
12:122-132, 2003

(Eustoma russellianum (Don.) Griseb)

(Nebraska) (Texas)

(Gentianaceae) (6) 1968

(1,3)

40

13

(Bean yellow mosaic virus, BYMV)
(23,37) (Broad bean wilt virus, BBWV) (30)

(Cucumber mosaic virus, CMV) (23,30,45)

(Lisianthus necrotic virus, LNV) (29,30)

(Lisianthus line pattern virus, LLPV) (39)

(Tobacco mosaic virus, TMV) (23)

(Tomato mosaic virus, ToMV) (38) (Tomato

spotted wilt virus ,  TSWV) (40,49)

(Tomato yellow leaf curl virus, TYLCV) (19)

(Iris yellow spot virus, IYSV) (35) (Sweet

Tobamovirus
1 1 2 2 3 2,4

1 

2 

3 

4 fjjan@nchu.edu.tw +886-4-8521140

92 5 29

. 2003.

Tobamovirus . 12:122-132.

(Eustoma russellianum Don. Griseb)

300 18 nm

(LV-3) LV-3 (Nicotiana tabacum)

LV-3 SDS-PAGE (coat protein)

18 kDa (Western blotting)

(Tomato mosaic virus, ToMV)

LV-3 tobamoviruses

LV-3 (Tobacco mosaic virus, TMV) ToMV ToMV

TMV (RT-PCR) LV-3

480-nt (nucleotides) (GenBank)

ToMV TMV ToMV 84.6-

99.4% (nucleotide identity) 91.2 - 99.4% (amino acid

identity) TMV 61.8 - 99.2% 69.8 - 99.4%

LV-3 tobamovirus

Tobamovirus
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potato sunken vein virus, SPSVV) (20)

(Impatiens necrotic spot virus, INSV) (41)

(Tobacco streak virus, TSV) (21) 

BYMV (8) LNV (10,11,14) BBWV (4,13) CMV
(12) TSWV (17) Turnip mosaic virus (TuMV) (9) 

1997 1998

2000 6

2%

300 18 nm

(ELISA)

(ToMV)

Tobamoviruses (24)

(2,7,27)

Tobamovirus 300 18

nm 17.5 kDa

6.4 Kb (36,48)

Tobamoviruses

(24,36,48) (LV-

3)

tobamovirus

2000 6

indirect ELISA ToMV

2

1% Na2SO3 0.5 M (phosphate buffer, pH 7.4)

(Chenopodium quinoa Willd.)

Nicotiana benthamiana Domin. N. tabacum L.

( LV-3)

(1 : 1) -20

Christie et al. (16) 3 3

mm LV-3 3 - 5 0.1 M

2% (JEM-200CX, JEOL,

Ltd., Tokyo, Japan) 100 kv

(5) LV-3 (N. tabacum)

-70

100 g 0.5 M (pH 7.2) ( 1% 2-

mercaptoethanol) (1 ml/g) (homogenizer)

2

8% (n-butanol) (v/v) 15

10,000 g 30

(polyethylene glycol, PEG 6000) 4%

15 10,000 g 15

1 / 5 0.01 M pH 7.2

10,000 g 15 PEG

4% NaCl 4% (w/v)

15 10,000 g 15 1 /

20 0.01 M pH 7.2 10,000 g

15 68,000 g 60

1 / 50 0.01 M

10,000 g 5

Dijkstra and De Jager (22) 

ToMV

TMV (Odontoglossum ringspot virus,

ORSV) (Cucumber green mottle

mosaic virus ,  CGMMV) TMV ToMV

CGMMV

ORSV ToMV

SDS-

SDS- Jan and Yeh (32) 

12 ml 0.5% SDS 1% NaN3 0.8%

4

7 mm (

) 4.5 mm 50 l

18 - 36

ToMV TMV ORSV CGMMV

LV-3

TMV ToMV ORSV CGMMV

(IgG) LV-3

(indirect ELISA) (33) (coating

Tobamovirus 123
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buffer) (15 mM Na2CO3, 35 mM NaHCO3, 0.02% NaN3, pH

