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Nucleotide Sequences of the 3’ Terminal Region of Onion Yellow Dwarf Virus
Isolates from Allium Plants in Japan
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Abstract. The 2032 nucleotide sequence of the 3’ terminal region of onion yellow dwarf virus (OYDV) isolated
from Allium wakegi, bearing the genes for viral coat protein (CP) and a truncated RNA-dependent RNA
polymerase, has been determined. Respecive homologies of the nucleotide sequence in the corresponding region
and the deduced amino acid sequence of CP with the equivalents of leek yellow stripe virus (LYSV) from garlic
were 68.0 and 59.3%. Variation in the nucleotide sequence is concentrated in the boundary region between the
putative RNA-dependent RNA polymerase gene and the CP gene as well as in the 3’ noncoding region. These
sequence divergencies, including the deletion of 79 nucleotides, resulted both in alterations to the amino acid
sequence and the absence of 28 amino acid residues in the amino terminal region of OYDV CP in comparison with
LYSV CP. In addition, the lenght of the 3’ noncoding sequence of OYDV was one-third that of LYSV. Comparison
of the 3’ terminal 1197 nucleotides sequence of OYDV with sequences of the respective cDNAs cloned by RT-
PCR directly from the total RNA of infected Allium plants that included two varieties of A. fistulosum,
‘“Wakenegi’ and ‘‘Shimonita-negi’’, and A. chinense, showed 90.7% overall identities, even though they have
long been cultivated in locally restricted area in Japan. These findings appear to suggest that a single strain of

OYDV invaded Japanese Allium plants long ago and spread throughout them.
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Virus diseases are widespread in Allium plants
throughout the world. A number of reports on viruses
that infect Allium species have been published, but
the findings are somewhat confusing, especially as to
viruses which infect vegetatively propagated plants,
including garlic and shallot (1-9). Infection by a
complex of two or more viruses and difficulties in
separating these viruses because of their restricted
host ranges are the main reason for the confusion.
Van Dijk (5) recently differentiated four potyviruses;
leek yellow stripe virus (LYSV), onion yellow dwarf
virus (OYDV), shallot yellow stripe virus (SYSV),
and Welsh onion yellow stripe virus (WoYSV), based
on their differences in host range and serology. The
detailed relationship of these potyviruses, based on
the nucleotide sequence of genomic RNA or the
amino acid sequence of viral CP, however, have yet
to be shown.

Recent advances in molecular biology provide new
tools for the identification and classification of viruses
(10-12). Such molecular characteristics as the viral
genome sequence, its organization, and the deduced
amino acid sequence of CP from the cloned viral
cDNA sequence are useful for distinguishing viruses
from strains and for determining the relationships
between genera, species, and subspecies of distinct
viruses. Moreover, the usefulness of molecular
biology methods has been shown both for the
characterization of viruses that are difficult to isolate
and finely characterize by traditional methods and for
the development of novel methods for detecting
viruses (13).

To clarify the interrelations among the Allium
potyviruses at the nucleotide sequence level, we
cloned the cDNA of OYDV genomic RNA. We
described this cDNA cloning of the genome of the
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OYDV- GCTGGAGGCTATTTGTGCTGCTATGETCGAAGCATGGGGATATGATGAAT -846
P E A0 TETIT T T 1)

LYSV~ ATTGGAAGCTCTATGCGCAGCCATGATCGAAGCTTGGGGATATCCGGAAT -840

OYDV- TGTTGCAGGAGATCAGATTATTTTATAAGTGGGTGTTGGAGCAAGCACCA ~896
I L R s O e |
LYSV~ TGCTAGATCGAATCCBAAAGTTCTATTATTGGGTTCTTGAACAAGCACCE -850

