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NaCl, 2% PVP (M.W. 24,000), 0.05% Tween 20, 0.2% BSA,

1 mM MgCl2 6 H2O, 2.7 mM KCl, 0.02% NaN3, pH 7.4 ]
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(Heraeus Instruments, Megafuge 1.0R) 5

5 M LiCl (lithium chloride)
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Instruments, Megafuge 1.0R) 15 DEPC

(diethylenepyrocarbonate)

-80

- (RT-PCR)

CarMV (coat protein)

(X02986 AJ309954) (degenerate

primers)

FJJ2002-44

5'-CTCCATGGTCATGGAA(A/G)ATAAAGGAGAA-3'

FJJ2002-45 5'-GTGGATCCTGTCACATCC

TATAAACAAC-3' RT-PCR RNA

1 l 200 ng / l 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 /

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.) PCR

93 (denature) 5

34 93

1 50 (annealing) 1 72

2 72 (extension)

10 (17) PCR
(23)

cDNA

RT-PCR RT-PCR

RT-PCR TOPO TA

(TOPO TA cloning kit) (Invitrogen)

(Mini-prep)

(Viogene) DNA EcoRI

0.8%

Sequence Version 2.0 DNA sequencing kit (Epicentre)

dideoxy-chain termination (24) 
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program of DNASTAR software) CarMV
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SDS-polyacrylamide CarMV
( ) (

) (M)
Fig. 2. Sodium dodecyle sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) of purified CarMV. Lane 1,
CarMV isolated from carnation; lane 2, Zantedeschia isolate
of CarMV; and lane M, protein molecular weight markers.

(A) CarMV
" "

(B) " "

Fig. 1. Symptoms induced by Taiwanese carnation isolate of
Carnation mottle virus (CarMV)(A)Symptoms showing
yellowing spots, crinkling and curling of leaves induced by
mechanical inoculation of CarMV on D. caryophyllus.
(B)Symptoms on Dianthus caryophyllus hybrid mini-
carnation (Kooij Echo kgr, Holland) showing necrosis spots
or yellowing mottle of leaves in the field.

(A)
" " 2%

32 - 33 nm (B)

(C) " "
= 500 nm

Fig. 3. Electron micrographs of 2% uranyl acetate stained (A)
and ultrathin sections of CarMV in infected plant cells (B and
C). (A) Leaf dip preparation of infected Dianthus
caryophyllus hybrid mini-carnation (Kooij Echo kgr,
Holland); (B) Mesophyll cell of infected D. chinensis
showing virus-like particles in cytoplasm; (C) Mesophyll cell
of infected D. caryophyllus (Kooij Echo kgr, Holland)
showing virus-like particles in the cytoplasm. The bars
represent 500 nm.
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(CarMV)
(C )

( 1, 4 )
( 3 ) ( 2, 5 )

( 6 )
Fig. 4. Double immunodiffusion test of CarMV. Antisera
against CarMV (well C); crude saps of CarMV infected C.
quinoa leaves (wells 1 and 4), purified CarMV (wells 2 and
5), purified healthy C. quinoa preparation as a control using
the protocol same as purified CarMV (well 3), and crude saps
of healthy leaves of C. quinoa (well 6).

CarMV NCBI BLAST program

GenBank CarMV

Clustal algorithm (DNASTAR)

CarMV 95.6

- 97.9% 98.0 - 99.1%

( )

(CERV) (5) (CMMV) (5,20) 

(LNV) (3) 

(5)

2002 4 - 5

(CarMV) CarMV Tombusviridae

Carmovirus (26)

(Caryophyllaceae) (13) CarMV

90 10-5 20

RT-PCR CarMV

Fig. 6. Electrophoretic analysis of RT-PCR amplified product
of the carnation isolate CarMV coat protein gene. A product of
~1 Kb was amplified from total RNA extracted from CarMV-
infected C. quinoa leaves (lane 1) by RT-PCR. Lane M, Gen
1 Kb DNA ladder; lane 2, total RNA from healthy C. quinoa.

