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Table 1. Hosts reaction of spinach yellow mosaic virus
disease and three times single lesion isolation on
Chenopodium amaranticolor after sap inoculation.

Reaction*
Sapinoculation of Sepinoculation of threetimes
pinach yellow mosaic - of singlelesion isolationon
virus disease Chenopodium amaranticolor
[noculation Upper Inoculation  Upper
leaves leaves leaves |eaves

Test plant

Aizoaceae
Tetragonia expansa NL Y - -
Amaranthaceae
Gomphrena globosa
Asteraceae
Lactuca sativavar. capitata - M - -
Caryophyllaceae
Dianthus caryophyllus - - -
Leguminosae
Cassia occidentalis - - - -
Glycine max - - - -
Phaseolus vulgaris - - -
Vicia faba - - -
Vicia sinesis - - - -
Chenopodiaceae
Chenopodium amaranticolor CL - L -
C. quinoa CL - L -
C.murale -
Spinacia oleracea
Solanaceae -
Nicotiana tobacumvar. van-Hicks M,Mo - M
N. tabacumvar. white burley M,Mo,Y - M
N. debnyii - Mo - Mo
N. glutinosa - M - M
N. rugtica - M,S - M
N. sylvestris - MSY M,SY
Capsicumannuumvar. blue star - Mo - Mo
C. annuum(Tobasco pepper) - Mo - M
Datura metel - - - -
D. sramonium - Mo
Lycopersicum esculentum
var. farmers 301
Physalis floridana - MoM
Petunia hybrida D - -
Cucurhitaceae
Cucumis sativus var. spring
swallow
L cL: chlorotic local lesi ons; D: distortion; L: local lesions; M:
mosaic; NL: necrotic local lesions; Mo: mottle; -: no infection;
S: stunt; Y: yellowing; W:wrinkle

oL - - -

M.SY W - M.Sc

1
=
o

UVCORD) (LKB Biocal)

(Dilution end point). PL

10 (W)  01M (pH 7.2)
10 10>  10°
(Thermal inactivation point).
45 50 55 60 70 80 10
(Ageingin vitro).
4 25
PL 10
1.5x 1.5 mm 2.5%
(glutaraldehyde) 0.1M
1% (Os0y) 30%
50% 80% 95% 100%
(100% LR White =1 1)
LR White ©
(20 ) LR White @ 60
15
60 - 90 nm 2% (uranyl acetate)
(lead citrate)
PL
5 (0.125 M Tris-HCL pH6.8
2% SDS 10% glycerol 0.001% bromophenol 5% 2-ME)
100 3 12%

(sodium dodecy!
sulfate polyacrylamide gel electrophoresis, SDS-PAGE)

Laemmli © 25 mM
Trisbase 192 mM Glycine 1% SDS pH8.3 100
90
0.025% Coomassie blue R 250 (CBR 250)
20% 10% 30

Marker (fructose-6-
phosphate kinase 85.2kDa glutamate dehydrogenase 55.6
kDa aldolase 39.2 kDa triose phosphate isomerase 26.6
kDa trypsin-inhibitor 20.1 kDa lysozyme 14.3 kDa)
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PL 1009
100000 g 60
(Bacto
Freund's complete adjuvant)
37 5000 g 10
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0.01% -75
1gG . Ishikawa et al
10 0.01M PBS
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15
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Fig. 1. A spinach plant showing yellow mosaic symptomsin the field.
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(D)

(B): (©):

Fig. 2. Symptoms of a spinach yellow mosaic agent on different inoculated indicator plants.(A): showing mottle on Physalis
floridana; (B): chlorotic local lesions on aleaf of Chenopodium amaranticolor; (C): chlorotic local lesions on aleaf of
Chenopodium quinoa; (D): showing mottle on Capsicum annuum var. Blue star.

65,000 g
100,000 g

65,000 g
( A B)
100,000 g
( ®)

65,000 g
(White burley)
100000 g sepharose CL-4B

254 nm

Sepharose CL-4B

Table 2.Infectivity tests of fractions of sample from diseased
spinach yellow mosaic |eaves after various ultracentrifugation
and sepharose molecular sieve chromatography.

Various Raction of indicator plant 2

P. Tobacco Tobacco Sweet

centrifuge C. G.

; in-ach
gravity amar. glob. flor. WB. Nrust. peppe Spin-ac
65000 g CL CI Mo Mo M Mo -
100000 g CL - Mo Mo M Mo M,Sc

Superantent - - - - - - -

LL: local lesion, M: mosaic, Mo: mottle, -: no infection CL:
chloratic lesion, Sc: scrolling,

% Indicator plant. C. amar.: Chenopodium amaranticolor G.
glob.: Gomphrena globosa  P. flor.: Physalis floridana.
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Sepharose CL-4B (A) 65000 g
(B) 65000 g © 10000 g
Fig. 3. Particles of spinach yellow mosaic agents purified through separation by Sepharose CL-4B column (0.9x60 cm). (A):large
spherical particles observed in the sample centrifuged at 65000 g ; (B):filamentous particles observed in the sample centrifuged
a 65000g (C):small spherical particles observed in the sample centrifuged at 100000 g (Bar:200nm).