0YDV- TATAACTTAATAGCCCAAACTGGG-AAAGCGCCATATATTGCAGAAACTG -945

B L ET T T I g 11
LYSV- TATAA-TGAGTTGAGTACATTAGGTAAAGCGCCATTTATCTCTGAAGCAG ~939

OYDV- GACTTAAAAGATTGTAGATGGATGAACAAGCAACTGA——GAGTGAG— -989
[ L T
LYSV~ CCCTGCGGAATTTATACACTGATTGTGAGGCAACGBAAGCGGAGTTAGCA 989

OYDV- ——-———————TTA-GA-——GAAGTA———TAGTCGAC—-TTTAC -1013
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LYSV- CGATACCTCGAACTTTACGACAGCGATGCACCCGTABAAGACACATTTGT -1039

OYDV- ~—~CAAATCCTA-GATGA——~——GCA—CATACCAACA-——————C -1041
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LYSV- GTTCCAAGCTAATGATGAATTAGATGCAGGCATECAAACAAGTAAGAAAC -1089
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OYDV- CGAGTTATGTGTCAT-ATCAAGCTTCAGAAATAGAAGATGCTGC—CA— -1086

e e el
LYSV- AGAAGGATG-GTAATGATAAATCTATTGAACAACGCGATCCAGCATCATC -1138

0YDV- —ATGTGA—————————ACACTGATAAGCAGETT—GGAAAGA ~1116
1l PO A HE i
LYSV~ ACAAGTTAGTTCATTAGGCAAGAAAGACGGTGAAGGCGGT TCAGGAATGA 1188

OYDV- GTAAGGATAAGGATAAGGATETTGACGTTGGTACATCGGGCGAGTTCTCA 1166
IR RN
LYSV- GTAGAAACAAAGACAGGGATGTGAACGTTGECACAACAGG-GACTTTT-A -1236

0YDV- GTG—CCAAAAGTGAAAATGTTGTCGGATAAAATGCGTTT-GCCACGAGT -1213

0YDV~ GAGAATACAGCTTAGCACGTTACGCATTCGACTTTTATGAGATGAATTCA -1658

Il TR e it
LYSV- CAGACATGGECCTCGCACGGTATGCATTTGATTTTTATGAAGTCACATCA ~1733

OYDV- AAGACGCCGATCCGCGCGAAGGAAGCTCATATGCAGATGAAAGCAGCAGC -1708
PO E I D LT
LYSV- AGAACACCAGTTAGAGCGCGCGAGCTCACGCACAAATGAAAGCAGCGEC -1783

OYDV- GGTTAG-AGGGGTAGCTAACCGTATGTTTGGCTTGGATGGTAACATAAGC -1757
[ M FEIE DA
LYSV- CCTACGTAATTCAAGGCCAAGGC-TGTTTGGACTAGACGGTAACGTCACA 1832

OYDV~ ACCGATGATGAGAACACAGAACGACATACAGCAGCTGATGTBAAT—AAG -1805
PR R R TR T T
LYSV- ACCACGGATGAGGACACGGAGAGGCACACAGCACATGTCETGAATGCACE -1882
OYDV- GAT-CATCA-——————~—CACAC-TGC——~-——-TCGGT -1826

HETET [ 11111 111
LYSV- GATGCACCATCTTGATGGTGCGCATATGCAGTGATGTTTCGETTAGTAAC -1932
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GTAT-— -1834
111 11
LYSV- CGGTTATGGGCTTCCATTTAAAAAGTCCCGAGTGCCGAACTTGTATTTCG -1982

