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cDNAs complementary to the 3'-terminal regions of iwo
potyvirus genomes were cloned and sequenced. The
clone G7 contains one open reading frame (ORF) of
1,338 nucleotides and a 3' untranslated region (3'-UTR)
of 403 nucleotides at the 3'-end excluding the 3'-end
poly(A) tail. The putative viral coat protein {CP) shows
55%-92% amino acid sequence homology to those of
Allium potyviruses. The genome size of the virus was
analyzed to be about 9.0 kb by Northern blot analysis,
Five cDNA clones were screened out using GPV2 oligo-
nucleotide as a probe. One of these clones, DEA72,
which has 2 longest ¢cDNA insert, contains one ORF of
1,459 nucleotides and a 3'-UTR of 590 nucleotides at the
¥-end excluding the 3'-end poly(A) tail. The putative
viral CP shows 57 %-88 % amino acid sequence homolo-
gies (o these of Allium potyviruses. The genome size of
the virus was analyzed to be about 9.6 kb by Northern
blot analysis. The results of immunoblot and Northern
blot analyses suggest that almost all of the tested garlic
plants showing masaic or streak symptoms are infected
wilh DEA72-potyvirus in variable degrees but rarely
infected with G7-potyvirus. Immunoelectron micros-
copy using anti-DEA72 CP antibody shows that this
potyvirus is about 750 nm long and flexuous rod
shaped.

Keywords : coat protein, garlic, immunaoblot, imnmunodeco-
ration. potyvirus.

Garlic (Aifiumn sativum L.} is an important vegelable crop
and has long been cultivated extensively in Korea. More
recently it has gained importance as a source of certain
pharmaceuticals. This additional use has also contributed to
the increasing demand of garlic. Most of the garlic plants
cultivated throughout the world are thought to be infected
with viruses which give rise (0 mosaic syraptom on leaves
and thus reduction of yield (Ahlawat, 1974; Grimsley et al.,
1987; Lee el al., 1979, Walkey, 1990). The wide occurrence
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of virus disease in garlic is due Lo the fact that garlic plants
are propagated vegetalively and that there is no effeclive
method of contralling the disease. Although there has been
some attempts to produce the virus-free seed garlic by tis-
sug cullure techmques, viruses were often not successfully
eliminated even from tissue cultured garlic {(Chang et al.
1980; Havranek, 1973). In most cases, moreover, even
virus-free garlic plants would become infected with viruses
again when planted in the field {Kehr and Schaeffer. 1976;
Lee, [981).

In attempting to control viral diseases, the first essential
step 15 to establish the identily of the viruses responsibie for
the diseases in garlic plants and to determine their molecu-
lar characleristics. Two types of flexvous, rod-shaped
viruses belonging to the potyvirus and carlavirus groups,
respectively, have been reported from garlic plants in Japan,
hased on their morphological and cytopathological proper-
ties (Lee et al., 1979). A potyvirus, lermed garlic mosaic
virus (GMV), was thought to be a causalive agent of the
garlic virus disease, whereas a carlavirus, termed garlic
latent virus (GLV), infects garlic plants syslemically, but
gives no apparent disease symptoms. It has been reporled
that donble infection by GMYV and GLV results in more
severe symptoms than those arising from a single infection
with GMV (Sako, 1989), which indicates a possible syner-
gislic relationship between these virnses in the development
of virus disease. However, GMV and GLV have not been
further characterized at the molecular level. Symplom due
to the infection of GMYV was mosaic in garlic plants and
local necrotic lesions in Gomphrena globosa, whereas
latent infection was detecled in the inoculated leaves of
Chenopodium amaranticolor, C. quinca and Tefragonia
expansa. Particles of GMV were flexuous rods of about
750 nm long, Pinwheel-type cytoplasmic inculstons were
found 1n the infected garlic plant cell (Chang et al., 1988;
Lee el al., 1979).

