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Full-length eDNA clones of RNA3s of cucumber mosaic virus KM and DS strain (CMV-KM 
and CMV-DS) were synthesized and their complete nucleotide sequences were determined. 
CMV-KM and CMV:DS RNA3 consisted of 2210 and 221S nucleotides, respectively, and 
contained predicted two open reading frames of 3a movement protein (MP) and coat protein 
(CP). Higher sequence similarities were observed at the nucleotide level between CMV-KM and 
CMV-Y (96%), CMV-KM and CMV-DS (96%), and CMV-DS and CMV-Y (97%), respectively, 
whereas lower similarities were found between CMV-KM and CMV-Q (76%), and CMV-DS and 
CMV-Q(75%}, respectively. Furthermore, there were almost complete sequence similarities 
(more than 97%) at the amino acid level among the MP (or CP) genes of CMV-KM, CMV-Y and 
CMV-DS. By contrast, lower amino acid sequence similarities were observed between the MP 
(or CP) genes of CMV-KM and CMV-Q (S3%), and CMV-DS and CMV-Q (S2%), respectively. 
These results strongly suggested that both CMV-KM and CMV-DS strains belong to Subgroup I 
in which CMV-Y is included. 

INTRODUCTION 

Cucumber mosaic virus (CMV) , which is the type member of Cucumovirus in the 
family of Bromoviridae, is a positive-sense, single-stranded RNA plant virus. CMV has a 
tripartite genomic RNAs functionally divided into RNAs1, 2 and 3 in decreasing order of 
molecular weight (Mr). CMV RNA3 encodes 3a movement protein (MP) and coat protein 
(CP), but CP is translated from the subgenomic RNA4, which is generated from RNA3 
during replication (reviewed in Paulkaitis et al., 1992). Suzuki et al. (1991) experimentally 
demonstrated that MP played a crucial role for viral cell-to-cell movement and CP was 
indispensable not only for protection of viral genomic RNA but also for long-distance 
translocation in tobacco using biologically active in vitro synthetic RNAs transcribed 
from the cDNA clones of genomic RNAs of CMV-Y strain. 

In molecular biological studies on the host-specificity of CMV, we have synthesized 
cDNA clones of genomic RNAs for a Cucurbita strain of CMV (CMV-KM) and a Brassica 
strain of CMV (CMV-D8). It was already reported that RNA3 of CMV-KM was involved in 
elicitation of severe chronic systemic mosaic in bottle gourd, and RNA2 and RNA3 of 
CMV-D8 were interdependently associated with introduction of systemic mosaic in radish 
(Takeshita et al., 1995; Takeshita and Takanami, 1996). Differences in the nucleotide 
sequences and amino acid sequences encoded by the RNAs must direct the phenotypes of 
the CMV strains in the individual host plants. We therefore constructed the full-length 
cDNA clones of RNA3s of the both strains, determined their complete nucleotide 
sequences, and compared them with those of RNA3s of CMV-Y (Nitta et al., 1988) and 
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CMV-Q (Gould and Symons, 1982). 

MATERIALS AND METHODS 

Virus and plants 
CMV-D8 was originally isolated from a Japanese radish plant expressing systemic 

mosaic at a field in Kanagawa Prefecture in 1992, and CMV-KM was obtained from a 
melon plant showing mosaic symptoms in Kumamoto Prefecture in 1994, respectively. 
Virus was propagated in Nicotiana tabacum L. cv. Xanthi-nc and purified essentially 
according to Takanami (1981). 

CMV RNA preparation and eDNA cloning 
CMV RNA was extracted from the purified virus particles as described by Takanami 

