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Tomato spotted wilt virus was originally isolated fiom naturally infected tomato fruits.
The virus infected a wide host range showing dilTerent symptoms varied from local necrosis.
systemic necrosis, systemic mosaic, yellowing, bronzing or stunting. The virus transmitted by
mechanical means as well as by Thrips tabaci. Its TIP was between 45-50 °C, DEP was 10
and LIV was between 5-6 hrs. Local lesion technique for biological purification and electron
microscopic analysis confirmed the production of mature, infectious virus particles,
underlining the conclusion that a full infection cycle was completed in this system. Both the
structural viral proteins nucleoprotein (N) and the envelope glycoproteins G and G2 and the
nonstructural viral proteins NSs and NSm were accumulated to amounts sufficient for
detection and cytopathological analysis. Electron micrograph of the virus showed that it is
quasi-spherical and its diameter ranges fiom 80 to 100 nm. The virus caused thickening of the
cell wall and changes in the chloroplast structure. Virus identification was confirmed by dot-
blot immunoassays. RT-PCR assays using primers complementary to the nucleocapsid
protein gene (NPs) were used to detect two isolates of TSWV lrom Lycopersicon esculentum
and Physalis peruviana plants. Total nucleic acids were reverse transcribed using Retrotool
reverse transcriptase enzyme and the PCR reactions were performed for 30 min in a capillary
thermal-cycler. RFLP analysis of the PCR products was performed using Alsel restriction
enzyme. The results showed a dimorphic restriction digestion profile that was suitable for
identifying the two isolates. The method described here is rapid. reliable and highly

recommended to be used in such virological and pathological studies

INTRODUCTION infecting members of the family
Bunyaviridae, a large group of
Tospoviruses are “"emerging" viruses enveloped viruses  with tripartite

genomes of negative and ambisense
RNA (Elliott, 1990).

Tomato  spotted wilt  virus
(TSWV), the type member of this

not only in the sense of their increasing
economic importance as pathogens on
a worldwide basis, but also in that our
understanding of the complexity of this

new viral taxon only began to emerge
during the last decade. However,
diseases attributed to Tomato spotted
wilt virus (TSWV), the type species for
the Tospovirus, was first reported in
Australia about 1915. Prior to 1990,

TSWV was considered a monotypic
group of plant viruses (Moyer, 1999).
lospoviruses are the only viruses in
that family that infect plants. The
genus Tospovirus contains the plant-

genus (German ¢t al. 1992). replicates
in  both plant hosts and thrips
(Thysanoptera; Thripidae), its
exclusive insect vector (Ullman ef af..
1993, and Wijkamp et al., 1993).
During the 1980's TSWV caused
significant losses on peanuts, tobacco
and tomatoes in the Southeastern
United States (Moyer, 1999). It has

also caused significant losses on these
crops in Eastern Furope and South -
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America. In recent years, Tomalo
spotted wili virus has caused crop
losses on a wide variety of greenhouse
vegetable and ornamerital plants across
the United States and Canada (Zitler
and Daughtrey, 1989). Vegetatively
propagated ornamentals are the most
likely source for a TSWV infestation
since the virus is not seed borne (Zitter
and Daughtrey, 1989). Four species
are considered the most important
vectors  because  of  their  wide
distribution and the overlapping host
ranges of these species and TSWV;
Frankliniella  occidentalis  (western
flower thrips), F. schultzei, F. fusca
(tobacco thrips), and Thrips tabaci
(onion thrips) (Moyer, 2000). The
western flower thrips is the chief
TSWV vector in greenhouse settings
around the world (Quintanilla, 1980;
Davis er al., 1990; and Peters et al.,
1991) T tabaci is widely distributed
in tropical, warm, and cool temperate
areas around the world. F. occidentalis
and F. fusca both occur in the United
States. Mexico, and as far north as
Canada.

The host range of TSWV
includes more than 400 plant species,
both monocots and dicots, in 50
familics (Cho et al. 1987 and Peters et
al. 1991). Virus spread is rapid in a
greenhouse with a western flower
thrips  population. Some plants
develop symptoms within 5 days of
feeding by infected thrips. The natural
occurrence of TSWV in the field is not
well documented in Egypt; However, it
is a scrious problem in many southern
states (Law and Movyer, 1990; German
etal.. 1992).

TSWV  virions contain two
glycosylated membrane proteins (Gl
and G2), a putative RNA-dependent-
RNA polymerase (RdRp) protein (L)
and the nucleocapsid protein (N),
which encapsidates the small (S),

medium (M) and large (L) genomic
RMNAs (Moya et al., 2000).

Due to the wide host range of
the virus and vector and lack of
effective management strategics which
might lead to major worldwide
cconomic losses, an early and accurate
detection of infected plants is
discussed in this study as critical steps
for disease control.

MATERIALS AND METHODS

Virus Isolation and identification
Tomato fruits showing
symptoms suspected to be due to
TSWV infection were collected from
the farm of the Faculty of Agriculture,
Ain  shams  University, Kalubia
Governorate and used to inoculate
Nicotiana rustica L. plants, The
infected leaves (lyophilized) were
kindly provided by Microbiology
Department, Faculty of Agriculture,
Ain shams University. The virus was
maintained in Nicotiana rustica L.
plants in greenhouse at 25-35 °C.
Typical ringspot symptoms of TSWV
appeared on Nicotiana. rustica L.
grown in the greenhouse, Agricultural
Research  Center (ARC), were
mechanically transferred onto
Lycopersicon esculentum Mil plants.
The virus was purified biologically
‘through two consecutive passages onto
the local lesion host, Petunia hybrida
Vilm, followed by one passage on
Nicotiana rustica 1. The resulting
local concentric ringspots were singly
back inoculated onto Nicotiana rustica
Finally, the systemic necrosis appears
on the newly formed leaves were
mechanically trauslerred onto
Lycopersicon esculentum Mill plants
for virus propagation. The virus was
identified on the basis of host range
studies, symptomatology, mode of
transmission and stability in the
infectious 'sap.  Virus identification
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was insured by serological tests,
electron  microscopy and  some
molecular studies.

