
1960 1970 

1966 

48

1967 

(Nephotettix spp.) 

1969 

1971 

(Rice yellow dwarf) 

1977~1979 

(Rice transitory yellowing) 

(Nilaparvata

lugens (St l)) (Rice wilted

stunt virus) (52) (Rice ragged stunt

virus) (34)

(Echinochloa ragged stunt virus) (33)

1981~84 

(Rice stripe virus) ( 42)

(43, 69) (Maize stripe virus) (

66) 1985 

1985
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41 1967~1987 ( ) 

1980 

1985 

1988 

(tospoviruses) 1995 



1988 

(Watermelon silver mottle virus) 

tospoviruses (Peanut chlorotic fan-

spot virus) (64) (Cala lily chlorotic

spot virus) (68) 1995 

(

)

(Lisiansus necrosis virus) (25, 27,

37, 71) (Broad bean wilt virus) (18)

(Carnation mottle

virus) (53, 54, 63)

(Capsicum chlorosis virus-Ph) (60)

(Phalaenopsis chlorotic spots virus) (61) tospoviruses

1988 

1967~1987 

( ) 

1988~2007 

tospoviruses 

(1967-1987)

1960 1970 

1980 
(52) (34) (33)

(96)

(Nephotettix spp.)

(75, 76) 1970 

N. cincticeps Uhler N .nigropictus

(Stal) N. virencens (Distant)

89.1% 10.6% 0.3%

N. cincticeps N .nigropictus

N. virencens 
(6) 8~9 

7~8 10~11
(5, 84) 1985 

(

)

(Sogatella vibix (Haupt))
(21, 33)

(Echinochloa crus-galli Beauv.

Var. Oryzicola Ohwi)

10 

(48)

(Peregrinus maidis Ashmead)

(Maize stripe virus) 
(3) (26 2 ) 

8.5 5

1 4 2 2.6 3 3.2 4

3 5 4.3 17.1 
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11.7 

37.3 1988 

L-003 

( ) 

(3)

(Rice yellow dwarf)

(Phytoplasma) (80)

(4, 75)

1920 (94) 1960 

1966 1970 

37,084 34,573 (72) 1985 

1994 (98)

(7, 8, 46)

(16) 5 

( ) 30 ( ) 

50 70 ( ) 

28% 90 ( ) 

6.5% (44, 58) 1970~1975

2610 

( ) 3 752 ( )

1858 ( ) 

( ) Firooz-1 Kabara C4-63A Blue-Bell

Faya IR 1487-194-5-3-2 4bs-6-1 B 581A6-545 O.

nivera (IRRI 101512 101524) 

A B 
(36, 45)

(Rice transitory yellowing)

1962 
(76) (1971) 

Rhabdovirus (70)

(Rice transitory yellowing virus, RTYV) 

96 120~140 nm
(70) Chiu et al. Percoll Sepharose CL-4B 

93nm

124 nm (74) (72, 76, 87)

1960~1962 

13,772 13,848 24,712 (

) ( )

( ) ( ) (72)

1966~1978 2,000~7,000 
(79) 1985 

(98)

(Leexsia hexandra) (Panicum masimum) 

3~4 7~10 

12 

2 

70%

(9)

(7%) ( ) 

(75%) (28) 5 

3 50 

80 91%

25 

74 88% (13)

(

)
(62)

(Rice stripe)

3



1969 (86)

(Laodelphax striatellus Fallen) (85)

1970 

1984 

1984~1987 

7662 11590

5917 4165 (79)

6 ( ) 10 

( ) (50)

( 20 ) 

1~19%

40~60 

80% 

40~60 

(47, 50) 67

30 ( ) 

100% 60 

( ) 90% 94% 

100 ( ) 

30% 23% 110 ( ) 
(49) (Rice stripe

virus, RSV) Tenuivus group (81)

9~11 nm

560 nm 200~250 nm

(19, 42) (western blot) 

(indirect ELISA) 

tenuiviruses 

(19)

(Rice wilted stunt virus,
RWSV)

1977 9 

(52) (

GSW)

GSB GSY

5 65 

1 Shan-san-sa-san 

GSB 

GSB (30)

GSW GSB GSY (Rice

grassy stunt virus, RGSV) GSW 

(11, 30)

22% ( 15.2~30.4%)

5~14 7.6 

2 

1 (12, 31) 5 

30 40 50 60 RWSV

94 78 58 39% 3 30 40 50

96 59 42%

30 (10) 1979~1983 

0.8~4.5%

12 5 6 7

9~11 

10 

(14)

Tenuivirus group (81) RWSV 

2% 

6~7 nm 83~650 nm

100~250 nm
(19, 43)

(Rice ragged stunt virus,
RRSV)

1976 (83)

