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Abstract

Properties of five Tomato spotted wilt virus (TSWV) isolates in sap were very simi-
lar while reaction of test plants for inoculation with these isolates differed. All five
isolates studied induced similar symptoms in each of two chrysanthemum
cultivars, although the symptoms differed depending on the cultivar. All isolates
reacted well with antiserum for isolate BR-01 (typical for serogroup I). Using
Nicotiana rustica plants and rapid, simple method of nucleocapsid purification, pure
virus preparations were obtained. Their nucleocapside protein weight (29 kDa)
was typical for TSWV. Purified isolate III was used for antiserum production,
which reacted positively with all studied TSWV isolates in DAS-ELISA, and
F(ab’)2-ELISA tests. A405 readings were comparable with those obtained for com-
mercial kits. Extracts of total RNA proved to be better initial material for RNA am-
plification in RT-PCR than virus particles caught in immunocapture procedure.
The product of these reactions for all five TSWV isolates was nucleic acid (280 bp)
characteristic for L RNA of TSWV with quite homologous nucleotide sequence for
all five isolates.
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Introduction

Tomato spotted wilt virus (TSWV) is the type species of the genus Tospovirus in the
family Bunyaviridae, a large family of RNA viruses (Francki et al. 1991, Elliott et al.
2000). TSWV is an important plant pathogen with worldwide distribution, caus-
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ing severe losses mainly in commercial vegetable and ornamental crops (Scott
2000). The impact of TSWV is enormous, mainly because its extremely broad host
range, which exceeds 1090 plant species belonging to 15 families of monocotyle-
donous plants, 69 families of dicotyledonous plants and one family of pterido-
phytes (Parrella et al. 2003). TSWV is transmitted by a limited number of thrips
species in a persistent manner (German et al. 1992, Wijkamp et al. 1993). The
western flower thrips – Frankliniella occidentalis Pergande – is the most efficient vec-
tor of the virus (Ullman et al. 1992).

TSWV virions are 80-120 nm in diameter, spherical and enveloped. They con-
tain four structural proteins: a nucleocapsid protein N (29 kDa), RNA polymerase
protein L (200 kDa) and two glycoproteins, G1 (78 kDa) and G2 (58 kDa). The ge-
nome consists of three negative or ambisense ssRNA species – small, medium and
large – designated as S (2.9 kb), M (4.8 kb) and L (8.9 kb) (Elliott et al. 2000).

TSWV causes different symptoms in different plant species, cultivars and grow-
ing conditions (Adam and Kegler 1994), which vary from relatively mild, e.g.
chlorosis, mottling, stunting and wilting, to severe, e.g. necrosis of leaf and stem
tissue and even death of the plant. In chrysanthemum, TSWV causes severe cos-
metic damage, with symptoms consisting of chlorotic to necrotic large spots on in-
fected leaves, and systemic symptoms such as leaf collapse, necrosis of veins, at
times leading to plant death (Matteoni and Allen 1989, Daughtrey et al. 1997). In
some chrysanthemum cultivars TSWV infection remains unnoticed due to poor or
no symptom expression (Matteoni and Allen 1989).

In Poland TSWV has been known on tobacco in the field since half of XX cen-
tury (Zawirska et al. 1983) but in chrysanthemum plants it was detected at the be-
ginning of 90s (Kamińska and Korbin 1991, 1994, Balukiewicz et al. 1999).

During two years of greenhouse inspections several TSWV isolates were col-
lected from chrysanthemums originating from different greenhouses. In this paper
we present our observations on biological differentiation and results of molecular
comparison of these isolates. We also compared reaction of two chrysanthemum
cultivars (which differ in their susceptibility to TSWV) – ‘Miral’ and ‘Passiona-
ment’ – to inoculation with each of five TSWV isolates studied.

Material and methods

During inspections in several greenhouses located around Warsaw and produc-
ing chrysanthemums for cut or pot flowers the plants showing symptoms charac-
teristic for TSWV infection were collected. These plants were transferred to the
experiment greenhouse of the Department of Plant Pathology and grown in the
conditions preventing the cross-infection. Finally, five TSWV isolates were se-
lected designated in our research with symbols: I–V.

