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(A) (B)
(C)

Fig. 1. Virus disease symptom on leaves of mustard. (A) Yellows on field grown mustard infected by Beet western yellows virus
(BWYV); (B) Typical symptom was first observable at the tips or margins of BWYV-infected mustard leaf; (C) Yellow and
reddish vein on leaf of BWYV-infected mustard at late stage.
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Table 4. Transmission efficiency of Beet western yellows
virus by Myzus persicae Sulzer after various retention time
intervals 1

Retention time after acquisition Transmission efficiency 2

access period (day)

0 100 (30/30)
1 100 (30/30)
3 100 (30/30)
5 100 (30/30)
7 100 (30/30)
9 100 (30/30)

11 67 (20/30)
13 40 (12/30)
15 0 ( 0/30)

1. Aphid transmission was conducted with 24 hours acquisition
access time following 48 hours inoculation access time.

2. Percentage of transmission (number of plants infected/total
number of plants tested).

( )

BWYV
DAS-ELISA 11 36

16 38

18 49

( )

Table 5. Transmission efficiency of Beet western yellows
virus by different aphid species 1

Aphid species Transmission efficiency 2 ELISA 3

Aphis gossypii ( ) 100 (30/30) 0.55/0.08
Hysteroneura setariae ( ) 20 ( 6/30) 0.63/0.08
Lipaphis pseudobrassicae ( ) 100 (30/30) >2.0/0.08
Myzus persicae ( ) 100 (30/30) >2.0/0.08
Urolecon formosanus ( ) 70 (21/30) 0.43/0.08
1. Aphid transmission was conducted with 24 hours acquistion

access time followed 48 hours inoculation access time.
2. Percentage of transmission (number of plants infected/total

number of plants tested).
3. Enzyme-linked immunoassay was done two weeks post virus

inoculation, readings for absorbance at 405nm in BWYV-
inoculated mustard plants/healthy mustard plants. O. D. reading
at least 2x the reading for the healthy plants was evaluated as
BWYV tested positive.

Table 3. Transmission efficiency of Beet western yellows virus by
Myzus persicae at different acquisition or inoculation temperature

Temperature ( ) Transmission efficiency 1

Acquisition 2 Inoculation 3

15 100 (30/30) 57 (17/30)
20 100 (30/30) 100 (30/30)
25 100 (30/30) 100 (30/30)
30 44 (13/30) 66 (20/30)
35 40 (12/30) 10 ( 3/30)

1. Percentage of transmission (number of plants infected/total
number of plants tested).

2. Peach aphid acquired virus at different temperature for 24 hours
and then inoculated virus at 25 for 48 hours.

3. Peach aphid acquired virus at 25 for 24 hours and then
inoculated virus at different temperature for 48 hours.

Table 2. Transmission efficiency of Beet western yellows
virus by different numbers of Myzus persicae 1

Number of aphid Transmission efficiency 2

0 0 ( 0/30)
1 80 (24/30)
3 92 (28/30)
5 84 (25/30)

10 100 (30/30)
1. Aphid transmission was conducted with 24 hours acquisition

access time followed 48 hours inoculation access time.
2. Percentage of transmission (number of plants infected/total

number of plants tested).

Table 1. Transmission efficiency of Beet western yellows
virus by Myzus persicae after various acquisition or
inoculation access time

Time (hr) Transmission efficiency 1

Acquisition 2 Inoculation 3

0 0 ( 0/30) 0 ( 0/30)
0.5 0 ( 0/30) 10 ( 3/30)
1 23 ( 7/30) 20 ( 6/30)
4 20 ( 6/30) 23 ( 7/30)
6 23 ( 7/30) 33 (10/30)

12 43 (13/30) 60 (28/30)
24 70 (21/30) 57 (17/30)
36 80 (24/30) 60 (18/30)
48 77 (23/30) 67 (20/30)

