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(Fandango ) 

(Carnation mottle virus, CarMV) 

CarMV 

CarMV-u/5' - CAACACATTTCRATWA-3' CarMV-d/5' -TCACATCCT ATAAACA -

(Reverse transcription-polymerase chain reaction, RT-PCR) 1.0 kb

Fo25

GenBank CarMV (identities) 96%

Fo25 CarMV CarMV 

96% CarMV 

Fo25 

PCR pET28b(+)

E. coli Rosetta (DE3) 39 kDa 

Agdia (Elkhart, Indiana, USA) CarMV CarMV 

CarMV-Fo25 

ELISA (Enzyme-linked immunosorbent assay) (Western blotting) SDS 

(Sodium dodecyl sulfate immunodiffusion) 

ELISA (reactivities) Agdia 

CarMV Agdia 

CarMV 



(21)

Potyvirus Dasheen mosaic virus (DsMV)(28,

29) Turnip mosaic virus (TuMV)(3) Zantedeschia mild

mosaic virus (ZaMMV)(13, 17) Calla lily latent virus

(CLLV)(6, 7) Konjak mosaic virus (KoMV)(16, 23) Bean

yellow mosaic virus (BYMV)(23)

tospoviruses Tomato spotted wilt virus (TSWV)(29)

Calla lily chlorotic spot virus (CCSV)(4) Capsicum

chlorosis virus (CaCV)(8) Carmovirus 

Carnation mottle virus (CarMV)(10, 11) Cucumovirus 

Cucumber mosaic virus (CMV)(29) Tombusvirus 

Lisanthus necrosis virus (LNV)(9)

(CarMV) Tombusviridae

Carmovirus (15)

CarMV 

(15)

2003

CarMV 
(10)

(11)

CarMV

CarMV 

CarMV 

CarMV 

CarMV 

CarMV 

(Fandango 

) 

CarMV (Agdia

Inc. Elkhart, Indiana, USA.) ELISA (Enzyme-

Linked Immunosorbent Assay) 

50% (v/v) -20

0.05M (Chenopodium

quinoa) (Chenopodium amaranticolor)

(Tetragonia expansa) (Nicotiana benthamiana) 

(Zantedeschia spp. BM varity) 7 

10 

CarMV ELISA 

- (Reverse transcription

- polymerase chain reaction, RT-PCR)

0.1 

RNeasy Plant Mini Kit  (Qiagen, Hilden, Germany

) RNA RNA 

CarMV (coat

protein, CP) CarMV-u/CarMV-d

( 5 ' - C A A C A C A T T T C R A T W A - 3 ' / 5 ' -

TCACATCCTATAAACA-3') RT-PCR

RT-PCR (Genemark Co., Taichung, Taiwan) 

50 l 2 l 

RNA 5 l 5x PCR buffer 5 l enhancer buffer 23

l RNase free water 1U Reverse transcription

polymerase 2.5 l 20 M CarMV-u 

CarMV-d (GeneAmp model

2400, Perkin-Elmer Co., Norwalk, CT) 

50 30 94 1 

28 PCR 94 1 

50 1 72 2 

72 6 

1.0 kbp 

1.2% (SeaKem Agarose, Cambrex Bio Science

Rockland, Inc., Rockland, ME USA) 

RT-PCR 1.0 kbp DNA 

TOPO TA-PCR (Invitrogen Co., Carlsbad, CA)

1.0 kbp DNA (insert

sequence) 

Vector

NTI Suite (InforMax, Inc. Wesconsin, USA) 
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GenBank CarMV 

CarMV 

CarMV-Fo25 

CarCP-u/CarCP-d (5'-

TTCGATAAGTACACCCCATGGAAAA, 

NcoI /5'-TGATCGCTCGAGCATCCTATAAACAA-

3', XhoI ) CarMV-Fo25 

RNA RT-PCR 50

25 1044 bp

CarMV NcoI XhoI 

NcoI XhoI pET28b (+) (Novagen, Inc.

