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Fig. 1. The strategy for cDNA synthesis of the CP genes of six TUMV strains by RT-PCR. Two pairs of primers, TuMV-1
(8632~8652 : GCGGAAACAGCG CTGAGGAA) and TuMV-2 (9814~9830: TTTTTTGTCCCTTGCATCCTATC), were
designed to generate cDNA of TuMV by RT-RCR. Primers designed in this study are indicated with their names by arrows (1 ).
The size of the amplified fragment is indicated by a hatched box.



136 8 4 1999

O
TuMV-1 TuMV-2
Sanger (1977)
O (dideoxy chain termination) ABI

PRISMTM Dye Terminator Cycle Sequencing Ready

Reaction Kit ABI PRISM 377 DNA Sequencer (Perkin
Elmer, USA) O
O O

Hitachi software DNASIS
for Windows (version 2.0 DNASIS)
TuMV
O A T G C
www.ncbi.nlm.nih.gov
TuMVv (multiple sequences)

U 3

320 nm
220 nm

260 nm
potyvirus

246 nm Amin
(Stace-Smith and Tremaine,
1970) Amax Amin A280 A260
Amax / Amin A280/ A260 TuMV-
Cl Amax / Amin 1.06 A280/ A260
0.93 potyvirus 24
100 g
TuMV-C2 Amax / Amin
0.88 100 g
31.4mg TuMV-C3 Amax / Amin
A260 0.79 100 g
26.4mg TuMV-C4 Amax / Amin
1.05 A280/A260 0.87 100g
31.2mg TuMV-C5 Amax /
112 A280/A260 0.79 100g
47.88 mg TuMV-
1.10 A280/ A260

Amax

4.7 mg
1.07 A280/A260

1.08 A280/

Amin

TW Amax / Amin

0.78 100 g
28.0 mg ( ) TuMV-C1
4.7 mg TuMV-C5
47.9 mg 10 TuMV

TuMV RNA
RNA
0.24 9.5kb RNA
10 kb ( ) potyvirus RNA
Potyvirus
O Potyvirus

(13)

a

Table 1. The yields and purity of six TuMV strains after
purification

TuMV  Amax Amin A280/A260 Amax/min Yied
strains (mg/100 g tissues)
C1l 260 246 0.93 1.06 47
C2 260 246 0.88 1.07 314
C3 260 246 0.79 1.08 26.4
C4 260 246 0.87 1.05 31.2
C5 260 246 0.79 112 479
TW 260 246 0.78 1.10 28.0

& Potato virus Y , Amax: 260 nm, Amin: 247 nm,
A280/A260 = 0.83, Amax/min = 1.11. (Stace-Smith and
Tremain, 1970)

RNA
Cl C2 C3 C4 C5 TW

cDNA TuMV-
RT-PCR
TuMV RT-PCR
1.2 kb 3 ( )

RNA
Fig. 2. Electrophoretic analysis of TuUMV-C1 C2 C3
C4 C5and TW RNA in a 1% agarose gel. Lane M
0.24~9.49 kb RNA markers (BRL). Lanes1-6 TuMV-C1
C2 C3 C4 Cbhand TW RNA, respectively.
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Fig. 3. Analysis of RT-PCR products for the CP genes and 3'
non-translated regionsof TuUMV-C1 C2 C3 C4 Ch5and
TW in a 1% agarose gel stained with ethidium bromide. Lane
M 1 kb DNA markers (stratagene). Lanes 1-6  products
amplified by RT-PCR from TuMV-C1 C2 C3 C4 C5
and TW, respectively.
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938 990 ( ) 3 O
98.9 100 ( ) O
TuMV-C1 C2 C3 C4 94.2 99.3
TUMV-C5 TW 97.7
92.7 95.1
TuMV-ClL C2 C3 C4 951 99.0
TuMV-C5 TW 97.9
93.8 97.6 3 O

TuMV-C1 TuMV-C2 TuMV-C4 TuMV-C5 TuMV-
T™W 100 TuMV-C3

O

Table 2. Comparison of nucleotide identities (%) of the CP
genes of six TUMV isolates

TuMV- TuMV- TuMV- TuMV- TuMV- TuMV-
C1 C2 C3 C4 C5 T™W
TuMV-C1 100 94.9 95.3 94.2 95.1 94.7

Strains

TuMV-C2 100 99.3 98.5 93.9 934
TuMV-C3 100 98.7 94.2 93.8
TuMV-C4 100 93.2 92.7
TuMV-C5 100 97.7
TuMV-TW 100

Table 3. Comparison of amino acid identities (%) of the CP
genes of six TUMV isolates

TuMV- TuMV- TuMV- TuMV- TuMV- TuMV-
C1 C2 C3 C4 C5 TW

TuMV-Cl1 100 97.2 98.3 9%.1 965 958

Strains

TuMV-C2 100 9.0 95 9%.5 958

TuMV-C3 100 96.9 976 969

TuMV-C4 100 944 938

TuMV-C5 100 97.9

TuMV-TW 100
3 d

Table 4. Comparison of 3' non-coding region nucleotide
identities (%) of six TuUMV isolates

TuMV- TuMV- TuMV- TuMV- TuMV- TuMV-
C1 C2 C3 C4 C5 T™W

TuMV-C1 100 100 98.9 100 100 100

Strains

TuMV-C2 100 98.9 100 100 100
TuMV-C3 100 98.9 989 989
TuMV-C4 100 100 100
TuMV-C5 100 100
TuMV-TW 100




138 8 4 1999

A GE, Al - - -
. o - -
S v
31 = maaaaan B
e e mo et AT Y R TN I S 2 A e L T A AT

I e

-
d

PRI T B
il

bty ol B €SS A N
B -

AT

-'.I ]

