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Purification and Amplification of Garlic Latent Virus
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ABSTRACT

To understand the molecular structure and pathogenesis mechanism of garlic latent virus (GLV),
it was purified by serial infection in Vicie faba which shows local necrotic spot by inoculation.
For the preparation of GLV in large quantities, it was amplified in leek which was considered
as a systemic host for GLV. GLV particles showed 690 nm long in average and particle shape
was slightly curved filamentous rod. Particle length of garlic viruses from mosaic diseased garlic
ranged from 200 nm to 2000 nm, but most of the particle was in the range of 600-900 nm. The
structural protein of garlic viruses isolated from mixed-infected garlic leaves distributed between
the molecular weight range of 24,500-38,000 Da but the molecular weight of GLV coat protein

was 34,000 Da.

INTRODUCTION

Garlic (Allizum sativum 1.) is an important vegetable
crop for the Korean people and has long been cultivated
extensively. Garlic mosaic disease is the most prevalent
in the field throughout Korea and is considered to be
the most important disease of garlic. Two sap-transmissi-
ble elongated viruses from garlic plants were described
and named garlic latent virus (GLV) and garlic mosaic
virus (GMV) based on the symptoms produced in infec-
ted garlic plants and the observation by electron micros-
cope (Lee ef al., 1979; La and Choi, 1987; Chang ef al,
1988). GLV was assigned to be a carlavirus of around
650-700 nm long flexuous rod shape and GMV to potyvi-
rus of about 750-800 nm long on electron micrograph.
Mixed infection of GLV and GMV was found in most
of the garlic plants showing mosaic symptoms collected

259

from various parts of Japan and Korea (Lec ef al., 1979;
La and Choi, 1987; Chang et al., 1988).

Garlic plants inoculated with GLV produced visible ay-
mptoms at early stage of infection but less prominent
at later stage, whereas infected broad beans (Vicia faba)
produced systemic necrotic spots. Chenopodium amaran-
ticolor, C. quinoa and Tetragomia expansa infected with
GLV also produced local necrotic and chlorotic lesions,
differently {from with GMV (La, 1972; Lee ef al., 1979;
La and Choi, 1987). Leek (Allium porrum L.) was found
to be a useful systemic assay host for garlic viruses (La
and Choi, 1987).

To study molecular structure of GLV, purification of
GLV from mixed infected garlic plants was undertaken
by serial infection on local lesion host, broad bean. Iden-
tification of GLV amplified in systemic host, leek, is desc-
ribed in this report.
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MATERIALS AND METHODS

Host plants. Garlic (Allium sativum L.) samples
used in this experiment were grown at the experimental
farm of Seoul National University. To purify GLV, broad
bean (Vicia faba) was employed as a local lesion host
and leek (Allium porrum L.) as a systemic host (La, 1972;
La and Choi, 1987).

Virus inoculation. For virus inoculation test plants
were treated with carborundum (500 mesh) and inocula-
ted with expressed sap from excised lesions macerated
with 5 volumes of 0.05 M phosphate buffer (pH 7.3) con-
taining 0.01% 2-mercaptoethanol and 0.1 M sodium die-
thyldithiocarbamate (1 : 5, w/v) (La and Choi, 1987). Nec-
rotic spots on broad bean developed after 2 weeks of
inoculation. But leek plants were examined for the prese-
nce of virus particles after 2 months of inoculation.

Virus preparation. GLV particles were isolated from
the inoculated leaves of leek by the procedure described
by Langenberg (1973). After 2 months of inoculation lea-
ves of leek were ground in cold TAC extraction buffer
(2.5 ml/g leaf tissue) with sea sand in pre-chilled mortar.
TAC extraction buffer consisted of 0.1 M Tris, pH 7.2,
0.05 M citric acid, 0.8% polyvinyl pyrrolidone and 0.2%
2-mercaptoethanol. Extract was transferred and 1 m/ of
20 M CaCl; and 2 m/ of 20 M K,HPO, were added
for each 50 m/ extract with stirring. It was centrifuged
for 10 min at 10,000 rpm with JA-20 rotor at 4°C. To
the supernatant recovered, Triton X-100 and polyethy-
lene glycol MW 6,000 (PEG 6,000) were added to make
final concentrations of 0.5% and 6%, respectively. The
solution was stirred for 1 h at 4°C and stood for at least
1 h at 4°C. The precipitate was centrifuged for 20 min
at 10,000 rpm with JA-20 rotor at 4°C. Pellets were resu-
spended in cold TACm buffer (0.01 M Tris, pH 7.2: 0.005
M citric acid; 0.01 M 2-mercaptoethanol; 0.1% Triton X-
100) to give a final volume one-twentieth of the extract.
The resulting suspension was centrifuged for 10 min at
10,000 rpm with JA-20 rotor to remove insoluble matter.
The supernatant was overlaid on 30% sucrose dissolved
in TACm buffer and centrifuged for 1 h at 68,000Xg
with fixed angle rotor at 4°C. The pellet was dissolved
in TACm buffer and transferred into an Eppendorf tube.
Insoluble matter was removed by centrifugation for 1
min at 10,000 rpm. The supernatant was overlaid on li-
near 10~40% sucrose density gradient and centrifuged
for 2 h at 55,000X g with aluminium swing-out rotor at
4°C. Centrifuged fractions were scanned photometrically
at 260 nm and analyzed by SDS-PAGE.
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Electron microscopy of virus particles. Inoculated
plants were examined for the identification of virus parti-
cles by leaf-dip preparations (Hitchborn and Hills, 1965)
using transmission electron microscope (TEM) (Hitachi-
800). Sample grid was coated with formvar, carbon and
then charge-treated. The virus was fixed with equal vo-
lume of 2.5% glutaraldehyde solution, negatively stained
with 1% uranyl acetate or 2% phosphotungstic acid for
10 sec, and then observed with TEM.