In addition, two isolates of

TSWV infecting Lycopersicon
esculentum — Mill  and  Physalis
peruviana Ryd6 were identified by
restriction  digestion of RT-PCR
products.

Identification of the present virus was
carried out as follows:

1: Biological studics
A. Transmission

]-Mechanical transmission

About 15 tomato plants were
mechanically inoculated with the virus
under study and five plants were
maintained as  control  without
inoculation. To test the possibility of
mechanical transmission of TSWV,
infected Lycopersicon esculentum Mill
plants were washed and frozen for 24
hours. “Solvent 4” pH 7.2 buffer (0.1
M Na;HPO.q-NaHzPOa_ p” 8.3, 0.02 M
of NaSO; and 0.02 M EDTA) as
described by Sayed et al. (2003) was
used for mechanical transmission
studies. The extract was filtered
through cheesecloth and the tested
tomato plants of 40-50 day old dusted
with  600-mesh carborundum were
inoculated with infectious leafl extract
diluted with the buffer (1:1, v/v).

2-Insect transmission (Thrips
transmission)

Virus-free colony of specific vector
(Thrips tabaci) raised on onion plants
were used in transmission tests, The
differential ability of larval and adult
Thrips tabaci to acquire and transmit
TSWV was tested by allowing 1-day-
old adults to feed for 24 hr on 15
infected tomato plants placed in
isolated cage covered with organza

cloth. The cage was kept outside the
greenhouse during the time of the
experiment. Insects were removed and
transferred for 48 hr onto 10 healthy
tomato plants using about 30 insects
per plant. Plants were kept under glass
lantern  covered from above with
cheesecloth tight with rubber band.
The plants were maintained in the
isolated cage for  symptoms
development.  The virus free insects
were maintained on five healthy
tomato plants as control.

B: Host range

Ten seedlings from each of 24
different host plants belonging to 11
families were mechanically inoculated
with sap extracted from infected
Lycopersicon esculentum Mill leaves
and maintataed in the isolated cage for
eari,; symptoms, development. The
symptoms produced and the incubation
periods of the virus in the host were
studied. Non-inoculated plants were
left as a control. Plants showed no
symptoms were checked by back
inoculation to the indicator host plant
or by DBIA and / or ELISA using
TSWV polyclonal antiserum (TSWV-
AS) (Kindly provided by Prof. Dr.
H.S. Savithri, Dept of Biochemistry,
Indian Institute of science, India.

C: Virus stability

Stability in infectious sap

Dilution end point (DEP), thermal
inactivation point (TIP), and longevity
(LIV) of the virus isolate were
determined according to  Noordam
(1973).

11. Serological studices

a) Dot blotting immunobinding assay
(DBIA)

DBIA test, described by de Avila
et al. (1990), was used to detect the
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virus presence in tested hosts as well as
in determining serologic relationships
between its isolates.

b) Direct ELISA

Direct ELISA test was performed
as described by Clark and Adams
(1977) to test the presence of TSWV in
mechanically infected host plants.

IIL Electron Microscopy

I- Partial Purification of the Virus

About 100 gm of virus-
diseased leaves of N. rustica L. of 21-
30 day old mechanically inoculated
with  TSWV and showing typical
symptoms were macerated in a mortar
with an equal volume of solvent 4 pH
7.2 buffer (0.1 M Na;HPO4-NaH,POy,,
pIl 8.3, 0.02 M of Na,SO; and 0.02 M
EDTA). The extract was filtered
through cheesecloth and centrifuged
for 20-30 min at 3000-5000 rpm in
SiGmA  2KI15  centrifuge. The
supernatant was concentrated by
centrifugation at 30000 rpm for 120
min. The pellets were resuspended in
an amount of 0.01M Na,SO3 equal to
1/10 of the original weight of tissue
(Black et al., 1963).

2- Electron Microscopic Examination

Electron microscopic
examination of the partially purified
suspension of the TSWV were
negatively stained  with 2%
phosphtungestic acid (PTA), pH 7.0, as
described by Walkey (1991). Ultrathin
sections were made in parts of
Nicotiana rustica leaves showing light
green to yellow areas and dark green
areas. The sections were prepared
following the method of Lin and
Langenberg (1983). Examination was
carried out using electron microscope
(Philips E.M.401 in the EM unit of Ain
Shams University Specialized

Hospital) at magnifications of X70gg
to X36000.

IV. Molecular studies

1-Primer selection

Molecular characterization was
done using RT-PCR. Using primers §'
TTAAGCAAGTTCTGTGAG 3' and &
ATGTCTAAGGTTAAGCTC 3' specific
to the nucleocapsid (N) protein gene of
TSWV, the N protein gene was
amplified by RT-PCR (Jain er al,
1998, and Pappu et al., 1998). The
oligonucleotide primers were from
Metabion GmbH (Lena-Christ-Strasse
44, D-82125 Martinsried / Deutscland).