1. Percentage of transmission (number of plants infected/total
number of plants tested).

2. Acquisition access time intervals followed by 48 hours
inoculation access time.

3. Inoculation access time intervals after 24 hours acquisition access time.



5 16

BWYV

90 DAS-ELISA BWYV

(Helianthus annuns)

(Lactuca sativa) (L. sativa) (Matthiola

incana) 4 (Youngia japonica) 1

12% (11/90) 57% (52/90) 44% (40/90) 60%

(54/90) 100% (90/90) BWYV

(Chrysanthemum coronarium) (Beta

vulgaris) (Spinacia oleracea)

(Brassica juncea var. bulbifera) (B. juncea var.

oblanceolata) (B. juncea var. strumsta) (B.

rapa) (Pisum sativum) (Phaseolus

vulgaris) (Capsicum annuum)

(Lycopersicon esculentum) (Solanum melongena)

11

BWYV

12 1 200348

BWYV (-- --) (-- --)
Fig. 2. Multiplication of Beet western yellows virus in mustard evaluated by DAS-ELISA. BWYV-infected (-- --) and healthy
(-- --) mustard represented positive and negative control, respectively.

BWYV (-- --) (-- --)
Fig. 3. Multiplication of Beet western yellows virus in mustard at different temperature evaluated by DAS-ELISA two weeks
post virus inoculation. BWYV-infected (-- --) and healthy (-- --) mustard represented positive and negative control,
respectively.
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Table 6. Host range test to Beet western yellows virus by
aphid inoculation

Test plants Systemic symptom on leaf 1 ELISA 2

Amaranthaceae 
Amaranthus spinosus ( ) N
A. viridis ( ) N

Asteraceae
Chrysanthemum coronarium ( ) +
Lactuca sativa

M +
M +
M +

Chenopodiaceae
Beta vulgaris var. cicia ( ) YM +
Spinacia oleracea ( ) YM +

Cruciferae
Brassica compestris ssp. chinensis

YM +
YM +

B. campestris ssp. peikinensis ( ) M +
B. juncea ( ) Y +
B. juncea var. strumsta ( ) Y +
B. juncea var. bulbifera ( ) Y +
B. juncea var. oblanceolata ( ) Y +
B. oleracea var. capitata ( ) N
B. oleracea var. caulorapa ( ) N
B. oleracea var. acephala ( ) Y +
B. oleracea var. botrytis ( ) N
B. oleracea var. italica ( ) N
B. rapa ( ) Y +
Raphnus sativus ( ) Y +
Rorippa atrovirens ( ) +

Cucurbitaceae 
Citrullus vulgaris ( ) +
Cucumis melo ( ) N
Cucumis sativus ( ) +
Cucurbita moschata ( ) N
Lagenaria siceraria ( ) N
Luffa cylindrica ( ) N

Leguminosae
Phaseolus vulgaris ( ) +
Pisum sativum ( ) +
Vigna unguiculata spp. sequipedalis ( ) +

1. YM:yellow mosaic ; M:mosaic ; Y:yellow ; :no symptom
2. N:no BWYV detected ; +:BWYV detected, systemic infection

BWYV

BWYV

DAS-ELISA BWYV

BWYV

1-3 4 9

10-12

( )

30 nm ( A)

( B)

BWYV

( ) BWYV
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potato leafroll virus (PLRV)
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luteoviruses 1929 Smith (45) 

M. persicae PLRV luteoviruses

(circulative) (non-propagative type)
(51) BWYV

0.5 1.0 Kasanis (30) Sugawara et al. (48)

Power et al. (40) PLRV Gray et al. (20) Kostiv (33)

Scheller and Shukle (42) Barley yellow dwarf virus (BYDV)

0.5-1.0

BWYV 50%

12-24 BYDV 4

(20,52) (9,22) BWYV M.

persicae M. persiae

Rochow (41) luteovirus
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BWYV
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Kennedy (31) 

Gray et al. (20) accessory salivary

gland virus receptor

100% (25)

ELISA 0.55 2.0
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Table 7. Detection of Beet western yellows virus (BWYV) in
weeds and field non-cruciferous crops by DAS-ELISA (cont'd)

