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Table 1. Amino-acid sequence identities (%) of the N genes of tospoviruses.

Serogroup I 0 i v \Y \ VII VIl IX X

Virus TSWV TCSV GRSV INSV WSMV PBNV WBNV PYSV 1YSV PSMV CSNV ZLCV PCRV
TSWV 100 77 78 55 33 33 32 26 34 29 77 73 19
TCSV 100 81 55 26 33 31 23 34 29 75 73 22
GRSV 100 54 33 34 33 22 33 29 75 75 23
INSV 100 30 30 29 23 30 28 58 52 22
WSMV 100 86 85 24 44 57 33 32 22
PBNV 100 85 23 44 57 32 31 24
WBNV 100 22 43 58 32 30 21
PYSV 100 21 23 25 20 66
lYSV 100 49 35 32 27
PSMV 100 34 29 22
CSNV 100 82 22
ZLev 100 21
PCFV 100

Data from the Fourth International Symposium on Tospoviruses and Thripsin Floral and Vegetable Crops (Wageningen, The
Netherlands, May 2-6, 1998, communicated by Dr. R. Kormelink). TSWV: Tomato spotted wilt virus (Australia, USA, The
Netherlands), TCSV: Tomato chlorotic spot virus (Brazil), GRSV: Groundnut ringspot virus (South Africa), INSV: Impatiens
necrotic spot virus (USA, Europe), WSMV: Watermelon silver mottle virus (Taiwan, Japan), PBNV: Peanut bud necrosis virus
(India), WBNV: Watermelon bud necrosis virus (India), I'YSV: Iris yellow spot virus (The Netherlands), PSMV: Physalis severe
mottle virus (Taiwan), CNSV: Chrysanthemum stem necrosis virus (Brazil), ZLCV: Zucchini lethal chlorosis virus (Brazil),
PCFV: Peanut chlorotic fan-spot vir us (Taiwan)

TSWV INSV 443 465 GRSV TCSV
( ) 3 ©® 1993  Pang
TSWV INSV WSMV PBNV M RNA TSWV
TSWV 4821 O @ NSV 4972 TSWV-B SRNA 3049 [
@ wsmv 4880 © PBNV 4801 “9 M RNA TSWV 775 79.1
(ambisense coding strategy) INSV 63. 55.3
ORFs (viral sense strand) RNA deAvila GRSV TCsVv 94.4 81.5
34kDa (NSm) (TSWV:33.6 kDa, INSV:34.1 0) GRSV
kDa, WSMV:35 kDa, PBNV:34 kDa) (viral GRSV INSV S
complementary strand) 130 kDa RNA 2992 O 5
(TSWV:127.4 kDa, INSV:124.9 kDa, WSMV:127.6 kDa, TSWV 67 NSs 51.9
PBNV:127.6 kDa) Gl G2 a4 WSMV 3534 O
Tospovirus M RNA Bunyaviridae RNA 275 439
Bunyaviridae M NSs WSMV S RNA g
RNA TSWV INSV GUG2 TSWV INSV 618 542 0
RGD (35) WSMV  SRNA 1261 O
WSMV  PBNV M RNA Gl/IG2 TSWV  INSV 752 613 O ©Y PBNV S
(6.40) RNA 3057 O
S RNA Tospovirus 49.5kDa NSs 30.6 kDa (39)
13 WSMV 86 WBNV
( ) TSWV SRNA 2916 O 275 13
RNA 29 WSMV  PBNV 79
RNA 52.4 kDa (NSs protein) 81 44 46

RNA 28.8 kDa a3 @ WSMV  PBNV WBNV



128 8 4 1999
PY SV
SRNA 2970 O RNA
53.2kDa NSs RNA
28.0kDa N 22 26
PYSV SRNA
7.5 kDa
) IYSV SRNA 3105 0O @
50.1 kDa NSsprotein 30.5 kDa
44
PSMV 1YSV
58 CSNV ZLCV
82 75
77 PCFV PYSV 66
19 27
S M RNA A-U
ORF
5 3
(panhandle
structure) RNA (pseudo-circular
structure)
an
S RNA 3 8 O
(5'-AUUGCUCU-3") L M S
RNA TSWV INSV WSMV PBNV L
M 3
Tospovirus 12
Bunyaviridae
RNA 3 8 O
(29)
WSMV 1988 “9)
1990
(Thrips palmi
Karny)
WSMV
(49)
WSMV

