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Asparagus Virus I : a New Member of

Potexvirus from Asparagus

Ichiro Fujisawa

Abstract

A potexvirus which had not been described previously, was isolated from Asparagus of-
ficinalis in Japan and the name asparagus virus III (AVIII) is proposed. AVIII infected 26
species from 8 families by sap inoculation, out of 37 species from 11 families tested. Ar-
tificially infected asparagus plants did not show any distinct leaf symptoms in the green-
house for 2 years. The virus was not transmitted by aphids and through seeds of infected
asparagus. Sap from infected Nicotiana megalosiphon was infective after heating for 10 min
at 55 C but not at 60 C, after dilution to 2x107* but not 1074 and after 21 days but not 23
days at 20 C. The virus particles were elongated flexuous rods, with a modal length of 580
nmx13nm. Ultraviolet absorption spectrum of purified virus preparation was characteristic
of that of nucleoprotein with an A 260/280 ratio of 1.18-1.19. The titer of the antiserum
against the virus was 1/1024 in ring interface precipitin test. This antiserum reacted posi-
tively with AVIII but not with potato virus X(PVX) in SDS-agar gel immunodiffusion test.
In tests with immune electron microscopy using the antibody decorating technique, the virus
reacted with antisera against cactus virus X and narcissus mosaic virus but not with an-
tisera against white clover mosaic virus, PVX, clover yellow mosaic virus and tulip virus X.
All of the properties described are consistent with AVIII being a distinct member of potex-
virus group.

(Received September 17, 1985)
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Introduction

Several viruses are known to infect asparagus (Asparagus officinalis). It was already
reported that asparagus virus I (AVI) and asparagus virus II (AVII) had been isolated
from asparagus plants in Hokkaido in Japan, occurring separately or together, although
neither virus produced any distinct symptoms on asparagus®?®. In the course of fur-
ther surveys of asparagus fields in Hokkaido, filamentous particles with a length rang-
ing from 500 to 600 nm which were isolated from A. officinalis exhibiting faint yellowing
symptoms on young leaves were found to correspond to a potexvirus which had not been
described previously and for which the name asparagus virus III (AVIIID) is proposed.
This paper describes the host range of the virus, some of its properties and its rela-
tionship with other members of the potexvirus group.

Materials and Methods

Virus isolate. The isolate of AVIII used throughout this work was obtained from
Vegetable and Ornamental Crops Research Station, Ano, Mie, Japan BHoKELFERRE
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asparagus plants showing faint yellowing symptoms which were collected at Date, Hok-
kaido, Japan, in August 1982. The virus was maintained on Nicotiana megalosiphon
throughout the present work.

Host range and physical properties. In host range studies, leaves of test
plants were dusted with 400-mesh Carborundum and inoculated manually with infective
N. megalosiphon sap. Inoculated plants were grown at 20-25 C and tested for infection
by back-inoculation to Chenopodium amaranticolor. Assays to determine the in vitro pro-
perties of AVIII were made with N. megalosiphon and C. amaranticolor as described
above.

Electron microscopy. For the determination of particle length, crude sap prepara-
tions from AVIII-infected N. megalosiphon and tobacco mosaic virus (TMV)-infected
tobacco cultivar Samsun sap were mixed with 2% neutral sodium phosphotungstate. The
TMYV particles were assumed to be 300 nm long and served as an internal length stand-
ard. The method of Milne and Luisoni (1975) was applied for tests with immune elec-
tron microscopy (IEM) using the antibody decoration technique. Crude plant extracts
were adsorbed to carbon-coated grids at room temperature. The grids that had floated
on droplets of antiserum at a dilution of 1: 100 or 1:50 were washed by distilled wa-
ter, and then negatively stained with 2% sodium phosphotungstate pH 7.0. Small pieces
of systemically infected leaves of N. megalosiphon were examined by thin-sectioning as
described previously®.