(1981), and cDNA cloning was performed according to the standard or modified techniques 
(Sambrook et al., 1989; Suzuki et al., 1991; Boccard and Baulcombe, 1992). CMV RNAs 
were primed with an oligonucleotide 5'-TTTGGCGGCCGCTGGTCTCCTTTTGGAGG-3', 
which is complementary to the 3' end 17 nucleotides (underlined) of all CMV-Y RNAs 
(Kataoka et al., 1990a, b; Nitta et al., 1988) and contains a 3' nonviral sequences to creat 
a Not I site (italics). First-strand cDNA was synthesized with M-MLV reverse transcriptase 
and then subjected to a thermo-cycling amplification consisting of first step (2min 92 'C, 
3min 42 'C, 3min 72 'C), second step with 30 cycles (1min 93 'C, 1min 40 'C, 3min 72 'C) 
and final step (3min 72 'C) using Taq DNA polymerase. The second primer used for 
amplification of the double-stranded cDNAs of CMV RNA3s was 5'-TTTTGGATCCAATTA
ATACGACTCACTATAGTAATCTAACCACCTGTGTGT-3', which contain a Bam HI 
restriction site (italics) and a T7 promoter sequence (double underlined) in the 
immediate upstream of the viral sequence (underlined) which is homologous to the 5' 
regions of CMV-Y RNA3. The DNA products were digested with Bam HI and Not I and 
inserted into the corresponding sites of pBluescript II KS+. 

Sequencing of the eDNA clones of CMV-KM RNA3 and CMV-D8 RNA3 
The nucleotide sequences of RNA3s of CMV-KM and CMV-DS were determined by the 

dideoxynucleotide termination method essentially according to Sanger et al. (1977) using 
double-stranded plasmid DNAs as templates. Sequencing of the respective cDNA clones 
was begun with a thermo-cycling reaction using a commercially available sequencing kit 
containing the MI3-Forward Fluorescein and the MI3-Reverse Fluorescein primers (Taq 
Cycle Sequencing Kit for Shimadzu DNA Sequencer Ver. 2, Takara) and then analyzed in 
an automated sequencing facility (DNA Sequencer DSQ-IOOO, Shimadzu). The DNASIS 
(Hitachi) sequence analysis program was used in the analysis of CMV RNA3s. The 
complete nucleotide sequences can be found in the DDBJ data bases (Accession Nos. 
AB004780 for CMV-KM and AB00478I for CMV-D8). 

RESULTS AND DISCUSSION 

The complete nucleotide sequences of cDNA clones of CMV-KM and CMV-D8 RNA3s 
have been determined. The cDNA cloning and sequencing strategies for CMV-KM and 
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Fig. 1. Schematic representation of the strategy for cloning and sequencing of 
CMV-KM (D8) RNA3. Specific primers used for the synthesis of first 
strand cDNA (F. P.) and second strand cDNA (R. P.) are indicated by 
white boxes. The nucleotide sequences of individual primers are 
described in the Text. Arrows indicate the direction for the extention of 
the double-stranded cDNAs and sequencing. 
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CMV-DS RNA3s and their number of nucleotides are shown in Fig. 1. and Table 1, 
respectively. Alignment of the complete nucleotide sequence of RNA3s of CMV-KM, DS, 
Y, and Q, is shown in Fig. 2 and the similarities among them in the sequences of 
nucleotide and amino acid of predicted proteins are summarized in Table 2. As shown in 
Tablel, CMV-KM and CMV-DS RNA3 contain 2210 and 221S nucleotides (nt), respectively, 
with two open reading frames encoding the predicted MP (279 amino acids, Mr 30,474 
and 30,447, respectively) and the CP (21S amino acids, Mr 24,103 and 24,032, 
respectively). RNA3s of CMV-KM and CMV-DS consist of 120nt of the 5' non-coding 
region, S37nt of the MP genes, 299nt and 302nt of the inter-cistronic region, respectively, 
654nt of the CP genes, and 300nt and 305nt of the 3' non-coding region, respectively 
(Table 1). Similarity in nucleotide sequences among RNA3s of CMV-KM, CMV-DS and 
CMV-Y is 96~97%, whereas over all sequence similarities between RNA3 of CMV-KM and 
that of CMV-Q, and RNA3 of CMV-DS and that of CMV-Q are 76% and 75%, respectively 
(Table 2). The amino acid sequence of the MP of CMV-KM RNA3 is identical to that of 
CMV-Y, while only one amino acid change was found in the deduced amino acid 
sequences of the MPs between CMV-DS and CMV-KM, and CMV-DS and CMV-Y. In 
contrast, the similarities in amino acid sequence of the MP ORFs between CMV-KM and 
CMV-Q, and CMV-D8 and CMV-Q are 83% and 82%, respectively. The CP gene encoded 
in CMV-KM RNA3 has 99% and 98% similarity at the amino acid level with those of CMV-Y 
and CMV-D8, respectively, and that of CMV-D8 share 97% similarity with that of CMV-Y. 
On the other hand, amino acid sequence identity of CP between CMV-KM and CMV-Q, 
and CMV-D8 and CMV-Q are only 83% and 82%, respectively. CMV strains have been 
reported to fall into Subgroup I and II on the basis of serology, nucleic acid hybridization 
and comparison of nucleotide sequence homology (reviewed in Paulkaitis et al., 1992). In 
the same Subgroup, almost complete nucleotide sequence similarity has been shown to be 
conserved among CMV strains in genomic RNAs1, 2 and 3, respectively. Our results, 
therefore, clearly demonstrated that CMV-KM and CMV-D8 strains belong to subgroup I in 
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3. prot.ln~ 
Kill: (GA'GG('~G(UUU«AAGGUA«AGUAGGA(UUUAA(UCU(AGU«U(AG(GG(UACGUCUGA(GAUCUU(AAAAGAUAUUAUUUAG«CUGAAGCCAUUAAGAAAAUGGCUACUG 08: ---.- __ • _______________________________________________________________________________________________________________ _ 