SDS-polyacrylamide gel elecrtrophoresis. Protein
samples were electrophoresed on an SDS-containing dis-
continuous polyacrylamide gel electrophoresis system
(Choi and Dreyfuss, 1984). The separating gel was prepa-
red from a stock of 33.5% acrylamide and 0.3% N,N’-bi-
sacrylamide to a final concentration of 12.5% acrylamide.
The separating gel buffer contained 0.38 M Tris-HCI,
pH 9.1. The stacking gel was prepared from a stock of
30% acrylamide and 0.44% N,N’-bisacrylamide to a final
acrylamide concentration of 4% in 0.126 M Tris-HCI, pH
6.8. Both gel contained 0.1% SDS and were polyme-
rized with ammonium persulfate and N,N,N',N'-tetra-me-
thylenediamine. The electro tank buffer was 25 mM Tris
and 192 mM glycine containing 0.1% SDS. Samples were
prepared by boiling for 3 min in a 0.125 M Tris-HCI,
pH 6.8, buffer containing 5% 2-mercaptoethanol, 1% SDS,
10% glycerol and bromophenol blue.

RESULTS AND DISCUSSION

Purification of garlic latent virus from mixed-infected
garlic. To purify GLV from mixed-infected garlic, Vi-
cia faba was inoculated with expressed sap from mosaic
diseased garlic leaves. The necrotic lesions appeared on
the inoculated leaves after two weeks and expressed sap
from the lesion was applied on the leaves of another
broad bean plant again (Fig. 1). These processes were
repeated three times and the necrotic spots excised were
used as a stock for pure GLV. Leek which was conside-
red as a systemic host for GLV was inoculated with exp-
ressed sap from excised lesions of broad bean serially
infected. Even though there was no visible symptom for
viral infection, after two months of inoculation leek plants
were examined for the presence of virus particles by
electron microscopy.

Electron microscopy of virus particles. Inoculated
leek plants were examined for the identification of virus
particles by leaf-dip preparations (Hitchborn and Hill,
1965) using transmission electron microscope. Fig. 2a
showed electron micrograph of GLV particles of 690 nm
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Fig. 1. Chlorotic spots appeared on the leaves of Vicia
Jaba infected with garlic latent virus. Arrows indicate ty-
pical necrotic lesions.

long in average. Their particle shape was slightly curved
filamentous rod, which is consistent with the previous
observation (Lee et al., 1979). It has been known that
carlavirus group is slightly flexuous filamentous rod, nor-
mally 610-700 nm long and 12-15 nm in diameter, often
appearing curved to one side (Koenig, 1982). In contrast,
Fig. 2b showed electron micrograph of garlic virus partic-
les isolated from mixed-infected garlic leaves. Particle
length of viruses ranged from 200 nm to 2000 nm, but
most of the particle was in the range of 600-900 nm.
There were mostly two types of virus particles, flexuous
filamentous rod and slightly curved filamentous rod.
GLV coat protein. To determine the molecular
weight of purified GLV coat protein, SDS-PAGE analysis
was carried out. GLV isolated from inoculated leek and
garlic viruses isolated from mixed-infected garlic leaves
were loaded on 12% SDS-polyacrylamide gel (Fig. 3). The
structural protein of garlic virus isolated from mixed-in-
fected garlic leaves distributed between the molecular
weight range of 24,500-38,000 Da. Electrophoresis of dis-
sociated polypeptides from virus preparation purified by
serial infection on broad bean and amplified in leek
shows two strong bands (MW 28,000 and 34,000 Da) and
a single weak band (MW 52,000 Da). The weak bands
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Fig. 2. Electron micrographs of virus particles in leaf-dip
preparations of Infected plants. A. leek plant inoculated
with pure GLV strain obtained by serial infection in V.
faba. B. Garlic plant showing mosaic symptom. The scale
bar indicates 500 nm.