Virus purification. The virus was purified by homogenizing 100 g of infected N.
debneyi leaves in 150 ml of (0.1 M K,HPO, buffer, pH 9.4, containing 0.1% 2-mercapto-
ethanol, 1% Triton X-100 and 0.005 M ethylenediaminetetraacetic acid (EDTA). Equal
volume of chloroform was added to the homogenate and blended for 5 min. The emul-
sion was centrifuged at 5,500 rpm for 15 min in a Hitachi RPR12-2 rotor, and polyethy-
lene glycol-6,000 was added to the aqueous phase up to a final concentration of 4%, and
stirred for 2 hr. The mixture was centrifuged at 9,000 rpm for 15 min, and the pellets
were resuspended over a period of 2-4 hr in the extraction buffer without mercaptoe-
thanol, and then the suspension was centrifuged at 8,000 rpm for 10 min. The superna-
tant was centrifuged at 40,000 rpm for 90 min in an International 410 rotor. The re-
sulting pellets were each dissolved in 0.05 M Tris (Tris (hydroxymethyl) aminometh-
ane), pH 7.5, containing 0.001 M EDTA. After low-speed centrifugation (9,000 rpm for
10 min), these suspensions were layered onto 10-40% sucrose density-gradients in sus-
pending buffer, and the gradients were centrifuged at 25,000 rpm for 4 hr in an Hitachi
SW27 rotor. The resulting opalescent band was collected by using an ISCO density-
gradient fractionator. Infectivity of the band was evaluated by inoculation to tobacco
plants (N. tabacum cv. Samsun)

Serology. Antiserum against the virus was obtained by subjecting a rabbit to
three intramuscular injections of 1 ml of purified AVIII emulsified with an equal volume
of Freund’s complete adjuvant at 3-weeks intervals. Blood was removed from the rab-
bit 3 weeks after the last injection. Antisera to tulip virus X(TVX) and narcissus
mosaic virus (NMV) were supplied by Dr. W.P. Mowat ; antisera to clover yellow mosaic
virus (CYMYV) and cactus virus X(CaVX) by Dr. R. Koenig; antiserum to white clover
mosaic virus (WCMV) by Dr. N. Ilizuka; and potato virus X(PVX) and antiserum to
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PVX by Dr. T. Goto.

Results

Symptoms in asparagus

When two small fields of asparagus plants in the locality of Date in Hokkaido were
examined in 1982, some of the plants showed faint yellowing symptoms on young leaves.
Three out of the 7 samples collected from both fields caused symptoms on indicator
plants such as N. fabacum cv. Samsun, N. benthamiana and C. amaranticolor, which resem-
bled those induced by AVIII, and the rest of the samples was confirmed to be doubly
infected with AVII® and AVIII. Asparagus plants were readily infected when the
spears were inoculated with partially purified AVIII. However, the infected asparagus
plants failed to exhibit any distinct leaf symptoms in the greenhouse for two years.

Host range and symptomatology

Thirty-seven herbaceous species belonging to 11 families were inoculated, and 26
species from 8 families became infected (Table 1). Plants such as C. amaranticolor, to-
bacco, N. megalosiphon and N. benthamiana developed characteristic symptoms, which
made them suitable as assay plants for the detection of the virus. On C. amaranticolor,
a few chlorotic spots were formed on the inoculated leaves 7 days after inoculation, fol-
lowed by clear vein yellow symptoms on the newly developed leaves (PlateI -1). In to-
bacco, the virus induced characteristic chlorotic lesions on the inoculated leaves 7 days
after inoculation without subsequent systemic infection. N. megalosiphon developed chlc-
rotic spots on inoculated leaves 5-7 days after inoculation, followed by clear systemic
mosaic symptoms (Plate I -3 right). The virus induced distinct systemic vein necrosis
in young leaves of N. benthamiana 5 days after inoculation, resulting occasionally in the
death of the plants. The following species failed to develop symptoms when inoculated
with AVIII and no viruses were detected in them by back-inoculation to indicator
hosts; Liliaceae: Allium cepa, A, fistrulosum ; Solanaceae: Lycopersicon esculentum, Petunia
hybrida ; Leguminosae : Phaseolus vulgaris; Cruciferae: Raphanus sativus, Brassica rapa ;
Gramineae : Zea mays, Triticum aestivum ; Cucurbitaceae : Cucurbita pepo, Cucumis sativus;