Host range studies for these isolates were conducted using the following test
plants: Datura stramonium L., Gomphrena globosa L., Lactuca sativa L., Lycopersicon escu-
lentum Mill. cv. ‘Rutgers’, Nicotiana glutinosa L., N. rustica L., N. tabacum L. cv. ‘Sam-
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sun’ and N. tabacum L. cv. ‘Xanthi nc’. Infected chrysanthemum plants were used as
the sources of TSWV for inoculation. The leaves of source plants were ground in
the mortar with phosphate-potassium buffer, pH 7.0, with addition of 0.5%
Na2SO3 and five test plants of each species and cultivar were inoculated with each
TSWV isolate. Local symptoms were recorded four–eight days following inocula-
tion and systemic symptoms after 14–21 days.

Properties of TSWV in sap were assessed using TSWV-infected N. rustica plants
as a source of the virus as well as the test plant. Three parameters assessed were:
thermal inactivation point (TIP), longevity in vitro (LIV), and dilution end point
(DEP).

To obtain purified nucleocapsid of TSWV rapid method of Roggero et al. (1998)
was used. Isolate III, which after serial transfers to N. rustica plants, multiplied in
this plants very well and did not cause heavy necrosis was chosen for purification.
Antiserum and F(ab’)2 fragments from purified antigen were prepared by Dr. T.
Malinowski from the Research Institute of Pomology and Floriculture in Skiernie-
wice. Purity of the virus preparation was evaluated spectrophotometrically and, af-
ter denaturation (95°C, 5 min on water bath) by electrophoresis on polyacrylamide
gel (SDS-PAGE) stained with coomassie blue or silver (TRIS-TRICINE SDS-PAGE
described by Schagger and von Jagow 1987). IgG from antiserum were obtained
using filtration on DEAE-cellulose according to Clark and Bar-Joseph (1984)
procedure. Antiserum against isolate III of TSWV was used in DAS-ELISA and
F(ab’)2-ELISA.

Western-blotting analysis was used to assess molecular weight of all five TSWV
isolates nucleocapsids protein denatured on water bath (95°C, 5 min).

RT-PCR reaction was conducted according to procedure presented by Mumford
et al. (1994) with primers L1 and L2 specific to L RNA fragment of BR-01 isolate.
IC-RT-PCR was conducted according to procedure of Wetzel et al. (1992). Electro-
phoresis of RT-PCR products was performed on 1.2% agarose gel. Product size
was assessed in presence of two markers: M1 – Gene Ruler %0 dp DNA Ladder
(SM 0371 MBI Fermentas) and M2 – pBR 322 DNA/AluI (SM 0121 MBI Fermen-
tas). For IC-RT-PCR test samples were coated with IgG from Loewe Biochemica
(the same as in DAS-ELISA).

Electrophoresis products were sequenced and analyzed in ClustalW program
(http://www.clustalW.genome.jp). Sequences of all five isolates of TSWV were
compared between isolates and compared with sequence of typical for serogroup I
isolate BR-01 given in Genbank.

10 young chrysanthemum plants of each of the two cultivars, ‘Miral’ and
‘Passionament’, were inoculated with each of five TSWV isolates. Symptoms of
disease were observed for the whole vegetation period and at the end of experi-
ment fresh weight of flowers and fresh weight of whole plants were measured.
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Results

Lycopersicon esculentum cv. ‘Rutgers’ and N. tabacum cv. ‘Xanthi nc’ plants proved
to be the most useful for differentiating five tested TSWV isolates according to
their pathogenic properties (Table 1). Datura stramonium and N. rustica plants re-
sponded with symptoms only to inoculation with single virus isolates (IV and V,
respectively) while the reaction of other test plants (G. globosa, L. sativa and N.
tabacum cv. ‘Samsun’) to all five isolates studied was rather similar. Some differ-
ences in reaction of N. glutinosa were noted but they were not as distinct as for to-
mato cv. ‘Rutgers’ (Phots 1, 2) and tobacco cv. ‘Xanthi nc’ plants (Table 1). Isolate
V seemed to be the most pathogenic. It caused symptoms in almost all inoculated

test plants and caused death of
tomato cv. ‘Rutgers’ and tobacco
cv. ‘Xanthi nc’ plants within 10
days following inoculation. On
the contrary, isolate III seemed
to be the least pathogenic. It pro-
duced symptoms in only four
out of eight inoculated test plant
species and it was lethal only to
tomato cv. ‘Rutgers’ plants.

