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Leek Yellow Stripe Virus Isolated from an
Ornamental Allium Plant in Japan*®

Chiyoichi Nopa** and Narinobu INOUYE**

Abstract

A potyvirus isolated from an ornamental Allium ampeloprasum cv. ‘Murasame’ showing
mosaic and white necrosis on the leaves, collected in Kurashiki, was identified as an isolate of
leek yellow stripe virus (LYSV). LYSV was transmitted by aphids, Myzus persicae and Aphis
gossypii, in a non-persistent manner and by sap-inoculation to 6 of 49 species from 4 of 11 families.
A. ampeloprasum cv. ‘Miyako’ and A. giganteum were infected systemically and produced
mosaic symptoms on leaves. Local lesions were produced on Chenopodium amaranticolor and
C. quinoa, whereas systemic latent infection was produced on Spinacia oleracea and latent local
infection was on Gomphrena globosa. Sap from the diseased C. quinoa was infective after 10-
min heating at 50 C but not 55 C, after dilution to 10~* but not 10~* and after 4 days but not
8 days at 20 C. The virus particles were filamentous, about 820 nm long. The virus was puri-
fied from locally infected C. quinoa leaves by clarifying sap extracted in 0.5 M phosphate buffer
with chloroform/carbon tetrachloride mixture followed by PEG precipitation, differential cen-
trifugations through sucrose cushion and sucrose density gradient centrifugation. LYSV con-
tained a single protein species of mol. wt. 36,500 daltons. In ultrathin sections of the virus-
infected C. quinoa leaves, cytoplasmic inclusions containing pinwheels, scrolls and short curved
laminated aggregates were observed in the cytoplasms. LYSV reacted with LYSV antiserum
donated from Ir. D. Z. Maat (the Netherlands) and the antiserum to LYSV produced by im-
munizing a rabbit (titer: 1/512), but not with antisera to bean yellow mosaic virus, clover yellow
vein virus, freesia mosaic virus, iris mild mosaic virus, iris severe mosaic virus, narcissus yellow
streak virus, onion yellow dwarf virus, turnip mosaic virus and potato virus Y.

(Received November 7, 1988)
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INTRODUCTION

Some of ornamental Allium plants have been grown for cut flowers in recent years. In
the spring of 1986, a potyvirus was isolated from ornamental Allium plants collected from a
commercial greenhouse in Kurashiki that showed severe mosaic and white necrosis on the leaves.
The virus differed in host range and serological nature from onion yellow dwarf virus (OYDY)
and any other potyviruses from Allium plants. It was identified as an isolate of leek yellow
stripe virus (L'YSV), which had not been reported in Japan. This paper mainly deals the char-
acterization of the virus with host range, symptomatology, vector transmission, physical prop-
erties, purification, viral protein, serological tests, electron microscopy and ultrastructures of
the infected plants.

* Part of this work was reported at the Meeting of Phytopathological Society of Japan, Kyoto, October
23, 1987.
** Research Institute for Bioresources, Okayama University, Kur_ashiki 710, Japan IR B IR A
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MATERIALS AND METHODS

Virus isolate. An isolate of LYSV in this study was isolated by mechanical inoculation
from a diseased leaf of an ornamental plant, Alliumm ampeloprasum cv. ‘‘Murasame”, collected
at Tamashima in Kurashiki in April, 1986, showing severe mosaic and white necrosis on the
leaves (Plate I-1). In all experiments, the virus isolate was used after three successive single
lesion transfers on Chernopodium quinoa.

Host range. Plants were inoculated mechanically with sap from leaves of C. quinoa
showing chlorotic lesions. The inoculated plants were maintained in a greenhouse and symp-
toms were observed up to 3 wk after inoculation. Back inoculations were made on C. quinoa.

Aphid transmission. Aphid transmission tests were done in a greenhouse using Myzus
persicae and Aphis gossypii reared on Brassica rapa and Solanum melongena, respectively.
Apterous aphids were starved for 1~2 hr and then allowed an acquisition feeding period of 5
min on leaves of infected C. guinoa and an inoculation access period of 24 hr on leaves of healthy
C. quinoa. Following test periods, the aphids were killed by spraying an insecticide (DDVP).