GMV, garlic yellow stripe virus (GYSV). and onion yel-
low dwarf virus (OYDV) are known as potyviruses infect-
ing in Aflium plants (Noda and Iniuye, 1989). Recently, the
partial nocleotide sequences of these virses were reported,
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Nagakubo et al. (1994) determined the partial nucleotide
sequences of cDNA clone of virus infecting garlic plants in
Japan, garlic virus 2 (GV2), Partial cDNA clones for leek
yellow stripe potyvirus (LYSV) have been isolated and
their nucleotide sequences determined (Schubert. 1995
Tsuneyoshi and Sumi, 1996; Tsuneyoshi et al.. [998). Par-
tial cDNA clones for OYDYV have also been isolated and
their nucleotide sequences determined (Kobayashi, 1996,
Tsuneyoshi and Sumi, 1996; van der Vlugt. 1997a).

In the review of potyvirus identification and classifica-
tion, Shukla and Ward (1989) echoed the opinion of many
virologists thal potyvirus taxonomy is in an unsatisfactory
state. Both the amino acid sequence of the coat protein (CP)
gene (Shukla and Ward, 1988, 1989) and the nucleotide
sequence of the 3"-untranslated region (3'-UTR) (Frenkel et
al., 1989) have recently been proposed as tools for potyvi-
rus classification. The identification and classification of
garlic potyvirases, LSYVs and OYDVs are also not clear.
Recently, Van Dijk (1993) diflerentiated four potyviruses:
leek yellow strip virus, onion yellow dwarf virus, shallot
yellow strip virus (SYSV) and Welsh onion yellow strip
virus (WoYSV), as well as six strains of these viruses,
based on differences in the host range and in the serology of
aphid-borne potyviruses detected in nearly 3700 Allfum
plants from around the world,

In this study, we have isolated two ¢cDNA clones for gar-
lic patyviruses, G7 and DEA72, and determined the micle-
otide sequences. G7-potyvirus and some OYD'Vs are sirains
of the same virus and DEA72-potyvirng, GV2 and LYSV
are strains of another same virus. Northern and immunoblot
analyses showed that (G7-potyvirus rarely infected garlic
plants. however almost all of the tested garlic plants were
infected with garlic potyvirus from which the cDNA clone
DEAT2 was drivad.

Materials and Methods

Plant materials. Garlic (A. sarhwm L.) plants used in this study
were collected from various regions of America, China. Japan and
Korea, Leaves ol garlic plants were harvested and kept at -70°C
for further use.

Virus purification and viral RNA preparation. Garlic viruses
were isolaled from virus-infected garlic leaves by sucrose gradient
sedirnentation as described previously (La, 1973; Langenberg,
1973). The virus suspension was treated with 250 mg/ml protein-
ase K, 1% sodinm dodecyl sulfate and 25 mM EDTA for 15 min
at 37°C. afler which the RNA was extracted twice with phenol-
chloroform, once with chloroform, and then precipitated with 2.5
volumes of cold ethanol n the presence of 0.2 M sodium chloride.
The RNA precipitatle was washed with 70% ethanol, dissolved in
sterile waier and stored frozen at -70°C.

eDNA. synthesis, molecular cloning and nucleotide sequenc-
ing. The double-stranded cDNAs of the garlic viruses were syn-

thesized with SuperScript Il reverse transcriptase according to the
GIBCO BRL manual using oligo(dT),,s &s a primer. Blunl-ended
¢DNA was ligated into a Smal-digested pUCI8 plasmid and
ransfermed into Escherichia coli MCL061. A nested series of
exonuclease I deletions were generated from the original cDNA
clones by use of the Erase-a-Base system (Promega). Dideoxymu-
cleotide sequencing of beth strands of dsDNA (emplates was car-
tied out using [o-"P]dATP and medified T7 DNA polymerase
{Sequenase, U.S. Biochemicals}. Norlhern blol analysis was car-
ned out with garlic virus RNAs in an 0.8% (ormaldehyde agarose
gel (Sambrook et al.. 1989).

Preparation of antibody and immunoblot analysis. Two oligo-
nucleotides containing an initintion or lermination codon of CP.
were synthesized, Polymerase chain reaction (PCR) was carried
out with these oligonucleotides as primers and the ¢lone DEA72
as a template (Sambrook el al., 1989). The PCR product was
digested with reshiction enzymes SamHI and Kpnl and ligated
into the pRSET-A expression vector. which was digested with the
same enzymes. The recombinant constricl plasimid was twans-
formed into E. colf BL21, and the synthesis of T7 RNA poly-
merase was nduced by 075 mM of TPTG. The expressed
recombinant CP of DEA72-potyvirus was purilied by Ni*-NTA
affinity chromatography. The expressed protein was analyzed by
12.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
{SDS-PAGE) (Sambrook et al,. 1989).