9.6) (10 ml/g) 10 200 l

37 PBST (137 mM

NaCl, 1.5 mM KH2PO4, 8 mM Na2HPO4, 0.05% Tween 20,

2.7 mM KCl, 0.02% NaN3, pH 7.4) 

(conjugate buffer) ( 2% PVP-40, 0.2% ovalbunin

PBST) 1000 (IgG)

37 PBST

5000

(goat anti-rabbit IgG alkaline phosphatase conjugate, Jackson

Immuno Research Lab. Inc., USA) DAS-ELISA Clark

and Adams (18)

(1 : 1000) LV-3 IgG-alkaline

phosphatase conjugate (1 : 1000) 37

1 4 200 l

(substrate buffer) (9.7% diethanolamine, 0.2% NaN3,

pH 9.8) ( -nitrophenyl phosphate, 1

mg/mL) 10 - 60 50 l 3

M NaOH ELISA (Bio-Tek

Instruments, Burlington, VT, USA) 405 nm

3

(Western blot) Gooderham
(26) LV-3 SDS-PAGE

(Bio-Rad mini electroblot cell)

(PVDF membrane, Millipore) ToMV IgG

(alkaline phosphatase conjugated goat anti-rabbit IgG, Sigma)

7.5 ml

(100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 5 mM MgCl2)

50 l NBT (nitro blue tetrazolium, 50 mg/ml in 70%

dimethylformamide) 25 l BCIP(bromo-chloroindolyl

phosphate, 50 mg/ml in 100% dimethylformamide)

10 - 30 Protein Standard Marker (BIO-

RAD #161-0362)

(total RNA)

LV-3 (N. benthamiana) 100 - 400 mg

500 l (solution R, 10 mM

Tris-HCl, pH 7.5, 100 mM NaCl, 1mM EDTA, 1% SDS) 
(42) / (phenol/chloroform) (

250 l) 14,000 rpm (Heraeus Instruments, Megafuge

1.0R) 5 5 M

LiCl (lithium chloride) 3 14,000

rpm (Heraeus Instruments, Megafuge 1.0R) 15

100 l 0.3 M NaOAC (sodium acetate)

250 l 100% -80 20

14,000 rpm (Heraeus Instruments, Megafuge 1.0R)

15 DEPC (diethylene pyrocarbonate) 

-80 

- (RT-PCR)

ToMV TMV (coat

protein) (AF332868 AJ011934 AJ132845

X02144 AF012917 AF062519) (primers)

LV-3 (N. benthamiana)

FJJ2001-9

5’- GCGAGCCATGGATTCTTACTCAATTACT-3’

FJJ2001-10 5’- ACTCTCGGATCCTTAA

GATGCAGGTGCAGA-3’ RT-PCR RNA

1 l 200 ng / l FJJ2001-10 DEPC-treated water

16 l 80 - 90 5 5

(Epicentre, M-MLV RT-PCR kit)

1 l (10 U / l) M-MLV reverse transcriptase 2.5 l

10X reverse transcription buffer 2 l 2.5 mM dNTP 3 l

0.1 M DTT 0.5 l RNasin (40 U / l) 

42 30 37 30

cDNA 5 l cDNA 1 l 200

ng / l FJJ2001-9 / FJJ2001-10 Taq DNA

polymerase 0.5 l (5.0 U / l) 10 l 10X Taq reaction

buffer [500 mM KCl, 17.5 mM MgCl2, 100 mM Tris-HCl (pH

9.0), 1% Triton X-100] 2 l 2.5 mM dNTP

100 l

(PTC-200, MJ Research, Inc., Watertown, Massachusetts)

PCR 93 (denature) 5

34 93

1 50 (annealing) 1

72 2 72

(extension) 10 (31) PCR

(46)

LV-3 cDNA

RT-PCR RT-PCR

RT-PCR TOPO TA

(TOPO TA cloning kit) (Invitrogen, Carlsbad, CA)

(Mini-

prep) (Viogene, Sunnyvale, CA) DNA

12 2 2003124
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EcoRI 0.8%

Sequence Version 2.0 DNA sequencing kit

(Epicentre, Cleveland, OH) dideoxy-chain termination
(47) 

