75 ABBUKT  2tERY £ b Y

Osaka Metropolitan University

<Notes>Nucleotide Sequence Analysis for RNA 3
of pepo-, SO- and MY17-Strains of Cucumber
Mosaic Virus and its Comparison with Y-Strain

E5&: English

HhRE

~EH: 2009-08-25

F—7— K (Ja):

*—7— K (En):

YER&: SAITOH, Hiromasa, FUJIWARA, Masayuki,
KOBORI, Takashi, OHKI, Satoshi T., OSAKI, Takeshi
X=ILT7 KL AR:

FiT/:

https://doi.org/10.24729/00009695




Sci. Rep. Coll. Agric. Osaka Pref. Univ. 51 : 33~37, Notes

Nucleotide Sequence Analysis for RNA 3 of pepo-,
SO- and MY17-Strains of Cucumber Mosaic Virus

and 1ts Comparison with Y-Strain

*

Hiromasa SaiToH, Masayuki Funmwara, Takashi KOBORI,

Satoshi T. OHkI, and Takeshi Osakr**

(Laboratory of Plant Pathology, College of Agriculture, Osaka
Prefecture University, Sakai, Osaka 599 - 8531, Japan)

Abstract
RNA 3 sequence of pepo-, SO- and MY17-Cucumber Mosaic Virus (CMV), which infect
Cucumis figareir at 36°C, was determined and compared with that of Y-CMV. The sequences
indicated that both SO- and MY17-CMV were classified in subgroup I as pepo- and Y-CMV,
which further supported that there were no relationships between the subgroups and the ability

to infect systemically at 36" C. There were minor differences in the nucleotide sequence among
pepo-, SO- and MY17-CMV RNA 3, however, no considerabledifferences in the nucleotide
sequence homology were detected between Y- and the three other strains.
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resistance.

Cucumzis figareir Des. et Naud. 1s an African
wild species relative to Cucumis melo L.(melon)
and highly resistant to several cucurbit-infect-
ing viruses, including Cucumber wmosaic virus
(CMV). Comparative analysis for replication and
movement of CMV in C. figarer and C. melo
indicated that the resistance of C. figarer to
CMV might be caused primarily by the inhibi-
tion of virus movement via both cell-to-cell and
long-distance pathways (Saiga et al., 1998). In
the previous study, we demonstrated that the
systemic resistance in C. figarer to Y- and two
other CMV strains was sustained at 36C, but
the resistance to pepo-, SO- and MY17-CMV
was breakable at the temperature (Saitoh ef al.,
1998). C. figarei-CMV 1is, therefore, an useful
model system for analyzing the virus move-
ment In systemic infection as well as the
resistance mechanism.

CMV 1s a tripartite single-stranded, positive
sense RNA virus in Cucumovirus of Bromovi-
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ridae. RNA 1 and RNA 2 encode the 1a and the
2a proteins, respectively, both of which are
components for the viral RNA-dependent RNA
polymerase (Nitta et al., 1988b; Hayes and Buck,
1990). RNA 3 encodes the 3a movement protein
(3a MP) and the coat protein (CP) that is
expressed from subgenomic RNA 4 (Palukaitis
et al., 1992). Both 3a MP and CP are reported
to be implicated in the long-distance movement
of CMV (Taliansky and Garcia-Arenal, 1995;
Blackman et al, 1998). Hence, we determined
the RNA 3 sequence of pepo-, SO- and MY
17-CMV and compared them with that of
Y-CMV.

cDNA clones for pepo-, SO- and MY17-CMV
RNA 3

Three CMV strains, pepo-CMV (Osaki and
Shohara, 1973; Saitoh ef al, 1998), SO-CMV
(Sattoh et al., 1998) and MY17-CMV (Saitoh et
al., 1998) were used.