Antibody against the CP of garlic potyvirus was prepared with
recombinant CP expressed in £, ¢cefi. The purified recombinant
CP was mixed with an equal volune of Freund's adjuvant and
injected inlo a rabbit (New Zealand Whute) 3 {imes at two-week
intervals as the procedure of Garvey et al. {1980). Serem was pro-
cessed by the standard method after bleeding

Immunoblot analysis was carred out according to the proce-
dure of Bumnette (1981). Garlic lzaf exlract prepared in SDS-PAGE
sample buffer was analyzed by 15% SDS-PAGE and eleciro-
rransterred onto nitrocellulose paper. The blot was incubated first
with anti-CP antibody (1 : 200 dilution) and then wilh goart anti-
rabbil second antibody labeled with peroxidase (Sigma). ECL
detection 1eagents 1 and 2 (Picrce Co.) were used as substrates for
perovidase.

Immunoelectron microscopy. Gaclic virnses purified fron leaves
by sucrose gradient centrifngation were adsorbed onto a grid
coaled with formvar and carbon. and were charge-treated [or 5
min. To reduce non-specific binding, the grid was treated with
phosphale-buffered saline (PBS) solution containing 0.5% BSA
for 30 min. The grid was incubated with 10 pl of anii-poty CP
antibody (1 . 10 dilution} for 1 hr. washed with PBS and drained.
It was negalbively stained with 2% phosphotlungstic acid and then
observed using a transmission election microscope {Hitachi-800),

Results and Discussion

Cloning and sequencing of viral cDNA clones for garlic
potyviruses, G7 and DEA72. To identifly garlic polyvi-
ruses, a cDNA library was constructed using viral RNA iso-
lated from garlic plants (cultivar Danyang) which showed
yellow streak or mosaic symptoms. Recombinant colonies
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Fig. 1. Nucleotide and deduced amuno acid sequences of the clone G7 (A} and DEA72 (B). The GDD motif 1s mdicated by underline.
Predict NIb/CP polyprotein cleavage site is indicated by arrow ( 4 ). The nucleotide sequences ol the cDNAs are shown as the equivalent
of the viral positive-sirand RNA. Coding sequences for polyproteins are shown in uppercase lelters and the deduced amino acid sequences
are presented under the nucleotide sequence. 3'-UTR is shown in lowercase letters. Termination codon is shown by asterisk (*} The

conserved amino acid sequence motifs are shown in bold.

were randomly chosen and (heir micleotide sequences were
determined. We have isolated 24 cDNA clones for garlic
viruses and determined their nucleotide sequences. One of
these clones, G7, contains a cDNA insert of 1.841 bp
except for poly(A) tail. Sequence analysis reveals that clone
(G7 contains a single large open reading frame (ORF) of
1,341 nuclectides in reading frame 1 of the virus-sense
cDNA and terminating with TGA codon followed by a 3'-
UTR of 500 nucleotides at the 3'-end excluding the 3-end
poly(A) lail (Fig. 1A). The putative viral protein shows
high nucleotide sequence homology lo potyvirus group.

When colony hybridization was carried oul using the clone
(G7 as a molecular probe. however, no other colonies
hybridized with the probe. Furthermore, immunoblot analy-
sis revealed that almost all of the tested garlic plants
showed no signal if any (data not shown). These resulls
suggesl that the clone G7 may be a partial cDNA clone of
garlic potyvirus; however. the extenl of infection by this
potyvirus of garlic plants may be extremely rare.

To isolale more abundant garlic potyviruses through
comparison of nucleotide sequences for CP from leek vel-
low strip virus (LYSV; Tsuneyoshi and Suma, 1996), GV2
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(Nagakubo el al., 1994), plum pox virus (Teycheney et al,,
1989), potato virus Y (PVY; Robalia et al., [989), and soy-
bean mosaic virus (SMV: Jayaram et al., 1992)_ highly con-
served regions were identified and an oligenucleotide
GPV2 (3-TGCCTCTCCGTGTGTCGT-5") was designed
{Fig. 1B). Five cDNA clones were screeped out using
GPV?2 oligonuclentide as a probe. One of the clone DEAT2
contains a longest cDNA insert of about 2,500 bp and
poly({A} 1ail. The nucleotide sequence of clone DEAT72 was
determined (Fig. 1B). Sequence analysis reveals that clone
DEA72 contains one large ORF of 1,459 nucleotides of the
virus-sense cDNA and terminating with TGA codon fol-
lowed by a 3'-UTR of 590 nucleotides at the 3'-end exclud-
mg the 3-end poly(A) tail.