of MW 52,000 Da and 28,000 Da are also present in ext-
racts from control leek plants indicating that these could
be contaminants of host leek proteins. The polypeptide
of MW 34,000 Da is specific for virus-inoculated leek
plant and is probably structural protein of GLV. It has
been known that carlavirus particles are composed of
a single protein species of MW 31,000-34,000 Da (Koenig,
1982). The MW 28,000 Da polypeptide, however, could
be a degradation product of the MW 34,000 Da polypep-
tide. The relative intensity of 28,000 Da polypeptide was
quite variable to that of 34,000 Da polypeptide depending
on preparation to preparation. Huttinga and Mosch (1974)
found a similar degradation of the coat protein of other
potyviruses and concluded that the smaller protein was
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Fig. 3. SD5-PAGE analysis of garlic latent virus prepared
from virus-inoculated leek. Protein samples were analy-
zed by 12% SDS-PAGE and stained with Coomassie Blue.
Arrowhead indicates 34,000 Da coat protein of GLV. Lane
1: Garlic virus particles [rom the leaves of garlic with
mosaic symptorm. Lane 2: Garlic latent virus particles
prepared from the leaves of GLV inoculated leek. Lane
3¢ Leaf extract of virus-free leek.

a breakdown product of the larger, In case of garlic yel-
low streak virus, the lower MW protein was always pre-
sent in higher concentration than the higher MW protein.
This was perhaps a result of the lengthy purilication pro-
cedure which would allow extensive degradation of the
coat protein by proteolytic enzymes and proteclytic enz-
yme might be present in small amount in virus particle.
It would be a virus gene product, which is the case in
potyvirus.

To study molecular structure of GLV, it was purified
by serial infection on broad bean and SDS-PAGE analysis
of structural protein for GLV was carried out in this
study. Serial infection on local lesion host plants and am-
plification in systemic host could be a way to prepare
pure virus from mixed infected plant. SDS-PAGE analysis
for structural protein could be another way of studying
identity and purity of virus preparation. Combination with
serological identification such as Western blot analysis
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could be proven to be a sure way. Nucleic acid analysis
should be followed for further identification and unders-
tanding its molecular structure.

H 2

5 vbze] AAH e FH dlelelx £4 iz
4 vhE AE wlolE & (GLV)S) £3} 729} 4 LA
w7l EE ol# 57 fsted, T8 24 £ A EQ Vi
Jabas) d’:iﬂ,gi A e 2y nls AR ule]z]~s
HA G, GLVe] dlf A rex &= 28 gz
He leek'-‘fl]»l-] GLVE tjztez =Zalxgc), Zal#zly
Bl7AE ol gste] wlelels Qi TAY Az, wls nl
o2 259 §1ate] Aol 200-2000 nms) FI-E Relo
YAte] hEE-L 600-900 nme] W) ake] =x)aleic
v £ 29" GLV YA Hd 690 nme] Zols
HoAF9F, F4% A Edolgich SDS-PAGE #4o=
% 499 vhs 4o vy Fa)9 oh vlojzlas] T2
D2 Falek 24,500-38,000 Dag) ¥ EE vJehiigle
GLV 74 <ae] ¥apake 34,000 Das 2 vlehgoh

ACKNOWLEDGMENTS

The present investigation was supported by the grant
[rom Genetic Engineering Program (1990), Ministry of
Education, Republic of Korea. We thank Dr. Jeong Uk
Cheon at the Institute for Agricultural Technology for
the help of transmission electron microscopy.

REFERENCES

Chang, MU, WW. Park, ].D. Chung, K.B. Lim and Y.J. La.
1988. Distribution of garlic latent virus and garlic mo-
saic virus in infected garlic tissues. /. Kor. Soc Hort
Sei. 29 253-265.

Choi, Y.D. and G. Dreyfuss. 1984, Isolation of the heteroge-
neous nuclear RNA-ribonucleoprotein complex (hn-
RNP): a unique supramolecular assembly. Proc Natl.
Acad. Sci. USA 81: 7471-7475.

Hitchborn, J.H. and G.J. Hills, 1965. The use of negative
staining in the electron microscope examination of plant
viruses in crude extracts. Virology 27: 528-540.

Huttinga, H. and W.H.M. Mosch. 1974. Properties of viruses
of the potyvirus group. 2. Buoyant density, S value,
particle morphology, and molecular weight of the coat
protein subunit of bean yellow mosaic virus, pea mosaic
virus, lettuce mosaic virus, and potato virus Y". Neth.
J. Plant Pathol. 80: 19-27.

Koenig, R. 1982. Carlavirus group. CMI/AAB Descriptions



September 1992

of Plant Viruses. No. 259.

La, Y.J. 1972. Local lesion hosts for a garlic virus. Korean
J. Bol. 15: 42-42.

La Y. and LR. Choi. 1987. Studies on the transmission
of garlic viruses I. Search for a systemic assay host.
In, Research Report of Rural Development Agent (Agri-
cultural Institutional Cooperation). pp. 129-132.

Choi et al.: Purification of Garlic Latent Virus 263

Langenberg, W.G. 1973. Serology, physical properties, and
purification of unaggregated infectious maize dwarf mo-
saic virus. Phytopathology 63: 149-154.

Lee, YW., S. Yamazaki, T. Osaki and T. Inouye. 1979. Two
elongated viruses in garlic, garlic latent virus and garlic
mosaic virus. Ann. Phytopathol. Sv.. Japan 45: 727-734.

(Received July 14, 1992)