1978 10 
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(29, 34) 1980 

(29) RRSV 

22% 5~14 7.6

2 1
(29) 2% 1%

acrolein 2.5% 24

0.1%

Bacitracin PTA 

75~80 nm

A-spikes B-spikes 

A-spikes 10~12 nm 8 nm

B-spikes 

B-spikes 

55~60 nm B-spikes 25~27 nm

10~13 nm (23) RRSV Fijivirus 

A-spikes (22, 82, 93, 97)

RRSV 

RRSV 

A-spikes (23) RRSV 

(22) RRSV SDS 10% 

(polyacrylamide gel electrophoresis,

PAGE) 10 dsRNA (genome)

18.15 106 (0.6~2.98 106) 7.5~15% 

129 103 123

103 63 103 35 103 daltons (38)

RRSV

(ERSV) ( ) (15)

RRSV 

RRSV 

Plant reovirus Phytoreovirus, Fijivirus and

Oryzavirus Oryzavirus Rice ragged stunt virus
(81, 88)

(Echinochloa ragged stunt
virus, ERSV)

1979 10 

(Echinochloa ragged stunt) (21, 33)

7 (15)

9.3 

(6~17 ) 2 30 

5% 
(15, 21)

(ERSV) Reoviruridae Plant reovirus 

Oryzavirus (81) ERSV 

75~80 nm A-

spikes B-spikes ERSV 

50~66nm 

viroplasm 

75nm viroplasm 

40~45nm 

(22) SDS 10% 

(polyacrylamide gel electrophoresis,

PAGE) 10 dsRNA 17.89

106 (0.61~2.8 106) 7.5~15% 

127 103 123 103 63 103

34 103 daltons (38) ERSV RRSV

dsRNA 

ERSV 10 dsRNA 

5 GAUAAU GGUGC 3

Phytoreovirus

Fijivirus RRSV 

ERSV RRSV Oryzavirus (88, 100)

(Maize stripe virus, MStV)

1987 10 

5



(3, 66) MStV 

21%

30 21 (10~40 )

34%

15.7 (8~40 ) (3)

(3) 2% 

MStV

11~12 nm 705 nm

200~350 nm (66) MStV 

(19) MStV 

Tenuivirus (81)

tenuiviruses 

MStV RSV 

RWSV (19)

(1988~2007)

1988 

tospoviruses 

tospoviruses

(TOSPOVIRUS) 

(Watermelom silver mottle virus,
WSMoV)

1988 

(102, 103) (Thrips

palmi) 1 2 
(65, 103) Chiu et al. (1994) 

Percoll (Percoll desity gradient) 

tospoviruses (73) WSMoV 
(77, 101)

(Tomato

spotted wilt virus) 3-4 (99)

WSMoV 

( )

WSMoV 2%GA 2%UA

75~100nm 

(envelope) 

(projections) (35, 73)

70~92nm 

10

(cluster)
(35) WSMoV 

tospoviruses 

65-102 nm 

tospoviruses (56)

WSMoV 

WSMoV 

3~4 

( ) 

WSMoV 

(silver mottle) 

WSMoV 

WSMoV 
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WSMoV (56)

(1) 

(2) 

(3) ( )

(55)

(Peanut chlorotic fan-spot
virus, PCFV)

1992 10 

(64)

75-100 nm 

tospoviruses TSWV-NY

Impatiens necrotic spot virus (INSV) WSMoV 

(32, 64) 30 

19 

(Vigna sinensis) 

(Nicotiana bethamiana) 

75~100 nm 

(20, 32)

PCFV (Scirthothrips dorsalis Hood) 
(20, 32) PCFV 

I (TSWV) II (GRSV) III

(TCSV) IV (WSMoV) (101)

1998 

Tospovirus 

(Serotype) PCFV sRNA 2833 

5 3

(NSs) 

51.5kDa 

19.3~54.2% PCFV

31.1kDa 

22.3~67.5% 

3 5 -AUUGCUCU-3

tospoviruses 

PCFV Tospovirus (78)

tospoviruses 

(Eustoma russellianum (Don.) Griseb)
(39,

51) (25, 26) (18, 40, 41)

(2) (91, 92)

(89)

((Lisianthus necrosis virus,
LNV)

1995 3 

(Eustoma rusellianum (Don.) Grieseb)

(26)

(26) 54 28 

Nicotiana bethamiana N.

tabacum 

32 nm 

(25, 67) 1995 5 

( Kooij Echo kgr, Holland) 

LNV 

(27) LNV

(27) Iwaki (1987) LNV 

(Olpidium spp.) (89) LNV 1983 
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Iwaki (1985) (90) LNV

LNV 

Tombusviridae 

Necrovirus LNV (LNV-L) 

(LNV-C) 

LNV 4764 

(nucleotide, nt)

Tombusvirus Necrovirus

Tombusvirus 73.2% 97.2%

LNV 

LNV Tombusvirus 

Necrovirus (1) LNV 1995 

3 

(25)

(Broad bean wilt virus, BBWV)

1995 8 

(18)

(40

,41) BBWV (Myzus

persicae Sulzer) (Aphis

gossypil Glover) (57)

2% 28nm

(Nicotiana rustica) 

(lattice structure) 
(57) (N. rustica)

28nm SDS-

PAGE 24 43 kDa 

DAS-ELISA indirect ELISA 

Fabavirus -2

(Broad bean wilt virus-2, BBWV-2) (strain)

BBWV-1 Fabavirus 
(40, 57)

(Dianthus caryophyllus L.)