Y: ___ • ___ • _______________________________________________________________________________________________________________ _ 

Q: ·--A--UU- - - -- -- -- -- -- --C- -- - - - - - --G- -- -- -- -- -- - - -- --G- -- --GU-- - -- -- -- -CU-A- -G-- - -- - -- -- -C-- - - - C- -U-- -- -C - - - - -G-- -- -- ----

klo4: AGUGUGACCUAGGCCGGCAUCAUUGGAUGCGCGCUGAUAAUGCUAUUUCAGUCCGGCCCCUCGUUCCCGAAGUAACCCACGGU··CG·U"AUUGCUUCUUUCUUUAAAUCUGGAUAUGA 
08: ----------------------C----------------G-------------- -----------------------------··--····--------C--------G----------

Y: ----------------------------------------------------------------------------------- •• --.- •• --------C--------------------
Q: - - - - - -- -- - - - -U- -A-- -- -- -- -- - - - - -- -G- - - - -C- -C - -C--U-- -A-A--U- -- - --- - -C- --- -- - -.-.-. -AA-AA-UU- - - - -C·- - -. - - - - - - - - - - - -G- - - --

Kill: UGUCGGUGAAUUAUGCUCAAAAGGAUAUAUGAGC(iUCCCUCAAGUGUUAU(iUGCUGUUACUCGAACA(iUUUCUACUGAUGCUGAAGGGijCCUUGAGUUUUACUUGGCUGAUCUAGGUGA 
08: - - -u- -- -----G- - - - - - -- -- -- --C - -- -- -- - - - -C- - - - -A- -- -- - -- -- -- -- -- - - - - - - -- - - - -- -- -- - - - - -- -- -- -UC- - -- - - - - - - -C - - -- - - -- -- - - -C--

V, ---u--------G--------------(--------------------------------------------(----------·----------------------A-- ___________ _ 
Q: - -C - -- - - - -- -GC- - - -U- - - --C - - - - - - - - - --U- -- -- -- - -(-G- -- --(- -- --CA-G- -G-- -- --- -G- -- -- - - -G- -U--U- -- -A-- -- --U- - - -- -- -C-- -- ----

"101: CUGGAGUUAUCUCCUAUAGAUGGGCUUGCGUCUCGUUA(ACAACCAUGAUCUUCCCGCUUUGGUGUCUUU((AACCUACGUACGACUGUCCUAUGGAAACAGUUGGGAAUCGUAAGCG 
08: - - - - - - - -- -- - - --C- - - - - - - - - - - --- - - -U-- - - - - - -U- -- -- -- -- -- -- -- ---- - -- - - - - - - - - - - - --G-- -- -U--O- - -- -- -- -- -- -- -- -- - -- - --- - - - - --

Y: - - - - - - - - - -- -- - -( - - - - -- -- ---G- - - - -U-- - - - - --U- -- -- - ---- - -- -- - - -- -- - - -- -- -- ---G- -G- - - - -U- -U-- - - - - -- - - -- -- -- -- - - -- -- -- - - - ---
Q: - - -A- -A - - - - -C --A- -U-- - - - - - -G- -U- -UA-U- -- - -U- -U- - - - -G- -C --U--- -- -A-A-- -- -- -- - - - - - -C-- - - -u- -(- -C-- - - --UU-- - - --U- -- --GC-U--

