by Aphis persicae, or it was transmitted at a very
low efficiency. Whether this inability of transmission was related to the composition of

viral coat proteins remains to be elucidated.

Key words: Lisianthus rusellianus, cucumber mosaic virus, purification,
characterization, aphid, transmission.
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