A)

10:173-180, 2001

1 1 1 1,2
1
2 :tcde@wufeng.tari.gov.tw 04-23338162
90 10 12
. 2001. 10:173-180.
(SF-1) (leaf dip)
770x 13 nm (bundled shaped)
(pinwheel) (Cylindrical inclusions)
SF-1
(Subunit protein) 35 kDa SF-1
(SDS-immunodiffusion test) (Western blotting
test) (Indirect ELISA) SF-1 22
Potyvirus SF-1 AgdiaCo. Potyvirus-specific monoclonal
antibody SF-1 Potyvirus SF-1
potyviruses SF-1
SF-1
(Sunflower chlorotic spot virus, SCsV)
Potyvirus
(Helianthus annuus) (10)
85 30
10 0.05 M
(pH 7.2)
@ 400 (Chenopodium quinoa) 7-10
(
( B) (Nicotiana benthamiana)

(Gomphrena globosa) (Tetragonia



174 10 4 2001
expansa) (Helianthus annuus)
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Fig. 1. Photographs showing the symptoms of sunflower (A-C) and Chenopodium quinoa (D) infected by Sunflower chlorotic
spot virus (SUCSV). (A) Chlorotic spots induced by SUCSV on sunflower; (B) Numerous chlorotic spots merged together
forming yellow mottling symptoms; (C) Severe chlorosis and stunting symptoms on sunflower; (D) local lesions on C. quinoa

inoculated with SUCSV.
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Indirect ELISA SF-1
770x 13 nm ( ) AgdiaCo. Potyvirus-specific monoclonal antibody
potyviruses (bundled SF-1 SF-1
shaped) (pinwheel) (Cytoplasmic
cylindrical inclusion) ()@ ( ) SF-1 BCMV 22
( Potyvirus ( )
) SF-1
PRSV BYMV ZYMV
TEV LYSV SF-1
BCMV 22 Potyvirus
260 nm
2.62 0.53 mg/ml
(partially purified) SDS- Arnott  Smith (1967) ©
PAGE (Sunflower mosaic virus SuMV)
35 kDa ( A)
35kDa SF-1 ( B) Potyvirus
SF-1 (protein subunit) SuMVv

(Sunflower chlorotic spot vir us)
Fig. 2. Electron micrograph showing the virus particles of Sunflower chlorotic spot vir us. Bar represents 300 nm in length.
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(Sunflower chlorotic spot virus, SUCSV) (Nicotiana benthamiana)

Fig. 3. Electron micrograph showing the pinwheel-like and laminated aggregated cylindrical inclusions (indicated by arrows)
induced by Sunflower chlorotic spot vir usin the infected cell of Nicotiana benthamiana. Bar represents 500 nm in length.

SDS-PAGE (A) (B) (Sunflower chlorotic spot virus, SUCSV)
M Cl C2 SuCsv
(subunit protein)
Fig. 4. SDS-polyacrylamide gel electrophoresis (PAGE) and western blotting analyses of Sunflower chlorotic spot virus (SUCSV)
capsid protein. (A) SDS-PAGE analysis of two (C1 and C2) partially purified samples of SUCSV. (B) Western blotting analysis of
partialy purified samples (C1 and C2) by reacting with antibody against SUCSV.
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Table 1. Results of host range and reaction test by sap
inoculation of Sunflower chlorotic spot virus on 26 speciesin
9 plant families

Reaction?