R e R T

T TR WA IN NI B LU L G St

BT TN L -

TR R T ES TR RO TR AR AT TIT A ML

Bl Y HITT S
R P P R

s e, [
— fE B L N R N |
- - -- N

TAACATITERTRGSEE T,

TV -3

b

Fig. 4. Multiple nucleotide sequences alignment of the CP genes and the 3' non-coding region of six TUMV strains, TuMV-C1
C2 C3 C4 Cb5andTW. A consensus sequence obtained with the Clustal algorithm is shown above the alignment.
Nucleotides identical to the consensus are indicated by dots within the alignment. The Clustal algorithm from the Hitachi
software of the DNASIS for Windows (version 2.0 DNASIS) was used to align the nucleotides sequences.



Fig. 5. Multiple amino acid sequences alignment of the CP
genes of six TUMV strains, TUMV-C1 C2 C3 C4 C5
and TW. A consensus sequence obtained with the Clustal
algorithm is shown above the alignment. Amino acids
identical to the consensus are indicated by dots within the
alignment. The Clustal algorithm from the Hitachi software
of the DNASIS for Windows (version 2.0 DNASIS) was used
to align the deducted amino acid sequences.
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Table 5. Comparison of the nucleotide identities (%) of the
CP genes of six TuMV strains with those of other reported
strains from different geographical areas

Strains CPP CAPP CQS NIAP CP CPRN MUT JAP

C1 892 965 927 950 977 96 976 951
C2 888 948 922 938 954 953 955 929
C3 891 951 926 941 957 956 958 933
C4 883 941 918 931 947 946 948 922
C5 895 958 928 997 972 959 971 964
TW 884 954 922 976 968 957 969 961
CpPP 100 892 942 894 898 895 897 905

CAPP 100 936 957 979 980 980 951
CQs 100 927 935 935 936 939
NIAP 100 971 958 970 96.3
CP 100 983 999 96.6
CPRN 100 984 955
MUT 100 96.5
JAP 100
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Table 6. Comparison of the amino acid identities (%) of the
CP genes of six TUMV strains with those of other reported
strains from different geographical areas

Strains CPP CAPP CQS NIAP CP CPRN MUT JAP
C1 944 976 944 965 983 986 983 958
C2 948 969 944 965 976 979 976 958
C3 95 979 955 976 986 990 986 969
C4 927 948 924 944 955 958 955 938
C5 941 969 948 993 983 979 983 96.2
T™W 944 962 944 979 976 972 976 965
CpP 100 944 962 941 951 955 951 965
CAPP 100 951 969 986 990 986 958
CQs 100 948 951 955 951 965
NIAP 100 983 979 983 9.2
CpP 100 99.7 100 97.2
CPRN 100 997 96.9
MUT 100 97.2
JAP 100
3 O

Table 7. Comparison of the nucleotide identities (%) of the 3'

non

-coding regions of six TUMV strains with those of other

reported strains from different geographical areas

Strains CPP CAPP CQs NIAP JAP
C1l 94.1 99.5 94.7 98.9 99.5
c2 9.1 99.5 94.7 98.9 99.5
C3 93.6 98.4 94.1 97.9 98.4
C4 94.1 99.5 94.7 98.9 99.5
C5 94.1 99.5 94.7 98.9 99.5
TW 9.1 99.5 94.7 98.9 99.5
CPP 100 93.6 99.5 93.0 93.6
CAPP 100 94.1 98.4 98.9
CQs 100 93.6 94.1
NIAP 100 98.4
JAP 100
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ABSTRACT

Wu, M. F. * and Wang, H. L. 2 1999. Analysis of the sequence diversity of the coat protein genes of
different turnip mosaic virus strains. Plant Pathol. Bull. 8:133-142. (* Institute of Biology Science, National
Kaohsiung Normal University, Kaohsiung, 802, Taiwan, R.O.C.; > Corresponding author: E-mail:
hlwang@nknucc.nknu.edu.tw; Fax: +886-7-7169030.)

TuMV isamember of the genus potyvirus. It infects many economically important crops, and is one of
the most important viruses in the world affecting Brassica species. In this study virons of six TUMV strains,
Cl C2 C3 C4 ChandTW, were purified from infected leaves of mustard by polyethylene glycol
precipitation followed by a Cs,SO. isopycnic centrifugation. Electrophoresis revealed presence of asingle
RNA band about 10 kb for each strain of TuUMV. The cDNAs of the coat protein (CP) genes and 3' non-
translated regions of the six TUMV strains were synthesized by reverse transcription polymerase chain
reaction (RT-PCR). Analysis of nucleotide sequences and amino acid sequences of the CP genes and the 3'
non-translated regions indicated that the CP genes of TuUMV-C1 C2 C3 and C4, and those of TuMV-C5
and TW share close relationships. The CP genes and 3' non-coding regions of the six TUMV strains were
also compared with other reported TuUMV strains of CPP (from China), CAPP (from Canada), CQS, NIAP
(from Korea), CP, CPRN, MUT (from UK) and JAP (from Japan). Results showed that the CP genes of
TuMV-C5 and TW have closer relationships with the NIAP strain from Korea.

Key words : turnip mosaic virus, coat protein (CP) gene, nucleotide sequences