@

(49)

(Cucurbitaceae)
(Thrips palmi Karny)

| TSWV I
GRSV TCSV H
INSV
IV(46)
WSMV 6 WSMV
(Tospo-To) @ WSMV (20)
PBNV ©9 WBNV @
Tospovirus
WSMV S RNA
3534
22 57 47,
' M RNA 4880 NSm G1/G2
TSWV INSV 31 41 © L
RNA 8917 TSWV
INSV 22 47 (unpublished
data) 3 5-AUUGCUCU-3'

WSMV  Tospovirus
WSMV

1992

fan-spot virus, PCFV) ©

(Scirtothrips dorsalis Hood)
(Peanut chlorotic
I

TSWV I

GRSV 11 TCSV v
WSMV “8)
1998 Tospovirus
SRNA
2833 O
5 3
(NSs) 51.5
kDa
193 54.2 PCFV

31.1 kDa



67.5
5-AUUGCUCU-3'

INSV
PCFV

GRSV

TSWV
WSMV

primers)
GRSV
WSMV

22.3
3
(unpublished data)
PCFV  Tospovirus
TSWV GRSV
WSMV
PCFV
AV
TSWV I
PCFV
INSV
PCFV
L RNA
(degenerate
TSWV
INSV
PCFV
Tenuivirus

Tobamovirus Potexvirus Potyvirus Nepovirus

Cucumovirus

TSWV
WSMV

GRSV INSV

129

13 WSMV
PCFV Physalis severe mottle
virus (PSMV) @
S
RNA

Adam, G., Lesemann, D. E., and Vettern, H. J. 1991.
Monoclonal antibodies against tomato spotted wilt virus:
characterization and application. Ann. Appl. Biol. 118:87-
104.

Adam, G, Yeh, S. D., Reddy, D. V. R., and Green, S. K.
1993. Serological comparison of tospovirus isolates from
Taiwan and India with impatiens necrotic spot virus and
serogroup of tomato spotted wilt virus. Arch. Virol.
130:237-250.

Brittlebank, C. C. 1919. Tomato disease. J. Agric.
Victioria. 17:213-235.

Chen, C. C., Ho, H. M., Chang, T. F., Chao, C. H., and
Yeh, S. D. 1995. Characterization of atospovirus-like
virus isolated from wax gourd. Plant Prot. Bull. 37:117-
131.

Chen, C. C., and Chiu, R. J. 1996. A tospovirus infecting



130

10.

11

12.

13.

14.

15.

16.

8 4 1999

peanut in Taiwan. Acta Horticult. 431:57-67.

Chu, F. H., and Yeh, S. D. 1998. Comparison of
replication forms and ambisense M RNA of watermelon
silver mottle virus with other
Phytopathol ogy 88:351-358.

Cortes, I., Livieratos, |. C., Derks, A., Peters, D., and
Kormelink, R. 1998. Molecular and serological

tospoviruses.

characterization of iris yellow spot virus, a new and
distinct tospovirus species. Phytopathology 88:1276-
1282.

Cortes, I., Pereira, A., Goldbach, R., Peters, D., and
Kormelink, R. 1998. An RT-PCR procedure to amplify S
RNA sequences of distinct tospoviruses. In: Recent
progress in Tospovirus and thrips research. Edited by
Peters, D., and Goldbach, R., Agricultural University,
Wageningen, The Netherlands. P35-37 (abstract).

de Avila, A. C., de Haan, P., Kormelink, R., de Oliveira
Resende, R., Goidbach, R., and Peters, D. 1993.
Classification of tospovirus based on phylogeny of
nucleoprotein gene sequence. J. Gen. Virol. 74:153-159.
de Avila, A. C., Huguenot, C., de Oliveira Resende, R.,
Kitakima, E. W., Goldbach, R., and Peters, D. 1990
Serological differentiation of 20 isolates of tomato spotted
wilt virus. J. Gen. Virol. 71:2801-2827.