KM: GUGUUUUGCUGUC(iUUAUCGUAGACAUGGUUACAUUGGGUAUACCGGUACCACAGCUAGCGUGUGUAGUAAUUGGCUG(UGGUUUU(UU(UUGUUAACAACUACACUCAUAUCGC 
08: ------------U-----------------------------------(-----------------------------------------A------------------ __________ _ 

Y: ------------U----------------------------------------_------------------------------------A----------------- ___________ _ 
Q: - - - - - -(--G- -A- -(G-U- -G- - - -- - - - - - -U- - - --U- -(GGU-- -- -- --U- -- -- -- -- - - - - - - --(-- -- -- --U(A- -- - - -- - -A-- -- -- - -U- -U-- -- -A--(GC---

K"': AGCUGGGUGACUCUAGUACUGCCGUUCAA(AGAUUAGCUGAGCAUCAAAA(CGUCAGCUGUCGCUCGCCUGUUGAAGUCGCUUUGAACAACAUUGAAUCUUCG(AAUAUCUGUUAA( 08: ------------------------U----------------------------- _________________________________________________________________ _ 
Y: - ~ - - - - - - - -- -- -- -- -- -- -- -U- - - - - - - - - - - - - -- -- -- -- -- -- -- -- -- -- -- -- - - -- -- - - --- -- -- -- - -- - - -c- --------------------- -- --U- - - - - --
Q: U- - - - -U- - - - - -- -U- -GU- - --U-A- - - - - - - - - - --C- - - --UU- G- - - - -- - -- - -(- -- - -- -- -- -- - - - - - - - - -- -G--A- -- - --G- -AGC- -A- - - -GU-- -- -U- - -C-

~:~ ~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~::~~~~~~::~:~~~~~~ 
Y: ------.------------G---------------------------------- _________________________________________________________________ _ 
Q: - - - - -UU-CUC·- -- - - -- - - -- - - -UCUG-G(- (GAGUCC- -GA-UUUAAAG- -A-- - - -- - --AU-- -U--A- -- -- -(-G- - - - - - -- - --UAA-A-UAG- - - - -- -U- - - - -. ---

+--
KM: UUAACGGUCUUUAG(ACUUUG .... GU·G .. CGUAU·UAGUAUAUA·AGUA .. UU·GUGAGUCUGUACAUAAUACUAUAUCUAUAGUGUC··CU·GUGUG"AGUUGAAACAGUAGACAU 
08: - - - - - - - - - - - - - - - -- -- -- •••• --.- •• - - - --.- -- -- -- --.- -- - •• - -U-- -- -- - -- -- -- - - - --- -- --- ---- - -- ·····G-CC-- --UG-- -- - -U- - - - - -- ---

Y: -- - - -- - - - - - - - - - - - - •••• __ .-•• -- - - -.- - - - - - - - -.- - - - •• - -u-- -- -- - -. - - - - - - - --- --- - - - - - -- --·····G-«( -- --UG- - - - - -U-- - - - - - ----
Q: - -- - - - - -- -- -- -UGU- - - -UUAC- -U-UA-(- - -G- -.- -- ---U-C- -(G- -UA-·(U- -(- - -U6-- -.-.- -C- -G- ·G- - -(-A6A6-C(C- - -UG-- -- -U- - -G- - - - -- --

KM: CUGUGA(GCGAUGCCGUGUUGAGAAGGGAA(ACAU(UGGUUUUAGUAAGCCUACAUCAUAGUUUUGAGGUUCAAUUCCUCUUACUCCCUGUUGAGCCCC·UUACUUUCUCAUGGAUGCUU 
os, ----------------------------------------------------------c----------------------------------------o-------- ___________ _ 

Y: ---------------------------------------------------------------------------------------------------C--------------------
Q: - - - - - - - -- - - - - - - -(U-GA- --UUU···-C- - -- - - -GG- -- - - -- -U-( -- - - - -C-- - - --A- -- -- --- - -- --U- -G-- -- -- -- - -G- - -- -. - - -- - - - - - -- -- - -- -- --