Madison, WI, USA) E. coli strain Rosetta

(DE3) M9 (20) 1 mg/ml 

IPTG (isopropyl- -D-thiogalactopyranoside) 

8000 rpm 10 pH

8.0 Tris-EDTA 

SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel

electrophoresis) (19)

CarMV CarMV 

(5, 20)

1 mg 

30-40 ml 

ELISA SDS- 

1. ELISA (Enzyme-linked immuno-sorbent assay)

(1, 12) 0.1 g 

3 ml 15 mM (sodium

carbonate buffer, pH 9.6) EIA

37 4 

(coating reaction) 1x PBST 

Agdia 

CarMV 25 4

1x PBST 

6,000 (Goat anti-Rabbit

immunoglobin, Jackson, West Grove, PA) , 100 l / 

25 4 1x PBST 

150 l/

1mg/ml (p-NPP, Amresco, Solon Ind.,

Ohio, USA) 20 30 

ELISA (PTI max micro plate reader, Molecular

Devices, Sunnyvale, CA) 405 nm 

2

2. SDS-

CarMV-Fo25 3% SDS 

(1:1:1) 3 

SDS CarMV-Fo25 

SDS- (24)

(Western blotting) 

0.1 g 

200 l (50 mM Tris-HCl,10 mM KCl,10

mM MgCl2,1mM EDTA, 20% glycerol, 2% SDS, 3% -

Mercaptoethanol) 100 l 

LDS (19) SDS-PAGE 

PVDF (Millipore Co., MA,

USA) CarMV-Fo25 Agdia

CarMV 

CarMV-Fo25 

CarMV

CarMV ELISA

SDS 

CarMV 

RNA (Qiagen, Hilden, Germany) 

RNA CarMV 

CarMV-u/CarMV-d 

CarMV 

CarMV 

CarMV GenBank 

(phylogenetic analysis) (

) CLUSTAL X version 1.8 (26)

PAUP 4.0 (25) NJ (The

neighbor-joining) BRM (The bootstrap

resampling method) (14)

Bootstrap values 

Tree view (22)
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7

CarMV ELISA

Black

Magic 3 5 

ELISA 

CarMV-Fo25 

RNA RT-PCR 

1 kb 

Fo25 

GenBank 

CarMV 

96% ( ) CarMV 

CarMV-Fo25 GenBank EF22206

CarMV-Fo25 

CarMV pET28b (+) 

E. coli strain Rosetta (DE3) IPTG 

39 kDa ( )

Agdia 

CarMV ( ) 
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(CarMV)
GenBank CarMV 

Table 1. Percent identities of the nucleotide and amino
acid sequences of the coat protein region of Carnation
mottle virus (CarMV) isolated from calla lily and
carnation comparing to those corresponding sequences
available in GenBank
Virus isolates1 Percent identity of CP sequence 2

Acc. No nt aa
P04383 100.0 100.0
AY383566 97.9 99.1
EF622206 2 98.0 98.9
EF622207 96.4 98.0
EF622208 96.7 99.1
EF622209 96.7 98.9
EF622210 98.0 98.0
EF622211 98.4 98.6
AJ844552 96.6 98.0
AJ811998 97.5 98.6
AJ549954 98.1 97.7
AF192772 99.0 98.0
NC_001265 96.6 98.0
AJ489479 96.4 98.0
AF173879 98.9 99.1
DQ092485 98.1 98.6
1. The sequences in the regions of coat proteins of different

CarMV isolates in this study were registered in GenBank
with accession numbers including EF622206 (calla lily
isolate Fo25), EF622207, EF622208 and EF622209
(carnation isolates from Italy), and EF622210 and EF622211
(carnation isolates from the Netherland). The isolate TW
(AY383566) (10) is from calla lily. 

2. Each virus isolate was compared with the CarMV (Acc. No.
P04383); nt, nucleotide sequence; aa, amino acid sequence.

CarMV-Fo25 
(A) SDS-PAGE ;

(B)
Fig. 1. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and western blotting assay of
the bacterial expressed coat protein (CP) of Carnation
mottle virus isolate Fo25 (CarMV- Fo25). (A) SDS-PAGE
of the 39-kDa bacterial expressed recombinant CarMV-
Fo25 CP (arrowed); (B) The bacterial expressed CarMV-
Fo25 CP was reacted with the 200x-diluted antiserum
against CarMV purchased from Agdia Co.. Lane M,
protein markers; lane 1, IPTG-induced bacteria lysate
containing expression vector pET28b (+) without CarMV-
Fo25 CP insert; lane 2, IPTG-induced bacteria lysate
containing pET28b (+) with CarMV-Fo25 CP insert; lane
3, purified bacterial expressed recombinant CarMV-Fo25
CP.