Full-length ¢cDNA clones of pepo-CMV RNA
3 was constructed as follows. The sequence of
3 terminus was determined after polyadeny-
lation (Drummond et «l, 1985) by dideoxynu-
cleotide sequencing (Meshi et al., 1983; DeBore
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et al, 1986) that was primed using an oligo-
nucleotide (5-TTTTTTTTTTTTG-3"). The 5
terminus was determined by dideoxynucleotide
sequencing using an oligonucleotide &’-ACCTT-
GGAAAGCCAT-3). First-strand cDNA was
primed using an oligonucleotide (5’-CCGGAT-
CCTGGTCTCCTTTTGGAGGCCC-3") comple-
mentary to 3’ proximal 20 nucleotides of CMV
RNAs (Nitta ef al., 1988a; Owen ef al, 1990)
with reverse transcriptase (Nippongene). Second-
strand ¢cDNA synthesis of pepo- CMV RNA 3
was primed using an oligonucleotide (’-CGCC-
TAATACGACTCACTATA GTAATCTTACC-
ACTGTGT-3, underlined shows nucleotides for
T7 RNA polymerase promoter). The primer

contains 17 nucleotides that constitute most of
T7 RNA polymerase promoter sequence follow-
ed by 18 nucleotides that correspond to the viral
5 terminal sequence of pepo-CMV RNA 3.
Full-length ¢cDNA of pepo-CMV RNA 3 was
amplified by RT-PCR and cloned
plasmid vector pCRII following the protocol and
materials provided in the TA Cloning Kit
(Invitrogen). BawHI and EcoRI fragment from
the clone was further cloned into the plasmid
pUCI18, which had been digested with the same
enzymes. The resultant cDNA clone of
pepo-CMV RNA 3, which infectivity was
confirmed by the biocassay, was designated pCP
3TP2 (P3).

Full-length ¢cDNA clones for SO-CMV RNA
3 and MY17-CMV RNA 3 were constructed as
follows. The sequences of the 3’ termini were
determined as described (Symons, 1979) after
polyadenylation (Sanger et al., 1977) and those
of the 5 termini were determined by primer
extension method (Meshi et al., 1983) using an
(5-ACCTTGGAAAGCCAT-3)
complementary to the representative Y-CMV
(Nitta et al, 1988a) and Fny- (Owen et al., 1990)
with RAV 2 reverse transcriptase (TaKaRa). To
facilitate the cloning of ¢cDNAs, the 5 and 3
primers used for RT-PCR were designed based
on the nucleotide sequences of RNA3s to con-
tain SnaBl and FEcoRI sites respectively. The
amplified ¢cDNA products were cloned into the
Nsil/EcoRI sites of plasmid pUCT19, a modifi-
ed pUCT7 (Mori et al, 1991) after blunting the
Nsil site with T4 DNA polymerase with a cor-
rect fusion of the viral 5’ terminus to a T7 RNA

into the

oligonucleotide

polymerase promoter. The resultant infectious
cDNA clones of SO- and MY17-CMV RNA 3
were designated pCS3TP1 (S3) and pCM3TP2
(M3), respectively.

P3, S3 and M3 were then subjected to
nucleotide sequencing by dideoxy chain termi-
nation method (Sanger 1977) with
AutoRead Sequencing Kit (Amersham Phar-
macia). Comparative studies on the RNA 3
sequences including Y-CMV RNA 3 (Nitta et al.,
1988a) were assisted by computer software
program GENETYX (Software Development).

et al,

RNA 3 sequences of Y-, pepo-, SO- and MY
17-CMV

The nucleotide sequences of the four CMV
RNA 3 are presented in Fig. 1. The accession
numbers in GenBank database for pepo-, SO-
and MY17-CMV RNA 3 are AF103991, AF10
3992 and AF103993, respectively. The total
length of the RNA 3s ranged between 2212
(MY17) to 2217 (Y), but the two open reading
frames (ORFs) for 3a MP and CP were com-
posed of the same numbers of amino acid
residues, 840 and 657, respectively, among the
four strains. Although the pepo-strain reported
in Chaumpluk et al. (Chaumpluk et al, 1996)
has the same origin with our pepo-CMV, there
are considerable differences
sequence data (D28488) and ours. These chan-
ges are possibly due to the variation during
at

between their

continuous propagation on plant hosts
individual laboratories.