The length of 3-UTRs of reported potyviruses ranges
169 to 475 nucleotides (Hammond and Hanunond, 198%:
Gough et al., 1987). Clones G7 and DEA72 have longer 3
UTR regions of 500 and 590 nucleotides, respectively. The
3-UTR of DEA72 is unusually longer than that of other
potyviruses. Neither of the potential eukaryotic polyadeny-
lation signals AAUAAA (Nevins, 1983) or UAUGU (Zaret
and Sherman, 1982), which have been reported for several
ofher potyviruses, could be found in this region of both
virus. This fact supports the hypothesis of Harmumond and
Hammond (1989) that 'signals’ are fortuitous and not func-
tional.

[e=]
=J
%)

Frenkel et al. {1989} have proposed that the nucleotide
sequence similarities between the 3“UTRs of potyviral
genomes are vseful for taxonomic purposes. They deter-
mined that percentage sequence similarities between accepted
virus strains ranged from 83% to 99%, whereas similarities
hetween distinct viuses ranged between 39% to 53%. The
nucleotide sequence similarity in 3-UTR between G7 and
DEA72 is only 45%. Ti suggests that G7 and DEA7T2-
potyviruses are distinct potyvirus from each other.

GMV, GYSV and OYDV are known as potyviruses
infecting in Affium plants (Noda and Iniuye, 1989). There
are parlial nucleotide sequences ot Allium potyviruses in
EMBL. data bank (Table 1). Clone G7 showed about 80%
nucleotide sequence similarity in the 3-UTR with OYDYV-
K and OYDV-V. The clone DEA72 showed about 88%
nucleotide sequence similarity with GV2. LYSV-GV7 and
LYSV-Lfrg. Therefore, G7-potyvirus, OYDV-K and OYDV-
V are strains of the same virus and DEA72-potyvirus, GV2
and LYSVs are strains of another same virus by Frenkel's
criteria (1989).

Analysis of coding regions. Alignment of amino acid
sequences of the putalive proteins from G7 and DEA72
with polyproteins of known potyviruses reveals that they
have high similarity with corresponding portions of the
polyprotemn of other potyvirnses, starting at the C terminal
of the nuclear mnclusion protein (NIb), beginning 5' to the

Table 1. Homology {%) of the amino acid sequences of the coat protem of Allium potyviruses

Alfinm potyvirus® O @ & @ B B 7 & & a; (1D 12y (13 14 (15
{1y DEAT2 - (80~99)
(2)GV2 82 - e "
(HLSVY Guae 88 82 - (54~65) (54~62)
(H LYSV-Gehi 85 %0 85 -
(5) LYSV-GV7 & 99 82 8l -
(6) LYSV-Lirg §2 88 82 82 88 -
(7) G7 64 56 65 62 55 63 - (85~98)
(8) OYDV-Gind3 62 62 56 55 55 54 92 - (71~78)
(9) OYDV-Gfw 61 61 S5 55 54 54 90 95 -
(10) OYDV-K 63 62 65 62 62 6l 89 87 86 -
(11) OYDV-V 63 61 65 63 61 60 §5 80 88 908 -
(12) OYDV-AwM]13 50 60 55 54 54 54 75 76 76 7776 - (89-99)
(13) OYDV-AcR9 50 62 55 54 34 54 72 76 76 16 75 99 -
(14) WOYSV 57 5% 38 50 57 57 775 75 77 T » o9 -
(15)SYSV 61 58 60 60 58 62 71 76 T4 7% 75 90 RO B9 -