Isolates of TSWV differed
also with their properties in sap.
Again, isolate V proved to be the
most active (TIP – 40°C, DEP –
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Phot. 1. Necrotic spots caused by TSWV isolate II in
Lycopersicon esculentum cv. ‘Rutgers’ leaves

(photo by A. Balukiewicz)

Table 1
Symptoms induced in test plants by five TSWV isolates from chrysanthemums

Test plant species
Isolates

I II III IV V

Datura stramonium – – – CH, N –

Gomphrena globosa N N N N N

Lactuca sativa N, vn N N, vn CH, N CH, N

Lycopersicon esculentum cv. ‘Rutgers’ vn, N!, GI N GI, N! vn, N!, LD vn!, LD, DP

Nicotiana glutinosa LD N – CH, N –

Nicotiana rustica – – – – N, DP

Nicotiana tabacum cv. ‘Samsun’ CH, N N – N N

Nicotiana tabacum cv. ‘Xanthi nc’ CH, LD N N LD, vc vn!, DP

CH – chlorosis, chlorotic spots, rings, patterns, LD – leaf deformation, N – necrosis, necrotic spots,
rings, patterns, vn – vein necrosis, vc – vein clearing, GI – growth inhibition, DP – death of plants, ! –
very strong symptoms, – – no symptoms.



10-5 and LIV – 4 h) while isolate
III lost its infectivity after 3 h and
its DEP was only 10-2 (Table 2).

Two peaks of absorbance (at
260 and 280 nm) characteristic
for pure virus preparations were
obtained for purified TSWV nu-
cleocapsid preparation indicat-
ing satisfactory purity. Protein
disposal in a gel obtained by
SDS-PAGE and TRIS-TRICINE
SDS-PAGE proved precise puri-
fication of TSWV preparations.
Every time characteristic band
adequate to protein weight 29
kDa was obtained. Electropho-
resis conducted by TRIS-TRICINE SDS-PAGE occurred to be faster and better
adapted method for small protein molecules. Gels stained with silver allowed to
obtain results a little bit faster than gels stained with coomassie blue.

Western-blot analysis indicated that molecular protein weight of nucleocapsids
for all TSWV isolates is the same and is 29 kDa.

Antiserum and IgG obtained against isolate III of TSWV reacted in DAS-ELISA
and F(ab’)2-ELISA with sap of healthy plants. Reaction of antiserum with sap of
TSWV-infected plants was much more distinct – absorbance readings were about
0.294–1.662. Produced antiserum (saturated with sap of healthy plants) was used
for detection TSWV in chrysanthemum plants. No significant differences in
absorbance readings were observed between dilutions of antiserum and IgG 1:500
and 1:1000. Obtained results were comparable to those obtained using commer-
cial Loewe products. Antiserum used in tests allowed detecting TSWV in all sam-
ples tested.

Both electrophoresis of products of the IC-RT-PCR reaction and RT-PCR with
total RNA isolation could be used for TSWV nucleic acid detection. Our results in-
dicate that IC-RT-PCR method was less sensitive than methods using total RNA
for reaction (Phot. 3). At the same time and for the same virus isolate but for the
different plant material (isolate I – chrysanthemum sample and isolate I – tobacco
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Table 2
Comparison of five TSWV isolates properties in sap

Isolate TIP (°C) DEP LIV (h)

I 37 10-3 4

II 37 10-4 3

III 40 10-2 3

IV 40 10-3 4

V 40 10-5 4

Phot. 2. Leaf necroses caused by TSWV isolate IV in
Lycopersicon esculentum cv. ‘Rutgers’

(photo by A. Balukiewicz)



sample) DAS-ELISA, IC-RT-PCR and RT-PCR tests were conducted. When sam-
ple from chrysanthemum giving low ELISA readings was used in IC-RT-PCR no
RNA-band could be obtained. Using total RNA (isolated from the same plant) to
RT-PCR reaction product size about 280 bp was obtained. For healthy plants no
RNA-band was obtained. Therefore total isolated RNA was used in all further
tests. For all investigated TSWV isolates characteristic products of size about 280
bp were obtained.

Sequence analysis indicated that sequences obtained for particular isolates
were very similar. Sequence homology among all five TSWV isolates studied as
well as sequence homology between each of these five isolates and typical
TSWV-RNA sequence given in Genbank always exceeded 96% (Fig. 1).