The entire nucleotide sequence homologies
were over 96% among the four strains. Especia-
lly the nucleotide sequences in the ORFs for 3

a MP and CP showed higher homologies as

Table 1. Comparative homology (percentage) of
nucleotide sequences of the two ORFs
among Y-, pepo-, SO- and MY 17 -
cucumber mosaic virus (CMYV)

3a Protein ORF

Strain Y pepo SO MY17
Y 100 98.3 98.2 97.5

Coat
) pepo 96.3 100 98.9 97.3

Protein

SO 97.0 97.6 100 97.4

ORF
MY17 97.0 95.3 96.3 100
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: GUAAU-CUAACCACCUGUGUGUGU - - GUGUGUGUGUAUCGAGUCGUGU - UGUCCGCACAUUUGAGUCGUGUUGUCCGCACAUA- ~ -UAUAUUUAUUUCGUUGUACAGUGUGUUAGAUUUC
: GUAAU - CUUACCA- CUGUGUGUGUGC GUGUGUGUGUGUCGAGUCGUGU-UGUCCGCACAUUUGAGUCGUGUUGUCCGCAC - - AUUUUAU -UUUA - - UCUUUAUACAGUGUGUUAGAUUUC
: GUAAU - CUUACCA - CUGUGUGUGUGCGUGUGUGUGUGUCGAGUCGUGU -UGUCCGCACAUUUGAGUCGUGUUGUCCGCAC - - AUUUUAU -UUUA -UUCUUUGUACAGUGUGUUAGAUUUC
: GUAAUCCU-ACCA-CUGUGUGUGUGCGUGUGUGUGUAUAGAGUCGUGUCUGU - - - ~ACAUUUGAGUCGUGCUGUCCGCACAUAUUUUAU -UUUAUUU- -UUUUACAGUGUGUUAGAUUUC
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: CCGAGGCAUGGCUUUCCAAGGUACCAGUAGGACUUUAACUCAACAGUCCUCAGCGGCUACGUCUGACGAUCUUCAAAAGAUAUUAUUUAGCCCUGAAGCCAUUAAGAAAAUGGCUACUGA
: CCGAGGCAUGGCUUUCCAAGGUACCAGUAGGACUUUAACUCAACAGUCCUCAGCGGCUACGUCUGACGAUCUUCAAAAGAUAUUAUUUAGCCCUGAAGCCAUUAAGAAAAUGGCUACUGA
CCGAGGCAUGGCUUUCCAAGGUACCAGUAGGACUUUAACUCAACAGUCCUCAGCGGCUACGUCUGACGAUCUUCAAAAGAUAUUAUUUAGCCCUGAAGCCAUUAAGAAAAUGGCUACUGA
: CCGAGGCAUGGCUUUCCAAGGUACCAGUAGGACUUUAACUCAACAGUCCUCAGCGGCUACGUCUGACGAUCUUCAAAAGAUAUUAUUUAGC CCUGAAGCCAUUAAGARARUGGCUACUGA
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3A PROTEIN
GUGUGACCUAGGCCGGCAUCAUUGGAUGCGCGCUGAUAAUGCUAUUUCAGUCCGGCCCCUCGUUCCCGAAGUAACCCACGGUCGUAUUGCUUCCUUCUUUAAAUCUGGAUAUGAUGUUGG
GUGUGACCUAGGCCGGCAUCAUUGGAUGCGCGCUGAUAAUGCUAUUUCAGUCCGGCCCCUCGUUCCCGAAGUAACCCACGGUCGUAUUGCUUCCUUCUUUAAAUCUGGAUAUGAUGUUGG
GUGUGACCUAGGCCGGCAUCAUUGGAUGCGCGCUGAVAAUGCUAUUUCAGUCCGGCCCCUCGUUCCCGAAGUAACCCACGGUCGUAUUGCUUCUUUCUUUAAAUCUGGAVAUGAUGUUGG
GUGUGACCUAGGCCGGCAUCAUUGGAUGCGCGCUGAUAACGCUAUUUCAGUCCGGCCCCUCGUUCCCGAAGUAACCCAUGGUCGUAUUGCUUCUUUCUUUAAGUCUGGAUAUGAUGUCGG
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UGAAUUGUGCUCAAAAGGAUACAUGAGCGUCCCUCAAGUGUUAUGUGCUGUUACUCGAACAGUUUCCACUGAUGCUGAAGGGUCCUUGAGAAUUUACUUAGCUGAUCUAGGUGACAAGGA
UGAAUUAUGCUCAAAAGGAUACAUGAGCGUCCCUCAGGUGUUGUGUGCUGUUACUCGAACGGUUUCCACUGAUGCUGAAGGGUCCUUGAGAAUUUACUUAGCUGAUCUAGGUGACAAGGA
UGAAUUAUGCUCAAAAGGAUACAUGAGCGUCCCUCAAGUGUUAUGUGCUGUUACUCGAACGGUUUCCACUGAUGCUGAAGGGUCCUUGAGAAUUUACUUAGCUGAUCUAGGUGACAAGGA
