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Fig 2. Nucleotide and deduced amino acid sequences
amplified from 3'-terminal region of RNA 3 of Tomato
aspermy virus (TAV) isolated from Taiwan. The sequence
was obtained by RT-PCR amplification using TAV-up and
TAV-dw primers (underlined). Symbol of * indicates
translation stop codon.

(RT-PCR)
(Tomato aspermy virus, TAV) (CP)

1 (TAV-up/TAV-dw)
RT-PCR 780 bp 2

(TAV-up1/TAV-dw1 ) 780 bp pCR II-
TOPO DNA PCR TAV CP

M 100 bp DNA
H (TAV-up/TAV-dw)
RT-PCR

Fig. 1. Amplification of Tomato aspermy virus (TAV) coat
protein (CP) gene by polymerase chain reaction (PCR). A 780
bp DNA product was amplified from field collected
chrysanthemum specimen using primer set (TAV-up/TAV-dw)
by reverse transcriptase PCR (lane 1). The product was
cloned into pCR II-TOPO plasmid which was subsequently
used as template for PCR amplification of open reading frame
of TAV CP by the use of primer set (TAV-up1/TAV-dw1). A
652 bp product was thus obtained (lane 2). Lane H is the RT-
PCR amplification from healthy chrysanthemum using the
former primers. Lane M is 100 bp DNA ladder markers.
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Fig. 3. Schematic representation of the construction of full-length coat protein gene of Tomato aspermy virus (TAV) in the
expression vector pET-28b (+). The upper map shows the detail sequence linkage between TAV CP and pET-28b (+). Protein
translation starts from the ATG codon of the Nco I site and terminates at the TGA codon provided by the expression vector. The
expressed protein contains TAV CP and another 7 amino acid residues including 6 repeated histidine from pET-28b (+) and one
glutamic acid encoded by Xho I sequence. The lower map indicates the relative size of the translated protein with an molecular
weight of 31 kDa calculated by Scan DNASIS program.
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(Agdia Inc., Elkhart, IN, USA) (western blotting)

Fig. 4. Analyses of Tomato aspermy virus (TAV) coat protein (CP) expressed by selected bacteria clones in Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (A) and western blotting (B) with antiserum against TAV (Agdia Inc.,
Elkhart, IN, USA). Lane M, protein standard markers; Lane 1-8, IPTG induced bacteria lysate of bacteria clones 12-1, 12-2, 14-
1, 14-2, 19-1, 19-2, 23-1 and 23-2 containing TAV CP gene inserted expression vector pET-28b (+); Lane 9 IPTG induced
bacteria lysate without TAV CP gene inserted pET-28b (+).
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Fig. 5. Differentiation of Tomato aspermy virus (TAV) from Cucumber mosaic virus (CMV) by reverse-transcription polymerase
chain reaction (RT-PCR) and DNA probe hybridization. (A), Result of RT-PCR using TAV specific primer set (TAV-up/TAV-dw).
(B), Result of RT-PCR using CMV specific primer set (CMV-up/ CMV-dw).  (C), Southern blot hybridization result of the same
samples from figure (A) using biotin-labeled DNA probe specific to TAV.  (D), Southern blot hybridization result of the same
samples from figure (B) using biotin-labeled DNA probe specific to CMV.  Lane M, 100 bp DNA ladder markers; Lane T, H, C-
m, C-b are TAV-infected chrysanthemum, healthy chrysanthemum, CMV-infected Aristolochia zolligeriana and CMV-infected
Nicotiana benthamiana, respectively.



CMV CMV TAV

TAV CMV

TAV CMV
TAV

(TAV-up/TAV-dw) CMV
(CMV-up/CMV-dw) (8, 23) TAV

CMV RT-PCR
TAV TAV 780
bp CMV
( A) CMV TAV

600 bp ( B)
CMV 500 bp

CMV 500 bp
TAV 600

bp ( B) CMV TAV
PCR TAV CMV

Agdia TAV-Ab
TAV
TAV

GenBank TAV
92 %

TAV
TAV

TAV

( ) TAV

TAV

TAV
TAV

TAV
(10, 18) TAV

(10, 18)

TAV

TAV

TAV
(17)

TAV CVB
( ) TAV

TAV

(hybridoma technique) (monoclonal
antibody)

