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polyethylene glycol (PEG)
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number AY575773 potyviruses RNA 133
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RNA cis

trans 3 3

P1 HC-Pro NIa (13)

8

5' 3' P1 (first protein) HC-Pro (helper

component protease) P3 (third protein) 6K1 CI

(cylindrical inclusion) 6K2 NIa (nuclear inclusion a) NIb

(nuclear inclusion b) CP (coat protein)

NIa C VPg

(virus-encoded genome linked protein)(12, 13) P1

N potyviruses

Yam mosaic virus, YMV

strain P1 65 % HC-Pro NIb

80 % (5) HC-Pro

Potyvirus HC-Pro
(18) P3 Potyvirus P1 CP N
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(5) 6K1 P3
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(12) NIa potyviruses
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(13) NIb potyviruses

NIb RNA dependent RNA polymerase RdRp
(20) CP N

virus-specific epitopes

Potyvirus (17, 19)

(2, 3)

CP

NIb 5'

Y

BlCMV-TW

ELISA BlCMV

CMV

CMV 0.1 M (phosphate

buffer, pH 7.0)

(Chenopodium quinoa L.)

ELISA

Albersio (4)

150 g 300 ml 0.25 M (potassium

phosphate buffer, pH 7.5) 0.01 M Na2EDTA 0.1 %

Na2SO3

n-butanol 8 %

(v/v) 4 11,700 g 10

(R14A3 rotor, Hitachi CR22E, Japan)

5 % PEG (M.W. 6000) 4

1 13,200 g 10

15 ml 0.02 M (pH 7.5) 4

1 (w/w) 30 %

(Cs2SO4, Merck, Germany) 6

150,000 g 19 (P90AT rotor, Hitachi,

Japan)

0.05 M

4 dialysis

(Hitachi U-2000 spectrophotometer)

340 nm 220 nm

(Amax) (Amin) 280 nm (A280) 260 nm

(A260) Amax/Amin A280/A260

0.05 M

(pH 7.5) 1 mg/ml -70

1 ml (1 mg/ml) BlCMV-TW

2X (80 mM Tris-HCl,

pH 8.0 40 mM NaCl 20 mM EDTA, pH 8.0 2 % SDS)

K proteinase K 10 g/ml 37 15

phenol/chloroform/isoamyl

alcohol (25 24 1, pH 5.2)

14,000 rpm (Jouan, A14, Italy) 10

chloroform isoamyl alcohol

(24 1) 14,000 rpm 5

1/10 3 M (pH

5.2) 2 100 % -20

4

14,000 rpm (Eppendeoff Centrifuge 5415C, Germany) 30

70 %

4 14,000 rpm 2

(Eyela CVE-100 centrifugal vaporizer, Japen)
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diethyl pyrocarbonate, DEPC)

260 nm

DEPC

1 g/ l -70

BlCMV-TW

RNA 1 g/ l RNA RNA markers (0.2-

10.0 kb, Sigma) 1 l 6 l glyoxal

loading buffer 30 % Glyoxal 1.2 l DMSO 3.2 l 5X

TAE 0.6 l loading dye 1 l) 0.8 %

0.5X TAE (50 5 100

30 ) ethidium

bromide RNA RNA markers

BlCMV-TW RNA

BlCMV-TW 3'

CP (3) NIb

5' BlCMV-TW

PStV-B (accession number NC_001723) PStV-

China G (accession number AJ132143)

500-800 bp

20-30 mers

119

BlCMV-TW PCR RT-PCR

Table 1. Synthetic primer sequences used in PCR and RT-PCR reactions for viral genes of BlCMV-TW strain.