UGAAUUAUGCUCAAAAGGAUACAUGAGCGUCCCUCAAGUAUUAUGUGCUGUUACUCGAACAGUUUCCACUGAUGCUGAAGGGUCCCUGAGAAUUUACUUGGCUGAUCUAGGCGACAAGGA
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GUUAUCUCCCAUAGAUGGGCAGUGCGUUUCGUUACAUAACCAUGAUCUUCCCGCUUUGGUGUCUUUCCAGCCGACGUAUGAUUGUCCUAUGGAAACAGUUGGGAAUCGUAAGCGGUGUUY
: GUUAUCUCCUAUAGAUGGGCAAUGCGUUUCGUUACAUAACCAUGAUCUUCCCGCUUUGGUGUCUUUCCAACCGACGUAUGACUGUCCUAUGGAAACAGUUGGGAAUCGCAAGCGGUGUUY
: GUUAUCCCCUAUAGAUGGGCAAUGCGUUUCGUUACAUAACCAUGAUCUUCCCGCUUUGGUGUCUUUCCAACCGACGUAUGACUGUCCUAUGGAAACAGUUGGGAAUCGCAAGCGGUGUUU
: GUUAUCUCCUAUAGACGGGCAAUGCGUCUCAUUACAUAACCAUGAUCUUCCCGCUUUAGUGUCUUUCCAACCGACGUAUGAUUGUCCUAUGGAAACAGUUGGGAAUCGUAAGCGGUGUUU
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UGCUGUUGUUAUCGAAAGACAUGGUUACAUUGGGUAUACCGGUACCACAGCUAGC GUGUGUAGUAAUUGGCAAGCAAGGUUUUCAUCUAAGAAUAACAACUACACUCAUAUCGCAGCUGG
: UGCUGUCGUUAUCGAAAGACAUGGUUACAUUGGGUAUACCGGUACCACAGCUAGCGUGUGUAGUAAUUGGCAAGCAAGGUUUUCUUCUAAGAAUAACAACUACACUCAUAUCGCAGCUGG
UGCUGUCGUUAUCGAAAGACAUGGUUACAUUGGGUAUACCGGCACCACAGCUAGCGUGUGUAGUAAUUGGCAAGCAAGGUUUUCUUCUAAGAAUAACAACUACACUCAUAUCGCAGCUGG
UGCUGUUGUUAUCGAAAGACAUGGUUACAUUGGGUAUACCGGUACCACAGCUAGCGUGUGUAGUAAUUGGCAAGCAAGGUUUUCUUCUAAGAAUAACAACUACACUCAUAUCGCAGCUGG
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GAAGACUCUAGUACUGCCUUUCAACAGAUUAGCUGAGCAAACAAAACCGUCAGCUGUCGCUCGCCUGUUGAAGUCGCAACUGAACAACAUUGAAUCUUCGCAAUAUUUGUUAACGAACGC
GAAGACUCUAGUACUGCCUUUCAACAGAUUAGCUGAGCAAACAAAACCGUCAGCUGUCGCUCGCCUGUUGAAGUCGCAACUGAACAACAUUGAAUCUUCGCAAUAUCUGUUAACGAAUGU
: GAAGACUCUAGUACUGCCUUUCAACAGAUUAGCUGAGCAAACAAAACCGUCAGCUGUCGCUCGCCUGUUGAAGUCGCAAUUGAACAACAUUGAAUCUUCGCAAUAUCUGUUAACGAACGC
GAAGACUCUAGUGCUGCCUUUCAACAGAUUAGCUGAGCAAACAAAACCGUCAGCUGUCGCUCGCCUGUUGAAGUCGCAAUUGAACAACAUUGAAUCUUCGCAAUAUUUGUUAACGAAUGC
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: GAAGAUUAAUCAGAAUGCGCGCAGUGAGUCCGAGGAAUUAAAUGUUGAGAGCCCUCCCGCCGCAAUCGGGAGUUCUUCCGCGUCCCGCUCCGAAGCCUUCAGACCGCAGGUGGUUAACGG
GAAGAUUAAUCAGAAUGCGCGCAGUGAGUCCGAGGAAUUAAAUGUUGAGAGCCCUCCCGCCGCAAUCGGGAGUUCUUCCGCGUCCCGCUCCGAAGCCUUCAGACCGCAGGUGGUUAACGG
GAAGAUUAAUCAAAAUGCGCGCAGUGAGUCCGAGGAAUUAAAUGUUGAGAGCCCUCCCGCCGCAAUCGGGAGUUCUUCCGCGUCCCGCUCCGAAGCCUUCAGACCGCAGGUGGUUAACGG
GAAGAUUAAUCAGAAUGCGCGCAGUGAGUCCGAGGAAUUAAAUGUUGAGAGCCCUCCCGCCGCAAUCGGGAGUUCUUCCGCGUCCCGCUCCGAAGCCUUCAGACCGCAGGUGGUUAACGG
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UCUUUAGCACUUUGGUGCGUAUUAGUAUAUAAGUAUUUGUGAGUCU -UACAUAAUACUAUAUCUAUAGUGUCCUGUGUGAGUUGAUACAGUAGACAUCUGUGACGCGAUGCCGUGUUGAG