.5' end of RNA4 ~t protein ~ 
KM: C UC (GC GAGAUUGCGUU· A ·UUGUCUAC UGAC UAUAUAGAGAGUGUGUGUG··( UGUGUUUUC UC UUUUGUGUC GU· AGAAUUGAGU(GAGU(AUG(jA(UAUCUGAAUCAA((AGUG(U 
08: -----------------.-.----------------------------U--UG-----------------------.------------------------------------------

Y: ----------- ---- - -.-.------- -- ----------------------UG------- -- ------------~-.------------------- -- ---------- ------------
Q: - -- - -- - - -U~A-- -- -U-G- - - -.-.- •• - -C· -••• -- -··-C·- -- -·U·· -·-C- --···G-----C-- -. -C--·· -. -U-C-···-·- -- -- -- - - - - - -G- --UC- - -A- ---
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KIoI: GGUCGUAAC {GUC· ·GAC GU( GUC·C· ·GCGUC GUGGUUC C (G(UC C GCUUCCUCCUC (U(GGAUGCUAAC UUUAGAGU·CUU·G· ·UC ·GCAGCA ·GCUUUCGCGACUUAAUAAGACGU 1392 
08: - - - -- - - - - ~ -- - •• - - - - - - - - -. - •• - - - - GC - - - - -- - - - - - - - - -C -- - - -- -- - - - - - - - - - - - - - - - -- - - - -.- --.- •• - _.- - - ~ - -.- - - - - - - - - - - - - -- - - -- - - -- 1395 

Y: - -- - - - - - - - + - - •• - -- -- - - -U·U··- - - - - - - - - - - - - -- --. - - -C ~ - - - -- - - - - -- -- -- - - - - - - - - - -- --.- - -.- •• - -.- - -- --. - -- - - - - -- -- -- --C - - - - - - - 1395 
Q: A- -A-·- - - -·--CC -G-- -- -- -G-CC - - - -A-A- - - - -U- - G- - - - - - - -. -GG-G- •• - - - - - ~ ·-GGG- -·-C - -G- - -U-AC--A- - - -·-U- --···-A- - - -C-- -- -A- -CC 1356 

Kill: UAG(. AGCUGGU( GUC CUCUAUUAAC CACC C AACCUUUGUA GGG· AGUGAA C G(UGUAAA( C UGGAUACAC GUUCACAUC UAUUAC CC U· AAAGC CACCAAAAAUAGAC C GC G·GGU·( 1507 
08: - - - -. - - -- - - __ - - - - - - -c( - -- -- -- -- - -- -- -- -- - -- --.- --- - -- -- -- - --G- - - - -G-- -- - - - - -- -- - - - - - - - - - - -. - - - -- - - - - - - - - - - - - - - 8 -U-·- - -. - 1510 

Y: - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - -- - - - - - - -- -.- -- -- - - - - - - - - - - - - - - - -U-·- - _.- 1510 
Q: -C- ~c -U·- - - - - - - - - C- - -C- - - - - - - - - - - - - - - -C- -. - - -U- - - - - -A- -- - - -- -- -c- -U- - - - -U- - -- - -- - -- - - - - -- -G- --.- -G- -UG- - --U- - .. -AU---U- 1471 

KM: UUAUUACGGUAAAAGGUUGU· UAUUAC CUGAUUCAGUCAC GGAAUAUGAUAAGAAA(UUGUUU( GC G(AUUCAAAUUC(jA(j·· UUAlUC CUUUGCC GAAAUUUGAUUCUAC CGUGUGGGU 1624 
08: - - - - - -U- - - - - - - - - - - - -. - - C- - - - - - - - - - - - - - - -- - -G- - - -G-- - - -- - -- - - -- - - - - - - - - - - - - •• - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - - -- - - -- 1627 

Y: - ___ - -U--- - - -- - - -- --.- - -- -- - - -- - -- -- -- - - - - - - - - - - - - - -- - -G- - - - - - -- - - -- -- -- - -- -- - - - - •• - - - - - --- - -- -- - -- -- -- -- - - - - - - - - - - - - - - - 1627 
Q: A- - --UU-- --G- - - - - - - -C -·--G- -A-- - - - - - -- - - - - -C-- -- - - -- - - -G- - - - - - - - - - - - - - - -- -- -.-.- -GA-- -- -- -- - -- -- -- -- - - -- --- -- -- -- - - - - - - - 1588 