CarMV-Fo25 SDS- 

CarMV IPTG 

pET28b CarMV 

CarMV-Fo25 

( )

CarMV-Fo25 

ELISA 15 8 

CarMV-Fo25

CarMV 

Agdia CarMV 

(

) Fo25 

Agdia ( )

Fo25 

(reactivity) ELISA

CarMV 

Fo25 

CarMV Agdia 

CarMV 

( )

Fo25 (specificity) 

CarMV

Fo25 

CarMV 

5 

39

CarMV-Fo25 
SDS 

Fig. 2. Sodium dodecyl sulfate (SDS)-immunodiffusion
test of the antiserum (Fo25) against bacterial expressed
coat protein (CP) of Carnation mottle virus isolate Fo25
from calla lily. The central well was filled with antiserum
against antiserum Fo25 (As). The peripheral wells were
filled with SDS-treated antigens including Bep, the IPTG-
induced bacterial lysate containing pET28b (+) with
CarMV-Fo25 CP insert; pET, the IPTG-induced bacteria
lysate containing pET28b (+) without CarMV-Fo25 CP
insert; D1 and D2, CarMV-infected calla lily tissues; D3,
CarMV-infected carnation tissue; H1 and H2 are healthy
tissues of calla lily and carnation, respectively.

Fo25 ELISA 

Table 2. ELISA test using antiserum against Fo25
prepared in this study to detect Carnation mottle virus
(CarMV) infection in field collected samples of carnations
and calla lilies 1

Field samples Antiserum
Carnations Fo25 Agdia

Italy-1 3.68 0.32
Italy -2 3.74 0.36
Italy -3 3.78 0.36
Italy -4 3.78 0.47
Italy -5 3.78 0.38
Italy -6 3.72 0.37
Italy -7 3.78 0.59
Netherland-1 2.40 0.29
Netherland-2 2.38 0.22
Netherland-3 2.47 0.40
Netherland-4 0.28 0.18
Netherland-5 0.24 0.20
Netherland-6 1.72 0.20
Netherland-7 1.32 0.23
Netherland-8 0.16 0.22

Calla lilies
New Zealand-1 0.38 0.09
New Zealand-2 0.78 0.22
New Zealand-3 0.28 0.27
New Zealand-4 0.34 0.27
New Zealand-5 0.57 0.18
New Zealand-6 0.33 0.16
New Zealand-7 0.41 0.21
New Zealand-8 0.43 0.15
Diseased control 3.62 0.60

Healthy control threshold 0.20 0.33
1. ELISA procedure as described in the text was followed.

Dilution of purified Immunoglobulin G (1 mg/ml) of Fo25
antiserum in the factor of 1/1000 was used. Antiserum to
CarMV purchased from Agdia Co. was used with the same
dilution factor as control for comparison. 



CarMV GenBank

EF622207

EF622208 EF622209 EF622210

EF622211 ( )

CarMV

96% ( )

CarMV 

CarMV 

GenBank CarMV 

CarMV 

( ) CarMV 

( )

(

)

CarMV 
(10)

RT-PCR 

CarMV 

CarMV 

CarMV 

(reactivity)

(specificity) Agdia 

CarMV 

CarMV-Fo25 

(Fandango ) 

RT-PCR 

Agdia CarMV 

ELISA 

CarMV-Fo25 

CarMV-Fo25

CarMV

1.0 1.0

CarMV 

( )

( )

Fo25 

CarMV 

CarMV 

(Chenopodium quinoa) (C. amaranticolor) 
(10) CarMV-TW 

CarMV

Fo25 TW ( )

CarMV 

Black

Magic ELISA

CarMV 

CarMV 

CarMV (15)

CarMV 

CarMV 

CarMV

97% 

CarMV 

(2, 27)

94 95 CarMV-

Fo25 

729 CarMV 56 

7.7% ELISA 0.31

CarMV 

315 CarMV 50 

15.9% ELISA 

0.33 CarMV 

CarMV 

CarMV 7-16% 
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CarMV-Fo25 
CarMV 

