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Fig. 1. Schematic diagram of the genome organization of Tomato bushy stunt virus (TBSV) and the relative locations of
Tombusvirus genus-specific degenerate primers. The position of UAG amber codon within the replicase genes (p33 and p92) is
indicated by avertical arrow. The corresponding positions and directions of the primers are indicated by horizontal arrows. T-F1,
T-F3, T-F5 and T-F6 are forward primers; T-R2, T-R3, T-R4 and T-R5 are reverse primers.
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Table 1. Oligonucleotide primer sequences used in this study

Primer* Sequence?

T-F1 S5CGTGATGATCGAGATCATGGAYAARGA3Z
T-F3 5CATGGAGTCCAAGCTGATGAARGCNGT3
T-F5 5CCAGGGCGGCTGGAARATGGT3

T-F6 5'CCGCGTGGCCCTGTAYTTYGAYAAZ
T-R2 5GGCACGTAGCCCTTGCCYTTRTTRTG3
T-R3 5TCGCCGAACAGGTCCATYTCCCA3

T-R4 SATCCTGGGAATCCTTRTCRAARTAZ

T-R5 5GCTTGTTCACCTGCTCGTACTCNGTRTCCAT3
TC-F 5GAAATTCTCCAGGATTTCTCGACCT3
TCR 5GGGCTGCATTTCTGCAATGTTCCG3

18SrRNA-F 5CTGACACGGGGAGGTAGTGA3Z
18SrRNA-R 5CTGATCGTCTTCGAGCCCCCA3

1 F1, F3, F5, F6 and F indicate forward primers, whereas R2, R3,
R4, R5 and R indicate reverse primers.

2 Nucleotide at degenerate positions are represented by a single
letter code; R=AandG; Y =CandT; N=A,C,Gand T.
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Fig. 2. Agarose gel electrophoreses of the PCR products
amplified from the cDNA clones of TBSV and CNV using
different combinations of Tombusvirus genus-specific
degenerate primer pair. (A) The result was derived from the
template of pTBSV. (B) The result was derived from the
template of pCNV. Primer pairs used in PCR are as
following: lane 1, T-FU/T-R2; lane 2, T-FL/T-R3; lane 3, T-
F1U/T-R4; lane 4, T-F3/T-R3; lane 5, T-F3/T-R4; lane 6, T-
F3/T-R5; lane 7, T-F5/T-R4; lane 8, T-F5/T-R5; and lane 9, T-
F6/T-R5. Lanes M, 1 kb Plus DNA Ladder (Invitrogen, CA,
USA). Sizes of some mark bands are shown.
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Fig. 4. Agarose gel electrophoreses of the RT-PCR products of the RNA transcripts of TBSV and CNV using different
combinations of Tombusvirus genus-specific degenerate primer pair. Onep g of tobacco total RNA was used and separately
mixed with (A) 85 ng of TBSV RNA transcripts; (B) 85 ng of CNV RNA transcripts; (C) 85 pg of TBSV RNA transcripts; and
(D) 85 pg of CNV RNA transcripts. Primer pairs used in RT-PCR are as following: lane 1, T-FU/T-R2; lane 2, T-F3/T-R2; lane 3,
T-FU/T-RS; lane 4, T-F3/T-R3; lane 5, T-F5/T-R3; lane 6, T-FL/T-R4; lane 7, T-F3/T-R4; lane 8, T-F5/T-R4; lane 9, T-FL/T-R5;
lane 10, T-F3/ T-R5; lane 11, T-F5/T-R5; and lane 12, T-F6/T-R5. Lanes 13 and 14 are positive and negative controls. Lane M,
1 kb Plus DNA Ladder. Sizes of some mark bands are shown.

