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ABSTRACT : Complementary DNA of the movement protein (MP) gene of tobacco mosaic virus
Korean pepper strain (TMV-KP) was synthesized from purified TMV-KP RNA by using the
reverse transcription and polymerase chain reaction (PCR) system. The synthesized double stran-
ded ¢cDNA was cloned into the plasmid pUC9 and transformed into Escherichia coli JM110.
The movement protein gene of TMV-KP of the selected clones was subjected to sequence analysis
by Sanger’s dideoxy chain termination method. The complete sequence of viral MP gene from
TMV-KP strain was 807 nucleotides long. The nucleotide of MP gene from TMV-KP has thirteen
and two nucleotide differences from TMV vulgarae (TMV-OM) and Korean (TMV-K) strains,
respectively. Thus, the nucleotide sequence of TMV-KP MP gene showed higher homology of
99% with that of TMV-K MP gene.
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Tobacco mosaic virus (TMV) genome consists of
single stranded RNA with 6,395 nucleotides (5). Ge-
nomic structure and nucleotide sequence of the viral
RNAs were analyzed in several TMV strains inclu-
ding ordinary (OM) and tomato (T) strains (4, 6, 10).
Tobacco mosaic virus korean pepper strain (TMV-
KP) was isolated from pepper plants cultivated in
Korea (1,2). The TMV-KP strain showed several
differences from OM and T strains of TMV in the
host range and serological tests. Here we suggest
the strain name of TMYV isolated from korean pep-
per plants as TMV-KP changing from TMV-P (8).
The strain name of TMV-P was already proposed
by Nagai e al (9) in Japan. The strain name of
TMV-K was also reported by Koh e al (7) in Ko-
rea.

*Corresponding author,

The TMV-RNA genome carries informations to
make four different proteins: of 183K, 126K, 30K
and coat protein (6). The 183 K and 126 K proteins
are directly translated from the genomic RNA and
responsible for TMV replication. The 183 K protein
is synthesized by suppression of amber termination
codon of the 126K protein gene. The 30K protein
is a nonstructural protein and is required for cell-
to-cell movement during the TMV replication. The
movement and coat proteins are encoded by inter-
nal open reading frames (ORFs) and are translated
from unique 3’ coterminal subgenomic RNA (3).

For the genomic studies and viral protein analy-
sis, we cloned and sequenced the cDNA of move-
ment protein (MP) gene from the TMV-KP strain.
The first strand of cDNA was synthesized from the
purified TMV-KP RNA by the reverse transcriptase
of Moloney Murine Leukemia Virus (MMLYV) with
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forward primer ! 5'GGT§

TMV-OM strain :

T TTGTC TGATA AAGTT C
5'-.-GGUGA AGUAU UUGUC UGAUA AAGUU CUUUU UAGAA GUUUG UUUAU AGAUG

4860 4870 4880 4890 4900
5710 5720 5730
MP gene (800 bases) ----- UCGUU UUAAA UAUGU CUUAC AGUAU CACUA CUCCA ----- 3’

reverse primer

: TACA GAATG TCATA

Fig. 1. Schematic construction system of the reverse and forward primers based on the MP gene of TMV-OM
strain for the cDNA synthesis of TMV-KP movement protein gene. Underlines and shadows show the start and
end codon of movement protein gene and restriction site of EcoRI, respectively.

the 3’ end reverse primer which was designated as
23 nucleotides with EcoRI restriction site -GAA-
TTC- (Fig. 1). The second DNA strand of the mo-
vement protein gene was synthesized by the active
polymerase chain reaction (PCR) using 25 nucleoti-
des long forward primer containing EcoRI restric-
tion site (Fig. 1). The successive reaction temperatu-
res and times were 30 cycles of 96°C, 62°C, 70°C
for 1 minute at each step. The synthesized double
stranded ¢cDNA was digested with EcoRI restriction
enzyme, ligated into the EcoRI restriction site of
plasmid pUC9 with T4 DNA ligase and transfor-
med into Escherichia coli JM 110 (8).

Transformed cells were cultured on the LB plates
containing Ampicillin and X-gal for overnight.
White colonies grown on LB media supplemented
with Ampicillin and X-gal were selected. Plasmid
DNAs were isolated from the 12~24 hr grown cul-
ture in LB medium by the plasmid DNA purifica-
tion method using Qiagen columns (11). The isola-
ted plasmid DNAs were digested with EcoRI restric-
tion enzyme to analyze the inserted DNA fragments
in the recombinant plasmids. One of five selected
clones showed an additional band with about 800
bp in size (Fig.2), which is similar to the TMV
movement protein gene.