Primers sense/antisense Corresponding Sequences Target gene
(+/-) position 1

Blc-A1 + 8211-8230 5' GGTGGGTTGGTGAAGAGATG 3' NIb, CP
Blc-B1 - 8970-8989 5' AGCATCCACACCAGCATCCA 3' NIb, CP
Blc-A2 + 7636-7655 5' TGAGGTTTGCTATGAAGCGT 3' NIb
Blc-B2 - 8330-8349 5' AGTGTGTTGTCCACGACTGT 3' NIb
Blc-A3 + 7126-7145 5' GGTCTCAGTAAGTGATGGAC 3' NIb
Blc-B3 - 7830-7849 5' CAGGTACAAGAGTCTCTCCT 3' NIb
Blc-A4 + 6523-6542 5' CAGGCCAACACTTTTGTGTA 3' NIa-Pro, NIb
Blc-B4 - 7241-7260 5' TCCCATGAAAGTGATTCAGC 3' NIa-Pro, NIb
Blc-A6 + 6020-6039 5' ACATTGATTGGTGGTGGCTG 3' 6K2, NIa-VPg, NIa-Pro
Blc-B6 - 6670-6690 5' CACGAAGTCCCTTGTAAATC 3' 6K2, NIa-VPg, NIa-Pro
Blc-A8 + 5405-5424 5' AAGCTGGCAATCCCATATCA 3' CI,6K2, NIa-VPg
Blc-B8 - 6121-6140 5' TGTCAAAAGCATCCCTGAAC 3' CI,6K2, NIa-VPg
Blc-A12 + 4722-4741 5' ACTTCGTACAAGCTCAAGGA 3' CI
Blc-B8R - 5405-5424 5' TGATATGGGATTGCCAGCTT 3' CI
Blc-BS2 2 - 4863-4885 5' CATCTGCATTGTCCTTCCATCCA 3' P1, HC-Pro, P3, 6K1, CI
Blc-A13 + 4141-4163 5' ATGGTGGAATAGACAGTTGCAGC 3' CI
Blc-BS2 - 4863-4885 5' CATCTGCATTGTCCTTCCATCCA 3' CI
Blc-A14 + 3691-3710 5' TGTGAAGCAGGCTGAGAGAA 3' P3, 6K1, CI
Blc-B14 - 4420-4439 5' CTCGCATTCTGAGTGTGACA 3' P3, 6K1, CI
Blc-A15 + 2692-2711 5' TGCAAGCCAGACAATGCATG 3' HC-Pro, P3
Blc-B15 - 3830-3849 5' GCCATCATTTCCTGTGCTGT 3' HC-Pro, P3
Blc-A17 + 2386-2405 5' TCCAACTAAGAGACACCTCG 3' HC-Pro, P3
Blc-B17 - 2853-2872 5' GAGAGCTGTCTCACATCTCA 3' HC-Pro, P3
Blc-A19 + 1888-1907 5' AGGCTCATCAGTGACTCAAG 3' HC-Pro
Blc-B19 - 2591-2610 5' TCATGCATTGTGGGCCATGT 3' HC-Pro
Blc-A20 + 1489-1508 5' CAATGGATGGCGTGACAAGT 3' HC-Pro
Blc-B20 - 1945-1764 5' GGTTCTTCCACCATTGTGTC 3' HC-Pro
Blc-A21 + 854-873 5' AAGAAACGCGCTGAATTGGC 3' P1, HC-Pro
Blc-B21 - 1561-1580 5' ACTGTCCACACTGTGCATTG 3' P1, HC-Pro
Blc-A22 + 350-369 5' GAAGGCGATTTGAGTGCATC 3' P1
Blc-B22 - 945-964 5' AATACTCATCGGCTCCAGCA 3' P1
Blc-B23 - 519-538 5' TTCAGTGGCTACACATGGCA 3' P1
Smart 2A 3 + 5' CAGTGGTATCAACGCAGAGT 3' P1

1 Corresponding position was referred to PStV-B (Acc. No. NC_001723).
2 Pirmer Blc-BS2 was used for first-strand cDNA synthesis.
3 Smart 2A was referred to SMART II oligo sequence ( SMARTTM RACE cDNA Amplication Kit Clontech, USA )



(RT-PCR) NIb HC-Pro

RT- PCR RT-

PCR EZ rTth RNA PCR kit (PE Applied

biosystems, USA) QIAGEN OneStep RT-PCR Kit

(QIAGEN, USA)

Blc-A1 Blc-B1 Blc-

A2 Blc-B2 Blc-A3 Blc-B3 Blc-A4 Blc-B4 Blc-

A6 Blc-B6 Blc-A8 Blc-B8 Blc-A12 Blc-

B8R Blc-A13 Blc-BS2 Blc-A14 Blc-B14 Blc-A15

Blc-B15 Blc-A17 Blc-B17 RT-

PCR EZ rTth

RNA PCR Kit (PE Applied biosystems, USA) QIAGEN

OneStep RT-PCR Kit (QIAGEN, USA) SMARTTM RACE

cDNA Amplication Kit (Clontech, USA)