de Avila, A., Pozzer, L., Bezerra, I., Kormwlink, R.,
Prins, M., Peters, D., Nagata, T., Kitajima, E., and
Resende, R. 1998. Diversity of tospoviruses in Brazil. In:
Recent progress in Tospovirus and thrips research. Edited
by Peters, D., and Goldbach, R., Agricultural University,
Wageningen, The Netherlands. P32-34 (abstract).

de Haan, P., Wagemakers, L., Peters, D., and Goldbach,
R. 1989. Molecular cloning and terminal sequence
determination of the Sand M RNAs of tomato spotted
wilt virus. J. Gen. Virol. 70:3469-3473.

de Haan, P., Wagemakers, L., Peters, D., and Goldbach,
R. 1990. The S RNA segment of tomato spotted wilt virus
has an ambisense character. J. Gen. Virol. 71:1001-1007.
deHaan, P, Avila, A. C., Kormélink, R., Westerbroek, A.,
Gielen, J. J. L., Peters, D., and Goldbach, R. 1992. The
nucleotide sequence of the S RNA of impatiens necrotic
spot virus, anovel tospovirus. FEBS Letters 306:27-32.
de Haan, P., Kormelink, R., de O. Resende, R., van
Poelwijk, F., Peters, D., and Goldbach, R. 1991. Tomato
spotted wilt virus L RNA encodes a putative RNA
polymerase. J. Gen. Virol. 71:2207-2216.

Francki, R. I. B., Fauquet, C. M., Knudson, D. L., and
Brown, F. 1991. Classification and Nomenclature of

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

Viruses. Fifth Report of the International Committee on
Taxonomy of Viruses. Arch. Virol. Suppl. 2.

German, T. L., Ullman, D. E., and Moyer, J. W. 1992.
Tospoviruses: diagnosis, molecular biology, phylogeny,
and vector relationships. Ann. Rev. Phytopathol. 30:315-
348.

Gowda, S., Satyanarayana, T., Naidu, R. A., Mushegian,
A., Dawson, W. O., and Reddy, D. V. R. 1998.
Characterization of the large (L) RNA of peanut bud
necrosis tospovirus. Arch. Virol. 143:2381-2390.
Gonsalves, D., and Trujillo, E. E. 1986. Tomato spotted
wilt virus in papaya and detection of the virus by ELISA.
Plant Dis. 70:501-506.

Iwaki, M., Honda, T., Hanada, K., Tochihara, H., Yonaha,
T., Hokama, K., and Y okoyama, T. 1984. Silver mottle
disease of watermelon caused by tomato spotted wilt
virus. Plant Dis. 68:1006-1008.

Jain, R. K., Pappu, R. H., Pappu, S. S., Krishna Reddy,
M., and Vani, A. 1998. Watermelon bud necrosis
tospovirus is a distinct virus species belonging to
serogroup 1V. Arch. Virol. 143:1637-1644.

Kormelink, R., Kitgjima, B. W., de Haan, P., Zuidema, D.,
Peters, D., and Goldbach, R. 1991. The nonstructural
protein (NSs) encoded by the ambisense S RNA segment
of tomato spotted wilt virus is associated with fibrous
structuresin infected plant cells. Virology 181:459-468.
Kormelink, R., Storms, M., van Lent, J., Peters, D., and
Goldbach, R. 1994. Expression and subcellular location
of the NSm protein of tomato spotted wilt virus (TSWV),
aputative viral movement protein. Virology 200:56-65.
Kormeniink, R., de Haan, P., Meurs, C., Peters, D., and
Goldbach, R. 1992. The nucleotide sequence of the M
RNA segment of tomato spotted wilt virus, a bunyavirus
with two ambisense RNA segment. J. Gen. Virol.
73:2795-2804.

Law, M. D., and Moyer, J. W. 1990. A tomato spotted wilt
like virus with a serologically distinct N protein. J. Gen.
Virol. 71:933-938.

