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End Labeling Kit (Boehringer Mannheim, USA) poly(A)
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SuperScriptTM III RNase H-Transcriptase Kit (Invitrogen,
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(PCR) cDNA
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(TaKaRa, Japan)
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ethidium bromide DNA
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USA)

Sanger (1977)
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RT-PCR PCR

Table 1. Synthetic primers used in RT-PCR and PCR reactions for amplifying viral genes of ORSV-TW strain

Primers sense/antisense Corresponding Sequences Target gene
(+/-) position1

ORSV-F1 + 5911-5930 5'  CTGCAGGCGCTGGTTACTTC 3' CP
ORSV-R1 - 6589-6609 5'  TGGGCCTCTACCCGAGGTAA 3' CP
ORSV-F2 + 5251-5270 5'  TACAGTGTCACCACTGCCGA 3' MP, CP
ORSV-R2 - 6011-6030 5'  TCTGCGGATTTTCCACCTCG 3' MP
ORSV-F3 + 4611-4630 5'  CATCATGACAGAGTTGCCAT 3' 126/183 kDa RdRp, MP
ORSV-R3 - 5391-5410 5'  TCTTCTCTCTCAGTCCGAGT 3' 126/183 kDa RdRp, MP
ORSV-F4 + 4117-4136 5'  TTTACACCCGGAAAACGCCC 3' 126/183 kDa RdRp
ORSV-R4 - 4786-4805 5'  TACTGCGGTCTTGTGGACCT 3' 126/183 kDa RdRp
ORSV-F5 + 3381-3400 5'  GTCGATGCCGGGATCTTATA 3' 126/183 kDa RdRp
ORSV-R5 - 4163-4182 5'  TTGGCACCGTCGAATCCAAA 3' 126/183 kDa RdRp
ORSV-R4-5 - 4290-4309 5'  CTTCCTATGTCCCTGTTTCC 3' 126/183 kDa RdRp
ORSV-F6 + 2642-2661 5'  GAGAGCTAATAAGTCTGGAC 3' 126/183 kDa RdRp
ORSV-R6 - 3443-3462 5'  CAGATTTAGGACATGGTACG 3' 126/183 kDa RdRp
ORSV-F7 + 2016-2035 5'  CCAAAGCAAAGCTACGGTGA 3' 126/183 kDa RdRp
ORSV-R7 - 2793-2812 5'  TCACGACAATGGGACAATGC 3' 126/183 KDa RdRp
ORSV-F8 + 1201-1230 5'  CCGTCACTTCAGGAAAGATG 3' 126/183 kDa RdRp
ORSV-R8 - 1981-2000 5'  GATGCGGACAGGTAATCCAT 3' 126/183 kDa RdRp
ORSV-F9 + 451-470 5'  TTGACATTCGCGATGTGGCT 3' 126/183 kDa RdRp
ORSV-R9 - 1381-1340 5'  CACAGACTTGTCTACATCCC 3' 126/183 kDa RdRp, 5'NTR
Smart2A2 + 5'  CAGTGGTATCAACGCAGAGT 3' 126/183 kDa RdRp, 5'NTR
ORSV-R10 - 539-559 5'  GCTGATTGCTGAAAAACCGG 3' 126/183 kDa RdRp, 5'NTR
PolyT1 - 5'  TGGTCATGTAGACAGCAGAC

TTTTTTTTTTTTTTT 3' 3'NTR
ORSV-3NF + 6338-6357 5'  TCCCGTTGTGTACACGATAG 3' 3'NTR
PolyT23 5'  TGGTCATGTAGACAGCAGAC 3' 3'NTR

1 Corresponding positions referred to that of ORSV-S1(Acc. No. U34586).
2 Sequence referred to Smart II oligo sequence (Clonteck, USA) and used for 5'-NTR amplification.
3 Sequence referred to polyT1 and used for 3'-NTR amplification.
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Table 2. Lengths in nucleotide (nt) and amino acid (aa) of genomic regions of Odontoglossum ringsport virus (ORSV)

Genomic regions2

RdRp RdRp CP
Fragments Strains1 Full-length 5'-NTR readthrough kDa replicase MP kDa 18 kDa 3'-NTR

protein 126 kDa

nt TW 6612 63 4839 3339 912 477 414
S1 6609 62 4839 3339 912 477 412

Cy1 6611 62 4839 3339 840 477 414
Cy 6611 69 4788 3339 912 477 414
U 6618 62 4839 3339 840 477 414

aa TW 1612 183 1112 303 33 158
S1 1612 183 1112 303 33 158

Cy1 1612 183 1112 280 31 158
Cy 1595 181 1112 303 34 158
U 1612 183 1112 280 31 158

1 TW: Taiwan strain (Acc. No. AY571290); S1: Singapore strain (Acc. No. U34586); Cy1: Japan strain (Acc. No. S83257); Cy: Korea
strain (Acc. No. NC_001728); U: America strain (Acc. No. U89894).

2 NTR: non-translated region; RdRp: RNA-dependent RNA polymerase; MP: movement protein; CP: coat protein.
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(ORSV-TW)
(accession number AY571290)

Fig.1. The full-length cDNA nucleotide and amino acid
sequences of ORSV-TW RNA(accession number
AY571290). RdRp MP and CP represent RNA-dependent
RNA polymerase, movement protein, and coat protein,
respectively. Arrows indicate the start and stop positions of
each region.