“(1) and (7) in tus study. (2) garlic virus 2 (GV2) from EMBL acecssion number D28590 (Nagakubo et al., 19941, (3) Jeek yellow stripe potyvirus
(LYSV-Guae) from EMBL accession number ABO05611 (Tsuneyosli, el al., 1998), (4} leek yellow siripe potyvius (LYSV-Gchy from EMBL
accession number ABO03610 (Tsuncyoshy, el al.. 1998, (5) leek vellow stripe potyvirns (LYSV-GVT) lrom EMBL aceession number 11118
(Tsuneyoshi and Surni, 1996). (6) leek yellow strpe potyvirus (LYSV-Lfrg} fiom EMBL. accession number X89711 (Schuber!, 1995), (8) omon
vellow dwarf virus (OYDV-Cind3) from EMBL accession number ABO0084! (Tsuneyoshi. et al , 1998}, (9) onion vellow dwarf vicus (OYDV-
Glw) from EMBL accession number ABODOS38 (Tsuneyoshi, el al.. 1998), (10) omon yellow dwaf virus (OYDY-K) [rom EMBL accession
number X05874 (Kobayashi, 1996), (11) onion vellow dwaf vius (OYDV-V) from EMBL accession number Y L1826 {van der Viugt, 1997a),
(12) onion yvellow dwart virus {OYDV-AwM15) from EMBL accession namber 373378 (Sumi, 1997). (13) onion yellow dwarf virus (OYDV-
AcRD) from EMBT, accession number AB000474 (Tsuneyoshu, et al.. 1997, {14) welsh onicn yellow stipe virus (WOYSV) from EMBL acces-
sion number Y11748 (van der Viugt, 1997h). (15) shallot yellow stripe virus (SYSV) from EMBL accession narber Y11747 (van der Vlugt.
1996).
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¥ig, 2. Comparison of coal protein (CP) deduced amine acid sequences among (7, DEA72, nine othar Alfim potyviruses. and four
other polyviruses. The dot () indicates 1dentical amino acid among CPs. Gaps (——) were introduced o optimize alignments using the
CLUSTAL W alignment program. The amino acid sequence of CP lor garlic virus 2 (GV2) from EMBL accession nmunber D285%)
(Nagakubo et al., 1994), leek vellow siripe potyvirus (LYSV-Guae) frorn EMBL accession number ABO056 11 (Tsuneyoshi, et al., 1998),
leek vellow siripe potyvirns (LYSV-Gcehi) from EMBL accession number ABC05610 (Tsuneyoshi. et al., 1998). leek yellow stripe
potyviras (LYSV-GV7) [rom EMBL accession nunber DI1118 (Tsuneyoshi and Sumi, 1996), leek yellow stripe potyvirus (LYSV-Lirg)
{from EMBL accession number X89711 (Schubert, 1995), onion yellow dwart virus (OYDV-Gind3) {from EMBL accession number
ABO0OB41 (Tsuneyoshy, €1 al., 1998), omwon yellow dwarf virus (OYDV-Giw) from EMBL accession uumber ABO00838 (Tsuneyoshi, et
al., 1998), onion yellow dwaf virus (OYDV-K) from EMBL accession number X95874 (Kobayashi, 1996), onion vellow dwarl virus
(OYDV-V) from EMBL accession munber Y11826 (van der Vlugl, 1997a), onion yellow dwarf virus (OYDV-AwM 15} from EMBL
accession number D73378 (Sumi, 1997), onion yellow dwarf vims (OYDV-AcR9) from EMBL accession number ABOOO474
(Tsuneyoshi, et al., 1997). welsh onion vellow stripe virus (WOYSV) from EMBL accession number Y11748 (van der Vingt, 1997b),
shallot yellow stripe virus (SYSV) from EMBL accession number Y [ 1747 (van der Viugt, 1996), potato virus A (PYA) [rom Puurand el
al. (1994). potato virus Y (PVY-N) from Robalia et al. {1989}, soybean mosaic virus (SMV) from Jayaram et al. (1992), and lobacco etch

virus (TEV) from Allison et al. (1986).