2-Extraction of total nucleic acid

Total RNA was extracted from
symptomatic leaves of Lycopersicon
esculentum, Pelargonium sp.,
Nicotiana rustica and Datura metel
using High Pure RNA Tissue Kit (Roch
Molecular Biochemicals) Cat No.
2033674. "

3-RT-PCR

A modification of the method of
Boonham et al. (2001) was used for
synthesizing complementary DNA
strand by adding 7 pl of total nucleic
acids primed with 50 pmol of forward
primer TSWVI (5"
ATGTCTAAGGTTAAGCTC 3) in a
total volume 20 pl containing 4 pl of
5x RT buffer (Biotools,
Biotechnological & Medical
Laboratories, S.A. Madrid, Spain), 1 pl
of 10 mM dNTPs, 1 pul of enhancing
buffer, and 1.5 pl of Retrotools
Reverse  Transcriptase  (Biotools,
Biotechnological & Medical
Laboratories, S.A. Madrid, Spain).
The reaction was performed at 70 °C
for 45-60 min. For PCR, 50 pmole of
cach amplification primer TSW!
(forward primer) A
ATGTCTAAGGTTAAGCTC-3'  @d -



Characterization of Tomato spotted wilt virus

TSW2 (reverse primer) (3'
ITAAGCAAGTTCTGTGAG-3")  (Jain
et al, 1998) were selected based on
ISWV nucleocapsid (N) protein gene,
jocated on the S-RNA (Jan et al.
2000). 5 pl of each ¢cDNA reaction,
and 5 U/ul of High Expand Fidelity
DNA polymerase (Roche) were used in
4 5x Standard DNA buffer containing
20 mM Tris HCI, pH 8.2. 10 mM KCl.
6 mM (NHy)2 SO4, 2 mM MnCl;, 0.1%
I'riton X-100 and 10 pg/ml of nuclease-
free BSA. The amplification reaction
was carried out in a total volume of 50
ul using the capillary PCR system from
IDAHO technology and using 0.2 ml
micro  Amp PCR tubes. Hard
denaturation  of the DNA  was
performed at 95 °C for 1 min followed
by 35 cycles of amplification with
denaturation at 94 °C for 15 sec.
annealing at 45 °C for 30 sec. and
extension at 72 °C for 15 sec. A single
tailing cycle of long extension at 72 °C
for 45 sec was carried out in order to
ensure flush ends on the DNA
molecules. The PCR products were
analyzed by electrophoresis onto 1.0%
agarose gels and the size of the DNA
frapments were  determined  in
accordance  with molecular  weight
markers. A fragment of 777 bp was
amplified and cloned directly into
pGEM-T-Easy cloning vector
(Promega, Madison. WI).

4-RFLP analysis of RT-PC'R products

Ten pl of amplified products were
restricted with 5 units ol AfSel
restriction endonuclease (Life
Technologies Inc.) according to Finetti
et al. (2002). Reactions were done
following manufacturer’s instructions
(Roche) and digested products were
analysed by electrophoresis in~ 2%
agarose gel in TAE.

RESULTS AND DISCUSSION
1-Biological studies

A-Transmission studies

1-Mechanical transmission

TSWV was transmitted easily
to tomato seedlings in the greenhouse.
Symptoms appeared 10-21 days post
inoculation. Inoculated plants showed
chlorotic and necrotic  ringspots
followed by systemic  mosaic
yellowing, bronzing or stunting on the
successive leaves (Fig.I).

2-Insect transmission (Thrips
(ransmission)

Thrips tabaci insects were able
to transmit TSWV from infected to
healthy womato seedlings. Infected
seedlings showed ringspot symptoms
after one month from inoculation. The
results were verified with DBIA
analysis.

B- Host range

Based on the physical
properties.  biological  properties.
serology. and molecular detection, the
virus under study s, indeed, an
Egyptian isolate of Tomato spotted wilt
virus  (TSWV).  During  owr
examination for host range (Table 1)
and Fig. (1). it was found that TSWV
had a wide host range. Different host
plant species. varieties and cultivars
were tested for symptoms expression.
However, 16 hosts were selected to be
tested using DBIA, and ELISA testes
and listed in Table (1). The induced
symptonms on the tested hosts ranged
between mosaic, mottling, chlorotic
spots. necrotic lesions, necrotic ring
spols, concentric  necrotic  rings,
yellowing or bronzing of leaves, and
feal’ drop or wilting. Leaf distortion
and plant stunting were also observed.
This is in accordance with De Angelis
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¢t al (1994) and Adam and Kegler
(1994) who reported that Tomato
spotted wilt virus has one of the widest
host ranges of any known plant virus.

stunting. These statements are in
accordance with our findings (Fig.1,
and Tablel). Symptom expression may
be variable on the same host according

Hean (1940) and Best (1968) stated
that visible local symptoms usually
consisted of chlorotic or necrotic
lesions, Systemic symptoms were
generally more  severe, including
mosaic, mottling, chlorotic or necrotic
ring spots, leal deformation and

- to the age of infected plants, the level
of nutrition and particularly with
environmental conditions, especially
temperature. In some hosts symptoms
of infection may disappear under hot or
cold conditions cven though the virus
is still present in the host. :

Table (1): Host range of Tomato spotted wilt virus (Tospovirus) tested by
mechanical inoculation.