UCUUUAGCACUUUGGUGCAUAUUAGUAUAUAAGUAUUUGUGUGUCUGUACAUAAUACUAUAUCUAUAGUGUCCUGUGUGAGUUGAUACAGUAGACAUCUGUGACGCGAUGCCGUGUUGAG
UCUUUAGCACUUUGGUGCGUAUUAGUAUAUAAGUAUUUGUGAGUCUGUACAUAAUACUAUAUCUAUAGUGUCCUGUGUGAGUUGAUACAGUAGACAUCUGUGACGCGAUGCCGUGUUGAG
UCUUUAGCACUUUGGUGCGUAUUAGUAUAUAAGUAUUUGUGAGUCUGAACAUAAUACUAUAUCUAUAGUGUCCUGUGUGAGUUGAUACAGUAGACAUCUGUGACGCGAUGCCGUGUUGAG
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AAGGGAACACAUCUGGUUUUAGUAAGCCUACAUCAUAGUUUUGAGGUUCAAUUCCUCUUACUCCCUGUUGAGCCCCCUUACUUUCUCAUGGAUGCUUCUCCGCGAGAUUGCGUUALUGUC
AAGGGAACACAUCUGGUUUUAGUAAGCCUACAUCACAGUUUUGAGGUUCAAUUCCUCUUACUCCCUGUUGAG-CCCCUUACUUUCUCAUGGAUGCUUCUCCGCGAGAUUGCGUUAUUGUC
AAGGGAACACAUCUGGUUUUAGUAAGC CUACAUCACAGUUUUGAGGUUCAAUUCCUCUUACUCCCUGUUGAG-CCCCUUACUUUCUCAUGGAUGCUUCUCCGCGAGAUUGCGUUAULGUC
AAGGGAACACAUCUGGUUUUAGUAAGCCUACAUCAUAGUUUUGAGGUUCAAUUCCUCUUACUCCCUGUUGAG - CCCCUUACUUUCUCAUGGAUGCUUCUCCGCGAGAUUGCGUUALUGUC
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UACUGACUAUAUAGAGAGUGUGUGUGUGCUGUGUUUUCUCUBUUGUGUCGUAGAAUUGAGUCGAGUCAUGGACAAAUCUGAAUCAACCAGUGCUGGUCGUAACCGUCGACGUCGUUUGCG
UACUGACUAUAUAGAGA - - GUGUGUGUGCUGUGUUUUCUCUUUUGUGUCGUAGAAUUGAGUCGAGUCAUGGACAAAUCUGAAUCAACCGGUGCUGGUCGUAACCGUCGACGUCGUCCGLG
UACUGACUAUAUAGAGA - -GUGUGUGUGUUGUGUUUUCUCUUUUGUGUCGUAGAAUUGAGUCGAGUCAUGGACAAAUCUGAAUCAACCAGUGCUGGUCGUAACCGUCGACGUCGUCCGCG
UACUGACUAUAUAGAGA- - GUGUGUGUGCUGUGUUUUCUCUUUUGUGUCGUAGAAUUGAGUC GAGUCAUGGACAAAUCUGAAUCAACCAGUGCUGGUCGUAACCGUCGACGUCGUCCGCG
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COAT PROTEIN
UCGUGGUUCCCGCUCCGCCUCCUCCUCCU-CGGAUGCUAACUUUAGAGUCUUGUCGCAGCAGCUUUCGCGACUUAACAAGACGUUAG-CAGCUGGUCGUCCAACUAUUAACCACCCAACC
UCGUGGUUCCCGCUCCGLCCCCUCCUCC-GCGGAUGC CAACUUUAGAGUCUUGUCGCAGCAGCUUUCGC GACUUAACAAGACGUU - GUCAGCCGGUCGUCCAACUAUUAACCACCCAACC
UCGUGGUUCCCGCUCCGCCCCCUCCUCC-GCGGAUGCCAACUUUAGAGUCUUGUCGCAGCAACUUUCGCGACUCAAUAAGACGUU-GUCAGCUGGUCGUCCAACUAUUAACCACCCAACC
UCGUGGUUCCCGCUCCGCCCCCUCCU-CUGCGGAUGCUAACUUUAGAGUCUUGUCGCAGCAGCUUUCGCGACUUAAUAAGACGUUAG- CAGCUGGUCGUCCAACUAUUAACCACCCAACC
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UUUGUAGGGAGUGAACGCUGUAAACCUGGGUACACGUUCACAUCUAUUACCCUAAAGCCACCAAAAAUAGACCGUGGGUCUUAUUAUGGUAAAAGGUUGUUAUUACCUGAUUCAGUCACG
UUUGUAGGGAGUGAGCGUUGUAAAC CUGGGUACACGUUCACAUCUAUUACCCUAAAGCCACCAAAAAUAGACCGCGGGUCCUAUUAUGGUAAAAGGUUGUUAUUACCUGAUUCAGUCACG
UUUGUAGGGAGUGAACGCUGUAAACCUGGAUACACGUUCACAUCUAUUACCCUAAAGCCACCAAAAAUAGACCGCGGGUCUUAUUAUGGUAAAAGGUUGUUAUUACCUGAUUCAGUCACA
UUUGUAGGGAGUGAAC GAUGUAGACCUGGGUACACGUUCACAUCUAUUACCCUAAAGCCACCAAAAAUAGACCGUGGGUCUUAUUACGGUAAAAGGUUGUUACUACCUGAUUCAGUCACG