Crops BWYV detected 1

C. melo ( ) 0/65
C. sativus ( ) 4/11
Cucurbita pepo ( ) 4/26
Luffa cylindrica ( ) 7/35
Momordica charantia ( ) 5/13
Sechium edule ( ) 1/7

Euphorbiaceae
Phyllanthus urinaria ( ) 1/6
Euphorbia hirtu ( ) 0/22

Gramineae
Dactyloctenium aegyptium ( ) 0/4
Eleusine indica ( ) 2/6
Oryza sativa ( ) 0/10
Zea mays ( ) 7/10

Gyperaceae
Cyperus difformis ( ) 2/12
C. iria ( ) 0/4

Labiatae
Ocimum basilicum ( ) 3/7

Leguminosae
Arachis hypogaea ( ) 214/329
Phaseolus angularis ( ) 0/4
P. vulgaris ( ) 13/16
Vigna unguiculata spp. sequipedalis( ) 5/25

Oxaliaceae
Oxalis corniculata ( ) 0/7

Portulacaceae
Portulaca oleracea ( ) 3/35

Polygonaceae
Polygonum lapathifolium ( ) 1/9
P. perfoliatum ( ) 1/6

Scrophulariaceae
Lindernia anagallis var. verbenefolia ( ) 0/5
Mazus japonicus ( ) 3/14

Solanaceae
Capsicum annuum ( ) 7/34
C. annuum var. grossum ( ) 0/16
Lycopersicon esculentum ( ) 8/84
Physalis angulata ( ) 6/80
Solanum melongena ( ) 3/10
Solanum nigrum ( ) 1/34
S. tuberosum ( ) 0/12

Umbelliferae
Apium graveolens ( ) 3/22
Centella asiatia ( ) 8/23
Daucus carota ( ) 17/30
Hydrocotyle sibthorpiodes ( ) 0/2

1. Number of plants BWYV-detected/total number of plants tested.

Table 7. Detection of Beet western yellows virus (BWYV) in
weeds and field non-cruciferous crops by DAS-ELISA

Crops BWYV detected 1

Alliaceae 
Allium fistulosum ( ) 1/4
A.odorum ( ) 1/12

Amaranthaceae
Alernanthera philoxeroides ( ) 0/3
Alernanthera sessilis ( ) 0/5
A. spinosus ( ) 0/8
Amaranthus tricolor ( ) 3/11
Amaranthus viridis ( ) 8/46

Araceae
Colocasia esculenta ( ) 0/7

Asteraceae
Aeratum houstonianum ( ) 0/8
Ageratum conyzoides ( ) 1/46
Arctium lappa ( ) 15/30
Bidens pilosa ( ) 0/5
Callistephus chinensis ( ) 7/17
Chrysanthmum coronarium ( ) 32/41
Cosmos sulphureus ( ) 0/6
Eclipta prostrata ( ) 0/54
Erechtites valerianafolia ( ) 8/42
Erigeron bonariensis L. ( ) 14/14
E. sandesis ( ) 14/16
Gerbera jamesonii ( ) 6/9
Gnaphalium purpureum ( ) 33/33
Helianthus annuns ( ) 0/4
Ixeris chinensis ( ) 9/26
Lactuca indica ( ) 149/438
Lactuca sativa ( ) 57/94
Vernonia cinerea ( ) 0/5
Youngia japonica ( ) 333/549

Basellaceae
Basella rubra ( ) 0/13

Caryophyllaceae 
Drymaria cordata ( ) 1/6

Chenopodiaceae
Beta vulgaris ( ) 1/7
Chenopodium ficifolium ( ) 5/16
Spinacia oleracea ( ) 5/6

Convolvulaceae
Ipomoea cairica ( ) 1/3

Cruciferae 
Cardamina parviflorasensu ( ) 0/2
Rorippa atrovirens ( ) 19/83

Cucurbitaceae
Benincasa hispida ( ) 0/29
Citrullus vulgaris ( ) 10/10
Cucumis melo var. conomon ( ) 8/45

