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The complete nucleotide sequences of the genomic
RNAs of Soybean mosaic virus strains G5 (SMV-GS5)
and G7H (SMV-G7H) were determined and compared
with sequences of other SMV strains. Each viral RNA
was determined to be 9588 nucleotides in length exclud-
ing the poly (A) tail and contained an open reading
frame to encode a polyprotein subsequently processed
into up to ten proteins by proteolytic cleavage. Com-
parison of the amino acid sequences with those of other
SMV strains showed high percentage of amino acid
sequence homology with the same genome organization.
The nucleotide and the déduced amino acid sequences
between' SMV-G5 and SMV-G7H were greater than
99% identity When compared with those of other SMV
strains in a phylogenetlc analysis of the nucleotide and
deduced amino acid sequences, they formed a distinct
virus clade showing over 97% amino acid identity, but
were more distantly related to the other potyvirus (44.1-
69.6% identity). Interestingly, SMV G7H strain caused
a severe mosaic or necrosis symptom in soybean cultivars
including Jinpum-1, Jinpum-2, and Sodam, whereas, no
symptom was observed in SMV-GS inoculation. Com-
plete nucleotide sequences of these strains will give clues
for determining symptom determinant(s) in future
research. ;
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Soybean mosaic virus (SMV), which causes soybean
mosaic disease, is a member of the genus Potyvirus in the
family Poryviridae. The potyviral genome is a single-
stranded, positive-sense RNA of approximately 10,000
nucleotides (nt) in length. The viral genomic RNA has a 5-
terminal genome-linked viral protein (VPg) and contains a
3-poly(A) tail (Dougherty and Carrington, 1988). The
genome contains one large open reading frame (ORF)
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translated into a large polyprotein, which is subsequently
cleaved into mature polypeptides including P1 (protease),
the helper component/protease (HC-Pro); P3 protein, a 6
kDa peptide (6K1), the cylindrical inclusion (CI) protein
with RNA helicase activity, a second 6 kDa peptide
(6K2), the VPg, nuclear inclusion ‘a’ protein (Nla), the
nuclear inclusion ‘b’ protein (NIb) with RNA dependant
RNA polymerase (RdRp) activity, and the coat protein
(CP) (Dougherty and Semler; :1993; Reichmann et al.,
1992). SMV can be transmitted mechanically by aphids
and by seeds and, therefore, is considered as the most
economically important plant virus in soybean [Glycine
max (L.) Merr] causing mosaic and severe necrosis in
many soybean cultivars. SMV has been first described in
1921 and reported in many countries throughout the world
(Gardner and Kendrick, 1921; Jayaram et al., 1992; Liu et
al., 1993).

Since the first description of seven strain groups (G1-
G7) of SMV based on symptom development of each
isolate on five cultivars including ‘Buffalo’, ‘Ogden’,
‘Marshall’, ‘Davis’, and ‘Kwanggyo’ by Cho and
Goodman (1979, 1982), diversities and strain variations
and their resistance on different soybean cultivars have
been studied extensively (Gunduz et al., 2001, 2002;
Jayaram et al., 1992; Lim, 1985). In Korea, diseases
caused by SMV and the viral nature of the cause have
been reported in the early 1970s (Chung et al., 1973,
1974). Cho and Chung (1976) reported the difference in
symptom development depending on soybean cultivars
and virus isolates. SMV strain G5 was the most prevalent
SMYV strain (about 80%) infecting soybean cultivars in the
early 1980s, but the disease incidence caused by SMV-G5
was decreased as resistant soybean cultivars were grown
i the fields (Kim, 2000). Recently, a new SMV strain,
G7H, causing mosaic and necrosis on recommended
soybean cultivars that are resistant to SMV strains G5 and
G5H was found (Kim, 2000). Presence of many SMV
strains has been reported and the continual variation is
generally believed to happen in soybean fields in Korea
(Cho et al,, 1983). This study reported the complete
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nucleotide sequence of the two SMV strains G5 and G7H,
and the phylogenetic relationships with other reported
SMV strains.

Materials and Methods

Virus strains and purification. Soybean (Dawonkong) was
inoculated with SMV G7H and G5 strains and with carborundom
and was grown in the glasshouse. After 15-day post-inoculation
(dpi), infected leaves were harvested. Virus purification was
performed following the procedures outlined by Ross (1966). For
viral RNA extraction, 0.1 vol of 10% SDS was added to virus
preparation and samples were extracted twice with phenol:
chloroform: isoamyl alcohol (25:24:1) and twice with chloroform.
Viral RNA was ethanol precipitated and re-suspended in DEPC-
treated water.