BRkARAAKRRKAAR KA AR KRR KRR ORI KR R KK AR KKK R K R R R ok Ak kR k Rk ok hkokok ok dokok ok kKRR ok ko ok ok ok ok ko ok ok

GAAUAUGAUAAGAAGCUUGUUUCGCGCAUUCAAAUUCGAGUUAAUCCUUUGCCGAAAUUUGAUUCUACCGUGUGGGUGACAGUCCGUAAAGUUUCUGCCUCCUCGGACUUAUCCGUUGCC
GAAUAUGAUAAGAAACUUGUUUCGCGCAUUCAAAUUCGAGUUAAUCCUUUGCCGAAAUUUGAUUCUACCGUGUGGGUGACAGUCCGUAAAGUUCCUGCCUCCUCGGACUUAUCCGUUGCC
GAAUAUGAUAAGAAACUUGUUUCGCGCAUUCAAAUUCGAGUUAAUCCUUUGC CGAAAUUUGAUUCUACCGUGUGGGUGACAGUCCGUAAAGUUCCUGCCUCCUCGGACUVAUCCGUUGEC
GAAUAUGAUAAGAAGCUUGUUUCGC GCAUUCAAAUUCGAGUUAAUCCUUUGCCGAAAUUUGAUUCUACCGUGUGGGUGACAGUCCGUAAAGUUCCUGCCUCCUCGGACUVAUCCGUUGCC
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Y-CMV
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1668:
1669:
1667