SMART cDNA 5' NTR

cDNA SMARTTM RACE cDNA

Amplication Kit (Clontech, USA) CI 5'-

NTR cDNA

PCR

cDNA Kit

cDNA 5' 2 l BlCMV-TW

RNA (1 g/ l) 1 l SMART II A oligo

(10 M) Blc-BS2 (10 M)

70 2 2.0 l 5X First-strand

buffer 1 l Dithiothreitol (DTT, 20 mM) dNTP Mix

(10 mM) 1 l PowerScriptTM Reverse Transcriptase (50 U/

l) 42 1.5 90 l Tricine-

EDTA buffer 72 7

(PCR) cDNA 1 l

10X PCR buffer 5 l 200 M dNTP Mix 1 l

Taq DNA Polymerse (PE Applied biosystems, USA) 0.5 l

2 l (10 M) 38.5 l ddH2O 50

l Blc-A19 Blc-B19 Blc-A20 Blc-B20

Blc-A21 Blc-B21 Blc-A22 Blc-B22 Smart 2A

Blc-B23 PCR

Sanger(14)

(dideoxy chain termination)

ABI PRISMTM Dye Terminator Cycle Sequencing Ready

Reaction Kit ABI PRISM 377 DNA Sequencer (Applied

Biosystems, USA)

Hitachi software DNASIS (version 2.1)

(reverse)

(complement)

(compare maximum

matching)

(translation)

BlCMV-TW

National Center for Biotechnology Information (NCBI,

www.ncbi.nlm.nih.gov) BLAST

(GCG Command Mode, telnet gcg.nhri.org.tw)

BlCMV-TW

Potyvirus (identity)

2.5 cm

340 nm 220 nm

260

nm Amax 246 nm Amin

potyviruses

(Amax) (Amin) 280 nm (A280) 260 nm

(A260) Amax/Amin A280/A260

BlCMV-TW Amax/Amin 1.12

A280/A260 0.79 potyvirus 

2.4 A260/2.4

100 g 4.77 mg BlCMV-

TW RNA 0.8 % RNA

BlCMV RNA

10 kb

CP P3
EZ rTth RNA PCR kit (PE Applied biosystems, USA)

QIAGEN OneStep RT-PCR Kit (QIAGEN, USA) Blc-A1

Blc-B1 Blc-A2 Blc-B2 Blc-A 3 Blc-B3 Blc-A4

Blc-B4 Blc-A6 Blc-B6 Blc-A8 Blc-B8 Blc-A12

Blc-B8R Blc-A13 Blc-BS2 Blc-A14 Blc-B14

Blc-A15 Blc-B15 Blc-A17 Blc-B17

RT-PCR 1.2 %

0.05-2 kb 0.5-10 kb DNA markers

0.8 0.75 0.75 0.75 0.75 0.75 0.75

0.75 0.75 1.1 0.5 kb
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CI 5'-NTR
RNA PowerScriptTM Reverse

Transcriptase Blc-BS2 cDNA

0.8 %

4.8 kb BlCMV-TW cDNA

Blc-A19 Blc-B19 Blc-A20 Blc-

B20 Blc-A21 Blc-B21 Blc-A22 Blc-B22 Blc-B23
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0.75 0.5 0.75 0.6 0.5 kb

BlCMV-

TW accession number AY575773 NIb

1548 516 NIa 1299

433 6K2 159

53 CI 1902

634 6K1 156

52 P3 1041

347 HC-Pro 1371 457

P1 1269 423

13 2 2004122

BlCMV-TW
accession number AY575773

Fig. 1. The full-length cDNA nucleotide and amino acid
sequences of BlCMV-TW RNA (accession number
AY575773).
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Potyvirus P1 P3 CP N
(5) BlCMV-TW

BCMV-Y BCMV-R PStV
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123

(BlCMV-TW) potyviruses (%)
(%)

Table 2. Nucleotide sequence identity (%) and aminoacid sequence similarity (%) of genes between Blackeye cowpea mosaic
virus Taiwan strain (BlCMV-TW) and other legume-infecting potyviruses