NCBI BLAST program

Clustal

algorithm (MegAlign program of DNASTAR

software) ToMV TMV

tobamoviruses

( A)

LV-3

LV-3 (25 - 30 )

6 - 8

( B)

18 nm 280 - 320 nm

300 nm ( A) LV-3

(N. tabacum)

( B)

N. tabacum

LV-3

(spectrophotometer) 261

nm 249 nm (Amax)

(Amin) A260 / A280 1.38 Dijkstra and De Jager
(22) 100 46 mg

(Western blotting)

ToMV

18.0 kDa ( )

LV-3 tobamoviruses

LV-3 TMV ToMV ORSV CGMMV

tobamoviruses

(SDS-immunodiffusion test)

LV-3 ToMV TMV

Tobamovirus 125

LV-3 A. B.

Fig 1. Symptoms induced by LV-3 isolated from Lisianthus russellianum. A, Field grown lisianthus plant showing yellow
mottling on leaves. B, A seedling of lisianthus inoculated with LV-3 showing yellowing necrosis spots and yellowing on leaves.
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LV-3
Fig. 2. Electron micrographs of a 2% uranyl acetate negatively
stained LV-3 from(A)leaf dip preparation of infected Nicotiana
benthamiana, (B) purified from infected N. tabacum.

LV-3
Fig. 3. Western blotting of coat protein of lisianthus isolate
LV-3. Lane 1, purified virions; lane 2, crude sap of healthy
lisianthus leaf; lane M, protein markers.

LV-3
LV-3 (

C) ( )
( 2 ) ( 3 6

) ( 4 )
( 5 )
Fig. 4. Serological relationship among lisianthus isolate LV-3
and other tobamoviruses in immuno-diffusion test. Crude
saps of LV-3 infected lisianthus leaf (central well C); antisera
against Cucumber green mottle mosaic virus (CGMMV)
(well 1), Odontoglossum ringspot virus (ORSV) (well 2),
Tomato mosaic virus (ToMV) (well 3 and 6), and Tobacco
mosaic virus (TMV) (well 4); Normal rabbit serum (well 5).

( ) LV-3 ToMV

TMV LV-3 ORSV CGMMV

( ) TMV ToMV

ORSV CGMMV (IgG)

LV-3

(indirect ELISA) LV-3 TMV

ToMV ( A)

(DAS-ELISA) LV-3 TMV ToMV

ORSV CGMMV

( B) LV-3

TMV ToMV ORSV

CGMMV

LV-3 RNA

FJJ2001-10 cDNA
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(A)
(B) LV-3

LV-3
TMV ( ) ToMV ( ) ORSV ( ) CGMMV ( )

1 1000 1 100
5,000 ( )

( )
Fig. 5. Serological relationships among the lisianthus isolate
LV-3 and four other tobamoviruses analyzed by indirect
enzyme-linked immunosorbent assays (ELISA) (A) and
DAS-ELISA (B). Antigens in tissues of Chenopodium quinoa
infected with LV-3 were extracted and diluted at 1:100 in
coating buffer. Antisera against TMV ( ), ToMV ( ),
ORSV ( ) and CGMMV ( ) were diluted at 1:1000. Goat
anti-rabbit IgG alkaline phosphatase was used at 1:5000
dilution in indirect ELISA and IgG-alkaline phosphatase
conjugate (1:1000) was used in DAS-ELISA Normal rabbit
serum ( ) and crude sap of healthy lisianthus leaf ( ) were
used as control.