0YOV- CTTC:

hiad
OYDV- ————GTAACAMCATAT-ATATA TTTATA—TA -1860
W 1o il
LYSV- GCTAGTGTAGTGAAACTATGATTCACTCGTTCAAGGCAGTTTCTACTTTA -2032

OYDV~ TAGT GTCATG -1870

111
LYSV- AGGATGACTTGGGAATTAGTAGCTCCCAATGCCAGTCACGATGETGACTA ~2082

oYDV- ~CATT ATCTTTC—- -1881
Il

LYSV- CCAAGAGTCAACACTTGGTTTGAGETTGATCGTCCGAAGATCTATCCGGA -2132

0YDV- ——&TTAT ATT: 16 -1891

14 1
W TRty b et LYSV- GTACGETTTTGTAAAGAAGGTGAATTCAATTGTTAAGBATCGTAAGTCTG -2182
LYSV- GTGTTCCACGAATCAAACAGATACCACAGAAAG-GCATCTCGATACCAAT -1285
OYDV- AA———TATGA-GCAAACACAGTGTE———-GTTACACCACCGTT— -1926
OYDV— TG-—GGAAGAAGGT-AATACTTAATGGCAAACATCTTTTAACTTACAAGC -1260 1 P L (AL
(TR IR NI LYSV- AAGCCTTTATGGCGTATAAGCAGCCTGAATTCTGATACCCCACCTTTACG -2232
LYSV- GGACGGAGGAAAGTCAATACTCAACTTAGATCACTTACTACAGTATAAAC -1335

0YDV- ——mn 16 -1928
0YDV- CCGATCAGGTTGACT-TATACAATACACGEGCAACACACGCACAGTTTAA -1309 1
onee e i b e eree e e LYSV- CTACAATGGAATGCTACTTTAGAGACTAGCTAGGATTGAGACCGAAATCT -2282
LYSV- CAAATCAA-TTGAATATATCGAACACAAGAGCCACGGTGGCACAATTTAA -1384
0YDV- ————-TBGCAT———-AGTATATGAT———AT————————— -1946
0YDV- GACGTGGTATGACGCAGTGAAACTTGAATATGAACTGACGGATGAACAGA -1359 I T
TR NI R I LYSY- CACATACTGGCATEGCCAGTAGTTGATCACTTAATGATCAGGTGACCACT -2332
LYSV- AACCTGGATGGAGAGAGTGCAAGAGGATTACGGTGTCACTAAAGGTGAAA -1434
0DV~ ~——————AACTT-——CGC~TAGCATTATTTGC~—ACC—-ATG-CG-— -1975
0YDV- TGAAAATAGTCATGAATGGGTTAATGGTGTGGTGCATTGAGAATGGAACA -1409 NIRRT
T 0T O T TEELEL T 1 LYSV- CTACAGTCAAACTGGAACCCGTAGTATCCTATCCTTACCTAATATCGTAA -2382
LYSV- TGGGCATAATTCTGAATGGTTTGATGGTGTGETGCATCGAAAATGGAACC -1484
0YDV- ~——m-—-——ACT———TAGTGTGGTTACACCACE—AGAA—————— -2000
0YDV- TCACAAAATTTAACGGGAGTTTGGACAATGATGGATGGCGACAACCARAT -1459 IR T
IRty LYSV- GTTTTATTTACTGGTGTAGCGTGGTTCAACCACCTTATAAACACTTTGAA -2432
LYSV- TCACCAAATATAAATGGGACTTGGACTATGATGGATGGCGATGAGCAAGT -1534
0YDV- ~mmmmm-m-GAG-——-TC AAGTGT - 2011
0YDV- GGAATATCCGCTCAGCCCTATTATTGACAACGCAAAACCAACATTCAGAC -1509 1
(T I T T I | LYSV- TATTAGGATCGAGCTGTTCGTCTGAAGGCACTAAGAGTGGCTTGACCATG -2482
LYSV- CGCGTACCCTTTACGGCCGATCGTTGAACATGCAAMCCAACCTTACGEC -1584
OYDV- TGTACGTTTT-——GTT—AGGBAGA————-C -2032
OYDV- AAATAATGGCACATTTCAGTGACGCAGCTGAAGCGTACATTGAATATAGG -1559 WELHE L 1 |
POOLEE B T b (IRIRE N . LYSV~ TGTGCTTCTTACGTTGCAGTAAGAGBAACTCC -2515
LYSV- AAATAAAGGCGCATTTTTCAGCACTCGCGGAGGCGTACATTGAA-ATGAG -1633