GDD motif, and containing (ull-lengih coal protein (Fig. 1).
The location of the genes of G7 and DEA7T2 CP are deter-
mined by comparison of their deduced partial polyprotein
amino acid sequences with those of several other potyvi-
ruses. Using the proposed consensus polyprotein cleavage
sites, V(R or K)FQ/(G or 5) for tobacco vemn mottling virus
(TVMYV, Domier et al., 1986), E--Y-Q/A G or 8) for tobacco
etch virus {TEV; Carringion and Dougherty. 1987) and V-
(H or EYQKG or § or Q) for PVY-N (Robaglia et al., 1989),
as indicators, CPs are predicted to be cleaved from the puta-
tive polyprotein between the Q/A dipeptide sequence at
amino acid position as shown in Fig. 1A and B. Another
poiential cleavage site in this region of DEA72 was the Q/A
dipeptide at amino acid position 142/143; however cleav-

age at this point would result in an N-terminal extension not
shared by other potyviral CPs. The molecnlar mass of 32.5
kDa was calculated for the 289 amino acid putative DEA72
CP, which is in reasonable agreement with the molecular
mass of 34.0 kDa determined experimentally by immunab-
lotting analysis. The putative CP sequences of G7 and
DEA72 were aligned with and compared to those of several
other potyviruses (Fig. 2) and the C-lerminal sequence
showed far greater similarity than the N-ternimal sequence,
as is true for all known potyviruses (Shukla and Ward,
1988, 1989).

Shukla and Ward {1988, 1989) reported that distinct
members of the potyvirus group exhibited sequence homol-
ogies ranged from 38% o 71% (average 54%) with major
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differences in the length and sequence of their N termuini
and high sequence homology in the C-terminal half of CPs.
However, strains of individual viruses exhibited sequence
homologies of 90% to 99% (average 93%) and had very
similar N-terminal sequence. As shown in Table 1, the
amino acid sequence simuladty of CPs between G7- and
DEAT2-potyvirus is 64%. Furthermore, the lengths of their
N termini of CPs are different (Fig. 2). These data also sug-
gest that they are distinet potyvirus by this criterion. Our
data clearly suggests clearly G7- and DEA72-potyvirus to
be a distinct potyvirus from potato virus A (PVA; Paurand
et al., 1994), PVY (N strain: Robalia et al., 1989), SMV
(Jayaram et al., 1992) and TEV (Allison et al., 1986).

G7- and DEA72-potyvirus showed 55% to 88%. and 54
% to 82% amino acid sequence similarities of CPs to other
Allium potyviruses, respectively (Table 1). The CP of G7-
potyvirus, however, showed 85% to 92% amino acid
sequence similarities with OYDV-Gind3, -Gfw, -K, and V.
(37-potyvirus also showed 71% to 75 amino acid sequence
similarity with WoYSV. SYSV, OYDV-AwM15 and OYDV-
AcR9 in CP gene. However. it showed only 33% to 58%
nucleotide sequence similarity with OYDV-AwM15, WoYSV
and SYSV in the 3-NC region. Therefore, G7, OYDV-
Gind3, -Gfw, -K, -V are strains of the same virus, but they
are distinct members of potyvirus group from OYDV-
Awml3, OYDV-AcR9, WoYSV, and SYSV by Frenkel's
criteda (1989) and Shukla and Ward's criteria (1988, 1989).
DEAT72-potyvirus showed about §1% to 88% amino acid
sequence similarity with GV2, LYSV-Gue, -Gehi, GV7,
and Lfrg (Table 1). The value was in middle range from dis-
tinct to strains (38% to 71% and 90% to 99%). However,
DEA7T2-potyvirus showed about 88% nucleotide sequence
similarity with GV2 and LYSV-GV7 in 3-NC region.
These data soggest that DEA72-potyvirus, GV2 and
LYSVs are strains of the same virus by Frenkel's criteria
{1989) and Shukla and Ward's criteria (1988, 1989),
Recently, Tsuneyoshi et al. (1998) cloned cDINAs of poty-
viruses trom A#fium plants by RT-PCR method. The degree
of their nucleotide sequence similarities clearly differenti-
ated the respective viruses into three groups; namely
OYDV garlic-type, OYDYV wakegi-type, and LYSV group.
Our results consist with their result. According to them,
DEA72-potyvirus belong to LYSV group and G7-potyvirs
to OYDV garlic-type group. respectively.