: Pandl Perological tests
Tost plani i Common name Olsesnd BIA
Symptoms  [ELISA
Scrophulariaccace Great
Antirrhinum marus Snapdragon, NLL, NR - +
¥ Dragon's mouth
Apium graveolens L. Apiaceae Celery 1" NLL + -
Fabaceae Earth nut, Ground
Aracius hypogaea L. = i, P CR + +
Capsicum annuum. L Solanaceae Red pepper,
cv. California Wander Guinea lfcppper R ' )
Chenopodium murale L. Chenopodiacecac | Wall goose-foot NLL NT NT
Convolvulccae Lesser birdweed,
Convolvulus arvensis L. Corn blind, Comn NLL, NR NT NT
lily
. Solanaceae Downy thorn-
Datura metel L. apple, Metel NLL,CN + -
Datura stramonium L. Solanaceac Thorn-apple NR +
Erucu sativa Brassicgc:nc Rocket NLL NT NT
Creurbita pepo L. Cuseurbiticen V:‘g:rt;b‘:rc— SYM - -
Lactuca sativa |, Compositae Lettuce LD + %
Lupinus termis 1 Leguminosae Egyptian lupine NLL, NR NT NT
Lycopersicon esculentum Mill. Solanaceae Tomato BR.R.ST. B + %
Cv. Money Maker , R, ST,
Fabaceae
Medicago sativa, L. (Papilionaceae) | Lucerne, Alfalfa NLL, NR + +
Nicotwana ghitinosa L. Solanaceae Tobacco NLL, CN, SN + +
Nicotana rustica L. Solanaceae Wild tobacco NLL, NR, SN + +
Nicotiana tabacum cv. Solanaceac Tobacco NLL. CN NT NT
kentuckey y
Nicotiana tabacum cv. white Solanaceae Tobaeco NLL CN A >
barley y
Pelargonium sp Geraniaceae Geranium CLL, YW ¢ ¥
Petunia hybrida Vilm - Solanaceac Garden Petumia_|  NLL, CN + +
: g}lﬂ_!! ofus Vldgﬂ.l’l.l’ L. cv. Qiza FFabaceae Frellch bean NLL, NR NT NT
_ ; Physalis peruviana L. Solanaceae Caﬁliagrg'(:zcal;;[ry. M. M. + +
£ " Piswn sativam L. cv. Little Fabaceae
Marvel . Garden pea NLL, NR NT NT
Vicia faba L. ev. Giza 2 SR Hges {Te) NLL NT | NT

3= blistering, BR= bronzing, CL= chlorosis, M, M= mosaic and mottling, CN= concentric necrotic rings,
CR= chlorotic ring spot, NLL= necrotic local lesion, NR= necrotic rings, R= rolling, SN= systemic
necrosis, ST= stunting, LD= leafl discoloration, SYM= symptomless infection.
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ulentum plants showing thickening of young lcaves especially the veins
and the newly formed leaves start bronzing accompanied by wrinkling of Icaves:. (B): Arachis
Iypogaca leaves showing chlorotic ring spot.  (C): Nicotiana glutinosa leaf showing local lesions
which gradually increasc in size forming spots of concentric necrotic zoncs. (D) Datura metel leaf
showine necrotic local lesions developed into concentric necrotic rirgs. (E): Petunia x hybrida plant
showing uccrotic local lesions. (F): Nicotiana tabacum cv. Kentuckey leaves showing necrotic local
lesions (G): Datura stramonium lcaves showing necrotic rings. (H): Physalis peruviana showing
mosaic and mottling. (1): Nicotiana tabacum cv. IWhite Barley shéwing necrotic local lesions. (J):
Lactucu sativa plant showing light marginal wilting and leaf discoloration, the plants grow from onc

side. (K): Pelargonium sp. Leaf showing chlorotic local lesions,

Fig.1. (A): Lycopersicon esc
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C- Virus stability

Our results indicated that the virus
is sap transmissible. Its thermal
inactivation point is 45-50 °C; the
dilution endpoint is 10~ and the virus
was completely inactivated after

Table (2): Stability of 1SWV in
crude sap.

Tir DEP LIV

| 45-50°C 10” 5-6 hrs

incubation for -4 boures ol
lemperature (Table

room
e 23 Qur results are
in accordance with Best (1946); Da
Graca ef al. (1985); Adam and Kegler
(1994) and Alkhazindar (1999).

- Serological studies

DBIA  results  showed  cross
reactivitics between TSWV-AS (India)
upon reaction  with  serially  diluted
crude sap preparations of TSWV [rom
16-tested host (Fig. 2).

2 5 _ 4“__ 3__F 2 1
Serial ﬁ 1 © @ I 3 O » Q@ o 9 e
dilution| =l n 2 |

LM l@ | a O o o .| Q @ | [#] & a U O > {
et e o | e o 00
LB @ | £ Q! Q 1 | . (8]
i o | it 1i a & : 1 N ! B
i i |‘ l B
e l p 19 l Sl I ) l 4 U Al
e R o ,} 1 ! i .
Vs —— e e
p 2 i TR o S DD S v S

Fig. (2): DBIA showing the cross reactivitics between TSWV-AS (India) upon
reaction with crud sap preparations serially diluted from 16 different host ranges.
Including Lycopersicon esculentum (1), Pelaroninm sp. (2) and Physalis peruviana

(3) H: Healthy plants showing No signals,

III- Electron microscopy

Electron microscopic examination
of ncgatively stained partially purified
preparations of the virus under test
with 2% PTA (Fig. 3) revealed the
presence of  quasi-spherical  particles
anging from 80-100 nm in diameter.
The result is in agreement with Black
et al. (1963); Mohamed and Randles
(1972); Honda ¢r al. (1989) Adam e¢r
al. (1990) and Dc Angelis er al
(1994).Electron microscopic
examination ol TSWV-discased
mesophyll of