Test plants Inoculation leaves  Upper leaves

Aizoaceae
Tetragonia expansa. - -

Amaranthaceae
Gomphrena globosa -

Compositae
Helianthus annuus
Bidens pilosa - -
B. bipinnara L - -
Coreopsistinctoria - -
Chrysanthemum cor onarium - -
Tagetes erecta - -
T. patuta - -
Zinnia elegans - -

Leguminosae - -
Pisum sativum
Cassia occidentalis - -

Amaryllidaceae
Allium ascal onicum - -
A. sativum - -
A. tubersum - -

Chenopodiaceae
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Dilution of antigen
(Indirect ELISA)
(Sunflower chlorotic spot virus, SUCSV)
A SuCsv B
Agdia Co. Potyvirus-specific monoclonal
antibody a Sucsv
b SucCsv c
d SucCsv e

Fig. 5. Serological cross reactivities of Sunflower chlorotic
spot virus (SUCSV) with its homologous antibody (A) and a
Potyvirus-specific monoclonal antibody as determined in
indirect ELISA. Line a purified SUCSV virus sample; Line b:
tobacco leaf tissue infected by SUCSV; Line c: field-collected
diseased sunflower sample; Line d: leaf tissue of
Chenopodium quinoa inoculated with SUCSV; Line e; healthy
sunflower leaf tissue.

SF-1

36 Potyvirus 6
Artichoke latent virus @2  Bidens mosaic virus”  Bidens
mottle virus“"#  Clover yellow vein virus @ Pepper

veinal mottle virus ©19 Bident mosaic virus

Chenopodium amaranticol or
C. quinoa

CL
CL

Solanaceae
Nicotiana benthamiana
Datura metel - -
D. stramonium - -
Lycopersicum esculentum - -
Physalis floridana - -
Petunia hybrida - -
Umbelliferae
Apium graveolens - -
Coriandrun sativum - -
Cucurbitaceae
Cucurbita moschata - -
Cucumis sativus - -
L CL: chlorotic local lesions; L: local lesions; M: mosaic; Mo:
mottle; Y: yellowing; - noinfection

SF-1

potyviruses
SF-1

Dujovny et al 19
potyvirus Sunflower chlorotic mottle
virus (SUCMV) 4 9



(Indirect ELISA)
22 potyviruses

Table 2. Cross reactivities of antiserum against SF-1 isolate
of Sunflower chlorotic spot virus (SUCSV) with antigens of
22 different potyviruses *

Absorbance (A405 nm) 2

Antigens? (Dilution of antigen)

25x 50x 100x 200x 400x
BCMV 0.067 0.052 0.034 0.025 0.020
BICMV 0.143 0.098 0.086 0.075 0.068
BYMV 0.076 0.015 0.063 0.054 0.042
CvMV 0.269 0.211 0.218 0.185 0.175
DsMV 0.124 0.122 0.073 0.075 0.065
LiMV 0.141 0.154 0.114 0.102 0.092
LyMMV 0.028 0.047 0.002 0.015 0.001
MVbMV 0.137 0.104 0.112 0.098 0.085
PaMV 0.095 0.116 0.063 0.070 0.056
PCV 0.117 0.125 0.079 0.070 0.067
PaMV 0.095 0.116 0.063 0.070 0.056
PRSV 0.088 0.132 0.040 0.042 0.038
PSbMV 0.127 0.105 0.061 0.057 0.043
PVY 0.199 0.183 0.193 0.150 0.124
PWV 0.126 0.156 0.112 0.095 0.070
SMV 0.124 0.139 0.095 0.086 0.067
TEV 0.121 0.105 0.110 0.098 0.087
TMMV 0.083 0.060 0.056 0.042 0.040
TuMV 0.136 0.132 0.098 0.087 0.050
WMV 2 0.104 0.119 0.041 0.045 0.032
ZaMV 0.120 0.123 0.064 0.071 0.050
ZYMV 0.105 0.196 0.110 0.076 0.080
Sucsv 2.814 2.826 2.840 2.204 1.950
Healthy CK 0.108 0.100 0.104 0.098 0.076

Y Indirect ELISA was conducted as described in the text.
Immunoglobulin (1gG) at a concentration of 1 mg/ml purified
from SF-1 antiserum was used at a dilution of 1:1000. Alkaline
phosphatase conjugated goat anti-rabbit 1gG (Jackson 111-055-
003 ) diluted 1:6000 were used. Infected tissues of the test
potyviruses preserved in 50% glycerol were ground in coating
buffer at aratio of 10 ml/g. The sap thus obtained was taken as
1/10 dilution.