Fig. 3. Western blotting test of antiserum against bacterial expressed coat protein of Carnation mottle virus Fo25 isolate
(CarMV-Fo25) for the detection of CarMV in field collected samples of carnation and calla lilies. Samples were reacted to
the 1000x-diluted antiserum to CarMV-Fo25 (A) and to the 200x-diluted antiserum to CarMV purchased from Agdia Co
(B). Lane M, protein marker; lane 1, the purified lysate of bacteria expressed CarMV-Fo25 CP; lane 2-5, CarMV-infected
calla lily tissues; lane H1, healthy tissue of calla lily; lane 6-7, CarMV-infected carnation tissues; lane H2, healthy tissue of
carnation. 

Fig. 4. A phylogram derived from the
analysis of genetic distances based on the
amino acid sequences of the coat proteins
of Carnation mottle virus (CarMV). The
tree was constructed using the neighbour-
joining (NJ) algorithm with the bootstrap
resampling method (1000 random
resamplings), using PAUP 4.0. Numbers
at each node indicate the percentages of
bootstrap samples (only values 50 are
shown). Horizontal branch length is
drawn according to the scale bar
indicating 5 substitutions per 1000 amino
acid positions. The sequences in the
regions of coat proteins of different
CarMV isolates in this study were field in
GenBank and assigned the accession
numbers including calla lily isolate Fo25
(EF622206), carnation isolates from Italy
(EF622207, EF622208 and EF622209),
and Netherland (EF622210 and
EF622211), respectively. The isolate TW
(AY383566) (10) is from calla lily available
in GenBank.
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ABSTRACT

Chen, C. C.1, Huang, C. H.1, Cheng, Y. H.1, Chiang, F. L.1, Chen, L. W.1, and Chang, C. A.2, 3 2009.

Preparation of polyclonal antiserum against Carnation mottle virus by immunizing bacterial

expressed viral coat protein and its application on virus detection. Plant Pathol. Bull. 18: 35-44.

(1 Division of Plant Pathology, Agricultural Research Institute, Wufeng, Taichung; 2 Graduate Institute

of Biochemical Science and Technology, Chaoyang University of Technology, Wufeng, Taichung;
3 Corresponding author, E-mail: cachang@cyut.edu.tw; Fax: +886-4-23331089)

Calla lily (Zantedeschia spp.) is an emerging floral crop in Taiwan and considered with high

economic potential. In this study, some calla lily plants bearing with chlorotic spots on the newest

leaves coming from the bulbs imported from New Zealand were frequently observed. The symptom

was quite similar to that caused by Carnation mottle virus (CarMV) reported by Chen et al., (2003).

By the use of degenerate primers flanking complete coat protein (CP) gene of CarMV, a predicted 1.0

kb DNA was consistently amplified from the calla lily plants exhibiting chlorotic spots. An isolate

(Fo25) was cloned and sequenced from the RT-PCR amplicons and compared to those CarMV

corresponding sequences available in the GenBank. The percentage identities of CP gene of Fo25 in

the sequences of nucleotide and amino acid were both higher than 96% comparing to those of CarMV,

indicating that Fo25 isolate is a strain of CarMV. Full-length of CarMV's CP gene was subsequently

amplified and constructed into the expression vector pET28b(+), and transformed into E. coli Rosetta

(DE3). An over expressed protein with an expected molecular mass of 39-kDa was further purified

and used as immunogen to prepare polyclonal antiserum. The produced antiserum (Fo25) was tested

and found to be applicable in ELISA, western blotting and SDS-immunodiffusion tests for the

detection of CarMV in field samples of calla lily and carnation. In these serological tests the reactivity

and specificity of antiserum against Fo25 are found significantly better than the control antiserum

purchased from Agdia Co.. Sequences of CP gene obtained from five CarMV isolates from carnations

and two from calla lilies were used to study their phylogenetic relationship. Genetic analysis of the

amino acid sequences of CP gene revealed that there was possibly genetic clusters among different

CarMV isolates infecting different hosts.

Key words: carnation, calla lily, Carnation mottle virus, virus detection, bacteria expressed coat

protein