Properties in vitro

In the crude sap from systemically infected leaves of N. megalosiphon, the virus had
a dilution end point ranging between 2%x107* and 107* when diluted with 0.1 M phos-
phate buffer (pH 7.0), and retained its infectivity for 21 to 23 days at 20 C. It was
infective after heating for 10 min at 55 C but not at 60 C.

Electron microscopy

FElectron micrographs of sap from infected plants, and of purified preparations
showed filamentous particles (Plate I -4). Ninety-two particles were measured in leaf
dip-preparations from N. debneyi. The distribution of the particle length is shown in
Fig. 1. In fifty-four percent of the particles the length ranged between 570-590 nm,
with a modal length of 580 nm and the width of the particle was 13 nm. In ultrathin
sections of infected N. megalosiphon leaf material, masses of filamentous virus-like par-
ticles were observed within the cytoplasm (Plate I-6 and 7). Although scattered par-
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Table 1. Host range and symptomatology of

asparagus virus [I

Plant species Symptoms
Liliaceae
Asparagus officinalis SSI
Chenopodiaceae
Chenopodium amaranticolor LNS, sVC
C. quinoa LNS, M
C. murale LNS, SVC
Spinacia oleracea LCS, SSI
Beta vulgaris LCS, NS
Solanaceae
Nicotiana tabacum
cv. Blight Yellow LNS, NS
cv. Ambalema LNS, NS
cv. Samsun LCS, NS
N. clevelandii LNS, M
N. debneyi LCS, MM
N. rustica LCS, NS
N. megalosiphon LCS, M
N. glutinosa SLI, NS
N. benthamiana LCS, SVN, D
Solanum tuberosum SLI, NS
Datura stramonium LCS, NS
Leguminosae
Vicia faba LNS, NS
Pisum sativum LNS, NS
Glycine max SLI, MM
Vigna angularis SLI, SSI
Amaranthaceae
Gomphrena globosa LNS, NS
Celosia cristata SLI, M
Compositae
Zinnia elegans LCS, NS
Chrysanthemum covonarium LCS, NS
Aizoaceae
Tetragonia expansa LCS, SCR
Pedaliaceae
Sesamum indicum LNS, NS

Coded symptom descriptions: LCS=1local chlorotic spots;
LNS=local necrotic spots; SLI=symptomless local in-
fections ; NS=no systemic infection; SVC=systemic vein
clearing ; SVN=systemic vein necrosis; SCR=systemic
chlorotic rings; M=mosaic; MM=mild mosaic; SSI=
symptomless systemic infections; D=death of plant.
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ticles were rarely found, large aggregates in the cytoplasm were common (Plate I-7).
However, no structural alterations of the infected cells nor cytoplasmic pinwheel or
bundle type inclusions were observed.

Purification

Partially purified AVIII preparations centrifuged through sucrose density gradients
formed a single light-scattering band about half way down the tube with a sharp upper
boundary and a diffuse lower one (Fig. 2). Infectivity on tobacco was associated with
this light-scattering zone. The ultraviolet absorption spectrum of purified virus showed
the maximum value at 260 nm and the minimum one at 247 nm. The A 260/280 ratio
was 1.18-1.19.

Transmission

The virus was not transmitted from infected to healthy N. megalosiphon or N. ben-
thamiana by aphids, Myzus persicae and Aphis gossypii, apparently regardless of the length
of acquisition feeding periods. Furthermore, tests of virus transmission through seeds
collected from infected asparagus, Glycine max or Vigna angularis gave negative results.