2 Absorbance values were an average of two replicate wells.

3 BCMV = Bean common mosaic virus; BICMV = Blackeye
cowpea mosaic virus; BY MV = Bean yellow mosaic vir us;
CVMYV = Chili veinal mottle virus, CYVV = Clover yellow vein
virus; DsMV = Dasheen mosaic virus; LiMV = Lily mottle
virus; LyMMV = Lycoris mild mottle virus; MVbMV = Melon
vein banding mosaic virus, PaMV = Passoinfruit mottle virus;
PCV = Passionfruit crinkle virus, PRSV = Papaya ringspot
virus;, PSbMV = Pea seed-borne mosaic virus; PVY = Potato
virusY ; PWV = Passionfruit woodiness virus, SMV= Soybean
mosaic virus; TEV = Tobacco etch virus; TMMV = Tuberose
mild mosaic virus; TuUMV = Turnip mosaic virus; WMV-2 =
Watermelon mosaic virus 2 ; ZaMV = Zantedeschia mosaic
virus; ZYMV = Zucchini yellow mosaic virus.
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ABSTRACT

Liao, J. Y. %, Chang, C. A.%, Chen, C. C.* and Deng, T. C. ™% 2001. Isolation and identification of avirus
causing sunflower chlorotic spots in Taiwan. Plant Pathol. Bull.10:173-180. (* Department of Plant
Pathology, Taiwan Agricultural Research Institute, Wufeng, Taichung 413, Taiwan, R.O.C., % Corresponding
author, Email:tcde@wufeng.tari.gov.tw; Fax: +886-4-23338162)

Sunflower (Helianthus annuus) plants exhibiting chlorotic spot, yellowing and stunting symptoms
were found in Pu-Li areain central part of Taiwan. Local lesions were induced on Chenopodium quinoa by
inoculation with crude sap of diseased sunflower plants, and a pure virus isolate (SF-1) was obtained by
single lesion isolation procedure and the culture was propagated and maintained in C. quinoa or Nicotiana
benthamiana. Besides sunflower, C. quinoa and N. benthamiana, SF-1 could only be transmitted
mechanically to C. amaranticolor among 26 plant species tested. Flexuous filamentous particles about 770 x
13 nm in size were consistently observed in leaf dips by electron microscopy. Ultra-thin sectioned diseased
tissue revealed bundled-shaped, scrolls and laminated aggregated cylindrical inclusionsin the cytoplasm of
infected cells. The virus was successfully purified from inoculated leaves of C. quinoa by differential and
isopycnic centrifugation in cesium sulfate. By analyzing the purified virus sample in SDS-PAGE, the virus
was found consisting of one species of coat protein subunit and the molecular weight was estimated to be 35
kDa. An antiserum was prepared by immunizing the purified SF-1 virionsin a New Zealand white rabbit. In
SDS-immunodiffusion, indirect ELISA, and Western blotting tests, antiserum against SF-1 reacted strongly
with its homologous antigens from infected tissues of C. quinoa and sunflower, but not to healthy control
and 22 different potyviruses antigens. Reciprocally, antisera against five different potyviruses did not react
with SF-1 antigen in SDS-immunodiffusion test. However, a potyvirus group-specific monoclonal antibody
(Agdia Co.) did react with SF-1 in indirect ELISA. On the basis of these results, SF-1 should reasonably
recognized as a species of Potyvirus. Thisisthe first record of virus disease of sunflower in Taiwan.
Comparing with the characteristics of several potyviruses documented in the literature, SF-1 is probably an
unique virus species infecting sunflowers for none of the reported viruses shares similar properties.
Consequently, we designated SF-1 as Sunflower chlorotic spot virus based on its specific symptoms on

sunflower plants.

Key words: sunflower, Helianthus annuus, Potyvirus, inclusion body