Genomic RNA sequencing. Total RNAs were extracted from
infected tissues using TRIZOL (Gibco BRL, USA) according
to the manufacturer's protocol. RT-PCR and cloning were
performed as described previously (Jung et al., 2002; Yun et al.,
2002). PCR primers for amplification were designed based on the

Table 1. SMV specific primers used for cloning and sequencing

sequences of the SMV strains G2, G7 and N (Table 1). cDNA
clone containing the 5' end of genome was obtained by following
the 5/3' RACE kit protocol (Boehringer Mannheim, Germany)
according to the manufacturers instructions. c¢cDNA was
synthesized using SMV sequence specific oligonucleotide primer
(5-GTCTTCCTCTTCTTGCCTTCGCTTTG-3") complementary
to nt 469 to 494.

Recombinant plasmids containing cDNA inserts were sequenced
by the dideoxynucleotide chain termination method using the ABI
prismTM Terminator Cycle Sequencing Ready Reaction Kit and
an ABI Prism 3700 Genetic Analyzer (Perkin Elmer, USA)
located at the NICEM (SNU) according to the manufacturer's
instructions. Every base was determined by sequencing at least
two independent clones or by sequencing twice from a single
clone. The complete genome sequences of the SMV strain G5 and
G7H have been deposited in the GenBank under accession num-
bers AY294044 and AY294045, respectively.

Phylogenetic analysis. The sequence data were analyzed using
the LaserGene program (DNASTAR, USA). Comparative analysis
including multiple alignments of nucleotide sequences was done
by the ClustalW method with weighted residue weight table and
the phylogeny was analyzed using PAUP software (Sinauer

Primer Sequence Position Purpose
prSi(+) 5-GCAGTTTCACWTTTCCTCAC-3 96-115

prS1(-) 5-CCCATGACAGCCCATATGAG-3' 1296-1315

prS2(+) 5-AAGCCAATCAATCTTTCCAG-3' 1188-1207

prS2(-) 5-CCAAAAGAGTCAATCACGTG-3' 2322-2341

prS3(+) 5 TAGCAACAGCTGCATACATG-3 2207-2226

prS3(—) 5-GCAGCACACTAGTCATTTGG-3' 3310-3329

prS4(+) 5-CAGGTGCTACAGTGATATAG-3' 3168-3187

prS4(-) 5-GAGCTTGCACRAAGTTCTGA-3' 4311-4330

prS5(+) 5'-YCAACSATTGCATTCAACTG-3' 4168-4187

prS5(-) 5-AGYTGCAAAAATTTACTCAC-3' 5538-5557

prS6(+) 5-TTGATTGCAACAAAGTTGAC-3' 5450-5469 Cloning & Seq.
prS6(-) 5-TTGTGTATCACAAACTCACC-3' 6439-6458

prS7(+) 5-ATGTTTGGGGTYGGCTATGG-3 6349-6363

prS7(-) 5-TCAGGGATCCATTCCACACT-3' 7479-7498

prS8(+) 5-CGCTTGCTTTATCTCAGTTG-3' 7370-7389

prS8(-) 5-TATCTTTGTAGCTCACTTGC-3' 8457-8476

prS9(+) 5-CACCATATATTGCAGAGA-3 8402-8421

prsS9(-) 5-GAAATGATAACTGTGRCC-3' 9348-9367

prS5end 5-AAATTAAAACTMSYYATAAAGACAACAAAC-3 1-30

prS3end 5'-GCTCTAGAT ,AGGACAACAAACATTGC-3' 9572-9588

oligodT s SSTTTTTTTTITTITTTITTITTT

prS1(-) 5-TCAACCACTTCAAGAGCG-3' 1014-1031

prs$2(-) 5-AGATCAATGTATTTCGGG-3' 2019-2036

prS3(-) 5-TTTCCTGAAGATGCGCTG-3' 3018-3035

prS4(-) 5-CAATCCTCTCATTCTCAG-3' 4021-4038 Seq
prS5(-) 5-CAACTTGTCTGGTATTCC-3' 5113-5130 ’
prS6(-) 5-GGCAGAGAAGTGTGGGTC-3' 6119-6136

prS7(-) 5-GGCTTGGTTGATACGCAC-3' 7154-7171

prS8(-) 5'-GCTCCTGTCCCACTCTAG-3' 8239-8256
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Table 2. Nucleotide and amino acid sequence identity (%) between SMV-G7H and other potyviruses
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Amino acid nucleotide

