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Characterization of Bean Yellow Mosaic Virus

from Ixia hybrida.

Toshiya Tsuji*, Takanori MAEDA, Hideki KONDO and Narinobu INOUYE

A strain (Ixia-B) of bean yellow mosaic virus (BYMYV) isolated from
Ixia hybrida was characterized and compared with other isolates of BYMV
and clover yellow vein virus (CYVV). Ixia-B was transmitted by aphids,
Myzus persicae in a non-persistent manner and by sap-inoculation to 11 of 46
species in 5 of 10 families tested, and had a similar host range to that of
some BYMYV isolates, although some differences were detected. Sap from
diseased C. quinoa was infective after 10 min heating at 55°C but not 60°C,
after a dilution to 10~2 but not 10~%, and after 2 days but not 4 days at 20°C.
The virus particles were filamentous rods of about 13 X 820 nm. Ixia-B
contained a single protein species with a molecular weight of 34,000 and a
single viral RNA with approximately 9,000 bases. In ultrathin sections of
leaf tissues from infected plants, the virus particles, cylindrical cytoplasmic
inclusions and dense bodies were observed in the cytoplasm. The antiserum
to Ixia-B produced by immunizing a rabbit had a titer of 1/512. A close
serological relationship was revealed between Ixia-B and two strains of
BYMYV from crocus and gladiolus, but no relationship to clover yellow vein
virus was found in agar gel diffusion tests. However, Ixia-B could be
distinguished from two strains of BYMV by the formation of spurs among
them in agar gel and by the differences in the patterns of peptide mapping
of coat proteins. From these findings, Ixia-B was identified as a strain of
BYMV.
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INTRODUCTION

Ornamental Ixia plants have become important as cut flowers in our
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market in recent years. In the spring of 1992, a potyvirus was isolated from
Ixia plants showing mild mosaic on the leaves and color breaking on the
flowers, collected from a commercial greenhouse in Kurashiki. Virus
diseases have been prevalent in ornamental plants of Iridaceae such as
iris!”'#29 gladiolus!®?**Y, crocus®®, and freesia? 7141924253233 hyt no viruses
have been reported yet in Ixia plants in Japan. The virus from Ixia was
identified as a strain of bean yellow mosaic virus (BYMV). This paper
describes the host range, symptomatology, vector transmission, physical
properties, purification, viral coat protein, serology, electron microscopy and
ultrastructures of the infected cells.

MATERIALS AND METHODS

1. Virus isolates

The virus used in this study was isolated from Ixia hybrida showing mild
mosaic on the leaves and color breaking on the flowers, collected from a
commercial nursery in Kurashiki, in April 1992 (Plate I-1, 2). The virus
isolate (Ixia-B) was used after five successive single lesion transfers on
Chenopodium quinoa. Bean yellow mosaic virus (BYMYV) isolated from
crocus (Cro-4)®, BYMV-G from gladiolus®®, clover yellow vein virus
(CYVV) from Calanthe discolor (Cal-35)*", and a potyvirus from freesia
(Fre-1)!® were also used for comparison with Ixia-B.
2. Host range

Several plants were inoculated mechanically with sap from leaves of C.
quinoa showing chlorotic lesions, in a greenhouse. To confirm the virus
infection, back inoculations were made on C. amaranticolor.
3. Aphid transmission

Aphid transmission tests were done in a non-persistent manner in a
greenhouse using Myzus persicae reared on virus-free Brassica rapa. The
aphids were starved for 1 hr before an acquisition access feed of 30 sec on
the diseased Vicia faba and then allowed inoculation feed of 30 sec on
healthy Vicia faba seedlings.
4. Virus purification

The virus was purified from infected leaves of C. quinoa according to
the modification of the method of Hammond and Lawson'®. Inoculated
leaves of C. quinoa, harvested about 1 wk after inoculation, were homogen-
ized in 3 volumes of chilled 0.5 M K, H/K H,PO,, pH 8.4, containing 0.5%
(w/v) Na,SOs, and the homogenate was filtered through double layers of
cheesecloth. The extracts were centrifuged at 3,300 X g for 10 min before
addition of 29 (v/v) Triton X-100, 0.1 M NaCl and 4% (w/v) polyethylene
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glycol 6000 to the supernatant. The mixture was stirred for 1 hr and
centrifuged at 8,000 X g for 20 min. The pellet was resuspended in BK buffer
(0.1 M boric acid, 0.1 M KCI; pH 8.0) by gentle shaking. After addition of
29% (v/v) Triton X-100, the mixture was stirred for 15 min, prior to
centrifugation at 8,000 Xg. The supernatant was layered on 309% sucrose
cushion in BK buffer and centrifuged at 85,600 X g for 2.5 hr. The pellet was
resuspended in BK buffer, then layered on CsCl-sucrose density gradients?®
and centrifuged at 139,000 X g for 3 hr. The virus zone was collected, diluted
with BK buffer and centrifuged at 65,000 X g for 90 min, and the pellet was
resuspended in 0.1 M BK buffer and then centrifuged at 8,000 X g for 20 min.
5. Electron microscopy

