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(Tomato mosaic virus) BNL 

Table 1. Host reactions of BNL isolate of Tomato mosaic virus isolated from Ixora (Super King) 

Family and species of test plant
Symptoms 1 Back inoculation 2

Inoculated leaf Systemic leaf Inoculated leaf Systemic leaf
Aizoaceae ( )

Tetragonia tetragonioides ( ) NL - + -
Amaranthaceae ( )

Amaranthus paniculatus ( ) - - - -
Celosia argentea ( ) - - - -
Gomphrena globosa ( ) NL D + +

Apocynaceae ( )
Vinca rosea ( ) - - - -

Asteraceae ( )
Chrysanthemum coronarium ( ) - - - -
Lactuca sativa ( ) - - - -

Balsaminaceae ( )
Impatiens wallerana ( ) - - - -

Caricaceae ( )
Carica papaya ( ) - - - -

Chenopodiaceae ( )
Chenopodium amaranticolor ( ) NL - + -
Chenopodium murle ( ) NL - + -
Chenopodium quinoa ( ) NL - + -

Convolvulaceae ( )
Ipomoea reptans ( ) - - - -

Cruciferae ( )
Beta vulgaris ( ) - - - -
Brassica campestris ( ) - M + +
Brassica chinensis Linn ( ) - - - -
Brassica chinensis - - - -
Brassica juncea ( ) - M + +
Brassica oleracea var. botrytis ( ) - Y + +
Brassica oleracea var. capitata ( ) - - - -
Raphanus sativus ( ) - - - -

Cucurbitaceae ( )
Cucumis anguria ( ) - - - -
Cucumis etuliferus ( ) - - - -
Cucumis melo ( ) - - - -
Cucumis melo ( ) - - - -
Cucumis melo L. ( ) - - - -
Cucumis sativus ( ) - - -
Cucurbita pepo L. ( ) - - - -
Cucurbita pepo ( ) - - - -
Luffa cylindrica ( ) - - - -

Gesneriaceae ( )
Sinningia speciosa ( ) - - - -

Labiaceae ( )
Ocimum basilicum L. ( ) - - - -
Saluia splendens ( ) - - - -
Schizonepeta tenuifolia Briq ( ) - - - -

Leguminosae ( )
Phaseolus vulgaris L. ( ) - - - -
Vigna unguiculata ( ) - - - -

Nyctaginaceae ( )
Mirabilis jalapa ( ) - - - -



(Freund's incomplete adjuvant) 

7 14 
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interface precipition test) 
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Table 1. (Continued)

Test plant
Symptoms 1 Back inoculation 2

Inoculated leaf Systemic leaf Inoculated leaf Systemic leaf
Polygonaceae ( )

Antigonon leptopus Hook & Am ( ) - - - -
Rubiaceae ( )

Coffea arabica ( ) - - - -
Gardenia jasminoides ( ) - - - -
Pentas lanceolata Deflers ( ) - - - -

Solanaceae ( )
Capsicum annuum ( ) NL - + -
Capsicum annuum ( ) NL - + -
Capsicum annuum var. grossum ( ) NL - + -
Datura stramonium ( ) NL - + -
Lycopersicon esculentum ( ) - M + +
Nicotiana benthaminana NL - + -
Nicotiana debneyii Y M + +
Nicotiana glutinosa NL - + -
Nicotiana megalosiphon NL Y + +
Nicotiana repanda NL M + +
Nicotiana rustica NL M + +
Nicotiana tabacum cv. Hicks ( ) NL M + +
Nicotiana tabacum cv.Vam Hicks ( ) NL M + +
Nicotiana tabacum var. Havana NL M + +
Nicotiana tabacum var. kentuckey Y M + +
Nicotiana tabacum var. samsun - M + +
Nicotiana tabacum var. TT5 NL - + -
Nicotiana tabacum var. White Barley NL - + -
Nicotiana tabacum var. Xanthi CL M + +
Nicotiana tabacum L. NL - + -
Petunia hybrida ( ) NL Y + +
Physalis angulata L. ( ) CL - + -
Physalis floridana ( ) - - - -
Solanum mammosum ( ) - - - -
Solanum melongena ( ) - - - -

Umbelliferae ( )
Daucus carota ( ) - - - -

Zingiberaceae ( )
Alpinia speciosa ( ) - - - -

1 Symptom expressed on inoculated and systemic leaves of test plants; CL: cholrotic local lesion; D: leaf distortion; M: mosaic; NL:
necrotic local lesions; Y: yellowing; -: no reaction. 

2 Reaction of Chenopodium quinoa after inoculation with inoculated and systemic leaves of test plant; +: C. quinoa developed local
lesions after inoculation; -: C. quinoa did not react to the inoculation.
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A. B. C. D.
Fig. 1. Four different virus like symptoms observed in the fields on Ixora duffii cv. 'Super King' leaves. A. mosaic; B. vein
banding; C. rugose; and D. ringspot.