TSWV symptoms differed in chrysanthemum cultivars ‘Miral’ and ‘Passiona-
ment’ (Phots 4, 5) but no significant differences in symptoms were noted on plants
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Phot. 3. Gel after electrophoresis products of RT-PCR and IC-RT-PCR. M1, M2 – molecular markers,
K+ – positive control sample from plant infected with TSWV enclosed to ELISA kit

(Loewe kit 07501), K– – negative control sample from TSWV-free plant enclosed to ELISA
kit (Loewe kit 07501), 1 – sample of tobacco infected with TSWV – isolate I, 2 – sample
of chrysanthemum infected with TSWV – isolate I, 3 – RNA control (323 bp) enclosed

to Promega kit A 1250, 4, 5 – samples from chrysanthemum – total RNA isolated
from chrysanthemum (photo by A. Balukiewicz)

Phot. 5. Symptoms of TSWV isolate V infection
on chrysanthemum cv. ‘Passionament’

(photo by A. Balukiewicz)

Phot. 4. Symptoms of TSWV isolate I infection
on chrysanthemum cv. ‘Miral’

(photo by A. Balukiewicz)
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*Homologous sequences.
Fig. 1. Sequence comparison of five TSWV isolates from chrysanthemums and isolate BR-01

(ClustalW program) (de Haan et al. 1991)



of the same cultivar inoculated with different TSWV isolates. Leaves of cultivar
‘Miral” infected with TSWV reacted with chlorotic patterns and small necroses.
Isolates III, IV and V caused small chlorotic spots and necroses. Symptoms on
‘Passionament’ leaves were different – leaf deformation and small ring and line
patterns on leaves. More severe symptoms were produced with isolates II and V.
Close to the end of vegetation period all plants looked similar – wilting and large
necroses were predominant. No significant differences were observed in flowers.
Analysis of data for both measured parameters (total fresh weight and fresh flower
weight) for cultivar ‘Miral’ indicated significant difference between healthy and in-
fected plants. No such differences were observed between plants infected with par-
ticular TSWV isolates. The same analysis for ‘Passionament’ showed no significant
difference between inoculated and control plants (Table 3).

Discussion

The differences in plant host reaction to various virus isolates are commonly
known and often used for virus strains differentiation. In the reported experiment
the differences in symptoms produced by five TSWV isolates from chrysanthe-
mum plants in eight selected plant species were rather not significant. Datura
stramonium and N. rustica plants reacted with symptoms to only single TSWV iso-
lates whereas symptoms induced by various TSWV isolates in other test plants
used were rather similar, especially in G. globosa. Only the reaction of tomato cv.
‘Rutgers’ and tobacco cv. ‘Xanthi nc’ plants to five TSWV isolates studied differed
to the extent that could be used for pathogenicity differentiation of virus isolates
studied. Symptoms induced in the same plant species by other TSWV isolates (de
Avila et al. 1993, Vaira et al. 1993, Antignus et al. 1997, Kuroda et al. 1999) were
not always the same but for some plant species were quite similar so it is rather dif-
ficult to state which plant species are the most useful in differentiating TSWV iso-
lates. It might be interesting that our isolate V seemed to be the most pathogenic
and it came originally from tomato and sweet pepper plants. For this research pur-
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Table 3
Damage caused by five TSWV isolates to two chrysanthemum cultivars:

‘Miral’ and ‘Passionament’ – average values of fresh weight (g)

Fresh weight
‘Miral’ ‘Passionament’

I II III IV V C I II III IV V C

Whole plants 102.7 111.9 106.5 125.3 129.8 157.1 178.1 182.5 163.3 160.5 160.1 174.5

Flowers 37.5 45.8 42.2 53.5 52.6 62.0 65.6 67.8 52.4 56.6 53.2 61.7

Plants without
flowers

65.2 66.1 64.3 71.8 77.2 95.1 112.5 114.7 110.9 103.3 106.9 112.8

C – control.



poses it was obtained directly from chrysanthemum cv. ‘Blanche’ but these chry-
santhemum plants were infected almost two years earlier by thrips coming from
tomato and sweet pepper crops. Its high pathogenicity was confirmed by other re-
search conducted at Warsaw Agricultural University (Rusinowski 2000, Fedoro-
wicz 2002). The other TSWV isolates used were obtained from chrysanthemum
plants and nothing is known about their origin. Tomato spotted wilt virus symptoms
may vary not only with the virus isolate and plant genotype but they depend also
on the time of infection and environment condition (Rosello et al. 1996).