AM12 345 BM12345

RNA TBSV RNA O
Fig. 5. The influence of lettuce total RNA purified by different methods on the RT-PCR detection sensitivity of TBSV RNA
transcripts. Lettuce total RNAs were purified by (A) Plant Total RNA Extraction Miniprep System (Viogene, CA, USA) and (B)
ammonium carbonate buffer method, respectively. The templates used were 1y g of lettuce total RNA mixed with different
amounts of TBSV RNA transcripts: lane 1, 10 g; lane 2, 102 g; lane 3, 10 g; lane 4, 10* g; and lane 5, 10™° g. Lane M, 1 kb
Plus DNA Ladder. The expected RT-PCR product of 959 bp indicated by arrow was RT-PCR amplified by T-F3/T-R3 primers.
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Fig. 6. Establishment of a tombusvirus rapid detection
method with 18S rRNA specific primers and T-F3/T-R3
primers and the detection result of imported |ettuce samples
by this method. (A) Agarose gel electrophoresis of the RT-
PCR products of 18 SrRNA and TBSV using different
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only (lanes 1 to 4) and mixture of TBSV RNA transcript and
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used in RT-PCR are as following: lane 1, 18S rRNA-F/18S
rRNA-R; lane 2, 18S rRNA-F; lane 3, 18S rRNA-R; lane 4,
H20; and lane 5, 18S rRNA-F/18S rRNA-R and T-F3/T-R3.
Lane M, 1 kb Plus DNA Ladder. The expected RT-PCR
products of 555 bp (amplified by 18S rRNA-F/18S rRNA-R
primers) and 959 bp (amplified by T-F3/T-R3 primers) are
indicated by arrows. (B) Agarose gel electrophoresis of the
RT-PCR products of imported American lettuce samples by
our tombusvirus rapid detection method. Total RNAs were
purified by Plant Total RNA Extraction Miniprep System and
then RT-PCR amplified by 18S rRNA-F/18S rRNA-R and
T-F3/T-R3 primer pairs. Only 555-bp RT-PCR products
amplified from 18S rRNA were detected (lanes 1 to 10). Lane
M, 1 kb Plus DNA Ladder.
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ABSTRACT

Chang, Y.-C.,*? Lee, S-C.%, and Lin, I.-J.* 2005. Development and application of arapid detection method
for the genus Tombusvirus. Plant Pathol. Bull. 14: 41-50. (* Department of Plant Pathology and
Microbiology, National Taiwan University, Taipei, Taiwan; * Corresponding author, E-mail:
ycchang@ntu.edu.tw; Fax: +886-2-23620271)

Tombusviruses belonging to the family Tombusviridae, the genus Tombusvirus, are spherical, single-
stranded, positive-sense RNA viruses. Several tombusviruses are economically important and none of them
have been reported in Taiwan. To prevent import of tombusvirus-infected vegetables, fruits, seeds and
seedlings from entering into Taiwan, we planed to develop arapid detection method for tombusviruses,
which can be used for plant quarantine. All sequences of tombusviruses were collected and those sequenced
completely were chosen to do multiple sequence alignment. According to the results of amino acid sequence
alignment of each gene, several conserved regions were selected to design tombusvirus genus-specific
degenerate primers. In addition, we obtained the cDNA clones of Tomato bushy stunt virus (TBSV) and
Cucumber necrosisvirus (CNV) from Dr. T. Jack Morris. From the results of polymerase chain reaction
(PCR), all combinations of our genus-specific degenerate primers tested were able to amplify the expected
products from the cDNA clones correctly. When the same primer pairs were used to perform reverse
transcription-polymerase chain reaction (RT-PCR) with the mixture of plant total RNA and TBSV or CNV
RNA transcripts, the outcome indicated that T-F3/T-R3 primers gave the best detection results. This primer
pair was able to detect at least 1 fg of viral RNA transcripts within plant total RNA purified by Viogene kit,
but only ten times less amount of RNA transcripts could be detected in plant total RNA purified by
ammonium carbonate buffer. To establish a convenient, accurate and rapid detection method for
tombusviruses, we tried to adjust the detection procedures by using Viogene kit to purify plant total RNA,
and by performing the RT-PCR with T-F3/T-R3 primers plus 18S rRNA-specific primers which were used as
acontrol. Accordingly, samples without tombusvirus should generate a 555-bp fragment from 18S rRNA by
our detection method. Whereas, those tombusvirus-infected samples would produce a 959-bp RT-PCR
product in addition to the 555-bp fragment. When we used this tombusvirus rapid detection method to check
one hundred and ninety lettuce samples imported from USA, Vietnam and Thailand, none of them were
found to be infected by tombusvirus. Because there is no detection method for the genus Tombusvirus
published before, our method developed in this study is the first one and can be applied to many plants for
tombusvirus detection.

Key words : the genus Tombusvirus, genus-specific degenerate primer, reverse transcription-polymerase
chain reaction (RT-PCR)