BNL A
B

Fig. 2. Electron micrograph of negatively stained virus particles observed from A. leaf-dip preparation of Chenopodium
quinoa inoculated with BNL isolate of Tomato mosaic virus (ToMV-BNL) and B. purified virions of ToMV-BNL.
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BNL M 1 3
(Nicotiana tabacum var. Xanthi) BNL 4 6 

BNL 7
Fig. 3. Analyses of molecular weight of coat protein subunit of BNL isolate of Tomato mosaic virus (ToMV-BNL) isolated
from Ixora (Super King) by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Lane M, marker proteins; Lanes 1-3,
purified virus samples obtained from Chenopodium quinoa, C. amaranticolor, and Nicotiana tabacum var. Xanthi,
respectively; Lanes 4-6, crude saps extracted from the leaves of C. quinoa, C. murale, and C. amaranticolor inoculated
with ToMV-BNL; Lane 7, crude sap extracted from healthy C. quinoa.
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SDS- BNL tobamoviruses 
BNL (ToMV-BNL) (A) ToMV-TARI 

(B) (1) ToMV-TARI (2) ToMV-BNL (3) 
CGMMV (4) ToMV-BNL (5) ORSV (6) 

Fig. 4. SDS-immunodiffusion tests on the serological reactivities of antiserum against BNL isolate of Tomato mosaic virus
infecting Ixora spp. to the antigens of some tobamoviruses. The center wells were charaged with crude antisera against
ToMV-BNL (A) and ToMV-TARI (B) as a control. The peripheral wells were filled with antigens of (1) Chenopodium
quinoa leaves inoculated with ToMV-TARI; (2) purified virions of ToMV-BNL; C. quinoa leaves inoculated with
CGMMV (3), ToMV-BNL (4) and ORSV (5), repectively; (6) healthy leaf of C. quinoa.

BNL (ToMV-BNL) 
M 1 ToMV-BNL 2 4 8 3 ToMV-BNL 

5 (Ixora williamsii 'Sunkist') 6 7 
9 ToMV-TARI 1000 ToMV-BNL 

Fig. 5. Analyses of distribution of BNL isolate of Tomato mosaic virus (ToMV-BNL) in the leaf and root tissues of Ixora
spp. by western blotting test using antiserum against ToMV-BNL. Lane M protein markers Lane 1, purified virus of
ToMV-BNL Lanes 2 4 and 8, non-inoculated leaf tissue of Chenopodium quinoa Lane 3, leaf tissue of C. quinoa
inoculated with ToMV-BNL Lane 5, healthy leaf tissue of Ixora williamsii 'Sunkist' Lanes 6 and 7, leaf and root
tissue, respectively, collected from Ixora (Super King) with mosaic symptoms Lane 9, leaf tissue of C. quinoa inoculated
with ToMV-TARI. A 1000x diluted antiserum against ToMV-BNL was used in this test as primary antibody. 
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Indirect ELISA BNL tobamoviruses 

Table 2. Comparison of serological relatedness between three tobamoviruses reported in Taiwan with BNL isolate of
Tomato mosaic virus infecting Ixora spp in indirect ELISA tests

Antisera 2

Antigen 1

ToMV-BNL ToMV-TARI CGMMV ORSV
Symptomatic Ixora leaf 0.40 3 0.28 0.09 0.10
Symptomatic Ixora root 0.23 0.04 0.02 0.00
Purified virions of ToMV-BNL 3.18 2.19 0.19 0.28
ToMV-BNL infected C. quinoa 3.91 2.00 0.27 0.27
ToMV-TARI infected C. quinoa 0.43 2.08 0.22 0.30
CGMMV infected C. quinoa 0.08 0.10 0.72 0.02
ORSV infected C. quinoa 0.20 0.20 0.09 3.41
Healthy leaves of C. quinoa (CK) 0.07 0.10 0.07 0.03
1 One gram of fresh tissue of infected plant was ground in 30 ml of coating buffer for the reaction with different antisera as listed on

the table. 
2 A 1/1000 of dilution of immunoglobulin G (1 mg/ml of stock solution) of each antisera were used as primary antibodies in the

ELISA.
3 Averages of EIA absorbance readings at 405 nm of two replicate experiments. 
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(RT-PCR)
(A) (B) 

(ToMV) RT-PCR Jan et al.
(2003) ToMV (CP gene) 

(P10113/P10114) (12)

ToMV-TARI
CP gene M DNA

1 ToMV-TARI 
2 ToMV-BNL 

3 ToMV-BNL 4
5

6-11
12: 