Nucleotide sequence of the cloned fragment in
Fig.2 was determined by Sanger’s dideoxy chain
termination method (12). The 807 nucleotide seque-
nce of MP gene of TMV-KP strain is three nucleo-
tides smaller than that of TMV-OM strain, but has
the same size as that of TMV-K strain. Nucleotide
sequence analysis of the MP gene from TMV-KP
strain showed thirteen and two nucleotide differen-
ces from those of TMV vulgarae (TMV-OM) and
“Korean (TMV-K) strains, respectively. Thus, the MP
gene of TMV-KP showed very similar homologies

M P

12 3 435

Fig. 2. Agarose gel electrophoresis of purified plasmid
containing the cDNA insert of TMV-KP movement
protein gene. Lane P indicates plasmid DNA not dige-
sted with EcoRI. Lane 1. 2. 3, 4, and 5 show the plas-
mid DNAs of pTM 201, 202, 203, 204 and 205 digested
with EcoRI. The molecular size marker (lane M) is
pBR 328 DNA digested with Bg/l and Hinfl. The bands
of size marker represent 2167, 1766, 1230. 1033, 653,
517. 453, 394, 298, 234 base pairs from upper. respecti-
vely. The arrow indicates about 800bp position.

of 984 and 99.8 % to those of TMV-OM and TMV-
K strains. The two nucleotides of 645th and 686th
in TMV-KP showed the changes of A—>G and T
—A compared with TMV-K strain. The change of
the 645th nucleotide presents the same Gly—=>Gly
composition of amino acids with the TMV-K strain.
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1 ATGGCTCTAG TTGTTAAAGG AAAAGTGAAT ATCAATGAGT TTATCGACCT
51  GACAAAAATG GAGAAGATCT TACCGTCGAT GTTTACCCCT GTAAAGAGTG
101 TCATGTGTTC AAAAGTTGAT AAAATAATGG TTCATGAGAA TGAGTCATTG
151  TCAGAGGTGA ACCTTCTTAA AGGAGTTAAG CTTATTGATA GTGGATACGT
201 CTGTCTAGCC GGTTTGGTCG TCACGGGCGA GTGGAACTTG CCTGACAATT
251  GCAGAGGAGG TCTGAGCGTG TGTCTGGTOG ACAAAAGGAT ~GGAAAGAGCC
301 GACGAGGCCA CCCTCGGATC TTACTACACA GCAGCTGCAA AGAAAGAGCC
351  TCAGTTCAAG GTCGTTCCCA ATTATGCTAT AACCACCCAG GACGCGATGA
401  AAAACGTCTG GCAAGTTTTA GTTAATATTA GAAATGTAAA GATGTCAGCG
451 GGTTTCTGTC CGCTTTCTCT GGAGTTTGTG TCGGTGTGTA TTGTTTATAG
501  AAATAATATA AAATTAGGTT TGAGAGAGAA GATTACAAAC GTGAGAGACG
551  GAGGGCCCAT GGAACTTACA GAAGAAGTCG TTGATGAGTT CATGGAAGAT
601  GTCCCTATGT CAATCAGGCT TGCAAAGTTT CGATCTCGAA CCGOIAAAAA
651 GAGTGATGTC CGTAAAGGGA AAAATAGTAG TAGTGEINCGG TCAGTGCCGA
701  ACAAGAACTA TAGAAATGTC AAGGATTTTG GAGGAATGAG TTTTAAAAAG
751  AATAATTTAA TCGATGATGA TTCGGAGGCT ACTGTCGCCG AATCGGATTC
801  GTTTTAA
Fig. 3. Nucleotide sequence of the cDNA clone of mo-
vement protein gene from tobacco mosaic virus Korean
pepper strain (TMV-KP) RNA genome. The shadowed
sites are two nucleotides different from those of TMV-
K strain.

But the change of the 686th nucleotide shows the
different Val=>Asp composition of amino acids. In-
terestingly the amino acid change of Val—>Asp in
the TMV-KP shows the same amino acid with the
TMV-OM strain.

The genomes of many plant viruses encode spe-
cific movement protein which facilitates viral move-
ment or transport through plasmodesmata in their
host plants (13). The nucleotide change of move-
ment protein gene may affect the transport of virus
particles through plasmodesmata and to the symp-
tomatic expression ultimately. But the relationship
between nucleotide changes of movement protein
gene and their expression into viral symptoms is
still a question. It needs to be further studied about
the molecular mechanism of the movement protein
gene and any relationship with viral symptoms.
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