Nicotiana rustica revealed that virus-
induced inclusion consists of clongated
rigid filamentous material and/or large
inclusions  of  elongated tubular
structures arranged in loose bundles
and appear in the eytoplasm between
some clusters ol virus particles and
groups of dense masses.  The NSs
protein accumulates in long  tubular
structures that may associate ws loose
bundles. The origin ol the filamentous
structures  or  librous inclusions s
unknown but they did not seem to be
derived
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100 nm

TEM Mag = 150000x

Fig. (3). Electron micrograph of partially purified virs preparation st
phosphtungestic acid (I’ TA). Magnilication power (X) = 150000

from Golgi apparatus. endoplasmic
reticulum or other unusual cell
membranes (Milise 1970). NSm protein
is detected in granular electron-dense
inclusions. Also excess N protein is
observed as electron-dense. granula
material in the cytoplasm (lig. 4).
These masses have rugged outline and
are usually somewhat larger in size
than the inner diameter of the virus
particles, It was designated as
viroplasm  which appear in  the
cytoplasm. Its structure, composition
and function are unknown but it may
consist of ribonucleoprotein and is

probably involved in (he early stages of

forming virus particles (Milne 1970).
In 1971, Ie stated that the dense masses
have been shown to be proteinaceoiis.
The presence of the dense masses in
the infected cells (Fig. 4) constitutes an
additional reliable characterisiic .
Tg.wv infection (Peters ef al. 1991).
In agreement with our findings of the

previously mentioned two types of

ained with

inclusions had been found by Kitajima
(1963). TFrancki and Grivell (1970).
Milne (1970). Law and Moyer (1990).
Peters e/ al.(1991). De Avila ef al.
(1991). Urban er al. (1991). Kitajima er
al. (1992). Adam and Kegler (1994),
Rudzinska  and  Kaminska (1997).
during their studies on Tomato spotted
wilt virus infected many different hosts
other than tomato plants.
Mitochondria and nuclei were nearly
absent from the cells. Genera.. ~d
plasmolysis was evident in most of the
cells with thickened cell wa!! (¥4, 53
Ultrastructural  eteciio:  microscopic
observations  of  TSWV-diseased
mesophyll shawed the accumulation of
Tomato .potted wilt virus particles in
few ngeregates in the cytoplasm (Fig.
6}

Virus  particles ch<erved in
uitrathin sections of infected ceils ac
usually similar in structure to those
found in partially purified preparations
‘..iiil]imil. 1965. Milne, 1970; Franckt

=
vil
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and Grivell, 1970; Ie, 1971; Paliwal, numerous in numbers with membrane
1976 and De Avila et al. 1991). The damage, degencration of the grana and
infected chloroplasts appeared disorganization of the internal lamellac

Fig. (4): Ultrathin section of Nicotiana rustica leaf tissue infected with TSWV. The NSs
protein .accumulates in long tubular structures that may associate as loose bundles. NSm
protein is detected in granular electron-dense inclusions. Also excess N protein is observed
as electron-dense, granular material in the cytoplasm. X= 30,000

Fig. (5): Ultrathin section in mesophyll of Nicotiana rustica leaf showing degencrated
chloroplast (Ch) and thickened cell wall (TCW). X= 17,000
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were also observed. They were
deformed and swollen with reduced
lamellar system (Fig.7). Mitochondria
were nearly absent from the cells
Nuclei also might be absent from such
cells. Generalized plasmolysis  was
evident in most of the cells.  Our
results were in agreement with that
reported by Tu et al. (1968), Ehara and
Misawa (1975), Kolesnik er al. (1987),
Koiwa et al. (1991), Soweha e al.
(1992), Zhou et al.(1992), and White
and Sehgal (1993).

TSWV has singly enveloped
particles end up in large membiane
envelopes as a result of self-fusion of
doubled enveloped virion (DEV)
(which  have two  Golgi-derived
membranes), or fusion  with
endoplasmic reticulum (ER)
membranes but some had hollow cores
and dense envelopes or dense cores
with hollow envelopes (Milne, 1970).
These envelopes surrounding singly
enveloped virus particles (SEV).

clusters must consequently consist of
both Golgi and ER derived membranes
and 1s probably involved in the early
stages of forming virus particles (Fig.
8). De Avila et al. (1991) studied the
cytopathology of the TSWV; it was
similar to that of our TSWV isolates.
Vitus  particles occur in  clusters
between  membranes.  Viroplasm
withdense masses were found close to
the clusters in the cytoplasm. Milne
(1970) reported  that the paired
paralleled membrane (PPM) may be
produced de novo since they did not
seem to resemble any of the cellular
membrane structures. Goldbach'er al
(1999) proposed a model for the
maturation  of  Tomato spotted wilt
virus (ISWV) particles with a
protoplast infection system, in which
the chronology of different maturation
events could be determined. Our
results obtained were in accordance
with that obtained by Goldbach et af
(1999) indicating that the site of

1 : s i , icati e ywing ageregates ol
Fig. (6): Ultrathin section in mesophyll of Nicotiana rustica leal showing aggreg

virus particles (V). X= 17,000
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Fig. (7): Electron micrograph ol Nicotiana rustica infected with TSWV showing farge
intercellular spaces (ICS) between cells of the sponge mesophyll tissue. Chloroplast (Ch) are

swollen and numerous. X= 12,000,

TSWV particle morphogenesis was
determined to be the Golgi system in
which the viral glycoproteins G1 and
G2 accumulate in the Golgi prior to a
process of wrapping, by which the
viral nucleocapsids obtain a double
membrane (Fig. 8). In a later stage of
the maturation, these doubly enveloped
particles fuse to cach other and to the
endoplasmic reticulum to form singly
enveloped particles  clustered in
membranes.