RT-PCR LV-3
Fig. 6. Electrophoretic analysis of RT-PCR amplified product
of the lisianthus isolate LV-3 coat protein gene. A product of
~500 bp was amplified from total RNA extracted from N.
benthamiana leaves infected with LV-3 (lane LV3) by RT-
PCR using primers FJJ2001-9/FJJ2001-10. Lane M: Gen 100
DNA ladder, lane H: total RNA from healthy N. benthamiana.

cDNA

PCR 0.8% agarose

0.5 kb DNA DNA

480 bp TMV ToMV

RNA -

DNA ( )

RT-PCR 0.5 kb DNA

TMV ToMV TOPO TA

(Invirtogen, Carlsbad, CA) EcoRI

0.8%

480 bp ( )

17.74 kDa 159 SDS-PAGE

( ) LV-3

NCBI BLAST program

GenBank ToMV TMV

Clustal algorithm (DNASTAR)

ToMV 84.6 - 99.4%

, 91.2 - 99.4% (

) TMV 61.8 - 99.2%

(identity) 69.8 - 99.4%

( ) ToMV ToMV-OM (43) 

99.2% 99.4%

( ) TMV U1

vulgare (25) 74.4%

83.9% ( )
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1997

2000

TMV 300 18 nm

indirect ELISA

ToMV LV-3

SDS- ELISA

tobamovirus

Tomamovirus

(group) Hollings and

Huttinga (28) ( )

TMV

ToMV Sunn-hemp mosaic virus (SHMV)

ORSV Sammon's Opuntia virus (SOV)

CGMMV

TMV ToMV CGMMV

LV-3 TMV ToMV

ORSV CGMMV DAS-ELISA indirect

ELISA SDS-immunodiffusion LV-3

TMV ToMV DAS-ELISA, indirect ELISA

immunodiffusion

ORSV CGMMV (

) Hollings and Huttinga (28) 

LV-3

ToMV

18 kDa tobamovirus (28,48)

LV-3 Tobamovirus

LV-3 ToMV

TMV ToMV TMV

- LV-3

NCBI GenBank

ToMV (84.6 -

99.4%) (91.2 - 99.4%) TMV

(61.8 - 99.2%)

(69.8 - 99.4%) ( ) ToMV

ToMV-OM (43) 99.2%

99.4% ( )

TMV U1 vulgare (25) 74.4%

83.9% ( )

LV-3

ToMV TMV

TMV (strain)

tobamoviruses
(27,44,48)

12 2 2003128

LV-3
Fig. 7. The nucleotide sequence of lisianthus isolate LV-3 coat protein gene and its deduced amino acid.
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Tobamovirus 129

LV3 ToMV TMV

Table 1. Comparison of the nucleotide and amino acid sequences of the coat protein gene of LV-3 with those of other ToMV and
TMV isolates available in GenBank.

Virus isolate Accession No. Source Nucleotide identity (%) Amino acid identity (%)

ToMV Queensland AF332868 Australia 99.4 99.4
TMV OM X02144 99.2 99.4
ToMV AY063743 99.2 99.4
ToMV S1 AJ011934 China 99.2 98.8
ToMV potatol AF260730 Korea 98.8 98.1
ToMV AJ429083 Germany 98.8 98.8
ToMV DSMZ PV-472, AJ429086 Germany 98.1 98.8
ToMV camellia AJ417701 China 98.1 98.1
ToMV DSMZ PV-127 AJ429085 Germany 98.1 98.8
ToMV DSMZ PV-0135 AJ429084 Germany 97.3 97.5
ToMV AF411922 Brazil 84.6 91.2

TMV AF155507 China 99.2 99.4
TMV pepper AF012917 Korea 99.2 98.1
TMV TOM AF103779 South Korea 99.0 98.8
TMV TOB AF103780 South Korea 98.8 99.4
TMV Potato2 AF318214 South Korea 98.8 98.1
TMV K3 AJ310339 Kazakhstan 97.7 96.9
TMV Kazakhstan Z92909 97.7 96.2
TMV Kazakh K1 AF062519 97.3 96.2
TMV vulgare J02415 74.4 83.9
TMV U1 AX04017 74.4 83.9
TMV AF516913 China 72.7 82.5
TMV AY029262 72.3 81.9
TMV AF516911 China 72.3 83.1
TMV Fujian AF395127 China 72.3 83.8
TMV NC001367 71.9 83.1
TMV YN AJ239099 China 71.9 83.1
TMV AF273221 USA 71.9 83.1
TMV AJ011933 China 71.9 83.1
TMV AF165190 China 71.9 83.1
TMV faba bean Z96945 71.9 83.1
TMV AF516910 China 71.9 82.5
TMV Rakkyo D63809 71.7 80.6
TMV AF516912 China 71.5 83.1
TMV V01406 71.2 83.1
TMV Potato3-4 AF318217 South Korea 71.0 83.1
TMV Potato3-2 AF318215 South Korea 71.0 83.8
TMV Potato3-1 AF318213 South Korea 70.8 83.1
TMV Potato 4 AF318218 South Korea 70.6 83.1
TMV Potato3-3 AF318216 South Korea 70.4 82.5
TMV AF493053 China 70.2 81.9
TMV Tomato AF126505 India 68.8 78.1
TMV korean tomato L35074 62.9 74.1
TMV P D13367 Japan 62.2 73.4
TMV korean pepper L35073 61.8 69.8
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Tobamovirus TMV