Virus purification. Inoculated leaves (100 g) of C. quinoa were harvested at about 2 wk
after inoculation and were homogenized with a mortar and pestle in 300 ml of 0.5 M potassium
phosphate buffer (PB), pH 7.5, containing 0.29 thioglycolic acid. The homogenate was ex-
pressed through 2 layers of cheesecloth and 109 (v/v) carbon tetrachloride was added to the
extract, and then stirred for 15 min. The mixture was centrifuged for 15 min at 4,000 X g and
the aqueous phase was collected. After an additional low-speed centrifugation (7,000 xg for
15 min), 1% (v/v) Triton X-100, 4% (w/v) polyethylene glycol (mol. wt. 6,000) and 0.1 M NaCl
were added to the supernatant and the mixture was stirred for 1 hr. The suspension was cen-
trifuged at 7,000 x ¢ for 15 min. The pellet was resuspended in 100 ml of 0.5 M PB, containing
0.5 M urea (pH 7.5), and stirred gently for 30 min. After centrifugation (7,000 xg for 15 min),
the supernatant was placed on a 2 ml cushion of 209, sucrose in 0.5 M PB containing 0.5 M
urea (pH 7.5) and centrifuged at 23,000 rpm for 90 min in a Beckman SW 27 rotor. The pellet
was resuspended in 3 ml of 0.5 M PB containing 0.5 M urea (pH 7.5), then layered on 10~40
% sucrose density gradients and centrifuged at 23,000 rpm for 120 min (Beckman SW 27). The
virus zone was collected and concentrated by high speed centrifugation.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE).  SDS-PAGE in 2 mm thick
polyacrylamide slab gel (4% stacking gel and 129 separation gel) was done by the method of
Laemmli*». For molecular weight estimation, SDS-degraded virus protein was co-electrophoresed
with the Pharmacia marker proteins (phosphorylase b, bovine serum albumin, ovalbumin, car-
bonic anhydrase, soybean trypsin inhibitor, and a-lactalbumin) and bean yellow mosaic virus
coat protein at 60 V for 6 hr.

Serology. Antiserum to LYSV was prepared by injecting a rabbit intravenously with
partially purified virus and followed by five intramuscular injections of the virus emulsified with
Freund’s incomplete adjuvant, at 7~10-day intervals. Per injection the virus obtained from
100~150 g of plant materials was administered. The rabbit was bled 3 wk after the final injec-
tion. The antiserum was absorbed with concentrated extracts from non-inoculated C. gquinoa
leaves before use. Antiserum titer was determined by the microprecipitin test. Other antisera
were kindly donated by the following: bean yellow mosaic virus (BYMYV) and clover yellow
vein virus (CYVV), A. A. Brunt, U.K.; freesia mosaic virus (FMV), LYSV and OYDV, D. Z.
Maat, the Netherlands; iris mild mosaic virus (IMMYV) and iris severe mosaic virus (ISMV),
A. F. L. M. Derks, the Netherlands; narcissus yellow stripe virus (NYSV), M. Kameya-Iwaki,
Japan; turnip mosaic virus (TuMYV), H. Tochihara, Japan, and potato virus Y (PVY), D. E.
Purcifull, U.S.A. Double diffusion tests were made in a medium consisting of 0.8 % agar (Difco,
Agar Noble), 0.5% sodium dodecyl sulfate (SDS), and 1%, sodium azide (w/v) in deionized water.
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Some serological reactions were checked by immunoelectron microscopical decoration test.

Electron microscopy. Electron microscopy was applied to the preparations using a
Hitachi HU-12. Preparations of crude sap and purified virus were observed after negative
staining with 1% aqueous phosphotungstic acid (PTA), pH 7.0. For thin sectioning, tissue
samples of LYSV-infected C. gquinoa leaves, showing chlorotic local lesions, were fixed in 6%
glutaraldehyde in 0.1 M PB for 2 hr, followed by post-fixation in 1%, osmium tetroxide for 2
hr at 4 C. After dehydration, the tissues were embedded in epoxy resin. Thin sections were
cut with glass-knives and post-stained with uranyl acetate and lead citrate.

RESULTS

Host range and symptoms

The virus from Allium ampeloprasum cv. ‘““Murasame” was transmitted by inoculation with
sap to 6 of 49 species from 4 of 11 families (Table 1). Severe mosaic symptoms were produced
systemically on A. ampeloprasum cv. “Miyako” and light mosaic symptoms were produced sys-
temically on A. giganteum (Plate I-2). Local lesions were produced on Chenopodium quinoa
and C. amaranticolor, showing chlorotic spots. The small vague local chlorotic spots were
produced about 7 days after inoculation, but soon thereafter became more clear without further
enlarging (Plate I-3). On C. amaranticolor, the local lesions were often appeared as pinpoint
dry lesions. Latent systemic infection was produced on Spinacia oleracea and latent local infec-
tion was on Gomphrena globosa.