[V- Molecular studics

Our objective of this study was
to characterize TSWV  isolates
occurring in Egypt. The nucleocapsid
(N) protein gene was isolated by
reverse transcription-polymerase chain
reaction (RT-PCR) from total nucleic
acid extracts from TSWV-infected
plants. The primer pair specific to the

N gene of the TSWV-L isolate was
used. The two primers TSWI (5
ATGTCTAAGGTTAAGCTC 3 and
TSW2 5' TTAAGCAAGTTCTGTGAG
3') gave a PCR product of about 777
bp from the majority of the samples
tested (Pelargonium sp., Physalis
peruviana and Tomato) (Fig. 9).
Differentiation  of  TSWV isolates
between Lycopersiconesculentum and
Physalis peruviana was based on
restriction enzyme digestions of the
amplification  products of reverse
transcribed negative sense viral RNA.
The primer pair TSWVI and TSWV2
(Jain et al, 1998), (facilitated
amplification of 777 bp specific PCR
product from both Tomato and
Physalis peruviana as predicted (Pappu
et al., 1998).
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Fig. (8): Ultrathin section in mesophyll of Nicotuana rustic showing curving and wrapping of
Golgi stacks (G) to form enveloped virus particles (V) with double membrane (PPM). X= 36,000

By comparing this predicted great differences in the size of the
PCR product with the others amplified amplified products (Fig 9) which
from Pelargonium sp. and Datura means that they might be considered as
metel, it was shown that there were different isolates of TSWV.

t— 177 bp

Fig. (9): 0.7% Agarose gel electrophoresis showing the amplified RT-PCR products of TSWV/NPs
geTae using TSWK\}I and TSWV2 primers Total RNAs extracted from Datura metel (lanes | and 2),
Lycopers;::on esculentum (~777 bp) (lane 3). Lane 4- Negative control (No RNA templa.te).
Pelargonium sp. (lane 5) and Physalis pernviana (777 bp) (lane 6), M: DNA Molecular weight
Marker XV1 (Roche, Applied Science).
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RFLP analysis results of the
PCR products obtained from the two
virus isolates (the virus under study
which isolated from Tomaro and the
other one, Physalis peruviana isolate,
kindly provided from Dr. Maha Al-
Khazendar, Faculty of science, Cairo
University) indicated that two or more
Msel restriction sites were present in
the NP fragment of tomato isolate
whereas two AMsel restriction sites were
present in the same fragment of
Physalis peruviana isolate. In fact,
after digestion with Msel, the 777 bp

Mceel  Meel

amplified product (Fig. 10, lane 1) of
tomato and Physalis peruviana isolates
gave two distinet restriction patterns,
i.e. three fragments of approx. 480, 120
and 70 bp for tomato isolate (Fig. 10,
lane 2), and two fragments of approx.
550 and 120 bp. for Physalis peruviana
isolate (Fig. 10, lane 3). Our results
were in accordance with that obtained
by Finetti Sialer et al. (2002). We have
shown that these two isolates can be
readily identified by targeting NP
sequences flanking Afsel restriction
sites with RT-PCR/ RFLP.

Phys [_120 |

Tomat]—3 vn‘+ 70|

1 M

Fiz (10): Electrophoretic analysis in 2% agarose gel of an amplified product (lnel) and AMsel
restriction patterns obtained from Lycoperscon esculentum (lane 2) and Physalis peruviana (lane 3)
TSWYV isolates. M: 100 bp ladder (Roche). Above, a cartoon model showing AMsel dimorphic
restriction digestion profile performed on both Tomato and Physalis peruviana.

REFERENCES
Adam, G. and Kegler, H. (1994).
Tomato spotted wilt virus and
related Tospoviruses. Archives of
Phytopathology and Plant
Protection 28: 483-504.

Adam, G.; Lesemann, D. E. and Vetten,
H.J. (1990). Monoclonal antibodies
against Tomato spotted wilt virus.
Characterization and application.
ASS. APP of Biol. Virus Thrips
Plant  Interaction of TSWV.
Proceeding workshop of USAD,
Maryland, April, 18-19. p.p. 87-
104,

116



Characterization of Tomato spotted wilt virus

AlKhazindar, M. M. (1999). Studies on
a virus naturally infecting Physalis
peruviana. M.Sc. Thesis, Botany
Dept., Fac. Sci., Cairo University.
p.p. 243

Best, R. J.  (1946). Thermal
inactivation of Tomato spotted wilt
virus. Part 1. Aust. J. Exp. Biol. 24;
21-25.

Best, R. J. (1968). Tomato spotted wilt
virus. Adv. Virus Res. 13: 65-146.
Black, L. M.; Brakke, M. K. and
Vatter, A. E. (1963). Purification
and electron microscopy of Tomato
spotted wilt virus. Virology 20:120-

130.

Boonham, N.; Smith, P.; Walsh, K;
Tame, J.; Morris, J.; Spence, N.;
Bennison, J. and Barker, 1. (2001).
The detection of Tomato spotted
wilt virus (TSWV) in individual
thrips using real time fluorescent
RT-PCR (TagqMan). Journal of
Virological Methods 101: 37-48.