TMV (species) (28,36,48)

(1) 90%

90% (2)
(28,48) TMV

(strains) (36,48) NCBI GenBank

ToMV TMV

( )

TMV

TMV U1 vulgare 70%

TMV

ToMV TMV (data not

shown) GenBank ToMV TMV

ToMV TMV

tobamoviruses

ToMV

TMV
(15,24,28,34,50)

1990 tobamovirus
(23)

tobamovirus TMV ToMV Lisa Grea (38)

" " ToMV

LV-3 tobamovirus

Tobamovirus

tobamovirus

LV3

ToMV TMV 
(28,48) (90 )

(28)

1. . 1990. . p.199-202. 

( ). .  .  .

316pp
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. p214-218. 59

3. . 1995. . p.569-574. 

( ). . . 698pp

4. 2001. 

. 

70:51-63

5. . 1979. . 

48pp
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7. Chang, C. A., and Lin, H. H. 1990. Identification of a
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ABSTRACT
Jan, F. J. 1, Zheng, Y. X. 1, Chao, C. H. 2, Ko, W. F. 2, Chang, C. C. 3, and Chen, C. C. 2,4. 2003. Identification
of a tobamovirus causing yellow mottle and stunting symptoms on lisianthus in Taiwan. Plant Pathol. Bull.
12:122-132. (1. Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan; 2.

Taichung District Agriculture Improvement Station, Tatsuan, Changhua, Taiwan; 3. Department of Plant
Plathology, Taiwan Agricultural Research Institute, Wufeng, Taichung, Taiwan; 4. Corresponding author, E-
mail: fjjan@nchu.edu.tw, Fax:+886-4-8521140)

A virus LV-3 was isolated from leaves of lisianthus (Eustoma rusellianum) showing viral disease-like
symptoms of stunting, yellowing mottle and yellow spots in the fields of central Taiwan. Rigid rod particles
similar to tobamoviruses about 300 18 nm in diameter were found in the crude saps of infected lisianthus
leaves by electron microscope. Similar particles were also observed from the viruses purified from
Nicotiana tabacum leaves infected with LV-3. SDS-polyacrylamide gel electrophoresis analysis of purified
LV-3 virions showed that this virus contains one structural polypeptides, with around 18 kDa relative
molecular weight, reacting positively to Tomato mosaic virus (ToMV) antiserum in Western assay.
Serological tests with SDS-double diffusion tests and indirect ELISA showed that the lisianthus virus LV-3
is also positively reactive to antisera prepared to ToMV and Tobacco mosaic virus (TMV). The coat protein
(CP) gene of LV-3 was amplified by reverse transcription-polymerase chain reaction (RT-PCR) and then
cloned and sequenced with primers designed from the conserve sequence of ToMV and TMV. Comparison
of the 480 nucleotides CP gene region with those of ToMV available in GenBank revealed 84.6-99.4%
nucleotide identity and 91.2-99.4% amino acid identity. Similar results (68.8-99.2% nucleotide identity and
78.1-99.4% amino acid identity) were obtained when GenBank TMV data were compared with the CP gene.
Taken together, our results demonstrate that LV-3 isolated from lisianthus is a tobamovirus. Furthermore,
this is the first report of lisianthus as a host of Tobamovirus in Taiwan. 

Keywords: lisianthus, Eustoma russellianum, Tobamovirus
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