In potyviruses, it is demonstrated that critical amino acid
residues, namely DAG or DAG-like motif, involved in
virus transmission by aphids are located near the N-termi-
nus of the CP and their mutation result n loss of insect
transmissibility (Atreya et al.. 1990; Atreya et al., 1991).
Recently, the CP of several tobamoviruses has been shown
to be a determinant of host range through its involvement in
the long-distance spread of the virus as well as in virus par-

ticle assembly (Hilf and Dawson, 1993: Berzal-herranz el
al., 1995). DEA72-potyviruses (LSYV group) contain longer
N-termini of CP than those of G7-potyviruses (OGYDV-gar-
lic group) and OYDV wakegi-type group. Each group
showed different amino acid sequences for DAG-like motif:
DEA7Z2-potyviruses (LYSV group), NVG,; G7-potyviruses
(OYDV-garlic group). I{T/A)G; OYDV-wakegi-type, DVG.
These features also support that cach group is different
kinds of distinct potyvirus groups.

We conclude thal potyviruses infecting Alfism plants
could be classified inlo at least three kinds of distinct
potyvirus groups on the basis of nucleotide sequence simi-
larities in the 3'-NC region (Frenkel et al., 1989} and amino
acid sequence similarities in CPs (Shukla and Ward, 1988,
1989). (1) G7-potyvirus and OYDV-K and OYDV-V are
strains of the same virus (OYDV garlic-type group,
Tsuneyoshi et al., 1998). (2) DEA72-potyvirus, GV2 and
LYSVs are strains of another same virus {LYSV group,
Tsuneyoshi et al., 1998), (3) OYDV-5. WoYSV and SYSV
are strains of the other same virus (OYDV wakegi-type
group, Tsuneyoshi et al., 1998).

Northern blot and immunoblotting analysis. To figure
out the length of genomic RNA, Northern blot analysis was
carried out. The genome size of G7-potyvitus and DEA72-
potyvirus were analyzed to be approximately 9.0 kb and 9.6
kb by Northern blot analysis, respectively. This resolt also
supports that they are distinct potyvirus each other. North-

1 2 3 4 5
9,49+ -
7.46-
4.40-
2.37-
1.35-

Fig. 3. Northern blot analysis of garhe virus RNAs from dif-
ferent garlic plants. Viral RNAs were separaled by 0.8% form-
aldehyde agarose gel electrophoresis and translerred onto nylon
membrane. The filter was probed with the random primer-
extended clone DEA7Z. Each sample is garlic virns RNA
prepared fram garlic plants cultivated in Eosangcheon (lane 13,
Daegang (lane 2), Wonju {lane 3). Euiseong [ (lane 1), and
Euiseong 2 {lane 5) The positions of markers are shown at the left
side of the blot.
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Fig. 4. SDS-PAGE and immunoblotting analysis of the recombi-
nant DEA72-potyvirus CP. A; SDS-PAGE analysis of DEA7T2-
patyvirus CP [usion protein expressed in £. coli BL21. Each lane
contains total cell lysate of E. eoli transformed with the vector
only (lane 1). lysate of IPTG-induced £, coli transformed with the
pDEA72-CP (lane 2). or the Ni**-NTA-purified recombinant CP
{lane 3). B: Immunohlot analysis of the recombinant DEA72~
patyvirus CP. Protem samples were analyzed by 12.5% SDS-
PAGE, transferred onlo nitrocellulose paper and probed with an
anti-CP antibody for DEA72-potyvirus. Each lane contains tolal
cell lyzate of E. coff transformed with vector only (lane 1), lyzate
of TPTG-induced E. coli transformed with the pDEA72-CP (lane
23, or the Ni*" NTA-purified recombinant CP (lane 3),

ern blol analysis reveals that almost all of the tested garlic
plants were infected with DEA72-potyvirus (Fig. 3), but
rately with G7-potyvirus (data not shown).

To raise antibodies against CPs of G7- and DEAT2-
potyvirus, coding region of CP gene was recombined into
pPRSET expression vector. The pRSET vector allows high
level expression of a foreign gene i E. coli by the T7 pro-
moter. Antibodies against CPs of G7- and DEA72-potyvi-
ruses were prepared with the recombinant CPs (Fig. 4A).
To figure out the specificity of anti-DEA72 CP polyclonal
antibody. immunoblot analysis was carried out (Fig. 4B).
The anti-DEA72 CP antibody recognized the recombinant
CP of DEA72-potyvirus antigen (Fig. 4B, lane 2 and 3).
This resull demonstrated the specificity of the antibody.