KM: GA(AGVC {GVAAAGUUC CUGC CVCC UC GGA ·CUUAUCC GUUGCC GC CAUC UC UGCVAUGUUUG·(GGA(GG· AGC CU(AC(GGUACUGGUUUAUCAGUAC G(UGCAU(UGGAGU((AAGC 1741 
08: ___ - - - ~ - + _ ~ - - - - - - - - - - - - - - -- -.- -- -- -- - - - - - - -- - - -- - - - - - - -- -- -C-·- - - --- -.- -- -- -- -- -- - - - -- -- -- - - - -- - -U- - -- - - -- -- -- -- -- -- -- 1744 

Y: - - - - - - - - - -- -- - - -U- - - - - - -- -- -- -.- - - - - -- - - -- - - -- -- -- -- - - - - -- - - -C -.- - - - - - -.- - - -- ---- ~ - - - - - - -- - - - - - - - - -U- - - - - - - - --- - -- - - - - - - 1744 
Q: U- - -- +U- -G- -- - -G- - -U-A- -A- -C- -U- - -.- - - - - C- - - - - -- - - - - -- - - - - - - - --G- -·-U--U-A-·- --- - - - -UU- -- -- - -- -- -- -U- - - - -G- - C- - - - -U- -G- - 1705 

KM: UAl CAlCAUUUG· UUGUA VGAU(UUUCGG( GAUGC GC GCUGAUAUAGGC GA eAUGAGAAAGUACGCC GUe CUCGUGUAUUeAAAAGACGAUGC Ge U(GAGAe GGAC GAGeUGGUACUUC 1860 
08: - ____ ._ - - - - - - - - - - - - -- -- - - - - - -- - - - - - -,-- -- -U-- - - - - - - - - -- -- - - - - - - -- - -- -- -- -- - - - - ~ - - ~ - - - -- --- - - -- -- - -- -- -- --A- - - -- - - 1863 

Y: _____________ • - -- - - -- -- - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - - --- -- -- -- - - - -- - -- - - -- - ~ - -- -- -- - - - - - - - - - -U-A- - - - - - - 1863 
Q: C - - - - -U- -G- -AC- -. - - - - -C - -G- -C -A- - - - - -U- - - - - - - -C- - - -- - - --C -U- -- - -- -- -- -- --G- -U- -C- ~G-- -- -- -- -AU- -A-- --A- -- -- - -A-U- ---- -- 1824 

+--
KM: AUGUUGAeGU( GAGCACCAA(G(AUU(C (A·C GUCUGGGGUGC UC (CAGUCUAAUU((GUGUUUU······· ·U( C· A·GA···· ACCCUC( ·CUC C ·GAUUU(UGUGG(GGGAG(UGAGU 1964 
08: - - - - - - - -A- - - - - - - - - - - - - - - - - - - - -.- - - - - - - - - - - - - - - - - -- --G- - --- - - -- -CCC···········-·--····~- ----- .-- --A-U- --- --A- -- - - - - - -- -- - - 1966 

Y: - - - - - - - __ - - - - - - - - - - - - - - - - - - - - -. -A- - -- -A-- - - -- - - - - -- -G- - -- -- - -- -CCC···········-·--····-U- -- -_.- - --.- - -C - - - - - - ~ ---- -- ~- - - - - 1965 
Q: - - - -C-- -- -- -- - - -U- -- --A- -- --U-U-·- -AC --A- -- -- --·-A- -U-G- - - - - - -G- -UACCGG(G-- -G-A- -CGUU-AA- -A-A- --UCA- ~ .. - ·-·"--A-U-- - - - - - 1936 

KIoI: VGGCAGUUC UG(UAUAAA(UGU(UGAAGUC GC UUA( GU·UU·UA ·C(j·GUG· UC G(jGUUGUCCAUCCAGCUUACGGCUAAAAUGGUCAGUCGUGGAGAAAUC·C ACGCCAGCA ·GA·U 2076 
08: - - - - - - - - - - - - - -C - - - - - - - - - - - - - - -A- - - - - - -C·-C·-·G- -.- --.- -- -- -- - - - -- -- -- -- -- -- - - ---- --- -- - - ---- -- - -- - - -- -- -.- - - - -- --U-· --C- 2079 

