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Complete genome sequence of soybean dwarf virus infecting soybean
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1969 (Tamada et al., 1969). Since then, SbDV has been identified
in many countries in the world. The main hosts for SbDV are
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members of the family Fabaceae, including diverse beans, but
SbDV also infects plants belonging to the families Chenopo-

diaceae and Polemoniaceae (Damsteegt ef al., 1990). The disease
symptoms in the soybean leaves infected by SbDV include
severe chlorosis, rugosity, and thickening of leaves (Tian et al.,

2017). SbDV is usually transmitted by diverse aphids, such as

We found a soybean plant displaying severe viral disease
Aulacorthum solani Kaltenbach, Acyrthosiphon pisum Harris,

symptoms, such as stunting, rugosity, and yellowing. To reveal

the viral agent, we extracted total RNA from the leaf sample
and prepared a ribosome-deleted library followed by RNA-
and Nearctaphis bakeri Cowen (Tian et al., 2017).

Recently, viruses infecting soybean in the Republic of Korea
have been intensively examined by RNA-sequencing (Jo et al.,

sequencing. Raw data were de novo assembled, and the assembled
contigs were used in a BLASTX search against a viral protein

database. We identified four contigs associated with Soybean
2020). The three major viruses infecting soybean have been

found to be Soybean mosaic virus (SMV), a member of the
genus Potyvirus in the family Potyviridae; Soybean yellow

dwarf virus (SbDV) belonging to the genus Luteovirus in the
family Luteoviridae. We obtained the complete genome of SbDV
mottle mosaic virus (SYMMYV), a member of the genus

isolate HS with 5,686 nucleotides (nt), encoding five open

reading frames (ORFs). The phylogenetic analysis showed that
SbDV isolate HS belongs to Group A containing isolates from

the USA and the Czech Republic. Here, we report the complete
genome sequence of SbDV isolate HS infecting soybean in
genus Gammacarmovirus in the family Tombusviridae. In

addition, several RNA viruses have been identified infecting

Gammacarmovirus in the family Tombusviridae; and Soybean
soybean in Korea, such as peanut stunt virus, peanut mottle

yellow common mosaic virus (SYCMYV), a member of the

Korea obtained by RNA-sequencing.
Keywords: genome, soybean dwarf virus, soybean, virus,

Soybean dwarfvirus (SbDV), a pathogenic plant RNA virus,
is amember of the genus Luteovirus in the family Luteoviridae

(Terauchi ef al., 2001). SbDV was first identified as a severe
viral pathogen infecting soybean plants in northern Japan in
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virus, tomato spotted wilt virus, bean common mosaic virus,

and bean common mosaic necrosis virus. Most soybean plants
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showing viral disease symptoms were co-infected by different
viruses (Jo et al., 2020). Of viruses infecting soybean, SbDV
was first identified from soybean in 2003 in Korea (Kim et al.,
2006); however, SbDV was not frequently detected as compared
to other known viruses infecting soybean. For example, only
one study characterizing the genome of SbDV infecting Vigna
angularis has been reported to date. Fortunately, it is likely that
SbDV is not yet widespread in Korea. Thus, it is very important
to prevent the spread of SbDV in advance.

In July 2020, we found a soybean plant displaying severe viral
disease symptoms, such as stunting, rugosity, and yellowing.
To reveal the viral agent, we extracted total RNA from the leaf
sample showing viral disease symptoms using a RNeasy Plant
Mini Kit (Qiagen) according to the manufacturer’s instructions.
The ribosomal RNA was deleted from the total RNA using
TruSeq Stranded Total RNA with a Ribo-Zero Plant Kit (Illumina).
After that, we prepared a library for RNA-sequencing using the
TruSeq Stranded Total RNA LT Sample Prep Kit (Illumina).
The generated library was paired-end (2 x 101 bp) sequenced
using the NovaSeq 6000 system (Macrogen). Raw data were
de novo assembled using the Trinity program with default
parameters (Haas et al., 2013), and the assembled contigs were
used for a BLASTX search with E-value le-10 as a cutoff
against the viral protein database. We conducted open reading
frame (ORF) prediction for the identified virus-associated contigs
using the ORFfinder program (https://www.ncbi.nlm.nih.gov/
orffinder/). For phylogenetic tree construction, available complete
viral genome sequences were aligned by MAFFT version 7
(Katoh and Standley, 2013) and then trimmed using the trimAl
program (Capella-Gutiérrez et al., 2009). Aligned sequences

Table 1. Summary of soybean dwarf virus (SbDV) genome organization

were subjected to the MEGA 7 program for the construction of
the phylogenetic tree using the maximum likelihood method
with 500 bootstrap replicates (Kumar et al., 2016).