Thermal inactivation point for our five TSWV isolates ranged from 37 to 40°C,
longevity in vitro in room temperature was 3 to 4 h and the lowest dilution end
point was noted for isolate III (10-2) and the highest for isolate V (10-5). These data
are similar to those obtained in other experiments (Milne 1970, Korbin 1995). It
should be stressed that the isolate V which proved to be the most pathogenic at-
tained also the highest DEP (10-5) and was one of the most resistant to heat and
time inactivation.

No serological differences were revealed between TSWV isolates studied. All
isolates reacted positively in DAS-ELISA tests with antiserum against Brazilian
isolate BR-01 (commercial ELISA kit) but they did not react with antiserum
against Impatiens necrotic spot virus, another species belonging to genus Tospovirus.
Our own antiserum prepared against isolate III detected all investigated TSWV
isolates in DAS-ELISA tests. Higher sensitivity of F(ab’)2-ELISA test corresponded
with the results of Korbin and Kamińska (1994) experiments.

First attempts to purify TSWV nucleocapsid using method described by de
Resende et al. (1991) were not successful, this method, however, was successfully
used by Korbin and Kamińska (1994). When we increased the temperature in the
growing chamber from 22°C up to 26°C N. rustica plants used as virus source
showed symptoms a little earlier and the virus attained higher concentration in
these plants, which has been confirmed by DAS-ELISA test. The method described
by Roggero et al. (1998) was successfully used to purify the nucleocapsid of TSWV
isolate III in further experiments. This method allows to prepare the nucleocapsid
without centrifugation in sucrose gradient. However, the obtained virus prepara-
tion was not sufficiently purified. SDS-PAGE and TRIS-TRICINE SDS-PAGE tests
conduced after purification proved the presence of only one protein of 29 kDa
weight, characteristic for TSWV nucleocapsid but antiserum obtained with this
method reacted positively with sap of healthy plants. Attempts to purify this anti-
serum by saturation with healthy plant sap and next, filtration on DEAE-cellulose
column allowed increasing the quality of antiserum but not to the extent, which
would allow to use it to produce conjugate. Antiserum obtained with this method
was useful in detecting TSWV in chrysanthemum plants and absorbance readings
were comparable with those obtained with Loewe kits but still the absorbance
readings for healthy plants samples were higher than with commercial antiserum –
0.112 and for Loewe antiserum – 0.088.

Using western-blotting method the molecular protein weight for all investi-
gated TSWV isolates was the same – 29 kDa – and was identical with that given in
literature (Brunt 1995).
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Nucleic acid amplification (RT-PCR) lead to obtain products of expected size
280 bp (Mumford et al. 1994) for all investigated TSWV isolates from chrysanthe-
mum plants. This method has been successfully used in several laboratories to ob-
tain sufficiently large samples of L RNA of tospoviruses (Mumford et al. 1994,
1996, Korbin et al. 1995, Bhat et al. 1999). Korbin et al. (1995) have demonstrated
that IC-RT-PCR method gave better initial material than SC-RT-PCR method. We
were able to obtain the characteristic product of IC-RT-PCR amplification only
when infected plant material with high ELISA readings was used. When TSWV-in-
fected chrysanthemum plants with low ELISA readings (A405 = 0.207) were used
no TSWV-RNA band was observed. Total RNA extracted from infected plant sub-
mitted to RT-PCR reaction using specific primers proved to be much better start-
ing material. Besides, IC-RT-PCR method is more laborious and time-consuming,
needing special sample preparing with antibody and then precise rinsing which is
not justified by high quality of results obtained.

Methods based on RT-PCR used in this study with starters prepared for L RNA
fragment (de Haan et al. 1991) allowed to obtained products of size about 280 bp
for all five TSWV isolates studied. When sequenced these RNAs shown high de-
gree of homology (higher than 96%). Comparing sequences of TSWV nucleic acids
isolated from chrysanthemum plants with the sequence of Brazilian isolate BR-01
high degree of homology (96%) was also detected (Fig. 1).