Viruses1 P12 HC-Pro P3 6K1 CI 6K2 VPg NIa NIb CP

BCMV-Y 66/713 90/97 90/95 87/98 89/95 86/92 93/96 93/99 94/98 96/99
BCMV-R 91/94 95/97 92/96 88/98 91/97 91/92 92/95 96/99 93/98 95/98
PStV 63/71 86/92 80/91 81/88 81/89 79/83 84/92 86/96 86/94 88/90
SMV 34/41 68/72 62/76 70/76 70/78 66/64 72/80 73/81 70/77 67/73
CAbMV 29/35 68/72 56/68 65/69 70/75 64/60 71/77 71/74 70/75 65/67
BYMV 20/23 50/44 39/46 50/41 57/54 49/32 52/35 52/46 58/57 57/54
ClYVV 19/24 52/44 40/48 50/41 57/56 45/26 53/35 51/48 60/58 55/52
LMV 29/0 51/45 36/37 50/44 54/51 49/37 50/26 56/51 58/60 57/57

1 BCMV-Y (Bean common mosaic virus Y strain, Acc. No. AJ312438), BCMV-R (Bean common mosaic virus R strain, Acc. No.
AJ312437) PStV (Peanut stripe virus, Acc. No. NC_00177523), SMV (Soybean mosaic virus, Acc. No. NC_002634), CAbMV
(Cowpea aphid-borne mosaic virus, Acc. No. AF348210), ClYVV (Clover yellow vein virus, Acc. No. NC_00353566), BYMV (Bean
yellow mosaic virus, Acc. No. NC_003492), LMV (Lettuce mosaic virus, Acc. No. NC_003605).

2 P1 (first protein), HC-Pro (helper component protease), P3 (third protein), CI (cylindrical inclusion), VPg (virus-encoded genome linked
protein), NIa (nuclear inclusion a), NIb (nuclear inclusion b), CP (coat protein).

3 /  represented nucleotide sequence identity (%) / amino acid sequence similarity (%).
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ABSTRACT

Wang, H. L.1, 2, and Fang, C. C.1 2004. Molecular sequencing and analysis of the viral genomic regions of

Blackeye cowpea mosaic virus Taiwan strain. Plant Pathol. Bull. 13: 117-126. (1 Institute of Biological

Science, National Kaohsiung Normal University, Kaohsiung, 800, Taiwan, R.O.C. 2 Corresponding author:

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

Blackeye cowpea mosaic virus (BlCMV) is a species of Potyvirus genus in the family of Potyviridae. It

is an important virus infecting asparagus bean and occurring worldwide. It is transmitted by mechanical

inoculation, several species of aphids in a non-persistent manner and through seeds. Virions of BlCMV-TW

were purified from infected leaves of asparagus bean by polyethylene glycol precipitation followed by a

Cs2SO4 isopycnic centrifugation. Electrophoretic analysis revealed a 10 kb of viral RNA of BlCMV-TW.

The cDNA fragements of BlCMV-TW were obtained by using reverse transcription polymerase chain

reaction (RT-PCR). Full length of viral genome was sequenced. The genome of BlCMV-TW (accession

number: AY575773) contained 9992 nucleotides including the 5' and 3' untranslated regions and 3'-terminal

poly(A) tails. The genomic RNA of BlCMV-TW contained an open reading frame which starts at position of

133 and terminates at position of 9738, encoding a polyprotein of 3202 amino acids. Comparison of the

nucleotide and amino acid sequences of genes with those of reported BCMV-Y, BCMV-R, PStV, SMV,

CabMV, ClYVV, BYMV and LMV showed over 80% identities with those of BCMV-Y, BCMV-R, PStV

and BlCMV-TW, excluding the P1 gene. The P1, P3 and the N-terminal of CP gene are the most variable

regions of potyviruses genomes. DAG motif was found in the N-terminal of CP gene of BCMV-Y, BCMV-

R, PStV and BlCMV-TW involving in the aphid transmission. The results also showed that the NIb gene of

BCMV-Y BCMV-R PStV and BlCMV-TW contained the active site of the core replicase, GDD motif.

The NIa protein could cleavage itself at the position between Glu-200 and Ser-201 to produce a secondary

25 kDa proteinase. The HC-Pro gene of BCMV-Y BCMV-R PStV and BlCMV-TW conserved the KITC

and PTK motifs. The multiple aligments of nucleotide and amino acid sequences among BCMV-Y

BCMV-R PStV and BlCMV-TW displayed high identities. The result revealed that PStV and BlCMV-TW

are the different strains of BCMV.

Key words : Blackeye cowpea mosaic virus, Potyvirus genus, nucleotide sequences