Law, M. D., Speck, J., and Moyer, J. W. 1992. The M
RNA of impatiens necrotic spot tospovirus (
Bunyaviridae) has an ambisense genomic organization.
Virology. 188:732-741.

Matthews, R. B. F. 1991. Plant virology (3rd ed.). 835
pages, Academic Press, New York.

Mohamed, N. A. 1981. Isolation and characterization of
subviral structures from tomato spotted wilt virus. J. Gen.
Virol. 53:197-208.



29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

Murphy, F. A., Fauquet, C. M., Bishop, D. H. L.,
Ohabrual., S. A., Jarvis, A. W., Martelli, O. P., Mayo, M.
A., and Summers, M.D. 1995. Classification and
Nomenclature of Viruses. Sixth report of the international
committee on taxonomy of viruses. Arch. Virol. Suppl.
10.

Pang, S. Z., Slightom, J. L., and Gonsalves, D. 1993. The
biological properties of a distinct tospovirus and sequence
analysis of its SRNA. Phytopathology 83:728-733.
Peters, D., Wijkamp, L., van de Wetering, F., and
Goldbach, R. 1996. Vector relations in the transmission
and epidemology of tospoviruses. Acta. Horticult. 431:29-
42.

Prins, M., and Goldbach, R. 1998. The emerging problem
of tospovirus infection and nonconventional methods of
control. Tren. Microbiol. 6:31-35.

Reddy, D. V. R., and Wightman, J. A. 1988. Tomato
spotted wilt virus: Thrips transmission and control. Adv.
Dis. Vector Res. 5:203-220.

. Reddy, D. V. R,, Ratna, A. S., Sudarshana, M. R., Poul, F.,

and Kiran Kumar, |. 1992. Serological relationships and
purification of bud necrosis virus, a tospovirus occurring
in peanut (Arachis hypogaea L.) in India. Ann. Appl.
Biol. 120:279-286.

Ruoslahti, E. and Pierschbacher, M. D. 1986. Arg-Gly-
Asp: A versatile cell recognition signal. Cell 44:517-518.
Sakimura., K. 1962. The present status of thrips-borne
disease, in Maramorocsh. K. (ed): Biological transmission
of disease agents. New Y ork and London, Academic
Press, p33-40.

Samule, G., Bald, J. G., and Pittman, H. A. 1930.
Investigations on "spotted wilt" of tomatoes. Australia
Commonwealth Coun. Sci. Ind. Res. Org. Bull. 44:1-64.
Satyanarayana, T., Gowda, S., Lakshminarayana Reddy,
K., Mitchell, S. E., Dawson, W. O., and Reddy, D. V. R.
1998. Peanut yellow spot virus is a member of a new
serogroup of Tospovirus genus based on small (S) RNA
sequence and organization. Arch. Virol. 143:353-364.
Satyanarayana, T., Mitchell, S. B., Reddy, D. V. R.,
Brown, S., Kresovich, S., Jarret, R., Naidu, R. A., and
Demski, J. W. 1996. Peanut bud necrosis tospovirus S
RNA: Complete nucleotide sequence, genome
organization and homology to other tospoviruses. Arch.
Virol. 141:85-98.

Satyanarayana, T., Mitchell, S. B., Reddy, D. V. R.,
Kresovich, S., Jarret, R., Naidu, R. A., Gowda, S., and
Demski, J. W. 1996. The complete nucleotide sequence

41.

42.

46.

47.

49.

50.

51.

131

and genome organization of the M RNA segment of
peanut bud necrosis tospovirus and comparison with other
tospoviruses. J. Gen. Virol. 77:2347-2352.

Storms, M. M. H., Kormelink, R., Peter, D., Van Lent, J.
W. M., and Goldbach, R. 1995. The nonstructural NSm
protein of tomato spotted wilt virus induces tubular
structuresin plant and insect cells. Virology 214:485-493.
van Kammen, A., Henstra, S., and Le, T. S. 1966.
Morphology of tomato spotted wilt virus. Virology
30:574-577.