1791

1788:
1789:
1787:

1911:
1908:
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2028:
2027:
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2025:

GCCAUCUCUGCUAUGUUCGCGGACGGAGCCUCACCGGUACUGGUUUAUCAGUAUGCUGCAUCUGGAGUCCAAGCUAACAACAAAUUGUUGUAUGAUCUUUCGGCGAUGCGCGCUGAUAUA
GCCAUCUCUGCUAUGUUCGCGGACGGAGCCUCACCGGUACUGGUUUAUCAGUAUGCUGCAUCUGGAGUUCAAGCUAACAACAAACUGUUAUAUGAUCUUUCGGCGAUGCGCGCUGAUAUA
GCCAUCUCUGCUAUGUUUGCGGACGGAGCCUCACCGGUACUGGUUUAUCAGUAUGCUGCAUCUGGAGUCCAAGCUAACAACAAAUUGUUGUAUGAUCUUUCGGCGAUGCGCGCUGAUAUA
GCCAUCUCUGCUAUGUUUGCGGACGGAGCCUCACCGGUCCUGGUUUAUCAGUAUGCCGCAUCUGGAGUCCAAGCUAACAACAAAUUGUUGUAUGAUCUUUCGGCGAUGCGCGCUGAUAUA

EEEE 222 2222 EEE R 22222222 2 ) dkdkeodokok kokokk Rkkkkdkk L LS
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Fig. 1.
and MY 17 -CMV (AF 103993 ).

Nucleotide sequence of RNA 3 of Y- (Nitta et al., 1988 ), popo- (AF 103991 ), SO- (AF 103992 )

The asterisk indicates an identical sequence. The open reading frames of the 3 a and the coat

protein genes are underlined.

Table 1. Nucleotide sequence homo-
logy for the 5 noncoding region, the inter-
cistronic region, and the 3’ noncoding region
among the four strains were over 89%, 98%,
and 65%, respectively (data not shown). Since
nucleotide sequence homology of CMV RNA 3
was over 88% within the subgroups but under
67% between them (Chaumpluk et al, 1996),
these results verified that both SO- and MY
17-CMV are classified in subgroup I. This fur-
ther supported that there were no relationships
between the subgroups and the ability to infect
systemically at 36°C (Saitoh et al., 1998).
There are minor differences in the nucleo-
tide sequence among pepo-, SO- and MY17-
CMV RNA 3, though all three strains can
systemically infect C. figarei at high tempe-
rature.

shown in

No considerable differences in the
nucleotide sequence homology were detected
between Y- and the three other strains. On
the contrary, critical differences were ascer-
tained in the predicted amino acid sequences,
as we reported in a separate paper (Saitoh et
al., 1999).

Acknowledgment
We thank Kazuyuki Mise, Kyoto University,

v7:36 —_

and Yuichiro Watanabe, University of Tokyo,
for supporting construction of the full-length
cDNA clones of CMV RNAs.

References

Blackman, L.M., Boevink, P, Santa Cruz, S., Palukaitis,
P., and Oparka, K.J. 1998. The movement protein of
cucumber mosaic virus traffics into sieve elements
in minor veins of Nicotiana clevelandii. Plant Cell,
10, 525-537.

Chaumpluk, P., Sasaki, Y., Nakajima, N., Nagano, H.,
Nakamura, L., Suzuki, K., Mise, K., Inouye, N., Okuno,
T., and Furusawa, 1. 1996. Six new subgroup I
members of Japanese cucumber mosaic virus as
determined by nucleotide sequence analysis on RNA
3. Ann. Phytopathol. Soc. Jpn., 62, 40-44.