Cho, J. J.; Mau, R. F. L.; Hamasaki, R.
T. and Gonsalves, D. (1987).
Detection of Tomato spotted will
virus in individual thrips by
enzyme-linked immunosorbent
assay. Phytopathology 78: 1348-
1352,

Clark, M. E. and Adams, A. N. (1977).
Characterization of the microplate
method of enzyme-linked
immunosorbent assay for the
detection of plant viruses. J. Gen.
Virol. 34 : 475 - 483.

Da Graca-J. V; Trench, T. N and
Martin, M. M. (1985). Tomato
spotted wilt virus in commercial
Cape gooseberry (Physalis
peruviana) in Transkei. Plant-
Pathology. 34: 3, 451-453.

Davis, R.F.; De Herrera, B.; Gonzalez,
L. and Sutula, C. (1990). Use of
strain-specific ~ monoclonal  and
polyclonal antibodies to detect two
serotypes of Tomato spotted will
virus. In: Hsu HT, Lawson RH, eds.
Virus-Thrips-Plant Interaction of

Tomato  spotted  wilt  virus.
Proceedings USDA  Workshop,
United States Department

Agriculture Research and Service
ARS-87; Beltsville, Maryland 153
61.

De Angelis, J. D.; Sether, D. M. and
Rossignol, P. A (1994).
Transmission of Impatiens necrotic
spot virus in peppermint by western
thrips (Thysanoptera: Thripidae). J.
Econ. Entomol. 87 (1): 197-201.

De Avila A. C.; Huguenot C.; Resende
R. O, Kitajima E. W.; Goldbach, R.
W. and Peters, D. (1990).
Serological differentiation of 20
isolates of Tomato spotted ~wilt
virus. J.Gen. Virology 71: 2801-
2807.

De-Avila, A. C.; Pena, L.; Kitajima, E.
W.; de Resende, R.; Diaz Mugica,
M. V.; Diaz Ruiz, J. R. and Peters,
D. (1991). Characterization of
Tomato spotted wilt virus (TSWV),
isolated from Capsicum annuum L.
in the Canary Islands. Phytopathol.
Mediterr. 30 (1): 23-28.

Ehara, Y. and Misawa, T. (1975).
Occurence of abnormal chloroplasts
in  tobacco leaves infected
systemically with the ordinary strain
of CMV. Phytopathol. 84: (3) 233-
252.

Elliot, R. M. (1990). Evolution of the
Bunyaviridae. In: Gibbs, A. J.,
Calisher, C. H., Garcia Arenal, F.
(eds.). Molecular basis of virus
evolution. Cambridge Univ. Press,
NY, pp 321-337

Finetti Sialer., M. M.. Lanave, C.:
Padula, M.; Vovlas, C. and
Gallitelli, D. (2002). Occurrence of
two distinet Tomato spotted wilt
virus subgroups in Southern ltaly.
Journal of Plant Pathology 84 (3),
145-152

Francki, R. I. B. and Grivell, C. J.
(1970). An electron microscope
study of the distribution of Tomato

117



HAYAM ET AL.

spotted wilt virus in systemically
infected Datura stramonium leaves.
Virology. 42:969-978.

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

Goldbach ,R; Kikkert, M.; Vanlent, J.;
Storms, M.; Bodegom, P. and
Kormelink, R. (1999). Tomato
spotted  wilt  virus  Particle
Morphogenesis in Plant Cells. J.
Virol. 73(3):2288-97.

Hean, A. F. (1940). Kromnek in South
Africa. Its  host range and
distribution. Emg S. Afr. X V, 388-
390.

Honda,Y., Kameya-lwaki, M. ,
IHanada, K., Tochihara, H., and
Tokashiki, 1. (1989). Occurrence of
Tomato spotted wilt  virus in
Watermelon in Japan. Techn. Bull.
ASPAC Food & Fertilizer Techn.
Center 114: 14-19. ‘

le, T. S. (1971). Electron microscopy
of developmental stages of Tomato
spotted wilt virus in plant cells.
Virology 43:468-479.

Jain, R. K., Pappu, S. S.; Pappu H. R;;
Culbreath, A. K. and Todd, J. W.
(1998). Detection of tomato spotied
wilt tospovirus infection of peanut,
tobacco, and  vegetables by
immunocapture-RT-PCR.
Phytopathology 87:547.

Jan, F.J.; Fagoaga, C.; Pang, S. Z. and
Gonsalves, D. (2000). A minimum
length of N gene sequence in
transgenic plants is required for
RNA-mediated tospovirus
resistance.  Journal of  General
Virology 81, 235--242.

Kitajima, E. W. (1965). Electron
microscopy of Vira-cabeca virus
(Brazilian Tomato spotted wilt
virus) within the host cell. Virology
26:89-99.

Kitajima E. W.; De Avila A. C,;
Resende R. D.; Goldbach R. W. and
Peters D. (1992). Comparative
cytological and  immunogold
labeling studies on different isolates
of TSWV. Journal of
submicroscopic  cytology  and
pathology. 24 (1) 1-14.

Koiwa, H.; Fuji, S.; Kojima, M; and
Yoshida, Y. (1991). Ultrastructural
aspects of chloroplasts in wheat
plants infected with Rice stripe
virus. Bulletin of the Faculty of
Agriculture, Niigata-University. No.
43, 19-27.

Kolesnik, L.V.; Porembskaya, N.B.;
Kraeva, G.V. and Bobyr, A.D.
(1987). Characteristics of the
ultrastructure  of plant cells on
infection by Beet mosaic virus.
Mikrobiologicheskii-Zhurnal. 49: 0,
59-66.

Law, M. D.; Moyer, J. W. (1990). A
Tomato spotted wilt-like virus with a
serologically distinct N protein. J.
Gen. Virology.71:933-938.