(White burley) (White
burley) ( ) ( ) (Urany|
100 acetate) (Lead tartrate)
29 nm 83% ( )
Hitach U-3410
260 nm 0.83 29 nm ( A B)
Beer's Lambert law E(1mg/1ml, 260 nm)=5
( ) 0.17 mg/ml
(PL) PL
5
50 - 55 12% polyacryamide
107 -10° 3-5 4

6-8 25Kd
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(White Burley)
Fig. 4. A tobacco (White burley) plant showing mottle mosaic symptoms after
inoculated with spinach yellow mosaic virus.

Fig. 5. A spinach seedling showing leaf roll symptoms after inoculated with spinach
yellow mosaic virus.

19G

30ml . PL
(1gG) . 10cc
19G
(Clinical refractometer) 5gm/ml 3ml 1024
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Frequency of 100 virus particles

e e e

25 27 29 31 33
Diameter of virus particles (nm)

Sepharose CL-4B
Fig. 6. Frequency of particle sizes of spinach yellow mosaic virus measured through the separation by Sepharose CL-4B column.

(Ouchterony method)

4 SDS
4 65000 g
(precipitin bend) ( ) CMV 78 nm
N. rustica
Tospovirus
()
100000 g
PL 100000 g (PL)
Sepharose CL-4B
W.B
Sepharose CL-2B
29 nm
10 - 12 nm (11,1213.14) Spinach necrotic yellow dwarf virus
29 nm 18 )

Tobacco necrotic dwarf virus (TNDV) (Datura
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(White Burley)
v

(A B)

Fig. 7. Particle morphology and distribution of the virusin an inoculated diseased tobacco leaf. v vacuole

H

: o
P harose CL-4B
;S TW:
CMV
Fig. 8. Serological reactions in agar gel double diffusion.
Central well: antiserum of Cucumber Mosaic Virus; H: health
crude sap from tobacco leaves; T: diseased crude sap from
tobacco leaves; P: purified virus from tobacco leaves
(through Sepharose CL-4B column); S: crude sap of field
diseased spinach plant leaves; W: crude sap of sweet pepper
infected by CMV.
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ABSTRACT

Liao, J. Y.*3 and Lu, Y. T.2 2000. Studies on spinach yellow mosaic disease. |. Isolation and identification
of cucumber mosaic virus. Plant Pathol. Bull. 9:167-176. (* Department of Plant Pathology, Taiwan
Agriculture Research Institute, Wu-feng, Taichung 413, Taiwan, R.O.C. ;  Department of Plant Pathology
National Chung Hsing University, Taichung, Taiwan, R.O.C. ; * Corresponding author, E-
mail:Jyliao@wufeng.Tari.gov.tw)

Spinach grown in lowland areas of Taiwan was found widely exhibiting yellow mosaic symptoms,
which is possibly caused by virus infection. A virusisolate (PL) was obtained from the symptomatic
spinach and subsequently tested for its infectivity on 27 plant species from 9 Families by mechanical
inoculation. Twelve species in Chenopodiaceae and Solanaceae but none of the plants from Leguminosae
and Cucurbitaceae were infected. Inoculation of the PL isolate on spinach seedling induced symptoms
similar to those observed from the fields. Infectious virus particles of PL were obtained by centrifuging the
homogenates of the diseased tissue at 100,000 g for 60 min followed by chromatographing through
Sepharose CL-4B column. In electron microscopy, the morphology of virus particles was found to be
isometric about 29 nm in diameter. Similar sized and shaped virus particles were also detected in ultra-thin
sectioned diseased spinach tissue. The thermal inactivation point of PL isolateis 50-55 , dilution end point
is 10 to 10 and the longevity in vitro is 3 to 5 days under room temp and 6 to 8 daysat 4 . By
electrophoresis analyses, molecular weight of the coat protein subunit of PL was estimated as 25 kDa. An
antiserum was prepared against the purified virions and found to react strongly with its homologous antigen
but not to the healthy control spinach in SDS-immunodiffusion test. Furthermore, this antiserum gave
indistinguishable reaction against antigens of PL isolate and an isolate of cucumber mosaic virus (CMV)
from sweet pepper, indicating that PL isolate from spinach was serologically identical to CMV. This result
corresponds to those documented in USA and Japan that CMV is a causal agent of spinach mosaic disease.

Key words : Spinach, yellow mosaic, host range, cucumber mosaic visus