No infection was obtained on Allium cepa, A. chinense and A. fistulosum and the same held
for all other 40 plant species or cultivars tested, viz. Tetragonia expansa, Beta vulgaris var. cicla,
Chenopodium murale, Callistephus chinensis, Chrysanthemum coronarium, Zinnia elegans, Ra-
phanus sativus, Brassica campestris, B. rapa var. komatsuna, Cucumis melo var. conomon, C.
sativus, Cucurbita moschata, C. maxima, Citrullus vulgaris, Zea mays, Sesamum indicum, Lilium
longiflorum, Tulipa gesneriana, Astragalus sinicus, Glycine max, Pisum sativum (Kinuzaya,
France), Vicia faba, Phaseolus angularis, P. vulgaris (Kurosando, Top Crop, Satsukimidori),
Vigna sinensis (Kurodane-Sanjaku, Akadane-Sanjaku), V. radiata, Nicotiana tabacum (Samsun,
White Burley), N. clevelandii, N. glutinosa, N. rustica, Petunia hybrida, Datura stramonium,
Lycopersicon esculentum, Solanum melongena, and Hyoscyamus niger.

Aphid transmission

The virus was transmitted by Myzus persicae and Aphis gossypii in a non-persistent manner
after acquiring period for 5 min, using local lesion assay on the leaves of C. quinoa.

Properties in crude sap

Sap from C. quinoa showing local lesions was infective to C. quinoa after dilution to 10—3
but not 1074, after 10-min heating at 50 C but not 55 C, and after 4 days at 20 C but not 8 days.

Table 1. Susceptible hosts and symptoms of LYSV

Symptoms?®>
Host species
Inoculated leaves Uninoculated leaves
Allium ampeloprasum cv, “Miyako™ Mo Mo
A. giganteum Mo Mo
Gomphrena globosa i —
Spinacia oleracea 1 1
Chenopodium amaranticolor CS-NS —
C. quinoa CS —

a) Symptoms represent: CS, chlorotic spots; NS, necrotic spots; 1, latent infection; Mo, mosaic; —, not
infected.
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Electron microscopy

Leaf-dip preparations from the infected plants contained elongated flexuous filamentous
particles. Measurements of 290 flexuous rods revealed that about 70°; of them were 650~
850 nm long, with a principal frequency peak at 820 nm. Plate I-4 shows an electron micro-
graph of purified preparations of LYSV. Fragments of cylindrical inclusions were observed
in the leaf-dip preparations from diseased plants (Plate I-5). The plates of the inclusions showed
a pattern of fine linear striations with a periodicity of approximately 5 nm, as observed on in-
clusions induced by other potyviruses.

Serology

In a microprecipitin test, LYSV antiserum donated from Ir. D. Z. Maat (titer: 1/1,024)
reacted with LYSV up to dilution of 1/512. The antiserum to LYSV in this study, after ab-
sorption with clarified sap of healthy C. quinoa, reacted up to dilution of 1/512 with the homol-
ogous antigen. The antiserum reacted with a clear precipitin line in the agar gel double-dif-
fusion test with sap from infected plants but not from uninfected ones (Plate I-6). Immuno-
electron microscopical test showed LYSV reacted strongly with the homologous antiserum
(Plate I-7) and LYSYV antiserum donated from Ir. D. Z. Maat but not with antisera to BYMYV,
CYVV, FMV, IMMYV, ISMV, NYSV, OYDV, TuMYV and PVY.

Molecular weight of coat protein

SDS-PAGE of virus protein showed that LYSV consisted of one species of polypeptide
which was estimated to have mol. wt. of 36,500 daltons (Plate II-1). Co-electrophoresed BYMV
protein (34,500 daltons) was separated clearly from LYSV protein in polyacrylamide gel.

Ultrastructure of infected plants

Plate I1-2, 3, 4 and 5 show the ultrastructures of mesophyll cells of diseased C. guinoa. In
cytoplasms of infected plant cells, cytoplasmic inclusions were observed. The inclusions ap-
peared as pinwheels, scrolls and laminated aggregates. Virus particles were dispersed or clus-
tered in the cytoplasms.