(63) (27, 37)

( )

(Carnat ion mott le  v irus ,
CarMV)

2002 4 5 

33 nm 

CarMV 

40 kDa (63)

CarMV 

(RT-PCR) CarMV 

1047-nt (nucleotides) 

(GenBank) CarMV 

CarMV 

95.6~97.9% (nucleotide identity)

98~99.1% (amino acid identity)

CarMV 

CarMV (63)

(Zantedeschia spp.)

(71) (53)

(17) (59, 68, 95)

(Cala lily cholorotic spot
virus, CCSV)

2001 3 (calla lily, Zantedeschia

spp.) 

3~4 
(68)

75~105nm 

36 24 

11 

Indirect ELISA Western blot WSMoV 

INSV TSWV PCFV (24)
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WSMoV N- RT-

PCR DNA L-

3 5 -AUUGCUCU-3

tospoviruses 

tospovirus
(24) S RNA 3,172 

5 3

(NSs) 

20.1~65.1%

PCFV 

19.9~66.1% L-

3 5 -AUUGCUCU-3

tospoviruses 

CCSV Tospovirus 
(95)

(Phalaenopsis orchids)

(60, 106) (61, 105)

(104)

(Capsicum chlorosis
virus-Ph, CaCV-Ph)

2002 10 

( ) tospoviruses 

WSMoV
(60) L-RNA

(conserved region) 

(nucleocapsid, N) 

(Capsicum chlorosis virus,

CaCV) CaCV CaCV-

Ph (104, 106) CaCV-Ph 

10% CaCV-Ph 

(Phalaenopsis chlorotic spots
virus, PhCSV)

2003 8 

15 750-800 nm 34.7 kDa 

45-50

Y (Potyvirus) 

Y (61) (coat protein,

CP) 

Y 

(Phalaenopsis chlorotic

spot virus, PhCSV) (105)

40 

plant reovirus

tenuivirus tospovirus comovirus carmovirus

tombushvirus potyvirus 

( ) 

(

) 

(

)

(tospovirus,

plant reovirus) (potyvirus)

(rhabdovirus) 
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Appendix table 1. List of plant viruses identified in Taiwan with the author taking part in identification work
New record in

Viruses Taxonomy Vectors locations / Year Natural hosts
domestic abroad

References
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stunt virus
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Maize stripe virus Tenuivirus Peregrinus maidis Taichung / 1987 corn 3, 66 

Watermelon silver 
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spot virus
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Tospovirus Thrip (?) Changhua / 2002 Phalaenopsis 60, 106 

virus-Ph
Lisianthus necrosis

Tombusvirus Changhua / 1995 Lisianthus etc. 25, 26 

virus
Broad bean wilt virus Comovirus aphids Changhua / 1995 Lisianthus 18, 40, 41

Carnation mottle virus Carmovirus Changhua / 2002 carnation etc. 63 

Phalaenopsis chlorotic  
Potyvirus aphids Changhua / 2003 Phalaenopsis 61, 105

spot virus

A non-insect borne plant virus.
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For the last 41 years of my career as a Plant Pathologist, I pursued studies on vectors and vector-

borne plant diseases at the Taichung District Agricultural Research & Extension Station in Taiwan.

From 1967 to 1987, my research interest focused on ecological studies of Nephotetix spp., Peregrinus

maidis, and Sogatella vibix. Early work during this period on transmission of rice yellow dwarf and

rice transitory yellowing by Nephotetix spp, and on epidemiology of these and also rice stripe

provided bases for the development of control measure of these major vector-borne rice maladies in

Taiwan. Rice wilted stunt virus (RWSV), rice ragged stunt virus (RRSV), and Echinochola ragged

stunt virus (ERSV) were identified in early 1980's and the disease distributions found to correlate to

the long-distance migration of their respective vectors. Virions of RWSV, RSV, MStV, RRSV and

ERSV were later purified and their physical and biochemical properties determined. In the late 1980',

a switching of my research interest occurred and it was geared to the thrips-borne tospoviruses ,

emphasizing electron-microscopy, transmission, physical, chemical, biological, and immunological

studies. The main subjects included Watermelon silver mottle, Peanut chlorotic fan-leaf, Calla lily

chlorotic spot, and Capsicum chlorosis tospoviruses. Since 1995, viral diseases of ornamental plants

have become the major subjects to draw my research efforts, from which some results appeared else

where.
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