Using the RNA-sequencing result, we identified four viral
contigs (1,809 reads) ranging from 1,168 bp to 5,686 bp
associated with SbDV. We obtained the complete genome of
the SbDV isolate, referred to as HS. The genome of SbDV
consisted of positive-sense single-stranded RNA, and SbDV
isolate HS was 5,686 nucleotides (nt) in length (Fig. 1A).
SbDV isolate HS encoded five ORFs and three untranslated
regions (Table 1). ORF1 (position 119 to 1,204) encoded a
replicase protein. ORF2 (position 119 to 2,802) was translated
from ORF1 by frameshifting (position 1,197) and encoded a
replicase protein. ORF3 (position 3,010 to 3,612) encoded a major
coat protein, while ORF4 (position 3,026 to 3,595) encoded a
movement protein. ORF5 (position 3,010 to 5,082) was a
readthrough protein translated by the in-frame translational
readthrough from the ORF3 stop codon (position 3,610 to
3,612) and encoded a minor coat protein.

The BLASTN result, using the complete genome sequence
of SbDV isolate HS, showed that SbDV isolate HS was closely
related to the SbDV isolate SDV-HZ3 (MG600300) identified
from red clover in the Czech Republic with 99% sequence
coverage and 98.40% nucleotide identity. We generated a
phylogenetic tree using 34 available complete genome sequences
of SbDV, including HS isolate from this study (Fig. 1B). The
phylogenetic tree showed two distinct groups of 34 SbDV
isolates. Group A contained 17 SbDV isolates, including the
HS isolate. The SbDV isolates in Group A were derived from
the Czech Republic (SDV-HZ3 and SDV-HZ1), the USA (Wisc3,

Features Location
5'UTR 1-118
ORF1 119-1,204
ORF2 119-2,802 (Frameshift 1,197)
UTR 2,803-3,009
ORF3 3,010-3,612
ORF4 3,026-3,595
ORF5 3,010-5,082 (Translation exception 3,610-3,612)
3'UTR 5,083-5,682

Size Function
118 nt UTR
361 aa Replicase protein
894 aa RNA-dependent RNA polymerase P1-P2 fusion protein
207 nt UTR
200 aa Coat protein
189 aa Movement protein
689 aa Minor coat protein
600 nt UTR

Open reading frames (ORFs) and untranslated regions (UTRs) are indicated with respective location and size. nt, nucleotides; aa, amino acids.
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Fig. 1. Genomic organization and phylogenetic relationship of SbDV isolate HS with known SbDV isolates. (A) Genomic organization of SbDV isolate HS.
The numbers indicate the nucleotide positions of individual ORFs in the SbDV genome. (B) Phylogenetic relationship of 34 SbDV isolates based on complete
genome sequences. The phylogenetic tree was constructed using the MEGA 7 program with the maximum likelihood method and 500 bootstrap replicates.
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W4, CIIL2, 1A-2017, 1A-2-2018, TA-1-2018, and TA-2016),
Japan (DP, DS, and HS99-5), the UK (Market Weighton),
Germany (SBDV/Kreis Stormarn_18 and SBDV/Kreis Stormarn_
16), and Korea (HS128 and HS). Most isolates in Group A were
identified from soybean, and some isolates were derived from
Trifolium pratense L. (SDV-HZ3 and SDV-HZ1), Pisum sativum
(Market Weighton, SBDV/Kreis Stormarn 18, and SBDV/Kreis
Stormarn_16), and Vigna angularis (HS128). Most isolates in
Group A were identified from Pisum sativum. In contrast,
Group B contained SbDV isolates from Japan (YS and YP), the
UK (East Anglia SbD), Germany (JKI ID 23556 and SBDV/
Muenster 16), Australia (LR584028, LR584029, and LR584030),
and the USA (MD6-Y).

Taken together, we report the complete genome of SbDV
isolate HS identified from soybean in Korea by RNA-sequencing.

Nucleotide sequence accession number

The complete genome sequence of soybean dwarf virus
isolate HS has been deposited in GenBank under the accession
number OM953424.
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