Comparing the reaction of two chrysanthemum cultivars to five TSWV isolates
we confirmed that ‘Miral’ is more susceptible to TSWV than ‘Passionament’. On
the other hand, no significant differences between virus isolates were noted. Our
observations are in a good accordance with a common opinion that symptoms of
TSWV chrysanthemum infection are highly depending on the cultivar (Matteoni
and Allen 1989, Allen et al. 1990, Bouwen and van Zaayen 1995, Alexandre et al.
1996, van de Wetering et al. 1999). It would be difficult to compare particular
symptoms because different cultivars were used in different laboratories. In gen-
eral, symptoms observed on leaves of inoculated plants were similar to those ob-
served by Matteoni and Allen (1989) but we did not observe flower malformations
and bronze streaks on flowers. It is claimed that the most important damage to
chrysanthemum plants by TSWV consists in decrease of flower weight, decrease of
number of flowers in inflorescence and decrease of number of flowers on the stem
(Matteoni and Allen 1989). Indeed, the number of flowers and their fresh weight
was significantly reduced by TSWV infection in ‘Miral’ chrysanthemums, espe-
cially by isolate I. Interesting result was that isolate V which proved to be the most
pathogenic to tomato cv. ‘Rutgers’ and tobacco cv. ‘Xanthi nc’ plants was the least
pathogenic to chrysanthemum cv. ‘Miral’ plants. Fresh weight of plants and their
flowers inoculated with isolate V did not differ significantly from those of healthy
plants. Statistical analysis of data on fresh weight of plants and their flowers de-
tected no significant differences between virus isolates but allowed to group these
isolates into two groups: isolates IV and V which seemed to be less pathogenic and
isolates I, II and III which caused more damage to inoculated plants. It seems nec-
essary to admit that ELISA tests confirmed that all inoculated plants in this experi-
ment were infected with TSWV.

54 A. Balukiewicz, S. Kryczyński and K. Golnik



Streszczenie

ZRÓŻNICOWANIE BIOLOGICZNE ORAZ CHARAKTERYSTYKA
MOLEKULARNA IZOLATÓW WIRUSA BRĄZOWEJ PLAMISTOŚCI

POMIDORA (TSWV) POCHODZĄCYCH Z CHRYZANTEM

Podczas lustracji w szklarniach, w których są produkowane chryzantemy do-
niczkowe i na kwiat cięty, pozyskano pięć różnych izolatów wirusa brązowej plami-
stości pomidora (TSWV) dość do siebie wzajemnie podobnych pod względem
właściwości w soku, ale różniących się nieco reakcją roślin testowych (zwłaszcza
pomidora odmiany ‘Rutgers’ i tytoniu odmiany ‘Xanthi nc’). Wszystkie badane
izolaty wywoływały podobne objawy na każdej z dwóch odmian chryzantem, choć
odmiana ‘Miral’ reagowała nieco silniej na TSWV niż odmiana ‘Passionament’.
Wszystkie badane izolaty reagowały z surowicą przygotowaną na izolat BR-01 (ty-
powy dla serogrupy I), a ich sekwencje nukleotydów były do siebie bardzo podob-
ne. Wykorzystując rośliny Nicotiana rustica uprawiane w warunkach podwyższonej
temperatury oraz szybką metodę oczyszczania nukleokapsydów, uzyskano oczysz-
czone preparaty wirusa. Masa białka nukleokapsydów była typowa dla TSWV i wy-
nosiła 29 kDa. Oczyszczony izolat III posłużył do wyprodukowania surowicy, która
reagowała pozytywnie ze wszystkimi badanymi izolatami TSWV w testach
DAS-ELISA oraz F(ab’)2-ELISA. Odczyty były porównywalne z tymi, jakie uzyski-
wano dla zestawów komercyjnych. Ekstrakty RNA całkowitego z roślin pora-
żonych TSWV okazały się lepszym materiałem wyjściowym do amplifikacji RNA w
testach RT-PCR niż cząstki wirusa wyłapane metodą immunocapture. Produktem
reakcji dla wszystkich tych izolatów był kwas nukleinowy (280 pz) charaktery-
styczny dla L RNA TSWV, o homologicznej sekwencji nukleotydów dla wszystkich
pięciu badanych izolatów.
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