0YDV- AATGCCACAGAAAAAT-ACATGCCCCGGTATGGACTTCAGCGAAACTTAA -1608

Wy F T 1]
LYSV- AAATTCAGAGCAGGCTTATATGCCAAGATATGGACTACAMGARATCTTA -1683

Fig. 1. Comparison of the 3’ terminal nucleotide sequence of OYDV genome with the equivalent sequence of LYSV. The 3’ terminal 1236
nucleotide sequence in cDNA clone OYDV-M15 is aligned with the corresponding region of garlic LYSV ¢cDNA, GV-7 (13). The brackets
mark the beginning of the viral CP genes. The termination codon is indicated by asterisks. The nucleotide sequence underlined is the 5
primer sequence used for cDNA cloning of OYDV strains from Allium plants by RT-PCR. The number corresponds to the position of the
OYDYV cDNA sequence of 2032 nucleotides, deposited in DDBJ database.



OYDV isolated from Allium wakegi and show the
similarities in the 3’ terminal sequence, including viral
CP gene, among the OYDV genomes of virus isolates
from Allium plants cultivated in locally restricted
areas in Japan (which included A. wakegi, A.
fistulosum  cultivars ~ ‘‘Shimonita-negi’”>  and
‘““Wakenegi’’, and A. chinense) as well as the
difference in the cDNA sequences of OYDV and
LYSV.

Onion yellow dwarf virus was partially purified
from A. wakegi leaves infected solely with OYDV as
described previously (14). Infection only with OYDV
was confirmed by the direct tissue blotting immu-
noassay (DTBIA), immunoelectron microscopy and
bioassays of several plants (data not shown). Three
hundred and sixty micrograms of virus particles was
obtained from 43.1 g of fresh leaves as estimated from
the A,qo of the purified preparations, assuming
Eo.14,=2.5. Nucleic acids were extracted from the
partially purified virus with ISOGEN (Nippon Gene,
Toyama, Japan). Eleven micrograms of RNA was
obtained from 240 pg of the purified virus.

Double stranded cDNA was synthesized with a
Time Saver cDNA Synthesis Kit (Pharmacia Biotech,
Uppsala, Sweden) and an EcoRI adapter was ligated
to both ends of the cDNA according to the
manufacturer’s instructions. The cDNA was ligated
to the pT3T7 plasmid vector (Pharmacia Biotech,
Uppsala, Sweden) after double digestion with EcoRI
and Notl, and the resultant chimeric plasmid was used
to transform E. coli JIM109. Two representative cDNA
clones, designated OYDV-M15 and OYDV-N24,
which both had approximately 2 kb cDNA inserts
were selected. The nucleotide sequences of the
respective 2032 and 1766 bases (excluding the
poly(A) tail) of the 3’ terminal regions of their viral
genomic RNAs, cloned respectively in OYDV-M15
and -N24, were determined. The 3’ terminal 1766
nucleotide sequence coincided with the sequence
between M15 and N-24. We therefore used the cDNA
clone M-15 for subsequent characterization. The
sequence of M-15 has been deposited in the DDBJ
(DNA Data Bank of Japan) database under accession
number D73378.