(CarMV)

(DAS-ELISA) CarMV
( ) ( )

Fig. 5. Detection of CarMV by DAS-ELISA. Rabbits
antibodies against CarMV (ADI, LLC) was used to react with
crude saps of CarMV infected C. quinoa leaves ( ) and
healthy crude saps of C. quinoa ( ). Antibodies (IgG)
against CarMV, different dilutions of crude saps, anti-CarMV
IgG-alkaline phosphatase conjugate and substrate of alkaline
phosphatase were sequentially added. Readings were recorded
30 min after the addition of substrate (1 mg per milliliter).
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CarMV
Fig. 7. The nucleotide sequence of CarMV coat protein gene and its deduced amino acid. The GenBank accession number for the
sequence reported here is AY383566.
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Table 1. Comparison of nucleotide and amino acid sequences of the coat protein gene of CarMV isolated from carnation in
Taiwan with those of CarMV isolates available in GenBank

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

CarMV X02986 97.9 98.9
CarMV it-2 AJ309502 Italy 97.6 99.1
CarMV nl-2 AJ309497 Netherlands 97.6 99.1
CarMV isr-2 AJ309501 Israel 97.5 98.6
CarMV sp-m AJ309509 Spain 97.4 98.6
CarMV Lord AJ309508 Spain 97.3 98.9
CarMV Dixie AJ304989 97.2 98.3
CarMV AJ549954 97.0 98.0
CarMV sp-2 AJ309504 Spain 97.0 98.9
CarMV it-1 AJ309499 Italy 97.0 99.1
CarMV-YN AF173879 97.0 98.3
CarMV sp-4 AJ309506 Spain 96.9 98.6
CarMV sp-3 AJ309505 Spain 96.9 98.6
CarMV sp-1 AJ309503 Spain 96.9 98.6
CarMV fr AJ309494 France 96.9 98.6
CarMV Col AJ309493 Colombia 96.9 98.6
CarMV usa-2 AJ309512 USA. 96.8 98.3
CarMV jap AJ309495 Japan 96.8 98.3
CarMV Aus AJ309492 Australia 96.8 98.3
CarMV sp-s AJ309510 Spain 96.0 98.3
CarMV sp-i AJ309507 Spain 95.9 98.3
CarMV AF192772 China:Shanghai 95.8 98.3
CarMV AJ489479 95.6 98.0
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ABSTRACT
Chen, C. C. 1, Lin, C, Y. 2, Ko, W. F. 1, and Jan, F. J. 2,3. 2003. Isolation and characterization of Carnation
mottle virus from carnation. Plant Pathol. Bull. 12:199-208. (1. Taichung District Agriculture Improvement
Station, Tatsuan, Changhua, Taiwan; 2. Department of Plant Pathology, National Chung Hsing University,
Taichung, Taiwan; 3. Corresponding author, E-mail: fjjan@nchu.edu.tw, Fax:+886-4-22854145)

Virus cultures were isolated from leaves of carnation (Dianthus caryophyllus L.) and mini-carnation
[Dianthus caryophyllus hybrid Kooij (Echo kgr)] showing viral disease-like symptoms of yellow necrotic
spots and yellow mottle beginning on upper leaves in the fields in central Taiwan. Isometric particles about
32-33 nm in diameter were found in crude saps of diseased tissues. Similar particles were also observed in
the cytoplasm of the mesophyll cell in ultrathin sections prepared from infected D. caryophyllus and D.
chinensis. SDS-polyacrylamide gel electrophoresis showed that the virus contains one structural polypeptide
about 40 kDa. Serological tests with double immunodiffusion test and double antibody sandwich-enzyme-
linked immunosorbent assay showed that the virus reacted positively with an antiserum prepared against
Carnation mottle virus (CarMV). The coat protein (CP) gene of the virus was amplified by reverse
transcription-polymerase chain reaction (RT-PCR), cloned, and sequenced using primers designed from a
conserved sequence of CarMV. Comparisons of the 1047-nucleotide CP gene with those of 23 CarMV
isolates available in GenBank showed that the virus shared 95.6-97.9% nucleotide identity and 98.0-99.1%
amino acid identity. Our results demonstrate that the virus infecting carnation is an isolate of CarMV. This is
the first report of CarMV infecting carnation in Taiwan. 

Keywords: carnation, Carnation mottle virus, CarMV, identification