DISCUSSION

Garlic mosaic virus (GMV)®, garlic yellow streak virus (GYSV)'®, leek yellow stripe virus
(LYSV)2-47:16,17) and omnion yellow dwarf virus (OYDV)L419 are known as potyviruses occurring
in vegetable Allium plants. In Japan, only GMV and OYDV were found until now. A poty-
virus isolated from an ornamental Allium ampeloprasum cv. “Murasame” showing mosaic and
white necrosis on the leaves was identified as LYSV. LYSV is distinguished from OYDV by
its host range. LYSV produces local lesions on C. amaranticolor and C. quinoa, local latent
infection on G. globosa and is poorly infectious to onion (4. cepa) and welsh onion (A. fistulo-
sum)*=%7, whereas OYDV does not infect C. amaranticolor and C. quinoa and easily infects
onion and welsh onion®%%, LYSV is also different in host range from GMYV, which produces
latent local infection on C. amaranticolor and C. quinoa®. Recently Mohamed and Young!®
reported a potyvirus, GYSV, from garlic (4. sativum) in New Zealand. GYSV differed from
LYSYV in host range as it does not infect C. amaranticolor and C. quinoa and infects Tetragonia
expansa and C. murale. The virus reported here is very similar to LYSV?® in host range since
both produce local lesions on C. amaranticolor and C. quinoa and local latent infection on G.
globosa. However, unlike LYSV reported previously, the isolate was found to infect Spinacia
oleracea systemically without symptoms. The modal length of the virus particles was observed
to be 820 nm, which is consistent with that of LYSV?® though it is slightly longer than those
of many potyviruses including OYDV (755 nm)V, GMV (750 nm)!® and GYSV (755 nm)™®.

In immunoelectron microscopical tests, LYSV reacted with LYSYV antiserum donated from
D. Z. Maat and homologous antiserum, but it was not serologically related with BYMV, CYVYV,
FMV, IMMY, ISMV, NYSV, OYDYV, PVY and TuMY tested.

Huttinga!® purified LYSV from infected leek (4. ampeloprasum) leaves using molecular
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sieving on Sephadex G-200 column to eliminate the contamination of mucilage of leek leaves.
We purified the virus from C. guinoa leaves by adopting a common method using PEG-precipita-
tion for concentrating virus. Molecular weight (36,500 daltons) of the coat protein subunit
was slightly higher than 34,000 daltons of LYSV described by Huttinga'® and 34,500 daltons
of BYMV,

LYSV induces the cylindrical inclusions®® in mesophyll cells. The structure of the cylin-
drical inclusions of this virus showed pinwheels, scrolls and short curved laminated aggregates
in the cytoplasm. According to the classification of Edwardson®®, the ultrastructure of the
inclusion was assigned to subdivision IV of potyvirus.

LYSV occurs on leek in a wide part in Europe and causes a serious damage specially in
autumn and winter, but it has not been found in Japan on neither leek nor any other plants.

The authors are grateful to Dr. A.A. Brunt, U.X., Ir. D.Z. Maat, the Netherlands, Dr. A.F.L.M.
Derks, the Netherlands, Dr. M. Kameya-Iwaki, Japan, Dr. H. Tochihara, Japan, and Dr. D.E. Purcifull,
U.S.A. for supplying antisera.
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Plate 1.
1.

2.

7.

Plate II.

Explanation of plates

Symptoms in Allium ampeloprasum naturally infected with LYSV, showing mosaic and white
necrosis.

A. giganteum inoculated with LYSV, showing mild mosaic symptom on an uninoculated upper
leaf.

Chenopodium quinoa inoculated with LYSV, showing chlorotic spots on an inoculated leaf.
Electron micrograph of purified preparations of LYSV negatively stained in PTA. Bar repre-
sents 200 nm.

Electron micrograph of cytoplasmic inclusions in leaf dip preparations, showing a striation pat-
tern. Bar represents 200 nm.

Double-diffusion test of LYSV antiserum (AS) with crude sap extracts from healthy (H) and
LYSYV infected (V) C. quinoa.

Electron micrograph of leaf dip preparations of LYSV incubated with a 1/60 dilution of anti-
serum to LYSV for 30 min before negative staining. Bar represents 200 nm.

1. SDS-polyacrylamide gel electrophoresis of coat protein®subunit of LYSV. Lane a: marker

proteins of molecular weight containing (from top) phosphorylase b (94,000 daltons), bovine
serum albumin (67,000 daltons), ovalbumin (43,000 daltons), carbonic anhydrase (30,000 dal-
tons), soybean trypsin inhibitor (20,100 daltons) and e-lactalbumin (14,400 daltons). Lane b:
BYMYV coat protein (B) and LYSV coat protein (L). Lane c: LYSV coat protein (L) only.

2~35. Thin sections of leaf cells of C. guinoa infected with LYSV, showing tubular inclusions, pin-

wheels, scrolls, short curved laminated aggregates (2~3) and aggregates of virus particles (4).
Some inclusions can be seen as bundles attaching to cell wall (5). Bars represent 50 nm (2, 3,
5) and 500 nm (4).
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Plate 1I
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