The cDNA clone M-15 contains only a single
potential open reading frame (ORF) which encodes a
truncated RNA-dependent RNA polymerase and CP.
We compared the nucleotide sequence of M15 to the
corresponding region of LYSV cDNA, previously
reported as GV-7 (14) (Fig. 1). Although 68.0% of the
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OYDV_CP - ASEIEDAANVNTDKQY GKSKD -21
L

LYSV_CP - ANDELDAGNQTSKKQKDGNDKS | EQRDPASSQVSSLGKKDGEGGSGMSRN -50

¥
OYDV_CP  ~ KDKDVDVGTSGEFSVPKVKMLSDKN-RLPRVGKKYILNGKHLLTYKPDQV -70

IO e R
LYSV_CP - KDRDVNVGTTGTFSVPRIKGIPGKGISIPHDGGKS | LNLDHLLGYKPNGL ~100

OYDV_CP - DLYNTRATHAGFKTWYDAVKLEYELTDEGNK | VKNGLMVKCIENGTSGNL -120

R
LYSV_CP - NISNTRATVAQFKTWMERVOEDYGVTKGENG | |LNGLMVWCIENGTSPNI -150

OYDV_CP - TGVWTMMDGDNQMEYPLSP | | DNAKPTFRQ|MAHF SDAAEAY IEYRNATE -170

ELEE T T R T L (e 1
LYSV_CP - NGTHTNMDGDEQVAYPLRP|VEHAKPTLRQIKAHF SALAEAY |ENRNSEQ ~200

OYDV_CP - KYMPRYGLORNLREYSLARYAFDFYENNSKTP | RAKEAHMOMKAAAVRGV -220
PLELCLELEEE R EE T T T T
LYSV_GP - AYMPRYGLORNLTDMGLARYAFDFYEVTSRTPVRAREAHAGNKAAALRNS -250

v
OYDV_CP - ANRMFGLDGN|STDDENTERHTAADVNKDHHTLLGLRM -258
FPALLILE PR vl |
LYSV_CP - RPRLFGLDGNVTTTDEDTERHTAHVVNARMHHLDGAHNQ 289

Fig. 2. Comparison of the amino acid sequences of putative viral
CPs between OYDV and LYSV. The core region of CP marks
with arrow and gaps are introduced for maximum alignment.

sequence was identical, divergence was concentrated
in the boundary area between the genes for RNA
polymerase and viral CP as well as in the 3’ noncoding
region (Fig. 1). Sequence variation, including the
deletion of 79 nucleotides, in the boundary region
resulted in alterations to both the N-terminal amino
acid sequence and the molecular mass of CP between
OYDV and LYSV. The overall homology of the
deduced amino acid sequence of CP in them was
59.3%, and in the core region corresponding to the
region from D* to R**® in potato virus Y (15) it was
63.6% (Fig. 2). Both the similarity and length of the 3’
noncoding region of the viral genome are reported to
be useful markers for virus taxonomy (16). In
addition, Shukla and Ward (17,18) showed that
similarity in the core regions of viral CP is one of
the most useful criteria for distinguishing viruses, in
particular from strains, and establishing evolutionary
relationships between groups of distinct potyviruses.
Homologies of the CP core regions which range from
approximately 20 to 30%, and from 55 to 75%, 74 to
88%, and from 90 to 99% indicate that the respective
viruses probably belong to different genera, species,
subspecies, and strains (19). The sequence data
obtained in this experiment therefore supports a
classification based on differences in host range and
serology that places OYDV and LYSV in distinct
species of the Potyviridae.

We directly cloned the 3’ terminal region of the
viral genome that carries the CP gene from the total
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AN ATAEGATGMTTGTTGGACGAGATGAGATTATTTTATMGTGGGTSTTGG 50

AY MTGATGGATGGMAGAMGWTGGAATATOGﬁCTCAGGCCTATTATTG 650

F$ 650
1. A 650
AC 6........... T. LT Ao T..A..C.... 650

AY ACAACGCAAAACCAACATTCAGACAAATAATGGCACATTTCAGTGACGCA 700

A 1049
AAAAAAAAAAAAAAAAAA AAG
AW TATATTTGAATATGAGCAAACACAGTGTGGTTACAGCACCGTTTGTGGCA }098

AW TAGTATATGATATAACTTCGCTAGCATTATTTGCACCATGCGACTTAGTG }HB

Fig. 3. Alignment of the nucleotide sequences of the 3’ terminal 1197 nucleotides among OYDV strains. AW, FS, FW, and AC indicate the
strains of OYDV from A. wakegi, A. fistulosum cultivars ‘‘Shimonita-negi’’ and ‘‘Wakenegi’’, and A. chinense, respectively. The only
nucleotides that differ from A. wakegi OYDV sequence are indicated, and gaps are introduced for maximum alignment.