Fig. 6. Detection of Tomato mosaic virus (ToMV) in Ixora
spp. by reverse transcription-polymerase chain reaction
(RT-PCR) (A) followed by Southern hybridization test
(B). RT-PCR was done using a primer pair
(P10113/P10114) specific to ToMV coat protein (CP) gene
(Jan et. al., 2003) and Southern hybridization was
performed with a biotin-labeled DNA probe specific to
ToMV CP which was synthesized by the procedures
described in the text. Lane M Kb DNA ladder markers
Lane 1 Chenopodium quinoa leaves inoculated with
ToMV-TARI; Lane 2 purified virions of ToMV-BNL
Lane 3 C. quinoa leaves inoculated with ToMV-BNL
Lane 4 leaf tissue of Ixora spp. with mosaic symptom
collected form Pingtung Lane5 root tissue of Ixora
spp. with mosaic symptom collected form Pingtung
Lanes 6-11 leaf tissues of Ixora spp. collected from
various locations Lane 12 healthy leaf tissue of C.
quinoa as control.
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(Tomato mosaic virus, ToMV) BNL 
ToMV (Tomato mosaic virus, TMV) 

Table 3. Coat protein gene sequence identities of BNL isolate of Tomato mosaic virus (ToMV) obtained from Ixora (Super
King) to some other ToMV and Tobacco mosaic virus (TMV) isolates available in the GenBank

Identities (%)
Virus isolate Assession No. Source

nucleotide amino acid
ToMV (TARI) Taiwan 99.9 100
ToMV Queensland AF332868 Australia 99.0 98.8
ToMV OM X02144 98.8 98.1
ToMV L11A-Fukushima AB083196 Japan 98.8 98.8
ToMV AJ011934 China 98.8 98.1
ToMV Lisianthus AY383730 Taiwan 98.8 98.8
ToMV AJ429083 Germany 97.7 98.1
ToMV Camellia AJ417701 China 97.7 97.5
TMV AF516913 China 74.6 81.9
TMV Fujian AF395127 China 74.2 83.1
TMV AF27321 USA 74.0 82.5
TMV AF165190 China 74.0 82.5
TMV Potato 4 AF318218 South Korea 73.3 81.3
TMV Potato 3-4 AF318217 South Korea 72.7 82.5
TMV Tomato AF126505 India 71.7 77.5

BNL *
Fig. 7. Nucleotide and deduced amino acid sequences of BNL isolate of Tomato mosaic virus. *represents stop
codon of the reading frame.
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ABSTRACT

Tsai, J. C.1, Chen, T. H.2, 3, and Chang, C. A.1, 3 2008. Identification and characterization of a Tomato

mosaic virus isolate infecting Ixora (Ixora duffii cv. 'Super King'). Plant Pathol. Bull. 17: 143-155

(1 Division of Plant Pathology, Agricultural Research Institute, Wufeng, Taichung, Taiwan, R.O.C.;
2 Department of Plant Protection, National Pingtung University of Science and Technology, Taiwan,

R.O.C.; 3 Corresponding author, E-mail: cachang@cyut.edu.tw; Fax: +886-4-2330-4921 E-mail

thchen@mail.npust.edu.tw; Fax: +886-8-774-0293)

Ixora (Ixora duffii cv. 'Super King'), originated from west pacific Caroline Islands, is now widely

cultivated as ornamental shrubs in Taiwan. A virus-like disease exhibiting mosaic symptom on the

leaves of Ixora plants was first observed in 1994 at Nei Pu, Pingtung County, but its etiology

remained unclear until 2004 that we successfully transferred the mosaic Ixora tissue to Chenopodium

quinoa by mechanical inoculation. After seven successive single lesion transfers, a virus isolate

designated as BNL was obtained. Rigid rod shaped virus particles approximately 300 nm in length

were observed in BNL-infected tissue under electron microscopy. Physical properties of BNL were

characterized as thermal inactivation point, 65-70 ; dilution end point, 10-9-10-10; and longevity in

vitro at both 24 and -70 , more than 14 months. Host range tests of BNL isolate revealed that it

could infect at least 34 species among 7 plant families by mechanical inoculation. Most tobacco

species and tomato were infected inducing systemic mosaic symptoms by this isolate . Virus particles

of BNL isolate was successfully purified from infected C. quinoa leaves and used for antiserum

production. Analysis of the purified virion in SDS-polyacrylamide gel electrophoresis showed that it

contained a protein subunit with a relative molecular mass of 17.5 kDa. Antiserum produced against

BNL reacted strongly with its homologous antigen and to Tomato mosaic virus (ToMV), but weakly

with two other tobamoviruses, i.e. Odontoglosum ringspot virus and Cucumber green mottle mosaic

virus in indirect ELISA and SDS-immunodiffusion test. By the use of a ToMV-specific primer pair

reported by Jan et al., an expected 483 bp of DNA fragment was consistently amplified from BNL-

inoculated C. quinoa and purified virions in reverse transcription polymerase chain reaction (RT-

PCR). Sequence analyses confirmed that the amplicon shared 97.7-99.0 % and 97.5-98.8 % identity to

those of published ToMV CP gene in nucleotide and amino acid sequences, respectively, indicating

BNL isolate is a strain of ToMV. In the experiments of RT-PCR, Southern and Western blotting tests,

BNL was found residing in the leaf and root tissues of Ixora but with relatively low concentrations,

confirming that Ixora is a natural host for ToMV. To our knowledge, this represents the first record for

the natural infection of ToMV in Ixora spp.

Keywords: Ixora, Virus identification, Tomato mosaic virus