. van Poelwijk, F., Prins, M., and Glodbach, R. 1997.

Completion of the impatiens necrotic spot virus genome
sequence and genetic comparison of the L proteins within
the family Bunyaviridae. J. Gen. Virol. 78:543-546.

. Verkleij, F. N. and Peters, D. 1983. Characterization of a

defective form of tomato spotted wilt virus. J. Gen. Virol.
64:677-686.

. Wang, M., and Gonsalves, D. 1990. ELISA detection of

various tomato spotted wilt virus isolates using specific
antisera to structural proteins of the virus. Plant Dis.
74:154-158.

Yeh, S.D., Lin, Y. C,, Cheng, Y. H., Jih, C. L., Chen, M.
J., and Chen, C. C. 1992. |dentification of tomato spotted
wilt-like virus infecting watermelon in Taiwan. Plant Dis.
76:835-840.

Yeh, S. D., and Chang, T. F. 1995. Nucleotide sequence of
the N gene of watermelon silver mottle virus, a proposed
new member of the genus Tospovirus. Phytopathology
85:58-64.

. Yeh, S. D., Chao, C. H., Cheng, Y. H., and Chen C. C.

1996a. Serological comparison of four distinct
Tospoviruses by polyclonal antibodies to purified
nucleocapsid protein. Acta Horticult. 431:122-134.

Yeh, S. D., Cheng, Y. H. Jih, C. L., Chen, C. C., and
Chen, M. J. 1988. Identification of tomato spotted
infecting horn melon and watermelon. Plant Prot. Bull.
30:319-420.

Yeh, S. D., Peng, Y. C., Chao. C. H., and Chen, C. C.
1998. Peanut chlorotic fan-spot virusis serologically and
phylogenetically distinct from other tospoviruses. In:
Recent progress in Tospovirus and thrips research. Edited
by Peters, D. and Goldbach, R., Agricultural University,
Wageningen, The Netherlands. P. 42-43 (abstract).

Yeh, S.D., Sun, |. J., Ho, H. M., and Chang T. F. 1996b.
Molecular cloning and nucleotide sequence analysis of
the S RNA of watermelon silver mottle virus. Acta
Horticult. 31:244-260.



132

8 4 1999

ABSTRACT

Yeh, S. D., and Chu, F. H. 1999. Occurrence of tospoviruses and recent developments for their rapid
detection. Plant Pathol. Bull. 8:125-132. (Department of Plant Pathology, National Chung Hsing University,
Taichung, Taiwan, R.O.C.)

Tospovirus is the only genus in the arthropod-borne family Bunyaviridae that infects plants. In Taiwan,
Watermelon silver mottle virus (WSMV), atospovirus transmitted by Thrips palmi Karny in a persistent
manner, has become a major limiting factor for growing watermelon and other cucurbits. In addition, a
tospovirus transmitted by Scirtothrips dorsalis Hood was isolated from peanut in central Taiwan and
designated as peanut chlorotic fan-spot virus (PCFV). Because the broad host range and complicationsin
symptomatology, it is difficult to classify tospoviruses by biological properties. Thus, serological properties
and the amino acid identities of the structural nucleocapsid proteins (NPs) are considered important
descriptors for classification of tospoviruses. Recently, we have developed afast and effective method to
purify NPs of tospoviruses in different serogroups, using the leaf tissues from virus-infected local lesion
host Chenopodium quinoa as starting material. Highly specific polyclonal and monoclonal antibodies were
produced against NPs of tospoviruses from different serogroups. To further characterize WSMV at the
molecular level, the complete nucleotide sequences of itsL, M, and S RNAs have been determined by our
laboratory. This represents the fourth tospovirus with the whole genomic information elucidated. In
addition, the complete nucleotide sequence of PCFV S RNA has also been determined. Based on molecular
information, specific primers for detecting different serogroups by RT-PCR and specific nucleic acid probes
derived from N genes for identifying specific species are now available. The described serological and
nucleic acid techniques provide a fast and accurate way for identification and diagnosis of tospoviruses.

Key words : Tospovirus, serological property, amino acid identity.