Serological relationships

Antiserum prepared against AVIII had a homologous titer of 1/1024 in ring interface
precipitin test, and formed a single precipitation line with the virus, but not with PVX
in double diffusion agar gels containing sodium lauryl sulfate. The antisera against
CaVX, CYMV, NMV, PVX, TVX and WCMV were used for IEM antibody decoration
test with AVIII. AVIII reacted strongly with its homologous antiserum and even coat-
ing of antibodies accumulated along the virus particles (Plate [ -5a). Heterologous re-
actions occurred between AVIII and antisera to CaVX (Plate I. 5b) and NMYV (Plate I
-5¢). Particles of AVIII coated with CaVX antibodies resembled those coated with homo-
logous antiserum. However, reactions with NMV antibodies were inconsistent, often
with a markedly sparser coating of antibodies. The antisera to CYMV, PVX, TVX and
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WCMV did not react with AVIII in IEM antibody decoration tests.
Discussion

AVIII resembles the potexviruses in its particle size and shape, properties in sap,
mechanical transmissibility, and failure of transmission by aphids”. Moreover, it is
serologically related to CaVX and NMV both of which have been established members
of the group”. AVIII is more closely related serologically to CaVX than to NMV. And
the intracellular appearance of the AVIII particles resembles those of potexviruses such
as NMV'™ and plantain virus X®. Three viruses, AVIII, CaVX and NMV have a very
different host range: that of AVIII seems to be relatively wide, whereas CaVX has a
narrow host range and infects species in the Chenopodiaceae, Amaranthaceae and Caryo-
phyllaceae families??®. Also, AVIII infects many species of Solanaceae systemically,
whereas only N. clevelandii in this family is known to be infected systemically by
NMV%?, In addition, there are differences among these three viruses in their particle
size. All of the particles are flexuous filaments, but in those of AVIII the length is
580 % 13 nm, while 520X 13 nm in CaVX? and 550X 13 nm in NMV®. Because of these
differences, AVIII should be considered as a distinct virus rather than as a strain of
CaVX or NMV.

Although the field-grown asparagus plants that contained AVIII, exhibited faint yel-
lowing symptoms on young leaves, the artificially infected asparagus failed to exhibit any
distinct leaf symptoms in the greenhouse for two years. Since asparagus plant is a long
-life crop, it is considered that the symptoms such as yellowing or mottling could ap-
pear on those inoculated plants few years later. And then, we are currently investigat-
ing the possible effect on asparagus growth.

The author would like to thank Dr. N. lizuka and Dr. T. Goto, Hokkaido National Agricultural
Experiment Station, for their useful suggestions.
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Explanation of plate

Plate 1

1-3. Symptoms induced by asparagus virus II on various hosts.

1. Chenopodium amaranticolor, chlorotic local lesions on inoculated leaves and vein chlo-
rosis on upper leaves.

2. C. quinoa, systemic mosaic.

3. Nicotiana debneyi (left), systemic mild mosaic. N. megalosiphon (right), systemic clear
mosaic.

4. Electron micrograph of purified asparagus virus I particles after sucrose density
gradient centrifugation. Bar represents 100 nm.

5a-5c. Particles of asparagus virus I incubated with asparagus virus Il antiserum at
1:100 dilution (5a), cactus virus X antiserum at 1:50 dilution (5b) and narcissus mo-
saic virus antiserum at 1:50 dilution (5¢). Each was negatively stained with 2 %
sodium phosphotungstate pH 7.0. Bar represents 100 nm.

6-7. Ultrastructure of asparagus virus [-infected leaf cells of Nicotiana megalosiphon.
Virus like particles (V) in the cytoplasm. N: Nucleus, C: Chloroplast. Bar repre-
sents 500 nm.
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Plate 1
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