Virus N N Full Genbank

! Poly- HC- a- Nla- ull- - ., : Accession#

Protein Pro P3 6Kl CI 6K2 VPg Pro NIb CP Length 5NTR ORF 3'NTR

SMV-G5 99.0 997 993 994 100 976 100 979 992 990 100 978 969 978 992
SMV-G2 97.8 922 985 98.0 100 983 100 979 992 979 992 964 947 965 945 S42280
SMV-G7 964 89.6 974 942 981 968 100 989 992 967 989 940 924 941 91.7 AF241739
SMV-N 986 974 980 977 100 99.2 100 984 99.6 986 989 966 931 967 953 NC-002634
SMV-Aa 972 945 985 951 981 968 100 989 99.6 967 989 939 9047 940 913 AB100442
SMV-Aal5-M2 97.1 942 982 95.1 981 967 100 989 99.6 967 989 939 954 939 909 AB100443
BCMV 696 385 726 510 769 779 623 784 807 773 777 670 315 653 668 NC-003397
ZYMV 62.1 239 682 396 635 71.8 623 658 671 747 713 593 420 614 5.6 NC-003224
PRSV 445 19.1 464 223 327 538 302 492 454 557 555 484 694 505 17.5 NC-001785
PVY 44.1 144 42,1 210 442 543 23.1 463 420 57.1 604 477 550 373 7.5 NC-001616
Associates, USA). Databases were searched using the BLAST HC-PRO 6K1 6K2 Nla-VPg
program (Altschul, 1997). The sequences of previously reported ] e o J1 Nb ] cP |-Polya

SMYV strains were retrieved from the GenBank database and used
for analyses. All data sets were subjected to bootstrap analysis by
performing 1000 replications by neighbor-joining method and
used to build a phylogenetic tree using the TreeView Win32
program (Page, 1996).

Results and Discussions

This paper presents the complete nucleotide sequence of
the SMV strains G5 and G7H. Comparison of the nucleo-
tide sequence, as well as the deduced amino acid sequence
with those of other SMV strains shows a similar genomic
organization and high sequence similarities. Genome
sequences of the SMV G7H strain causing severe mosaic or
necrosis symptom in certain soybean cultivars where no
symptom was observed with SMV-GS5 inoculation will give
clues for determining symptom determinant(s) in future
research.

Complete nucleotide sequences of SMV G7H and SMV
G5 strain. The complete RNA genome of SMV G5 and
G7H was determined to be 9588 nucleotides in length,
excluding the poly (A) tail. The overall base compositions
of the sequence of SMV G7H and G5 were found to be
31.82% A, 24.04% G, 2629% T and 17.85% C; and
31.76% A, 24.03% G, 26.30% T and 17.91% C, respectively.
Analysis of putative ORF shows a single large ORF (nt
132-9381), encoding a 3067 amino acid polypeptide of
349.9 kDa. The 5' and 3' non-translated regions (NTRs)
were determined as 131 and 253 nucleotides in length.
Computer analysis of the G5 and G7H RNA sequences
revealed no other ORF in neither plus-strand nor minus-
strand RNAs. The nucleotide sequence and genome
organization of both G5 and G7H strains were similar to
that of other previously reported SMV strains (Table 2).
The overall sequence identity of the seven SMV genomes

proi(+) pro2(+)pro3(+)prSa(+) prosi+) pro6(+) pro7(+) pros(+) pro9(+)

3
PrS1(-) prS2(-) prS3(-) prS4(-) prS5(-) prS6(-) pre7(-) prsé(-) prso(-)

—e —

Fig. 1. Schematic representation of the genome organization of
SMYV and nucleotide sequencing strategy. Open bars represent
an open reading frame (ORF) encoding the polyprotein. The
vertical line within ORF represents mature proteins produced
from proteolytic process. The non-translated regions are
indicated as single line. Horizontal lines and arrows represent
clones obtained by RT-PCR using each primer set and 573
RACE, respectively.

was over 93.9%. In general, the nucleotide sequence in the
coding region was more conserved than the sequences in
the 5' and 3' NTR. The nucleotide sequence identity
between SMV and the other potyviruses, however, was
only 47.7-67.0%.
Amino acid sequence amalysis. The polyprotein of a
potyvirus is cleaved by the virus-encoded protease P1,
HC-Pro, and Nla, resulting to at least nine functional,
mature protein (Shukla et al.,, 1994). The amino acid
sequence was deduced from nucleotide sequence and used
for amino acid similarity analysis. The amino acid
sequence identity of polyprotein among SMV strains was
over 96.4%. The deduced amino acid sequences of the
6K1, 6K2, Nla-Pro, and CP showed higher sequence
identity (over 98.9%) while those of the other proteins
were lower (Table 2). The deduced amino acid sequences
of the 6K1, 6K2, and CP were 100% identical while CI
and NIa-VPg contained the most different sequences
sharing 97.6% and 97.9% sequence identity, respectively,
between G7H and GS.