LinN. S.; Langenberg, W.G. (1983).
Immunohistochemical localization
of barley stripe mosaic virions in
infected wheat cells. J. Ultrastrcture.
Res. 84:16-23.

Matthews, R. E. F., (1991). Plant
Virology. Third edition. San Diego,
CA: Academic Press.Inc.

Milne, R. G. (1970). An electron
microscope study of Tomato spotted
wilt virus in sections of infected
cells and in negative stain
preparations. J. Gen. Virology 6:
267-276.

Mohamed, N. A. and Randles, J.W.
(1972). Effect of Tomato spotted
wilt virus on ribosomes, RNA and
Fraction 1 protein in Nicotiana
tabacum leaves. Physiol. Plant
Parthol. 2:235-245.

Moya, A., Elena, S. F., Bracho, A,
Miralles, R., and Barrio, E. (2000).
The evolution of RNA viruses: a

118



Characterization of Tomato spotted wilt virus

population genetics view.,
Proceedings of National Academy
of Science, USA 97: 6967-6973.

Moyer, J. W. (1999). Tospoviruses
(Bunyaviridae). In: Encyclopedia of
Virology, A. Granoff, and R. G.
Webster, eds. Academic press, San
Diego: 1803-1807.

Moyer, J. W. (2000). Tospoviruses.
Encyclopedi a of Microbiology
4:592-597.

Noordam, D. (1973). Identification of
Plant Viruses. Methods and
Experiments. Cent. Agric. Publ.
Doc., Wageningen, the Netherlands.
207 pp.

Paliwal, Y. C. (1976). Some
characteristics of the thrips vector
relationship of Tomato spotted wilt
virus in Canada. Can. J. Bot.
54:402-405.

Pappu, H. R., Culbreath, A. K,
Bertrand, P. F., Csinos, A. S.,
Niblett, C. L. ( 998). Sequence
Analysis of the nucleocapsid protein
gene of a Tomato spotted wilt virus
Isolate from Georgia, USA. Virus
Genes 17(2):169-17.

Peters. D.; de Avilla, A.C.; Kitajima,
E.W.; Resende, R.D.O.; De Haan, P.
and Goldbach, R.W. (1991). An
overview of Tomato spotted wilt
virus. Pp 1-14. In: Virus-thrips-
plant interaction of Tomato spotted
wilt virus. Proc. USDA Workshop,
US Dept. of Agric. Agric. Res.
Serc., ARS-87 ,

Quintanilla R.H., (1980). Trips,
caracteristicas  morfologicas y
biolégicas. Especies de mayor
importancia agricola. Ed.
Hemisferio Sur S.A., Buenos Aires,
Argentina. Roossinck, M. J. (1997).
Mechanisms of plant  virus
evolution. Annual Review of
Phytopathology 35:191-209

Rudzinska-Langwald, A. and
Kaminska, M. (1997). Pathological
changes in the cells of Nicotiana
rustica L. plants infected with the

Tomato spotted wilt virus (TSWV).
Annals of Warsaw Agricultural
University, Agriculture. No. 31, 3-
14,

Sayed, E. T. A.; Habib, H. M.; Ismail,
M. H. and Al-Khazindar, M. M.
(2003). Identification of a virus
naturally infecting Physalis
Peruviana. Egypt. J. Biotechnol. 13:
228-343

Soweha, H. E.; Baka, Z. A.; and Sayed,
E. T. A. (1992). Ultrastructural
alterations in leaf tissues of
Nicotiana tabacum  systemically
infected with tomato mosaic virus.
Egyptian Journal of Microbiology.
27:(2) 215-2217.

Tu, J. C. Ford, R. E. and Krass, C. J.
(1968). Comparison of chloroplasts
and photosynthetic rates of plants
infected and not infected by Maize
dwarf mosaic virus.Phytopathology.
11: (2) 40-43.

Ullman, D. E.; Cho, J. J.; Mau, R. F.
L.; Westcot, D. M.; Custer, D. M.
(1993). A midgut barrier to Tomato
spotted wilt virus acquisition by
adult  western  flower  thrips.
Phytopathol. 82: (11) 1333-1342.

Urban, L. A.; Huang, P. Y. and Moyer,
. W.  (1991).. Cytoplasmic
inclusions in cells infected with
isolates of L and 1 serogroups of
Tomato  spotted  wilt  virus.
Phytopathol. 81:5, 525-529.

Walkey, D. G. A. (1991). Applied
Plant Virology. Second edition.
Chapman and Hall. London.

White, J. A; and Sehgal, O. P. (1993).
Ultrastructure of Tobacco ringspot
virus-induced local lesions in lima
bean leaves. Journal of
Phytopathology. 138: (3) 177-188.

Wijkamp, L, Van Lent, JW.M,,
Kormelink, R., Goldbach, R. and
Peters, D. (1993). Virus-vector
interactions during the transmission
of Tospoviruses by thrips. Proc.
Exper. and Appl. Entomol. 4, 193-
198.

119



HAYAMET AL.

Zhou, Z. J.; Lin, Q. Y.; Xie, L. H; Zitter,T. A. and Daughtrey, M. L.
Peng, S. Y. (1992). Studies on rice (1989): Vegetable crops (Tomato
stripe in China. IV. Pathological spotted wilt virus). Vegetable MD

changes of rice leaf cell. Journal of Online. Cooperative Ex.lension.
Fujian Agricultural College, 21: 2, New York State, Cornell University.
Department of Plant Pathology, Fact

157-162.
Sheet Page: 735.90.

120