Preparations of crude sap from infected leaves and purified virus were
observed after negative staining with 19 aqueous phosphotungstic acid
(PTA), pH 7.0, in a Hitachi H-7100 electron microscope. For ultrathin
sectioning, small tissue of infected leaves were prefixed in 69 glutaralde-
hyde in 0.1 M PB for 2 hr, post-fixed in 1% osmium tetroxide for 2 hr at 4
°C, dehydrated in a graded series of ethanol and embedded in epoxy resin.
Ultrathin sections were cut with glass-knives and stained with uranyl ace-
tate and lead citrate.

6. Serology

Antiserum to Ixia-B was prepared by injecting a rabbit intravenously
with 500 uxg of purified virus and then followed by five intramuscular
injections of 1 mg virus emulsified in Freund’s incomplete adjuvant at 10
days intervals. The rabbit was bled 2 wks after the final injection. The
antiserum was absorbed with concentrated extracts from non-inoculated C.
quinoa leaves before use. SDS-agar gel double diffusion tests were made in
a medium consisting of 0.8% agar (Difco, Agar Noble), 0.85% sodium
chloride, 0.3% sodium dodecyl sulfate (SDS), and 0.2% sodium azide (w/v) in
0.05 M PB, pH 7.0.

7. SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE was done by the method of Laemmli*®. For estimation of
molecular weight, SDS-degraded virus protein was co-electrophoresed with
the Pharmacia marker proteins (phosphorylase b, bovine serum albumin,
ovalbumin, carbonic anhydrase, soybean trypsin inhibitor, and a-
lactalbumin) at 50 V for 6 hr.

8. Peptide mapping

Coat proteins of Ixia-B, Cro-4, BYMG, and Cal-35 were prepared from
virus particles by the method of MacDonald and Bancroft?”. The coat
proteins were digested partially with papain (EC 3.4.22.2: E. Merck AG.),
chymotrypsin (EC 3.4.21.4 : Sigma Chemical) and pepsin(EC 3.4.23.1 : Sigma
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Chemical) as described by Cleveland ef «l.®, and protein digests were
analyzed by SDS-PAGE.
9. Preparation of viral RNA

Viral RNAs of Ixia-B, Cro-4, BYMG and Cal-35 isolates were extracted
from purified viruses by the proteinase K procedure*” and analyzed by
agarose gel electrophoresis.

RESULTS

1. Host range and symptoms

The virus infected 12 out of 47 species in 6 out of 11 families tested. It
caused systemic infections in 7 species in 4 families including Freesia sp.,
Nicotiana clevelandii, C. amaranticolor, Spinacia oleracea (Nihondane), Vicia
faba, Phaseolus vulgaris (Kintoki) and Trifolium incarnatum, and produced
local lesions on the inoculated leaves of C. quinoa, Beta vulgaris, Tetragonia
expansa and Gomphrena globosa, and latent local infections in N. fabacum
(Samsun), S. oleracea (Orion), and P. vulgaris (Kurosando, Top Crop, Hat-
sumidori). Systemic symptoms of mild mosaic in Freesia sp. (Plate I-3),
yellowing and stunt were produced in N. clevelandii, chlorotic spots in C.
amaranticolor, severe mosaic and stunt in P. vulgaris (Kintoki) (Plate 1 -4),
mild mosaic in V. faba (Plate I -5), severe mosaic in 7. incarnatum, and
systemic infection of S. oleracea (Nihondane) without symptoms. The virus
failed to infect N. tabacum (White Burley), N. rustica, N. glutinosa, Petunia
hybrida, Lycopersicon esculentum, Solanum melongena (Kokuyou), Capsicum
annuum, Physalis flovidana, Datura stramonium, Hyoscyamus nigar, Cucumis
sativus (Syogoin), C. melo (Sanuki), Cucurbita maxima (Houkou-Aokawa),
Citrullus lanatus (Kodama), Pisum sativus (Kinusaya, Fukkoku-Oosaya),
Vigna unguiculata (Kurodane-Sanjaku, Akadane-Sanjaku), V. angularis
(Tanbadainagon), V. radiata, Glycine max, T. rvepins, T. pratense (Hamidori,
Kenland), Astragalus sinicus, Medicago sativa, Cassia occidentalis, Raphanus
sativus (Miyashige Shirimaru), Brassica rapa, B. campestris, Zinnia elegans,
Helianthus annuus, Callistephus chinensis, Dianthus barbatus (Victory), Zea
mays (Astro, Honey) and Sesamum indicum (Shirodane, Kurodane).