(ORSV-TW)
Fig. 2. Genome organization of Odontoglossum ringspot virus (ORSV-TW). NTR RdRp MP and CP represent the non-
translated region, RNA-dependent RNA polymerase, movement protein, and coat protein, respectively. Numbers indicate the
start and stop positions of each region.
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62 (7, 8, 10) -Cy 69

6 (15) ORSV-TW 5'

G 5'

SMARTTM RACE cDNA Amplication Kit (Clontech ,
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Table 3. Nucleotide identity (%) of the genes between ORSV-
TW and other ORSV strains

RdRp RdRp
Strains1 Full-length readthrough replicase MP CP

protein
S1 98.42 98.3 98.2 98.3 99.7
Cy1 99.3 99.0 99.0 99.1 99.5
Cy 96.9 97.5 96.9 98.3 98.1
U 98.6 98.9 98.6 97.5 100

1 S1: Singapore strain (Acc. No. U34586); Cy1: Japan strain (Acc.
No. S83257); Cy: Korea strain (Acc. No. NC_001728); U:
America strain (Acc. No. U89894).

2 Nucleotide identity (%).
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NTR 62 CAA ACA 8

ORSV-Cy 5' NTR 69 CAA ACA

11 ORSV-Cy

5' NTR ACA triplet

TMV enhancer tobamovirus

5' NTR AUU ribosome (7, 10, 15)

ORSV-TW AUU ORSV-TW

5' NTR 4 G-residues 5

3' NTR RT-PCR

3' NTR 3'

poly(A) 3' poly(T)

polyT1 RNA cDNA

polyT1 (polyT2)

3' cDNA polyT2

ORSV-3NF PCR ORSV-TW 3'

NTR ORSV-Cy1 -S1 -Cy poly(A)

ORSV-TW 3' NTR 414

poly(A) tobamoviruses

3' NTR (6199-6258) 60 t-RNA

( ) t-RNA GTG

(histdine anticodon) poly(A) mRNA

ORSV-TW 3' NTR

tobamoviruses 24 (5'

TCCCTCCACTTAAATCGAAGGGTT 3', 6268-6291)

ORSV-S1 3' NTR 60 loops

ORSV-TW loop (7, 10, 15)

RdRp readthrough protein replicase RdRp/

replicase 3339

1112 replicase replicase

(motif) RdRp replicase

N (methyltransferase)

(helicase)

C (RNA-dependent RNA

polymerase, RdRp) 126 kDa

(replicase) 5'

capping 183 kDa readthrough

4

RNA RdRp/replicase

ORSV-TW -S1 -

Cy1 -U -Cy 97.3 % 126

kDa

95 %

RdRp/readthrough protein 4839

1612 readthrough protin

ORSV-Cy 4788 1595

181 kDa ORSV-TW -S1 -Cy1 -U

4839 1612

183 kDa

95 %

MP 912 303

MP

ORSV-TW -S1 912

303 33 kDa

ORSV-Cy1 -U 840

280 31 kDa ORSV-Cy

912 303

34 kDa ( ) MP

ORSV-TW ORSV-S1

ORSV-Cy1 ORSV-U

ORSV-Cy

CP 477 158

RNA

CP 3' NTR
(2, 5, 12, 14)

CP

ORSV 97

% ( )

RdRp/

readthrough RdRp/replicase MP CP

13 2 2004104

( ) 3'

Fig. 3. The predicted secondary structure of the origin of
assembly in the 3' NTR of ORSV-TW.
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ABSTRACT

Wang, H. L.1, 3, Wang, J. N.1, and Chang, C. A.2 2004. Molecular sequencing and analysis of the viral

genome of Odontoglossum ringspot virus Taiwan strain. Plant Pathol. Bull. 13: 97-106. (1 Graduate Institute

of Biological Science, National Kaohsiung Normal University, Kaohsiung, 800, Taiwan, 2 Taiwan

Agricultural Research Institute, Council of Agriculture, Taichung, 413, Taiwan, 3 Corresponding author,

E-mail: hlwang@nknucc.nknu.edu.tw; Fax: +886-7-7169030 )

Odontoglossum ringspot virus (ORSV) is a member of Tobamovirus genus in the family of

Tobamoviridae. It is an important virus infecting orchid plants and occurring worldwide. The purpose of this

study is to sequence the genomic regions of ORSV Taiwan strain (ORSV-TW), and to compare its

nucleotide and amino acid sequences with that of four reported ORSV strains of various origins, i.e. ORSV-

S1 (Singapore), ORSV-Cy1 (Japan), ORSV-Cy (Korea) and ORSV-U (America). The full length genomic

RNA of ORSV-TW were 6,612 bp (accession number AY571290 . The length of nucleotide sequences

for 126/183 kDa RNA-dependent RNA polymerase (RdRp) genes were 3,336 and 4,839 bp and encoded

RdRp replicase and readthrough protein, respectively. Genes of movement protein (MP) and coat protein

(CP) consisted of 909 and 474 nucleotides and encoded proteins of MW of 33 and 18 kDa, respectively. The

nucleotide sequences of 5' and 3' non-translated regions (NTR) were 63 and 414 bp, respectively. The

results of comparison between nucleotide and amino acid sequences of ORSV-TW with that of those

reported ORSV strains showed more than 96% identity and similarity indicating that they are different

strains of the same virus. 

Key words : Odontoglossum ringspot virus, open reading frame, nucleotide sequence