To investigate the extent of infection by garhc potyvirus
of garlic plants, individual garlic plants were subjected to
immunoblot analysis. Immunoblot analysis with anii-G7
CP antibody showed that only one of the tested garlic plants
showed signal (data not shown). Immunoblot analysis with
anti-DEA72 CP antibody showed that almost all of the
tested garlic plants showed a signal at 34 kDa. The typical

1 234 5 6
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Fig. 5. Immunobloting analysis of DEA72-potyvius CP from
various garlic plants, Equal amounts of leaf extracts from indivi-
dual garlic plants collecled from varous regions were separated
by 153% SDS-PAGE, transferred onto mitrocellulose paper and
prohed with anti-DEA72 CP antibody. Garlic leaf extracts of
Wonju (lanc 1), Dongyang (iane 2), Danyang (lane 3). Euiscong
{lane ), Sunsan (lane 3), Danhook {Jane 6), Bosangcheon (lane
73, Oakpochun (lane 8) and Saljukdas (Jane 9). Position of CP is
shown by arrowhead.

results are shown in Fig. 3. The intensity of these signals,
however, was variable, as observed in the Northern blot
analysis. These data suggest that almost all of the tested
garlic plants infected with DEA72-potyvirus, but rarely
with G7-potyvirus. At this time, however, it is not clear
whether the varying intensity of the signals reflects the rela-
{ive amount of DEA72-potyvirus infecting the garlic plants,
or not. The other possibility is that there are more variations
depending on the strains of the DEA72-potyvirus (LSYV
group) and the amino sequence variation in CPs of this
group could make the varying intensity.
The size of DEA72-potyvirus particles was 750 nm long.
To identily the DEA72-potyvirus particles from infected
garlic plants, immunoelectron microscopy was carried out
using an anti-DEA72 CP polyclonal antibody (Fig. 6).
There were viruses of various lengths in the microscopic
field. The virus particles of flexuous rod-shape were deco-
rated no more than 5% and the length of the decorated virus
pariicles was estimated to be 750 # 15 nin long. This result
shows that DEA72-potyviurs is one of the viruses infecting
garlic plants and its length is about 750 nm long. It has been
reported that carlaviruses are 610-700 nm long, tlexuous
rod shaped, while potyvirnses are 720-900 nm long (Holl-
ings and Brunt, 1981; Koenig, 1982). Therefore. DEATZ-
potyvirus was pretty much the same size as the other
potyviruses as observed by electron microscopy.

A potyvirns, named GMYV. was thought o be a causative
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P

Fig. 6. Delection of DEA7Z-potyvirus particles by immumno-
eleclron mucroscopy. Virions in a virus preparation from a garlic
plant from Wonju were subjected 10 a pnmary decoralion using
ant-DEA72 CP polyclenal antibody. A decorated virus is indi-
cated by arrow, The bar 1epresents 500 nm.

agent of the garlic virus disease. GMV particles were flexu-
ous rods of about 750 nm long and pinwheel-type cytoplas-
mic inculsions were found in the infected garlic plant cell
{Chang et al., 1988; Lee et al., 1979). However. GMV has
not been further characterized at the molecular level, so it is
not clear at molecular level what is GMYV in garlic potyvi-
ruses. DEA72-potyvirus infected garlic plants, which showed
streak or mosaic symptoms and these virus particles were
flexuous, rod-shaped, and about 750 nm long as determined
by immunoelectron microscopy. These features of DEA72-
potyvirus (LYSV group) are the same to those of GMV.
From these data. we suggest that DEA72-potvvirus and
GMV could be the same virus.

DEA7Z2-potyvirus {LYSV group) was isolated from
Korean garlic planis showing mosaic or streak symptoms.
Northem blot and immamoblotting analysis with anti-
DEA72 CP antibody showed that almost all of the tested
Korean garlic plants were infected with this virus, These
results suggest that Korean garlic plants are mainly infected
with DEA72-potyvirus (LYSV group), but rarely infected
with G7-potyviruses (OYDV garlic-type group). Even
though there is no clear method for idemtification of garlic
viruses, garlic plants are usually mixed-infected with vari-
ous viruses including carlaviruses, GarV-type viruses.
polexviruses and potyviruses (Samy, et al., 1993, Choi et
al., 1995, Song et al., 1995, Tsuneyoshi and Sumi 1996,
Song et al.. 1997. Song et al., 1998, Tsuneyoshi et al.,
1998). So, molecular identification studies including
genome characterization should be carried out.
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