DeBore, D.C., Naeve, C.W. Herlocher, ML,
Maassab, H.F. 1986, Resolution of common RNA
sequencing ambiguity by terminal deoxynucleotidyl
transferase. Anal. Biochem., 157, 275-292.

Drummond, D.R., Armstrong, J., and Colman, A. 1985.
The effect of capping and polyadenylation on

and

stability, movement and translation of synthetic
messenger RNAs in Xenopus oocytes. Nucleic Acids
Res., 13, 7375-7394.

Hayes, R.J. and Buck, K.W. 1990. Complete replication

of a eukaryotic virus RNA in vitro by a purified



RNA-dependent RNA polymerase. Cell, 63, 363-368.

Meshi, T., Ishikawa, M., Takamatsu, N., Ohno, T., and
Okada, Y.1983. Resolution of common RNA sequenc-
ing ambiguity by terminal deoxynucleotidyl trans-
ferase. FEBS Lett., 162, 282-285.

Mori, M., Mise, K., Kobayashi, K., Okuno, T., and
Furusawa, L. 1991, Infectivity of plasmids containing
brome mosaic virus cDNA linked to the cauliflower
mosaic virus 35S RNA promoter. J. Gen. Virol, 72,
243.246.

Nitta, N., Masuta, C., Kuwata, S., and Takanami, Y.
1988a. Comparative studies on the nucleotide se-
quence of cucumber mosaic virus RNA3 between Y
strain and Q strain. Ann. Phytopathol. Soc. Jpn., 54,
516-522.

Nitta, N., Takanami, Y., Kuwata, S., and Kubo, S., 1988
b. Inoculation with RNAs 1 and 2 of cucumber mosa-
ic virus induces viral RNA replicase activity in tobac-
co mesophyll protoplasts. J. Gen. Virol.,, 69, 2695-2700.

Osaki, T. and Shobara, K. 1973. A strain of cucumber
mosaic virus 1solated from Cucurbita pepo. Proc.
Kansai Pl. Prot., 15, 135-136. (in Japanese)

Owen, J., Shintaku, M., Aeschleman, P., Tahar, SB.,
and Palukaitis, P. 1990. Nucleotide sequence and
evolutionary relationships of cucumber mosaic virus
(CMV) strains: CMV RNAS3. J. Gen. Virol,, 71, 2243-
2249.

Palukaitis, P., Roossinck, M.J., Dietzgen, R.G., and
Francki, RIB. 1992. Cucumber mosaic virus. Adv.
Virus Res., 41, 281-348,

Saiga, T., Fujiwara, M., Saitoh, H., Ohki, S. T., and
Osaki, T. 1998. Comparative analysis for replication
and movement of cucumber mosaic virus in Cu-
cumis figarvei and C. melo. Ann. Phytopathol. Soc.
Jpn., 64, 255-263.

Saitoh, H., Saiga, T., Ohki, S.T., and Osaki, T. 1998.
Systemic resistance in Cucumis figarei to some
strains of cucumber mosaic virus is breakable at
high temperature. Ann. Phytopathol. Soc. Jpn., 64,
194-197.

Saitoh, H., Saiga, T., Ohki, S.T., and Osaki, T. 1999.
The coat protein is essential for the systemic infec-
tion of Cucumber mosaic virus in Cucumis figarer at
high temperature. Ann. Phytopathol. Soc. Jpn., 65,
(in press).

Sanger, F., Nickler, S., and Coulson, A.R. 1977. DNA
sequencing with chain-terminating inhibitors. Proc.
Natl. Acad. Sci. USA, 74, 5463-5467.

Symons, RH. 1979, Extensive sequence homology at
the 3’ termini of the four RNAs of cucumber mosaic
virus. Nucleic Acids Res., 7, 825-837.

Taliansky, M.E. and Garcla-Arenal, F. 1995. Role of
cucumovirus capsid protein in longdistance move-

ment within the infected plant. J. Virol, 69, 916922,

(Recieved Jan. 21,1999 ; Accepted Feb.1,1999)