2. Aphid transmission
The virus was easily transmitted by Myzus persicae in a non-persistent

manner after acquisition and inoculation access feeds of 30 sec.

3. Stability in crude sap
Sap from C. quinoa showing local lesions was infective to C. amar-
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anticolor after 10 min at 55°C but not at 60°C, after dilution to 10~ but not
to 107*, and after 2 days at 20°C but not 4 days.

4 . Electron micvoscopy

In leaf-dip preparations from the infected plants, flexuous rod (Plate
I -6) and fragments of cylindrical inclusions were observed (Plate II-1). Out
of 206 particles measured, 779% were between 780 and 860 nm long, with a
modal length at 820 nm.

5. Ultrastructure of infected cells

In ultrathin sections of mesophyll cells of the infected leaves, cylindrical
inclusions with pinwheels, laminated aggregates and dense bodies (crystal-
line aggregates) were observed in the cytoplasm (Plate II-2, 3). These
inclusions were very similar in appearance to those induced by BYMV and
CYVV, members of Subgroup II of Potyvirus according to the classification
of Edwardson and Christie!®!". Dispersed or aggregated virus particles were
also seen in the cytoplasms.

6. Serology

The homologous titer of antiserum to Ixia-B was 1/512, in micro-
precipitin tests. The serological relationships among Ixia-B, BYMV (Cro-4,
BYMV-G), CYVV and a potyvirus from Freesia (Fre-1) were studied in
SDS-agar gel double immuno-diffusion tests, using antisera to Ixia-B,
BYMYV (Cro-4) and CYVV. Precipitin lines of Ixia-B and Fre-1 were fused
with each other, whereas the pricipitin lines of Ixia-B formed spurs over
those developed by BYMV (Cro-4) and BYMV-G, when Ixia-B antiserum
was used (Plate 11-4). CYVYV did not react with the same antiserum (Plate
[I-4). When anti-BYMV (Cro-4) serum was used, BYMV (Cro-4) spurred
over Ixia-B, BYMV-G and Fre-1, but did not react with CYVV (Plate 1I-5).
Anti-CYVV serum reacted with homologous antigen, but did not react with
heterologous antigens, Ixia-B, BYMV (Cro-4), BYMV-G and Fre-1 (Plate
I1-6).

7. Coat protein

In SDS-polyacrylamide gel electrophoresis, Ixia-B, BYMV(Cro-4),
BYMV-G, CYVV and Fre-1 were found to contain one major polypeptide
with a molecular weight of 34,000, 34,500, 34,000, 33,000 and 34,000, respec-
tively (Plate III-1). The minor bands was also detected in purified Ixia-B,
which was considered to be an enzymatically degraded product of coat
proteins.

Vol. 4 205



Bean yellow mosaic virus from Ixia

8. Peptide mapping

Limited digestion of the coat proteins of Ixia-B, BYMV (Cro-4 and
BYMV-G) and CYVV with papain, chymotrypsin and pepsin produced the
band patterns shown in Plate III-2, 3, 4. All isolates produced distinct band
patterns.

9. Viral RNA

The viral RNA from the purified Ixia-B migrated as a single band with
approximately 9,000 bases in agarose gel electrophoresis. The viral RNAs
of Ixia-B, BYMV (Cro-4 and BYMV-G) and CYVV were indistinguishable
each other in their sizes (Plate III-5).

DISCUSSION

In Ixia hybrida, only bean yellow mosaic virus (BYMV) are reported to
occur by Bellardi et al.V. As viruses occurring in freesia (Iridaceae),
BYMV!#29 cucumber mosaic virus®¥, freesia mosaic virus (FMV)'¥, freesia
streak virus (FSV)*~?, tobacco rattle virus® and a closterovirus'® have been
known. FSV was first named by Brunt®, but later FSV was concluded to be
identical to FMV!®. FMV has a particle length of 800-850 nm and it is not
related to BYMV serologically**'¥. In this study, a virus (Ixia-B) causing
mild mosaic on the leaves and color breaking on the flower of Ixia hybrida
reacted with antiserum? to BYMV (Cro-4), but not with antisera to FMV
donated from Ir. Maat, D. Z. (The Netherlands) or to clover yellow vein virus
(CYVYV). Therefore, Ixia-B virus was identified as an isolate of BYMV on
the basis of host range, particle morphology, and stability in sap, in addition
to serological tests.

BYMV has occurred widely in ornamental plants belonging to
Iridaceae!'#17:23253D a9 well as plants of Leguminosae'*?? and others. FMV
has been reported to infect 7 species in 5 families, but not infect C. quinoa,
Gompherena globosa or Pisum sativum'®. Ixia-B virus apparently differs
from FMV, as EMV could not infect Vicia faba, Phaseolus vulgaris, C.
quinoa, or G. globosa.