RNA of infected Allium plants cultivated in Japan
using the RT-PCR procedure and determined the
nucleotide sequence in order to investigate alterations
in the sequence of each isolate. We chose the A.
fistulosum cultivars, ‘“Wakenegi’’ and ‘‘Shimonita-
negi’’, as well as A. chinense as the OYDV-infected
plant materials because these plants have been shown
to be infected with viruses identified serologically,
biologically, or both, as OYDV (20,21, unpublished
data). All these plants have long been cultivated in
locally restricted areas in Japan as special agricultural
products and are vegetatively propagated except for
““‘Shimonita-negi’’ which is propagated by seed. The
A. wakegi, the A. fistulosum cultivars ‘‘Wakenegi’’
and Shimonita-negi’’, and the A. chinense respec-
tively were collected from Hiroshima, Chiba, Gunma,

and Tottori prefecture. Infection of the individual
plant materials with OYDV was confirmed by DTBIA
(13,22).

Total RNA was extracted from 200 mg fresh leaves
from the infected Allium plants using ISOGEN
(Nippon Gene, Toyama, Japan). Approximately 40
ng of the total RNA was obtained. Reverse transcrip-
tion (RT) was performed on about 1 pg of the RNA
with 0.2 pg of Norfl-d(T),g as the primer in a 15-pl
reaction volume with a First-Strand cDNA Synthesis
Kit (Pharmacia Biotech, Uppsala, Sweden). For the
PCR, 1 pl of the RT mix was the template, 30 reaction
cycles being performed that included an annealing
period of 30 s, at 55°C, synthesis for 60 s, at 72°C, and
melting for 30 s, at 94°C. The 5’ primer was 5'-GC-
TATGGTCGAAGCATGGGG-3/, and the 3’ primer 5'-



ACCGATTCAACTGGAAGAATTCGCGG-3/, corre-
sponding to a part of the NotI-d(T)g primer sequence.
In the RT-PCR of the total RNAs from all the Allium
plants, 1197 to 1199 base DNA fragments, excluding
poly(A) tracts were amplified. The respective nucleo-
tide sequences were determined and deposited in the
DDBJ database under accession numbers AB000472,
AB000473 and AB000474. Alignment of the nucleo-
tide sequence of each amplified fragment showed
very high homology of 90.7% (Fig. 3). The amino
acid sequence homologies of the CP core regions were
more than 98%, and the sequences of the isolates from
A. wakegi and ‘‘Shimonita-negi’’ were identical. The
facts that these plants have long been cultivated in
locally restricted areas in Japan and that OYDV is
transmitted by aphids in a non-persistent manner
appear to suggest that a single strain of OYDV long
ago invaded and spread through Japanese Allium
plants, but more sequence data are required to be
definitive.

Quite recently, Kobayashi et al. reported the
nucleotide sequences of OYDV garlic and onion
strains (23). The similarities between the deduced
amino acid sequences of these isolates and the
corresponding sequences of the OYDYV isolates from
the Japanese Allium species were less than 76.7%.
The degree of similarity between them suggests that
the Japanese OYDYV isolates represent different viral
species or subspecies from the OYDV isolates
reported by Kobayashi et al. (23), by the taxonomic
criterion based on CP sequence similarity (17,18). We
presume that the Japanese OYDYV isolates may closely
relate to WoYSV or SYSV differentiated from typical
OYDYV, based on the differences in host range and
serology (5) and we are currently examining this
hypothesis by cDNA cloning of potyvirus isolates
from Allium species throughout the world.
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