Y: __________ • _____ - ___________ --A- _______ • - _._ -. - _.- - -.- -- -- -- -- - - - -- -- - ---- - - -- -- - - - - - - - - - -- - -- -- - - - - - -- - ·U-- - - -- -- -. - -.- 2077 

Q: -- -U- - -G- -- - -CC - - - - --C - --- - - - -C - -- - ~ - - -G- -G-UG- -C -G-G- - -- - - - -- -- -- --- - ---- - -- - - -- -- -- -- -- -- - - - --UCUU··- -A- -- -- -.-. -U-U(- 2852 

KIoI: UUACAA. AUCUCUGA GG·· CGCCUUUGAAACCAUCUC CUAGGUUUCUUC GGAAGGACUUC GGUC CGUGUA ·CUUC·U·· A· G· (AeA ·ACG·UG(UAGUUUC· AGG·GUACAGGUGC··· 2180 
08: _. ___ -G.-- ____ - - - •• - - - - - - -- - - - - - - - -- -- - ~ -- -- -- -- -- - - -- -- -- -- - - - -- -- -- -. --- -.- •• -. -. - - - - ·-GA·- - - -- - - - - -.- - -.- - --G- - - - -C·C 2184 

Y: ______ • _______ - - - •• - - - - - - - - - - - - - - -- - -- - - -- - - - -- -- -- -- - - --- -- -- -- -- - - - -·-C- -.- •• -.-.-- -_.- --.- - - - - -- -- -.- --.- - - -G-- -- -e·c 2183 
Q: -.- - - -G--G- -. - - - -UA-·- - - - .-- - -U- -( - - -- - - -A- -- - - - - - -- - - -G- -- - -·_··-A-A-G- - ·-G-GC-C-GU- ·-U- -AC--A- -.- -A-C -A-A- -G-G-- -··AUC 2159 

K~: ···.ACCUUUCUG.GG ........ GGCCUCCAAAAGGAGACCA : 2210 
08: U(CC------G--.-- .... •• .. A------------------ :2218 

Y: CCCC-----CG--.-- .... • .. ·-------~----------- :2217 
Q: G(C ...... -G--GUUUUCCACAG-UU-----U----+----- :2197 

Fig. 2. Alignment of the nucleotide sequences of four CMV RNA3s; CMV-KM RNA3 (top line), CMV-D8 
RNA3 (second line), CMV-Y RNA3 (third line) and CMV-Q RNA3 (bottom line). Nucleotides 
identical to CMV-KM RNA3 are indicated by (-). Deletions are indicated by (*). Initiation and 
termination codons for MP and CP are indicated by ( - ). 



Nucleotide Sequences oj CMV-KM and CMV-DB RNA3s 

Table 1. Number of nuleotides in CMV-KM and CMV-D8 RNA3s 

Virus Region 

strain 5' Non-coding 3a protein JR') Coat protein 3' Non-coding Total 

CMV-KMRNA3 

CMV-D8 RNA3 

a) Inter-cistronic region 
b) Amino acid 

120 

120 

837 (279a.a. bJ) 299 654 (218a.a.) 

837 (279a.a.) 302 654 (218a.a.) 

300 

305 

2210 

2218 

Table 2. Nucleotide and amino acid sequence similarity among CMV RNA3s 

CMV KMvs. Y KMvs.D8 08 vs. Y KMvs. Q D8vs. Q 

Nucleotide sequence (%) 96 96 97 76 75 
Amino acid sequence (%) 

3a protein (MP) 100 99 99 83 82 
Coat protein (CP) 99 98 97 83 82 

which CMV-Y is included, but not to Subgroup II to which CMV-Q belongs. 
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The predicted MPs of CMV-KM and CMV-Y have an Asn and that of CMV-D8 has a Ser 
at amino acid position 51. Furthermore, it was found that there are several amino acid 
differences in the sequence of the predicted CPs among the three CMV strains. Since 
these differences in the amino acid sequences among MPs and/or CPs must affect 
symptom induction, viral cell-to-cell and leaf-to-leaf spread in host plants, further 
molecular biological analysis using in vitro transcripts derived from the full-length cDNA 
clones and their recombinants will be indispensable for a precise understanding of the 
bases of the host-specificity of CMV. 
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