1. Number of plants BWYV-detected/total number of plants tested.
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Fig. 4. Yearly fluctuation of Beet western yellows virus content in leaves of (A) oriental hawkbeard (Youngia japonica) and (B)
wild lettuce (Lactuca indica) evaluated by DAS-enzyme-linked immunosorbent assay. BWYV-infected (-- --) and healthy (-- --)
mustard represented positive and negative control, respectively.
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(A)
( = 50 nm) (B) (

) ( = 150 nm)
Fig. 5. Electron micrographs of virus particles and ultrathin section of diseased leaf vein of mustard. (A) Particles of Beet
western yellows virus (BWYV) in diseased mustard prepared by leaf-dip method. Bar = 50 nm; (B) BWYV particle aggregates
(arrow head indicated) scattered in cytoplasm of vascular tissues of BWYV-infected mustard, Bar = 150 nm. cw: cell wall.

( )
(A) (B C) ( ) 
Fig. 6. Detection of Beet western yellows virus (BWYV) in infected leaf tissue (top:basal petiole; middle: mid petiole; bottom:
leaf blade) by direct tissue blotting method. (A) Healthy leaf of mustard; (B,C) Black spots (arrow head indicated) showed the
vascular-tissue-limited Beet western yellows virus in leaf veins of infected mustard and radish, respectively.
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ABSTRACT
Chen, T. H. 2003. Occurrence, identification, aphid transmission and ecology of Beet western yellows virus
in Taiwan. Plant Pathol. Bull. 12:43-56. (Department of Plant Protection, National Pingtung University of
Science and Technology, Pingtung, Taiwan, R. O. C.; E-mail: thchen@mail.npust.edu.tw; Fax: +886-8-
7740293)

An isometric virus of 30 nm in diameter was isolated from mustard (Brassica juncea var. oblanceolata
and B. juncea var. strumsta) showing leaf yellows or yellow mosaic by means of aphid transmission in
Taiwan. The virus was identified as Beet western yellows virus (BWYV), a member of the genus
Polerovirus belonging to the family Luteoviridae on the basis of host reactions, manner of aphid
transmission, particle morphology, serology, and localization of virus distribution. This was the first detailed
report of natural occurrence of Beet western yellows virus in Taiwan. The virus was not sap-inoculatable but
was persistently aphid-transmissible to mustard and radish. The infected plants showed yellowing at tips or
margins of leaves first then whole leaves involved and resulting reddish veins in old leaves. Five aphid
species were vectors of Beet western yellows virus and green peach aphid (Myzus persicae) and turnip aphid
(Lipaphis pseudobrassicae) were the most efficient. The minimal duration of acquisition access period and
inoculation access period for BWYV transmission by green peach aphid were 1.0 and 0.5 hours,
respectively. The aphid transmission efficiency of BWYV was influenced by temperature and the highest
transmission rate could be obtained at 20-25 . The green peach aphid after virus acquisition could retain
BWYV for at least two weeks. The virus could not pass to progeny of its vector. Beet western yellows virus
replicated well in mustard at 15-25 . Host range test indicated some crops in families of Cruciferae,
Chenopodiaceae or Asteraceae were susceptible to Beet western yellows virus.

Among 38 weed species from 16 families and 36 non-cruciferaceous crops species from 11 families
were evaluated for BWYV incidence by enzyme-linked immunosorbent assay (ELISA), 23 weeds in 14
families and 26 crops in 10 families were shown to be BWYV-detectable, respectively. The virus was
evidenced seed-transmissible in some asteraceous plant species. High BWYV contents in leaves of oriental
hawkbeard (Youngia japonica) and wild lettuce (Lactuca indica) were detected by ELISA on January-March
and October-December yearly. Beet western yellows virus was shown to be only restrictedly localized in
vascular tissues of infected mustard and radish by tissue blotting and electron microscopy.

Key words: crucifers, Beet western yellows virus, identification, host ranges, aphid transmission and ecology