The particle of BYMV is flexuous rod, about 750 nm long generally?,
but varies from 523 to 950 nm by the isolates'?. The particle length of Ixia-B
virus from Ixia in Japan was 820 nm, longer than the 722 nm of BYMV from
Ixia in Holland reported by Ballardi et al.V. Some potyviruses including
some isolates of BYMV'? and leek yellow stripe virus*® have been shown to
have particles about 820 nm long.

In SDS agar-gel diffusion tests, Ixia-B, BYMV (Cro-4) and Fre-1 from
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freesia reacted with Ixia-B antiserum and BYMYV (Cro-4) antiserum, but spur
formation occurred between Ixia-B and two isolates of BYMV (Cro-4,
BYMV-G). The serological results indicated that Ixia-B differs from two
isolates of BYMYV in amino acid sequence. Moreover, we conducted peptide
mapping to prove this. When coat proteins of Ixia-B and BYMYV isolates
were partially digested with several proteinases, they could be distinguished
from each other. This supports the differences between Ixia-B and BYMV
isolates, revealed by the serological tests.
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Ixia %> & 77 Bt & 1172 bean yellow mosaic virus
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Plate
1-2.

N S

Bean yellow mosaic virus from Ixia

Explanation of plates
I.
Ixia hybrida naturally infected with Ixia-B, showing mild mosaic on the leaves (fig. 1) and color
breaking on the flower (fig. 2).
Freesia sp. inoculated leaf infected with Ixia-B, showing mild mosaic.
Systemic mosaic symptoms induced by Ixia-B on Phaseolus vuigaris (cv. Kintoki)
Systemic mild mosaic symptoms induced by Ixia-B on Vicia faba.
Virus particles of Ixia-B in leaf-dip preparation from the infected Chenopodium quinoa. Bar
represents 100 nm.
Negatively stained Ixia-B particles purified from Vicia faba leaves. Bar represents 200 nm.

Plate 1II.

1.

4-6.

Fragment of cylindrical inclusions in negatively stained sap from Vicia faba leaves infected with
Ixia-B. Bar represents 200 nm.

Pinwheels and laminated aggregates of cylindrical inclusions in Trifolium incarnatum cells
infected with Ixia-B. Bar represents 1,000 nm.

Cylindrical inclusions and crystalline inclusions (dense bodies) in T7ifolium incarnatum cells
infected with Ixia-B. Bar represents 1,000 nm.

SDS-agar gel double diffusion serological tests. Relationship among Ixia-B, BYMV (Cro-4),
BYMV-G, CYVV (Cal-35) and Fre-1 (from Freesia). Center wells contain antisera to Ixia-B (fig.
4, 1-AS) ; Cro-4 (fig. 5, 4-AS) and Cal-35 (fig. 6, 35-AS), respectively. Outer wells contain purified
preparation of Ixia-B, BYMV, Cro-4 (4), BYMV-G (G), CYVV (35) and Fre-1 (F).

Plate III.

1.

2-4.

210

SDS-polyacrylamide gel electrophoresis of coat protein subunits from Ixia-B, Cro-4 (BYMYV),
Cal-35 (CYVV) and Fre-1. Lane M : Marker proteins of molecular weight containing (from top)
phosphorylase b (94,000), bovine serum albumin (67,000), ovalbumin (43,000), carbonic anhydrase
(30,000), soybean trypsin inhibitor (20,100), and @-lactalbumin (14,400). Lane 2-6 : Coat protein
subunits of Ixia-B, Cro-4 (BYMV), BYMV-G, Cal-35 (CYVV) and Fre-1, respectively.
Patterns of peptide bands produced after electrophoresis of partial papain (fig. 2), pepsin (fig.
3), or chymotrypsin (fig. 4) protease digests of coat protein subunits from Ixia-B, Cro-4 (BYMV),
BYMV-G and Cal-35 (CYVV). Lane 1: Marker proteins of molecular weight ; lane 2 : protease
only ; lane 3: undigested coat protein subunits from Ixia-B; lane 4-7: digested coat protein
subunits from Ixia-B; Cro-4 (BYMV); BYMV-G and Cal-35 (CYVYV), respectively.

Agarose gel electrophoresis of viral RNA of Ixia-B, Cro-4 (BYMV), BYMV-G and Cal-35
(CYVV). Lane O: Viral RNA of odontoglossum ringspot virus; lane M: 0.24-9.5 Kb RNA
marker, each RNA contains sequences derived from bacteriophage T7, yeast u circle and
bacteriophage A DNA ; lane 1-4 : viral RNA of Ixia-B, Cro-4 (BYMV), BYMV-G and Cal-35
(CYVYV), respectively.
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Plate I.
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Plate II.
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Plate III.
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