TAV

(1, 2, 3, 13) TAV
ELISA TAV
Agdia TAV

SDS-
immunodiffusion test

TAV

TAV CMV
Cucumovirus

Plant Pathology Bulletin Vol.13(4) 2004296

Tomato
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Table 1. Reactivities in indirect ELISA of the antiserum
against bacteria expressed Tomato aspermy virus (TAV) coat
protein (TAV-CP Ab) compared to commercialized (Agdia
Inc.) TAV antiserum (TAV-Ab) and Cucumber mosaic virus
(CMV) antiserum produced in our laboratory 1

Sample number
Antisera

TAV-CP Ab TAV-Ab CMV

1 0.795 2 0.700 0.162
2 0.906 0.801 0.168
3 0.782 0.391 0.183
4 1.683 0.646 0.170
5 0.785 0.497 0.157
6 1.428 0.480 0.121
7 0.253 0.215 0.165
8 0.288 0.218 0.146

Bacteria-expressed 2.396 0.198 0.037
TAV coat protein

CMV-infected tobacco 0.939 0.335 3.308
Healthy chrysanthemum 0.057 0.123 0.106

1 Antigen-coating type of indirect ELISA as described previously (13)

was conducted to compare the reavtivitites of antiserum against
bacteria expressed TAV CP with those of antisera to TAV
antisrum purchased from Agdia Inc. and CMV antiserum
produced in our laboratory.

2 Reactivities of the antisera are shown as the absorbance readings
(A405nm) taken 40 min after the addition of enzyme substrate
solution. The figures shown are averaged value of four replicate
wells. Absorbance readings of test samples higher than two
times of healthy control chrysanthemum readings are considered
to be positive reaction.
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ABSTRACT

Lin, M. J.1, Chang, C. A.1, 2, Chen C. C.1, and Cheng, Y. H.1 2004. Molecular and serological detection of
Tomato aspermy virus infecting chrysanthemum in Taiwan. Plant Pathol. Bull. 13: 291-298. (1. Division of
Plant Pathology, Taiwan Agricultural Research Institute, Wu-Feng, Taichung 413, Taiwan, R. O. C., 2.

Corresponding author, E-mail: cachang@wufeng.tari.gov.tw)

Chrysanthemum is an ornamental crop with significant international importance. Tomato aspermy virus
(TAV) is known to induce malformation of floral parts on sensitive chrysanthemum cultivars jeopardizing
the quality and yield. We designed a set of primer (TAV-up/TAV-dw) according to TAV's coat protein (CP)
gene sequence documented in the GenBank (accession No. D01015) and successfully amplified a 780 bp
DNA product by Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) from chrysanthemum
specimens collected from Chang-Hua County, the major chrysanthemum production area in Taiwan. The
product was cloned and sequenced. It was found to consist of 776 nucleotides (nts) corresponding to the
genome organization of the 3'-terminal region of RNA 3 of cucumoviruses. The only open reading frame
deducing in this sequence contains 220 amino acid residues coinciding to the size of reported TAV CP.
Comparing with the known sequence of TAV CP (D01015), the percent identity of nucleotide and amino
acid sequences are 92% and 93%, respectively. This result indicates the sequence amplified from
chrysanthemum is originated from a strain of TAV. To our knowledge, this is the first report of the
occurrence of TAV in Taiwan. In order to produce antiserum against TAV for the purpose of virus
identification, we took the approach of cloning and expressing the TAV CP gene in bacteria and using the
bacteria expressed CP as immunogen for antiserum preparation. By the use of directional cloning
techniques, a 31 kDa fusion protein containing entire TAV CP sequence was highly expressed and purified
from E. coli cell cultures. An antiserum (TAV-CP Ab) was prepared against the expressed TAV CP and
shown to be useful in ELISA for the detection of TAV in chrysanthemum plants. By comparing with
commercialized TAV antiserum (Agdia Inc. Elkhart, IN, USA), the reactivity in terms of EIA readings of
TAV-CP Ab to the same dilution of infected chrysanthemum tissue was always higher than that of Agdia's
TAV antiserum. Our results also showed TAV-CP Ab, as well as Agdia's TAV antiserum, cross reacted with
Cucumber mosaic virus (CMV), another commonly found species of Cucumovirus. However, no cross
reactivity to TAV was found using antiserum to CMV in a reciprocal ELISA test, showing that it is
necessary to perform reciprocal ELISA tests to distinguish TAV from CMV correctly. On the other hand, our
study showed TAV could be readily differentiated from CMV by RT-PCR using the aforementioned primer
set (TAV-up/TAV-dw). This primer set does not amplify any product from the RNA template of CMV but
consistently obtains a 780 bp product from TAV.

Key words : chrysanthemum, TAV, expression vector, CMV, PCR, RT-PCR, serology, bacteria expressed
virus coat protein
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