SMV G7H strain caused severe mosaic Or necrosis
symptom in certain soybean cultivars including Jinpum-1,
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Fig. 2. Multiple alignments of the helper component-protease (HC-Pro) amino acid of SMV strains. Numbers on top represent the

deduced HC-Pro amino acid position. Only the differences are shown.

Jinpum-2, and Sodam, while these cultivars developed no
distinct symptom when inoculated with SMV G5 strain
(data not shown). It has been shown that the HC-Pro of
potyvirus may greatly affect symptom development
(Atreya et al., 1992). HC-Pro is also reported to be involved
in different steps of the viral cycle, aphid transmission,
replication, virus cell-to-cell and systemic movement, and
is a suppressor of postiranscriptional gene silencing
(Anandalakshmi et al., 1998). Interestingly, amino acid
sequences of HC-Pro gene of the seven SMV strains were
highly conserved and only two amino acids differed
between G7H and G5 (Fig. 2). It was not clear whether
these differences of the amino acid sequence were
significant in showing different symptom development in
certain soybean cultivars. It is worth noting that some other
regions of SMV genome including 5" and 3' NTR regions
could be responsible for the biological differences between
SMV-G5 and SMV-G7H. Studies are underway to further
define the effect of two amino acid substitution in the HC-
Pro gene of SMV RNA on symptom development.

Phylogenetic analyses. To determine the relationship
among SMV G7H, G5 strains and other SMV strains,
phylogenetic analyses were performed using PAUP4.0
program. Phylogenetic analysis of both nucleotide and
predicted amino acid sequences indicated that both SMV-
G5 and SMV-G7H were closely related to other SMV
strains. Phylogenetic trees derived from the genomic RNA
sequence, the deduced amino acid sequence, P1, and HC-
Pro comparison are shown in Fig. 3. When the genomic
RNA sequence and polyprotein sequence of SMV strains
were aligned, similar results were obtained (Fig. 3, panels A
& B). The phylogenetic trees were divided into two large
subgroups on genomic RNA sequence, as well as amino
acid alignment of polyprotein, G5-G7H and the other SMV
types. Some distinct amino acid variations in the putative
polyprotein protein within each subgroup were also observed
indicating the continuous sequence variations among SMV
strains although whole genomic sequences contain over
95% identify regardless of the soybean cultivar and location
where they were 1solated.
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Fig. 3. Phylogenetic tree constructed from alignment of the genomic RNA sequences (A), the deduced polyprotein amino acid sequences
(B), and predicted P1 and HC-Pro amino acid sequences (C and D, respectively) of SMV strains. Phylogenic analysis was conducted by
parsimony using PAUP. Statistical reliability of the nodes was obtained by bootstrap analysis (1000 replications). Numbers on branches
are percentages of bootstrap analyses supporting the grouping of each branch.

Lin et al. (2001) proposed that the diversity of P1 protein
of Potyvirus is useful as a standard to distinguish different
strains of viruses and investigate the evolutionary relation-
ships. For SMV, P! protein has relatively low identity
compared with other protein-like CP, NIb and comparison
with other potyvirus show the same result (data not shown).
Phylogenetic tree shows that P1 protein of G7H has 99.7%
homology to amino acid sequence of G5, while it has
relatively low identity of 92.2% and 89.6% to G2 and G7
(Fig. 3C and Table 2). Interestingly, amino acids from 92 to
107 contained one nucleotide deletion and an addition at
405 to 456 nucleotide position. These mutations may be
useful in classifying SMV strains based on P1 gene. It has
been reported that the P1 protein may also affect symptom
development, host range, and geographical distribution
(Lee and Wong, 1998; Tordo et al., 1995). Complete
nucleotide sequences of SMV strains G7H and G5 reported
in this paper will help in finding symptom determinants and
in better understanding virus replication and virus-host
interaction for future research.
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